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PREFACE

iHE aim of this study is to trace the development of the policies
and activities of the United States government in science from the es-

tablishment of the federal Constitution to the year 1940. To produce
a rounded synthesis, I have been forced to enter many fields of sci-

ence that I could not possibly know thoroughly, and to describe

many government agencies whose internal histories I could not ex-

amine completely. Although this invasion may dismay some devoted

scientists and administrators, they should remember that mastery of

their specialty could have been purchased only at the expense of

other sections. If this study serves as a guide and a stimulus to those

best qualified to preserve the history of their own activities, it will

have fulfilled a part ofmy hopes for it.

This subject is only one of a number which must be explored be-

fore the relations of science to society in America are placed in

proper perspective. The history of science in the United States is still

largely unwritten. A real comparison between the experiences of the

United States government with those of other countries would re-

quire studies in Europe which are yet to appear. Until such com-

parisons can be made, generalizations must be fragmentary. The story
of the changing relation between science and technology is by no

means completely reconstructed. Although the temptation has been

great to attack these pressing questions, I have felt that this study
could not answer them all at once. I hope that a faint trail through the

wilderness will encourage others to attack it with the confidence that

much remains to be learned.

Even more than is usual, this book is the product of cooperation

among many institutions and individuals. I am aware of my obliga-

tion to more people than I can possibly list in this acknowledgment.
I am happy, however, to mention a few of them.

Dr. Leslie H. Fishel, Jr., as research associate and consultant, con-

tributed greatly to the project by his professional services. He did

the research on a number of specific subjects and also discussed with

me every major problem and interpretation. Since he was familiar

with the research notes, his reading of the manuscript resulted in in-

numerable constructive comments.

. <7 6417553



Vi PREFACE

The National Science Foundation provided the initial impulse for

the project and paid its expenses by means of a grant. During rny

periods of research in Washington, the Foundation allowed rne the

use of many facilities and gave me every attention that might con-

ceivably help me. At the same time, I have not been an employee of

the Foundation and have been left free to exercise my independent

judgment at all times. I am personally grateful especially to Mr.

Charles G. Gant and to his successor, Dr. John C. Honey, who have

had immediate cognizance of the study.

The American Academy of Arts and Sciences of Boston and Cam-

bridge, Massachusetts, has sponsored the project, taking the responsi-

bility under the grant from the National Science Foundation. The

many details of administration and local arrangements have been cared

for through the American Academy. I am especially indebted to Mr.

RalphW. Burhoe, the executive officer.

The advisory committee, consisting of Professors I. Bernard

Cohen, chairman, Edward C. Kirkland, William F. Ogburn, Arthur

M. Schlesinger, Sr., and Richard H. Shryock, has been throughout a

source of aid and inspiration. The members of the committee have all

given the manuscript a critical reading, bringing to it their accumu-

lated experience.

At Harvard University, I am particularly indebted to Dr. Keyes
D. Metcalf, Director of Libraries, for office space as well as for the

use of the great library resources of the University, without which

this study would have been difficult if not impossible. I am grateful

to Professor Reed C. Rollins for many courtesies at the Harvard Uni-

versity Herbarium.

My staff has been a source both of invaluable aid and of great satis-

faction throughout the life of the project. Miss Elizabeth Cook has

performed routine secretarial drudgery and intricate research with

the same care and intelligence. Her service has been an essential factor

in completing this book, especially within the narrow limits of time

allowed.

At the National Archives I enjoyed guidance by Dr. Nathan

Reingold, who generously placed at my service his detailed knowl-

edge of relevant documents.

A number of busy people have freely given their time to me in

interviews on specific subjects. I wish especially to mention Dr. Allen

V. Astin, Dr. Vannevar Bush, Mr. Charles Campbell, Mr. Watson
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Davis, Mr. P. J. Federico, Dr. Arno C. Fieldner, Dr. A. Remington
Kellogg, Dr. Waldo G. Leland, Dr. Thomas G. Manning, Mr. Ernest

G. Moore, Dr. Edwin B. Wilson, and Dr. Raymund L. Zwemer.

Despite assistance from so many sources, sole responsibility for

the -work is mine, including the conclusions and interpretations and

any errors which may have escaped my vigilance.
For permission to quote copyrighted material I am indebted to

Harcourt, Brace and Company, Inc., for quotations from Gifford

Pinchot, Breaking New Ground; to J. B. Lippincott Company for

quotations from \V. H. Dall, Spencer Fullerton Baird; to Prentice-

Hall, Inc., for quotations from Robert A. Millikan, Autobiography;
to Charles C Thomas, Publisher, and to the author for quotations
from John F. Fulton, Harvey Gushing: A Biography. Dr. Clifford

K. Shipton, Custodian of the Harvard University Archives, granted

permission for the use of letters in the Benjamin Peirce Papers.
I wish also to thank my wife, who has lived with this project as

long as I have.

A. HUNTER DUPREE

Cambridge, Massachusetts

June 21, 1956
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I

FIRST ATTEMPTS TO FORM A POLICY

1787-1800

SlNCE World War II the relation of science to the United States

government has received ample recognition as a problem of profound
national importance. The atomic bomb and the hydrogen bomb are

only the most dramatic of the many symptoms of this dynamic factor

in national life. The government has emerged as a great user of sci-

ence and a great support to many lines of research. On the other hand,

all the institutions of the country in which science exists have found

that the actions of the government in conducting research and in con-

tracting for it are factors of first importance. As an integral part of

military power, science is recognized as a necessity for the nation's

survival.

Since 1940, when most government administrators and scientists

first became aware of the magnitude and complexity of their mutual

relations, a vast literature has reflected new interest in the subject and

widespread emphasis on its momentous implications. Running through
this outpouring of contemporary writing is a theme sometimes ex-

plicit but usually implied, as if the authors sensed rather than analyzed
its presence that science is not a new thing in the federal govern-
ment. Nearly everyone can recall a few examples of activity in some

federal bureau long before 1940. A few even have felt that these had

more importance than mere isolated anticipations of current prob-
lems. But the great record of science in the government, as a living

body of experience on which the present could build, has lain so

scattered that few have appreciated either the extent or the meaning
of the relation.

From the beginning the federal government has rendered honor

to science and profited from it. Almost as early, the support given by
the government was a significant source of strength to science in

America. The institutions that grew up in and near the federal struc-
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ture have been prominent in all periods of the nation's history. Indeed,

before the rise of the universities, private foundations, and industrial

laboratories, the fate of science rested more exclusively with the gov-

ernment than it did later.

All this historical experience with science was an asset in the

crises after 1940. But to the development of American civilization it

has a more profound significance.
Science has been a formative fac-

tor in making both the federal government and the American mind

what they are today. The relation of the government to science has

been a meeting point of American political practice
and the nation's

intellectual life. This conjunction has been continuous from 1787 on-

ward and has interacted with both contributors. On the one hand,

American democracy's very essence has been influenced by the

presence of science. On the other, the institutions that harbored and

fostered science in America would have been different, and much

poorer, without the efforts of the government spread over many
decades. The resulting picture gives an additional dimension to Amer-

ican history.

Across the century and a half beginning with the Constitutional

Convention, science has meant different things to each successive age,

and at any time it has meant different things to a wide variety of

groups. It is the interplay among these various concepts, not a logical

choice of only one of them, which provides the full historical defini-

tion of science. In practical terms, this story is concerned with the

natural sciences physics, chemistry, biology in all their special-

ties and variations. Since the emphasis is on the institutional setting,

science here means education, communication, and organization as

well as the creation of new knowledge by means of research. It also

includes the growing and changing profession of the scientist. The

social sciences have generally followed so different a path and chro-

nology for entering the government that they deserve a fuller treat-

ment on their own merits than they could get under the shadow of

the older disciplines. Sometimes, however, the natural and the social

sciences have grown up closely intertwined. Here the institution, not

an arbitrary line, determines the boundary.
The distinction between basic or fundamental science and applied

science is much too useful to avoid, but it must be made only with

the understanding that the terms represent two ends of a continuous

spectrum, with innumerable shadings in between. The term "develop-
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ment," so common in the mid-twentieth century, has little usefulness

through the several generations that did not employ it, although the

concept behind it put in an early appearance.

Since World War I, science has become dominant in generating

and directing changes in technology. In earlier years, however, the

relations between science and a trial-and-error technology were

sporadic, with practice influencing theory more often than the re-

verse. This story includes a consideration of technology to the extent

that it is directly related to science.

As the history of the republic unrolled in the years down to 1940,

scientific institutions within the government gradually solidified into

a permanent establishment, the unsuccessful and abortive making their

mark along with the rest. And the ideas behind them were quite as

important as the actual organizations. Hence this is a story both of

institutions and of ideas. Because the federal government provided
the setting, ideas tended to become policies. Through all the twists

and turns of the political history of the United States, and through

the immense changes wrought by 150 years of rapidly expanding
scientific knowledge, the policies and activities of the government in

science make a single strand which connects the Constitutional Con-

vention with the National Science Foundation.

The idea that the federal government should become the patron

of science was easily within the grasp of the framers of the Constitu-

tion. As educated men of the eighteenth century they knew that Euro-

pean governments had often supported science, and their set of funda-

mental values led them to hold all branches of philosophy in high

regard. Hence, as they went about their political
task of reconciling

the great interests of the new nation, they gave some consideration

to the constitutional position of science in the government they en-

visaged. The problem was even more important than the setting up
of some specific research activity, for it involved the whole later

constitutional mandate for the government in science.

The Constitutional Convention

The framers had among them one of the great scientific men of

the time in Benjamin Franklin, and, if he said nothing on the subject,

others came forward with proposals that would have placed beyond

argument the new government's duty and ability
to encourage learn-
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ing in both the arts and the sciences. Charles Pinckney's plan included

power to "establish seminaries for the promotion of literature and the

arts and sciences," to "grant charters of
incorporation,^

to "grant

patents for useful inventions," and to "establish public institutions,

rewards and immunities for the promotion of agriculture, commerce,

trades, and manufactures."
1 Had these provisions reached the final

document, a national university devoted to advanced scientific train-

ing, societies chartered by the government, technical schools, and

prizes and direct subsidies for creative effort could all have become

realities symbols that enlightenment was the first glory of a free

republic. James Madison's proposals more succinctly called for the

power to establish a university and to "encourage by premiums and

provisions, the advancement of useful knowledge and discoveries."
2

From these suggestions the committee of detail extracted most of

the pith, reporting out only a clause for patents. Since science itself

was not challenged by these cultivated men, the difficulties of a na-

tional university or of federal charters for societies stemmed from

larger issues of more immediate concern than pure learning. These

became clear in the convention's closing debates, which centered

around a concept of great importance in the early history of the re-

public. "Internal improvements" were public works of all sorts. They

might equally be roads and canals or universities and scientific soci-

eties. Whatever their object, internal improvements financed by the

federal government were major political issues, and their fortune

determined the degree to which science was supported.

The states naturally retained full freedom of action in this field,

but the question of whether the federal government should participate

had a special urgency because the very success of so large a union

might well depend on the efficiency of the transportation system.

When Dr. Franklin moved to add a power "for cutting canals where

deemed necessary," he was speaking as a representative of the large

state of Pennsylvania for strong action by the central government

in all sorts of internal improvements. Objections immediately came

from Roger Sherman of Connecticut, representing the small states

and a restricted view of the powers of the central government. Madi-

son then tried to return to his earlier idea of granting charters of in-

corporation "to secure an easy communication between the States,"

which immediately aroused the apprehension of those who feared

powerful central organizations. But they suggested banks, not obser-
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vatories, as the possible abuses of this power. When the motion on
canals reached a vote, only large states favored it. Local forces were
too strong, states were too jealous, and agrarian interests too much
distrusted monopolies and special privileges.

Since science was the relatively innocent victim of this failure,

Madison and Pinckney moved to empower Congress to "establish an

University." Gouverneur Morris tried to smooth this over by saying
it "is not necessary. The exclusive power at the Seat of Government,
will reach the object." This statement Madison carefully recorded

for future use. Pinckney's influence probably brought over North
and South Carolina to join Pennsylvania and Virginia, but Connecti-

cut
split, leaving the vote six against, four in favor, and one tied.

3

This debate, although secret for many years, left some clear impres-
sions on the members of the convention and also some murky mis-

understandings. All agreed that a national university had failed to

gain a specific place in the document, but some claimed with Morris

that the government already had that power through its control of

the federal district. Even when these proponents conceived an institu-

tion with professorships of science, museums, laboratories, explorers,
and agents to plunder the latest knowledge of Europe,

4
they saw it

with headquarters at the national capital. Others, such as Roger
Sherman, publicly proclaimed that, since the national university had

been rejected, Congress had no power to create scientific institutions.
5

Yet both sides could agree that universities and learned societies were
in fact internal improvements. Hence the question of constitutionality
would for a long time tend to rise or fall with fortunes of federal

sponsorship of canals, roads, and banks.

Thus, although the Constitution as known to the public and put
into use in April 1789 did not grant specific power for a university,
it nevertheless contained several implied benedictions on national sci-

entific institutions. The charmed word "science" actually appeared
once, in the power of Congress to "promote the Progress of Science

and useful Arts, by securing for limited Times to Authors and In-

ventors the exclusive Right to their respective Writings and Dis-

coveries." A stop at the first comma would have given the new gov-
ernment plenary power, but the qualifying phrases not only suggest

merely the English practice of protecting new inventions for a limited

time, but carefully avoid the word "patent" as suggestive of the royal

prerogative to create monopolies. There is no hint of Pinckney's and
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Madison's additional suggestion of premiums for discoveries nor any

indication whether such payments were implicitly prohibited.

Other parts of the document seemed to take for granted that sci-

ence would be a handmaiden of the government. That the power over

coinage, weights, and measures would necessarily entail highly tech-

nical expert advice and scientific experimentation was axiomatic to

educated men. A census was provided not so much because of curiosity

as because the political compromises made it necessary; nevertheless

the men of that time could visualize scientific uses for it.
6 The powers

over territories and over the seat of government involved both Con-

gress and the executive in matters such as surveying, which within

their own borders were left to states.
7

That the more basic powers of the new government might involve

science was readily evident, but their exact potential meaning had

to wait for future decisions about the fundamental characteristics of

the organization described in the Constitution. Whether the power to

tax, to regulate commerce with foreign nations and among the several

states, to establish post offices and post roads, to raise and support

armies, to provide and maintain a navy, would either affect scientific

institutions or cause the government to call learned men to its as-

sistance depended on the collective judgment concerning issues far

transcending science. What "general welfare" or "necessary and

proper" meant in the Constitution varied with the balance of political

forces at work in a federal union. Equally changeable was the state

of science itself. For the ability of the government both to aid science

and to use it rested not solely on political power but on the horizons

of knowledge that men could see.

Science in the Early Republic

The American Revolution by 1790 had modified little the attitude

of the former colonies toward science. As in Europe, the new United

States found a knowledge of the natural world residing in an organ-
ized form largely within its upper classes. As in Europe, ideas stem-

ming from science, in particular the laws of Isaac Newton, were tre-

mendously influential in shaping the mental outlook of cultivated men.

The natural law to which the colonists appealed in 1776 and the faith

in reason which they trusted for deliverance from both political and

clerical despotism sprang in part from science and established a climate

congenial to its growth. The great experiment, the republic itself, was
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a product of rationalism and attuned to the supposed laws of nature.

Many others besides Franklin and Thomas Jefferson were true Euro-

peans of the Age of Enlightenment who responded to new scientific

discoveries and took real delight in dabbling in natural history and

natural philosophy in the same spirit in which they worked for a new

political order.

If educated Americans were still Europeans, they were also colo-

nists, depending on the mother country for both equipment and ideas.

Benjamin Rush, an ardent patriot, thanked an English correspondent
who in 1783 sent him a load of books for "an act of charity to pour

upon a benighted American the discoveries of the last eight years in

Europe."
8 Even the natural resources of the North American conti-

nent were studied more authoritatively by European travelers such as

Andre Michaux than by residents. University education tended to be

synonymous with study in Europe.
The new country did not entirely lack institutions of its own. The

American Philosophical Society in Philadelphia had much to offer be-

sides the accomplishments of Benjamin Franklin, its leading spirit.

Boston, under the influence of John Adams and the wartime alliance

with France, had established its American Academy of Arts and Sci-

ences. The membership of these societies embraced most of the na-

tion's scientific figures, including also leaders in the humanities. Sci-

ence was not separate from philosophy, the arts, or literature in either

organization or personnel. Within the framework of natural philoso-

phy and natural history, the particular fields of physics and chemistry,

botany, zoology, and mineralogy were clear, but nobody imagined
that a man should devote his whole time to one of them. Indeed,

almost none of the members were even professional scientists. Many
were doctors, lawyers, or clergymen, making their living and spend-

ing much of their time in ways unconnected with science. Medicine

provided perhaps the nearest approach to a scientific profession. But

the physician of that day had no scientific basis for much of his work,

and the research he did was usually collecting objects of natural his-

tory. While this diffusion and amateurishness severely limited the

amount of work any individual might do, it also meant that men of

affairs, often in their own persons, brought science into high coun-

cils. Thus a leading scientist could be president of a country that

would be hard put to find a professional to hire as a chemist or a

metallurgist. Lack of specialization also blurred any distinction be-
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tween pure and applied research. Franklin could move easily from

philosophical inquiries concerning the nature of electricity to the

lightning rod. David Rittenhouse could make clocks and orreries,

survey the heavens or canals, all with indifferent excellence. Science,

thus unspecialized in intent as well as in fields of knowledge, was at

the same time useful and ornamental, specific and universal.

The utilitarian aspect of science enjoyed high repute at the end

of the eighteenth century. Physics and astronomy had become suffi-

ciently advanced to convince ship captains and army officers that sci-

ence could do something for them. Natural history had a close if not

always fruitful alliance with medicine. Agriculture was undergoing
its first great period of improvement in several hundred years. But

even in these branches science as an organized body of knowledge

only fitfully produced tangible results, and the practical activities of

man moved along as best they could, supported by the tradition of

craft and modified by untutored ingenuity. The textile machinery
which had changed the face of England and was already finding its

way surreptitiously to America, the cotton gin, and even the steam

engine owed relatively little to the science of the day. The praise of

the utility of science which rose so easily to eighteenth-century lips

had in it a defensive note, a tacit admission that much invention,

change, and innovation was taking place by those adept at trial and

error but untutored in science.

In spite of their national names, the American Philosophical So-

ciety and the American Academy of Arts and Sciences hardly quali-
fied as national institutions. If they aspired to emulate the great Euro-

pean societies, they nevertheless related more to local Philadelphia and

Boston. The conjunction of the American Philosophical Society, Wil-
liam Bartram's botanic garden, Rittenhouse's observatory, and Charles

Willson Peak's museum gave Philadelphia a good claim to being the

cultural center of the new republic as it had been in the later colonial

period, but neither in membership nor influence did the society reach

the whole country evenly. Boston, with a more meager tradition and
without a central geographic position, tended to influence only New
England.

Both private endowments and government aid were familiar but
minor supports to research. Although the colleges that were inherited

from colonial times helped somewhat in providing centers of learn-

ing and equipment and employment for scientists, these benefits were
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largely casual and unplanned. No advanced training in science was
offered anywhere, and those faculty members who undertook re-

search often did so in the same
spirit as did doctors and lawyers.

Throughout the length of the new republic no body of professional
scientists existed. The citizens of the United States in 1789 had been
familiar with a few types of government assistance to science in their

past experience. The assembly of Pennsylvania had helped to finance

the observations of the transit of Venus in 1769. Patents as an induce-
ment to discovery had been issued by the governments of various

colonies, and in the period after 1776 several states as well as the

Congress had taken an interest in them.9 But most of these precedents

might serve equally well for state action as for the federal government.
One factor remains to account for the principal resources of

science in the United States in 1789 the hope and expectation that

the new political order would usher in a new and glorious era for

the pursuit of knowledge. Joseph Priestley, the great chemist who
fled from Britain because of political and religious passions aroused by
the French Revolution, stressed this when he first addressed the Ameri-
can Philosophical Society. "I am confident . . . from what I have

already seen of the spirit of this country, that it will soon appear that

Republican governments, in which every obstruction is removed to

the exertion of all kinds of talent, will be far more favourable to sci-

ence, and the arts, than any monarchial government has ever been." 10

This great theme, worthy of the best in the traditions of both freedom
and science, would recur in every following generation of Americans
and of those immigrant and exiled scientists who reached the New
World, but it tells only part of the story. For science is not often the

sudden blossoming of the flower of genius, even in the soil of free-

dom. It is a group activity carried on by limited and fallible men, and

much of their effectiveness stems from their organization and the con-

tinuity and flexibility of their institutional arrangements.

Precedents During the First Decade

When the Constitution went into effect, everything had to be

done at once by men keenly aware that all their actions made prece-
dents. What, for instance, did the clause mean in granting power "to

promote the Progress of Science and useful Arts" by issuing patents?
Individual citizens did not hesitate to try to force an answer. John
Churchman, an ingenious surveyor from the Eastern Shore of Mary-
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land, claimed to have solved the age-old puzzle of finding longitude

by the magnetic variation of the compass. This hope, as old as Colum-

bus, had baffled such men as Edmund Halley and has since proved

impracticable;
but the First Congress was hardly to blame if it did not

recognize this, for it had no way of passing on questions of scientific

fact. Churchman sought a patent on his spheres and charts, and also re-

quested "the patronage of Congress to enable him to perform a voyage

to Baffin's Bay, for the purpose of making magnetical experiments."
"

Had such a request gained acceptance, Churchman, who was suffi-

ciently reputable to impress Sir Joseph Banks in England, might have

launched an expedition in the great tradition of Cook, Vancouver,

and Bougainville,
who had under government auspices added so much

to eighteenth-century knowledge. The young republic, by granting

a subsidy under the patent clause, might have won renown as the

friend and patron willing to spend money on science. The committee,

with good reason in the period before Alexander Hamilton had

effected any financial measures of importance, said that the govern-

ment could not afford the Baffin's Bay undertaking. But they left

the way open for Churchman to apply later, thus giving some en-

couragement to the idea that the patent clause made the government a

patron of science in the positive sense, and that the premiums which

Pinckney and Madison suggested were sanctioned by the Constitution

after all.

Churchman found in the House of Representatives an ally of sci-

ence in John Page of Virginia, early schoolmate of Jefferson. When
the application came up again in 1791, Page eked as precedents the

British support of Edmund Halley's work on magnetism and the

prize of 20,000 offered by Parliament to anyone who would go to

the North Pole. He felt that ingenuity deserved the backing of the

government whether or not the theories advanced were correct, be-

cause "whatever can contribute to the discovery of longitude must

be worthy of encouragement."
12 Other members also felt that "We

ought to be cautious how we hastily decide on the views and experi-

ments of philosophical applicants, and ought to take warning from

the disgrace of other nations whom history has held up for their pre-

mature rejection of enterprises and schemes of science." 13 The op-

ponents, not nearly so articulate, suggested that sea discoveries in the

Arctic were "hopeless, since Europeans have failed in their attempts."

Page's own statement indicated some misgivings about Congress's
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power to send the expedition, for he argued that a favorable com-
mittee report would recommend the theory "to the legislatures of the

sister States whose authority and ability . . . cannot be doubted." 14

A committee under Page's chairmanship reported that "as the United

States are peculiarly interested in whatever can adjust or prevent dis-

putes between their citizens, and can improve geography and navi-

gation, the Congress of the United States may, with great propriety,

patronize such a person as Mr. Churchman, and grant such aid as

may be necessary to enable him to prosecute his laudable inquiries to

good effect."
15 The report left to the House the tougher immediate

decision whether a grant should actually be made. Despite favorable

reception of the memorial and the favorable report of the committee,

action abruptly ceased when it came time to appropriate money. The
scheme fell through without benefit of debate or any real vote.

Churchman left for England soon after at the invitation of Sir Joseph
Banks and spent most of his few remaining years seeking support in

Europe.
16 Instead of support from the government of the United

States, he got only the personal subscription of President George

Washington to his Magnetic Atlas.
17

Despite this rebuff, the possi-

bility remained that the government might become a patron of sci-

ence on the model of European governments by means of the patent
clause.

Meanwhile, the new government had many decisions to make con-

cerning patents themselves. To what extent did they apply to scien-

tific discoveries? And to what extent did the government take the

responsibility of testing inventions to make sure the claims were valid

and the devices really novel? Congress, soon having more petitions

than it could handle individually, passed the first patent act in 1790 at

the request of President Washington. The secretaries of state and of

war and the attorney general constituted a board to pass on inventions.

Since the records fell to the State Department as one of its home func-

tions, its secretary was the principal responsible officer. Some in Con-

gress had hoped to have the validity of patents determined by a jury
or perhaps even by a board of experts,

18 but fear that such devices

would deprive inventors of their rights placed this duty in the hands

of high officers of the government. The board had full authority to

refuse patents because of lack of novelty, utility,
or importance, which

placed the heavy responsibility of making technical decisions on three

of the four leading men of Washington's official family.
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By chance the administrator of the patent law of 1790 was himself

an inventor and an enthusiast for science, even though chosen for the

post of secretary of state because of his diplomatic experience. Thomas

Jefferson had a double attitude toward patents for inventions. His

dislike of monopolies of all kinds had at first included even patents of

limited duration for inventions, but he came to see their usefulness

in this one exceptional case, not as a natural right but as a grant from

society to encourage inventors by giving them some chance of finan-

cial return for their work. Nevertheless, he was always on guard to

restrict patents to real novelties and to protect the public from having
familiar devices long the common property of all men subject to a

levy by a patentee. Thus a principle abstracted from a machine was

not patentable, but only the device itself.
19 These assumptions had

two very important influences on Jefferson's conduct of the patent
law. First, science itself was rigidly excluded from patents. Second,

and paradoxically, all the techniques of science should be applied by
the government to a patent application in an active effort to protect
the public from unwarranted exclusiveness.

There is something sublime and pathetic in the spectacle of the

secretary of state and a battery of professors from the University of

Pennsylvania gathered around a distilling apparatus in the secretary's

office to test the efficiency of a mixture supposed to help make salt

water fresh. By a series of well-turned experiments, Jefferson proved
that the fresh water came from the distilling process, long known and

even used at sea, and that the mixture added did not enhance its effi-

ciency. Nevertheless, Jefferson suggested to Congress that instructions

for building an evaporator be printed at government expense and dis-

tributed to all shipmasters.
20

Several aspects of this incident appear at first glance to fore-

shadow later developments. The use of the faculty of the University
of Pennsylvania, made possible because the capital was then Phila-

delphia, was a very early example of the use of scientists for their

expert knowledge. The protection of the public interest by prevent-

ing an ancient principle from being tied up in a monopoly because

of the supposed action of a secret mixture had in it a certain element

of regulation. That Jefferson should propose the dissemination of the

knowledge thus incidentally called to his attention suggests that the

federal government had a duty to promote the general welfare by
broadcasting this useful bit of information. But a closer look indicates
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that the whole machinery set up by the patent law of 1 790 was ad-

ministratively fantastic and impossible. Even then the men who were

rapidly becoming cabinet officers as well as heads of departments had

other things to do than get involved in complex patent proceedings.
The salt water affair shows that they tried. That only three patents
were granted in the first year shows that they were sufficiently criti-

cal. The rules that they developed have since proved in general work-
able. But the demands on principal officers were impossible.

21
Jeffer-

son complained that the "subjects are such as would require a great
deal of time to understand and do justice by them, and not having
that time to bestow on them/' he was "oppressed beyond measure

by the circumstance under which he has been obliged to give undue

and uninformed opinions on rights often valuable, and always deemed
so by the authors." 22

The alternative was either to set up an efficient separate office

under its own responsible official, or for the executive to abdicate the

function of judgment over patents and allow the courts to decide

whether they were any good or not after they had been issued. In the

debates on the revision of the law in 1792, John Page and others tried

to create an office of the director of patents. But some felt that an

officer already conveniently on the payroll the secretary of state or

the director of the mint could do it, or they feared centering the

office in the seat of the government, preferring the district courts.

These opponents of bureaucracy prevailed, and in 1793 a new act left

the secretary of state in charge of patents, but with no discretion to

reject them if the fees were paid and the forms properly filled in. A
single clerk in the State Department cared for patents in the 1790*8,

and after 1800 Dr. William Thornton, a man of accomplishments, ran

the office without much concern for orderly records or for business-

like methods, remitting fees whenever he felt sorry for an inventor.23

The practical men such as Oliver Evans and EH Whitney who tried

to turn patents into commercial gain found themselves immersed in

endless litigation, while the courts struggled with an increasing num-

ber of cases, a burden not lightened by patents issued to people who
but sat down in the model room and, copying machines already de-

posited there, then turned in their own applications.
24
Only inventors

who had machines of great potential sale and charlatans could profit

greatly from this system. One of the few general rules which re-

mained intact and grew stronger in this period of neglect was that
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"no patent can issue to guaranty a mere principle, it 'must be for the

vendible matter.
7 " 25 Science that could not be reduced to a machine

of potential cash value must look elsewhere for government aid. Even

the practical inventor got little enough comfort.

If patents could not help, some still clung to the hope that had

driven John Churchman on. Petitions seeking financial aid for research

on the "fundamental law that rules our solar system," on erecting a

chemical laboratory to prepare sal ammoniac and Glauber's salt, on

finding longitude by lunar observations continued to engage the

attention of Congress on occasion.
26 In 1796, when one Frederick

Guyer made his try to get some help for his lunar observations, the

committee of the House of Representatives reported not only that

his improvements were without merit, but that "it is their opinion that

application to Congress for pecuniary encouragement of important

discoveries, or of useful arts, cannot be complied with, as the Con-

stitution . . . appears to have limited the powers of Congress to

granting patents only."
27 One member, who was not prepared to

fight for the hapless Guyer's lunars, said he was "sorry to have it

established as a principle, that this Government cannot Constitution-

ally extend its fostering aid to the useful arts and discoveries," but

he did not press for a discussion.28 Such an exchange does not make
constitutional law in the grand manner. But the tide ran clear and

strong against the establishment of any power of the government to

subsidize science directly. The failure of the patent clause to become
what it might have been a basis for scientific activity of all sorts

well illustrates the reluctance of the Congress in this period to become
active in science, even where, as in the case of patents themselves,

they had to make no appropriation. The people's representatives set-

tled into a silent groove of strict construction of the Constitution con-

cerning a subject where popular enthusiasm did not measure up to

the cost of action both in controversy and money.

A National University and Other Efforts

A variation on the same theme marks the vicissitudes of the na-

tional university, which, whatever else it -might undertake, always in-

cluded in the minds of its proponents advanced scientific training.

Washington early advocated the idea before Congress and proposed
to give the institution nineteen acres of land and fifty shares of canal

company stock. Jefferson, ever the opportunist at picking up scien-
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tific bargains, found out that the University of Geneva had lost its

government support because of the revolution and proposed to Wash-

ington that the whole faculty be brought over for the national uni-

versity, although he seems to have envisioned some state aid and the

possible location of it in Virginia rather than the District of Co-

lumbia.29 In retirement and out of sympathy with the centralizing

tendencies of the Federalists, Jefferson in this case made a rather con-

siderable concession, much more than he had when opposing a mili-

tary academy as unconstitutional.
30 The ideal of science and learning

was one on which patricians could agree even while party bitterness

was driving them apart.

When Washington wished to put his gift for this purpose into

the hands of the Government in 1796, near the close of his presi-

dency, James Madison showed the same
spirit. Although already a

leader of the opposition in the House of Representatives, he headed

the committee that reported favorably on authorizing someone to

receive the donations. He assented that "all men seem to agree on the

utility
of the measure,"

31 but he found in debate that this general

sentiment did not allay hostility and suspicion. One congressman, who

preferred small academies to a big university, expected little from

private gifts
and felt that this was the first step to the United States'

patronizing an institution with tax money. John Nicholas of Virginia

approved the principle, but felt the time not ripe, questioning whether

distant parts of the country which could not send children so far as

the capital without injuring them morally should support the institu-

tion. Another claimed that land in the District of Columbia was for

public use only, and "such institutions are not public, but private

concerns." In vain Madison and the friends of the proposal pointed

out that Congress had power over the District of Columbia, that no

tax money was called for, and that the resolution did not mention a

national university by name. A vote to postpone the resolution finally

carried against Madison, and indirectly against Washington, by thirty-

seven to thirty-six.
32 Had anyone been so foolhardy as to propose a

direct appropriation, this debate indicates its overwhelming doom.

The great aspirations for a national institution of learning, which few

succeeding generations have voiced as eloquently and as cogently

as did Washington, Jefferson, and Madison, were perhaps even fur-

ther from accomplishment than they realized.

Washington's request that the government support agriculture
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the occupation of most of the population brought forth in

Congress a ringing declaration on the government's place in spread-

ing information. "The only method which a Government can

with propriety adopt, to promote agricultural improvement, is to

furnish the cultivators of the soil with the easiest means of acquir-

ing the best information respecting the culture and management of

their farms, and to excite a general spirit
of inquiry, industry, and ex-

periment."
33 Since local societies were on too limited a scale, the

"patronage of the General Government" was necessary to effect "na-

tional improvement." An American Society for Agriculture would

animate state societies, provide exchange of information, give honor-

ary and money premiums for discourses, and make a "complete statis-

tical survey of the United States." Here again was a noble dream

which illustrates how clearly the men of the 1790*5 could conceive of

scientific institutions. And here again was the impossibility of effective

action. The report asked for a "salary of a secretary and for station-

ery," but if that was too hard on the treasury, "it might be carried

into effect without pecuniary aid."
34 Thus Congress could play the

benefactor of agriculture simply by setting up the society in the Dis-

trict of Columbia. But even that painless gesture never came to any-

thing.
Since the government spent most of the decade of the 1790*5 in

Philadelphia, it lived close to disease. The great yellow fever out-

breaks of 1793 and 1798 especially interrupted the government's busi-

ness, and the arguments that raged over whether the pestilence had a

local or a foreign origin had certain implications for the power which

controlled commerce with foreign countries and among the states.

President John Adams, in his annual message to Congress in 1798,

asked Congress to establish regulations to reinforce state health laws,

"for these being formed on the idea that contagious sickness may be

communicated through channels of commerce, there seems to be a

necessity that Congress, who alone can regulate trade, should frame a

system which, while it may tend to preserve the general health, may
be compatible with the interests of commerce and the safety of the

revenue." BS
Although the health of the nation remained essentially

under the police power of the states, some very tentative action did

take place. In 1796 collectors of revenue were required to assist in the

enforcement of state quarantine laws.36 In 1798 the Congress passed
a law financing the medical care of merchant seamen by deducting
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twenty cents a month from their wages. This system was a kind of

crude compulsory government health insurance for a limited segment
of the population. In the House of Representatives support for the

measure came from the seaboard areas, where the presence of sick

sailors worked a hardship on local agencies. While British practice
and the fact that the system would not burden the national treasury
were cited, little active desire to get into the hospital business and no
intention of taking responsibility for the health of the nation seem to

have arisen.
37 The United States Public Health Service traces its be-

ginnings to these early hospitals, which had for many years after their

founding few attributes of scientific institutions. The collectors of

customs at various ports, without any central direction, either set up
a hospital or farmed out the business by contract. Even though the

facilities were always inadequate, some feared that the government
would launch costly building programs.

38
Perhaps equally chilling to

action was the uncertain state of medical science itself, which did not

have the key to the prevention of most diseases, including yellow
fever. A little later this embarrassment became clear to President

Jefferson when Dr. Benjamin Rush called for investigations into the

supposed domestic origin of yellow fever.39

No constitutional difficulties interfered with the setting up of a

mint or the establishment of a standard of weights and measures.

Coinage was an urgent necessity, and in the absence of anyone who
knew anything about that rare but highly skilled craft a general as-

sumption prevailed that a man of science could best handle it. Perhaps
for this reason the mint found its way into the State Department un-

der Jefferson, who, following the same assumption, appointed as its

first director David Rittenhouse, the most distinguished astronomer

America had yet produced and the successor of Franklin as president
of the American Philosophical Society. The problems were indeed

great and required considerable knowledge of metal, both for the

manufacture of new coins and for assaying the foreign coins that con-

tinued to circulate.
40 Rittenhouse fondly pointed to the parallel be-

tween himself and Newton, who had spent his declining years as a

master of the mint. This allusion was perhaps the only way in which
the appointment added to Rittenhouse's reputation. Beset by adminis-

trative troubles, he had to stave off criticisms that his surveying activi-

ties and ill health prevented him from spending much time at his job.
Without any experience in coining or in industrial operations, the
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aging savant never succeeded in producing enough coins.
41 The first

experiment in enlisting
an outstanding expert in government service

has had a well-deserved lack of publicity.
In addition to Rittenhouse's

personal troubles, the question arises whether eighteenth-century sci-

ence represented by a natural philosopher of general attainments

could deliver results in a highly specialized field. This unfortunate

beginning did not shake the idea that a man of science should super-

vise the mint. Elias Boudinot pleaded "want of Chemical Knowl-

edge" but took the job anyway.
42 When he retired in 1805 Jefferson

refused to appoint Benjamin Rush specifically because of his lack of

mathematics.43 From that time until 1853 all directors had some sort

of scientific background.
44

Like virtually all other problems of a scientific nature, the estab-

lishing of a standard of weights and measures gravitated into Jeffer-

son's hands. He prepared a comprehensive report on the whole sub-

ject which recommended the length of a rod oscillating at latitude

45 in i second of mean time as a fixed standard of length and a

decimal system of relations for all coins, weights, and measures.45

David Rittenhouse, on more familiar ground here, contributed a good

many details to Jefferson's report, which embodied much of the best

French theorizing on this subject and also the passion then current

in France to break with the past completely and set up a rational sys-

tem. But in the absence of great political and social upheaval in Amer-

ica, Jefferson's ideas had little chance against the general indifference

and the resistance to change. In 1796 the House of Representatives,
while declaring that the standard of measure should not depart ap-

preciably from the foot then in use, wished to give the President

authority to employ "such person, of sufficient mathematical and

philosophical skill," to make experiments.
46

Everyone seemed to feel

that Rittenhouse was the one man who could do the work, that it

could be done for $1000, and "the enlightened world would say

$1,000 were never better expended." Although some members ridi-

culed the idea, no constitutional issue could arise, and the resolution

passed easily, only to have the Senate postpone action.47 Although
the power of Congress was ample, although the utility to commerce
of a uniform system was apparent, although the scientific knowledge
was available, the record on weights and measures before 1800 is

negative.

Throughout the lypo's the presence of the capital in Philadelphia
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made it possible for the American Philosophical Society to fill a semi-

public role. Jefferson, vice-president of the Society from 1791, be-

came its president at about the same time he took up his few duties as

Vice-President of the United States in iy97.
48 This made it possible

for him to introduce scientific schemes of general importance in the

Society without facing the constitutional difficulties or the suspicion
of a Congress now in the hands of a political party unfriendly to all his

acts. He proposed a study of the Hessian
fly,

a plan for a national

weather service, and an exploration of the Missouri River. The Soci-

ety over his name petitioned the government to make the census into

a survey "to determine the effect of the soil and climate of the United

States on the inhabitants."
49 All these suggestions either involved

government action or were plans which implied that the Society had

a semiofficial place something like its English counterpart, the Royal

Society. That none amounted to any more than the schemes proposed
within the government indicates a general inability of American sci-

ence to organize and support large-scale activities. Had the capital

remained in Philadelphia, a thing that Jefferson strongly opposed, the

local institutions such as the Society might have put themselves in the

service of the government as a first step toward a gradual change into

national scientific advisory bodies.

As the eighteenth century and the first decade of the Constitution

drew to a close, the new government had few tangible accomplish-

ments in science and had made little headway in developing permanent
institutions either to use science in its own operations or to dis-

seminate it among the people.
50 The unhappy fate of most proposals

in Congress indicated doubt as to the constitutional position of sci-

ence, lack of understanding of its possibilities
and limitations, and in-

difference at best concerning its purpose. But this negative record is

less than surprising in the light of the lack of administrative experience

in public life generally and the very modest accomplishments of sci-

ence in America outside the government. More important than the

negative factors are the startfingly comprehensive ideas concerning

the role of science, the clarity with which the institutions were con-

ceived, and the energy which leading statesmen expended on foster-

ing these ideas. Although only a minority saw the advantages of an

alliance between science and the federal government, that small group
included some of the most influential men in public life. Science has

had a place in the government continuously since 1789.



II

THEORY AND ACTION IN THE

JEFFERSONIAN ERA

1800-1829

THE year 1800 brought a physical change of political origin to

the government which had profound cultural implications. When the

capital shifted from Philadelphia with its societies, college, gardens,
and museums to Washington,

This embryo capital, where Fancy sees

Squares in morasses, obelisks in trees,
1

the whole apparatus of civilization, and hence all facilities for science,

remained behind. With this one move, ardently desired by many
such as Jefferson, who, although friends of science, wanted insurance

against urban hostility, the government lost the possibility of handy
and informal appeal to the most promising body of consultants in

existence in the United States. After this time, the problem of cre-

ating scientific institutions connected with the government was com-

pound. National institutions that could serve the whole nation were

sr!l the aim, but the urgent necessity of furnishing local scientific

services often took practical precedence. A city as well as a capital

had to be made from an ill-assorted collection of boardinghouses set in

a sea of mud, reducing every discussion of large institutions to miser-

able local realities. Until Washington had museums, observatories, li-

braries, and a group of scientists in residence, talk of national universi-

ties sounded Utopian.

President Jefferson and Science

The acrimonious election of 1800 elevated to the presidency one

of the greatest savants of the day. Thomas Jefferson was "a pure re-

publican, enlightened at the same time in chemistry, natural history,
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and medicine" as well as "a Citizen of the World and the friend of

universal peace and happiness."
2 He embodied all the strong features

of the science of his day, viewing knowledge as a single whole, mov-

ing gracefully across special subjects as if they had no barriers be-

tween. He had great faith in the usefulness of science, not only of

practical inventions but of researches as esoteric as paleontology. He
believed that science had no national bounds and that its followers

"form a great fraternity spreading over the whole earth, and their

correspondence is never interrupted by any civilized nation."
3 His

limitations were equally characteristic. In no sense a professional, he

gave only sporadic attention to any subject, getting much of his in-

formation from popularizers.
4
It was essentially his enthusiasm for sci-

ence and learning that placed him in the presidency of the American

Philosophical Society and gave promise to much more when he be-

came the country's chief executive.

Jefferson's fame as an exponent of science was not entirely an

asset. During the election of 1800 especially, the opposition linked

this interest with deistic religious ideas and his partiality for the

French, even questioning the value of scientific attainments to a

public man. "If one circumstance more than another could disqualify

Mr. Jefferson from the Presidency, it would be the charge of his

being a philosopher."
5 That men like Rittenhouse and Benjamin Rush

were ardent leaders in the Jacobin societies indicated to their op-

ponents a sinister connection between science and dangerous ideas.

Although this particular election produced a partisan split
between

Federalist and Republican which seemed to make science in some sense

an issue, many leading Federalists were in one way or another con-

tributors to science, especially in New England, while doubtless only

a minority of those who wished Jefferson well cared anything about

it. That Federalist propagandists should devote space to the charge

of dangerous knowledge, however, shows their low estimate of the

popular appeal of science and is perhaps a key to the long record of

Congressional reluctance to help it throughout this period.

When Jefferson entered the new executive mansion, where he was

to use a room for working on fossil bones, he continued to throw his

weight for science whenever he could without raising fundamental

questions about the relations of science and state. Charles Willson

Peak's first thought on discovering a deposit of mammoth's bones at

Newburgh, New York, was to notify Jefferson, who offered the use
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of navy pumps and army tents.
6 He aided the surveyors in the North-

west by purchasing instruments from the contingent fund, so that

they could make astronomical determinations of base lines to be used

in regular surveys.
7 He encouraged his Minister to France, Robert R.

Livingston, in the introduction of Merino sheep.
8 Whether he ap-

pointed Benjamin Waterhouse to the charge of the marine hospital

in Boston because of his republicanism or because the "New England
states are indebted to him for introducing vaccination into them,"

the scientific attainments of the applicant did no harm.

But such genial gestures could not hide the dilemma of Jefferson's

position on the Constitution and its relation to science. His views on

the strict construction of the powers granted the central government
and his fear of its growth were fresh in the minds of everyone so soon

after the Kentucky and Virginia Resolutions. When Charles Willson

Peale, who was trying to get the legislature of Pennsylvania to sup-

port his museum, wrote that before "making my application I wish to

know your sentiments on this subject, whether the United States

would give an encouragement and make provision for the establish-

ment of this Museum in the City of Washington,"
9

Jefferson faced a

difficult choice. The chance to aid science by bringing a notable col-

lection to the barren capital collided with his constitutional principles.

He replied to Peale that nothing could be done without an amendment

and, having no desire at that moment for such a test of strength, he

advised Peale to go ahead in Pennsylvania, suggesting also the possibil-

ity that Virginia might be interested when she began her university.
10

In this early phase of his great revolution in the government, the need

to extirpate the Federalists
7

debt and reduce expenditure on military

preparations precluded a positive program for science.

By the time of his second inaugural, Jefferson considered the

errors of the Federalists at least partially rectified. The revenue, under

the management of Secretary of the Treasury Albert Gallatin, seemed
to insure the disappearance of the debt, allowing the President now to

raise the question of what to do with the prospective surplus. He sug-

gested that "by a just repartition of it among the States and a corre-

sponding amendment of the Constitution, [it] be applied in time of

peace to rivers, canals, roads, arts, manufactures, education, and other

great objects within each State."
u The sale of federal lands and the

federal tariff would finance this state-administered program of in-

ternal improvements.
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In December 1806, when for a few months the United States

seemed clear of involvement in the Napoleonic Wars, Jefferson pre-
sented to Congress a more detailed program for the use of federal

funds when the debt and "the purpose of war shall not call for them."

Instead of lowering imposts to the vanishing point, Jefferson suggested

"public education, roads, rivers, canals, and such other objects of pub-
lic improvement as it may be thought proper to add to the constitu-

tional enumeration of Federal powers." Roads and canals to open "new
channels of communication" between the states, making "lines of

separation disappear," could cement the union. Education, also an in-

ternal improvement, would not compete with "private enterprise,"

for "a public institution can alone supply those sciences which though

rarely called for are yet necessary to complete the circle, all the parts

of which contribute to the improvement of the country and some of

them to its preservation." Jefferson considered this an "extension of

the Federal trusts," and he hoped to have a constitutional amendment

in hand by the time the debt disappeared. He further urged that the

"national establishment for education" be endowed by those lands

likely to be "among the earliest to produce the necessary income," a

foundation especially advantageous because "independent of war." 12

Jefferson's dream of a country whose political power produced en-

lightenment here became a concrete proposal. The conjunction of

highways and canals with education is significant. All roads led to

Rome, where the national university by advanced research created

the new knowledge essential to continuing freedom. The old Virginia

plan of George Washington for a capital on the Potomac and for a

Chesapeake and Ohio Canal as the cultural and commercial brain and

spine of the nation had in Jefferson's words its most elevated state-

ment.

What kind of advanced educational institution to "complete the

circle" of the sciences Jefferson wanted he did not say, but he had at

hand a blueprint worthy of his dream. Joel Barlow, onetime Connecti-

cut poet and later a friend of Tom Paine and the French Revolution,

had just returned to the United States after seventeen years in Europe
and established himself near Washington as a savant and patron of arts

and literature. In a plan for a national university he proposed both

"research and instruction" combining the advancement of knowledge
with the "dissemination of its rudiments." After surveying the exten-

sive services of the French government to science and education, he
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proposed a chancellor with broad powers, traveling professors, print-

ing presses, laboratories, libraries, scientific apparatus, and botanical

gardens, also suggesting that the university take over the functions of

a military and naval academy, the patent office, the mint, and "a geo-

graphical and mineralogical archive of the nation/' Such an institu-

tion, a real university in a land where none had ever existed, was also

a central scientific agency of greater scope even than Barlow's French

models. Showing a certain awareness that all these things were not

immediately attainable, he hoped that "the legislature, as well as our

opulent citizens, will assist in making a liberal endowment," because

the institution would begin on a suitably small scale with several men
of science giving their services without compensation.

13

In February 1807, Jefferson talked over with Barlow the draft of

a bill to establish a "National Academy and University," making some

corrections which were "chiefly verbal." At the same time the Presi-

dent expressed a wish for a "Philosophical society" which would have

members spread over the country as well as a central academy at

Washington, perhaps a federation of "the great societies now exist-

ing."
u
By the end of 1807, however, all the schemes Barlow's and

Jefferson's had collapsed. The President complained that Congress
was balky about amending the Constitution and that "people gener-

ally have more feeling for canals and -roads than education," only

casually mentioning an even more immediate deterrent when he said

that "the chance of war is an unfortunate check." 15 The attack of the

Leopard on the Chesapeake had shattered even an optimist's hope that

an entanglement in the European war could be averted, and the bitter-

ness that greeted his embargo darkened the closing days of Jefferson's

presidency. Had foreign problems miraculously vanished in 1807, so

many difficulties for a national university still remained lack of

experience and a dearth of qualified personnel as well as constitutional

doubts, congressional ridicule tied to party bitterness, and general

'public indifference 16 that its success seems unlikely. But the rumors
of war did their work sufficiently.

Explorations

This elaboration of an unrealized dream, however much it en-

nobled Jefferson's concept of an ideal republic guided and permeated
by knowledge, does scant justice to his ability to enlist the govern-
ment in the cause of science. Even while his frontal attack to get a
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constitutional amendment was

failing, he proved a gifted organizer
with a remarkable sense of political opportunity in coupling science

with larger and more definite forces. The greatest of these opportu-
nities was the presence on the North American continent of one of

the few remaining gross geographic mysteries which had resisted

the efforts of the foremost scientific explorers of the last third of the

eighteenth century. Both Cook and Vancouver had failed to bring
the Columbia River out of the shadows, its confluence with the un-
known upper reaches of the Missouri offering the last possibility of a

Northwest Passage, a water route to the Pacific. The cession of

Louisiana by Spain to France in 1800 and the explorations of British

trading interests approaching the Rockies from Canada stirred up the

imperial rivalries in this region. The United States, with its vital inter-

est in the mouth of the Mississippi and its vague claim to the Columbia

through Captain Robert Gray's discovery, found here a critical diplo-
matic problem.

Jefferson, long aware of the enigma up the Missouri, fully appreci-
ated the very definite uses of exploration and geographic knowledge
in contests for empire. As early as 1783 he distrusted British schemes

to "promote knowledge" west of the Mississippi when, in spite of

fears that Americans did not have "enough of that kind of
spirit to

raise the money," he asked George Rogers Clark about leading an ex-

pedition.
17 While Ambassador to France he had given some en-

couragement to John Ledyard's wild scheme of reaching northwest

America by way of Siberia. Doubtless he knew of a secret War De-

partment attempt to send an officer up the Missouri in 1790. In 1793
he cooperated in a scheme to send Andre Michaux, the French bota-

nist who was harvesting a rich collection of new plants even in the

eastern states, to the northwest coast. Although as secretary of state

Jefferson tendered official cooperation, the money and the sponsor-

ship came from the American Philosophical Society. He contributed

$12.50 and drew up Michaux's instructions to "take notice of the

country you pass through, its general face, soil, rivers, mountains, its

productions animal, vegetable, and mineral." Stressing the need for

astronomical observations, studies of the aborigines, and a lookout for

fossil bones, he specified the types of reports.
18 The principal objec-

tive of a route to the Pacific and the subsidiary aims of collecting in-

formation on natural history were clear and in the best tradition of

eighteenth-century exploration. Yet other ingredients adequate
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support to supply a considerable body of men skilled in wilderness

ways, and a modicum of military strength
were lacking. Jefferson

as a public official seems to have made no serious effort to supply these

deficiencies, the whole plan coming to nothing when Michaux be-

came involved in the intrigues of Edmund Genet.

In the fall of 1802 President Jefferson asked the Spanish minister in

Washington "in a frank and confident tone" whether Spain would ob-

ject to a group of travelers exploring the Missouri River, who would

really "have no other view than the advancement of geography," But

he would "give it the denomination of mercantile, inasmuch as only

in this way would Congress have the power of voting the necessary

funds; it not being possible to appropriate funds for a society, or a

purely literary expedition, since there does not exist in the constitu-

tion any clause which would give it the authority for this effect."
19

When he sent a secret message to Congress in January 1803, to ask

for money for the expedition, the President reversed the emphasis.

After urging the wresting of the Indian trade in the upper Missouri

region from the British, he made a glancing reference to the "West-

ern Ocean" and then reassured the Congress that Spain and France

would consider the expedition a mere "literary pursuit."
20 Thus sci-

ence as an objective
was for foreign ears; commerce as an objective

was for Congress; and the real purpose, which had to do with the

claims of empires, was carefully screened by silence, secrecy, and an

ambiguous title to the act.

The amount requested by Jefferson in this bill "for the purpose of

extending the external commerce of the United States," was only

$2500 large as compared with Michaux's $128, but small for the

considerable party now suggested. However, this modesty did not in-

dicate bad planning, for the entire pay of the company and all their

rations while on United States soil came from the War Department.
21

Thus three important precedents at once arose. The Congress, usually

so reluctant to grant a penny for science, opened the purse on author-

ity of the commerce clause. The members must have realized that by

using army funds they were also blessing scientific exploration under

the military powers. In addition, they authorized the expedition to

leave the boundaries of the United States to explore foreign soil, a

precedent not changed by the news of the purchase of Louisiana

which arrived soon afterward.

With the momentous appropriation passed, Jefferson had to or-
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ganize his expedition both to gather information
effectively and to

survive in the wilderness. Knowing the scientific personnel resources
of the country better than anyone else, he had to admit that

uWe
can not in the U. S. find a person who to courage, prudence, habits
and health adapted to the woods, and some

familiarity with the Indian

character, joins a perfect knowledge of botany, natural history,

mineralogy and astronomy, all of which would be desirable/' His

secretary, Captain Meriwether Lewis, had all "the first qualifications"
and although his knowledge of the three kingdoms of nature was not
"under their scientific forms," he would "readily seize whatever is

new in the country he passes thro
7

, and give us accounts of new things
only."

22 Lewis went to Philadelphia for several weeks, where the
worthies of the American Philosophical Society taught him to make
celestial observations, to collect plants and animals, and to study the
Indians. Thus the captain, although not accomplished as a scientist

even for that time, had an orientation within the general framework
of organized science.23

Jefferson's instructions, in their detail, their insistence on astro-

nomical observation, attention to natural history and the Indians, and
above all his reiterated admonition to keep every possible record, set a

scientific tone for this expedition and for the many that would later

copy the pattern he set. He was
transplanting to America the idea that

exploring was not just going somewhere but was a highly technical

enterprise. Although in the seventeenth century a buccaneer like Wil-
liam Dampier could explore fairly well, by the time of Cook and

Bougainville expeditions carried expensive equipment and had a pro-
fessional scientific corps. Jefferson, unable to manage a full company,
did inject the ideal into American exploration to

stay.
The most striking thing about the Lewis and Clark expedition was

its complete success. It replaced a mass of confusing rumors and con-

jectures with a body of compact, reliable, and believable information

on the western half of the continent which caught the imagination of

the country. Besides opening trade in the far Northwest and establish-

ing an American corridor to the Pacific, it had made significant find-

ings in botany, zoology, and ethnology. But an expedition's usefulness

to science itself depends on
classifying the collections and reporting

the results. The library, museum, and herbarium were as much a part
of scientific exploring as were keelboats and trinkets for the Indians.

Since the government had nothing to offer neither experience nor
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institutions both the papers and the collections ended up in Phila-

delphia.
The journals did not appear in any form until 1814, nor in a

faithful reproduction until 1904.^ The botanical collection, which

was outstanding even though much was lost in the Columbia, had an

unfortunate history, finally being described by a German in England

in i8i4-
25 The Lewis and Clark expedition,

a jewel in the history of

exploration,
left a precedent reinforced by achievement, but it found

no supporting institutions in the government and created none.

Jefferson now mounted a comprehensive effort to bulwark the

American diplomatic position
in the West by systematic exploration.

Dr, Samuel Latham Mitchill, patron of culture in New York City,

ardent Jeffersonian in science as well as politics,
and chairman of a key

committee in the House of Representatives, collected and collated the

known information about the trans-Mississippi West.2c He introduced

legislation providing for the exploration of the southwestern border of

Louisiana, stressing that "important additions might thereby be made

to the science of geography."
27 Hence when Jefferson communicated

to Congress the first results of Lewis and Clark, he also included re-

ports from Dr. John Sibley on the lower reaches of the Red River.

In 1804 William Dunbar, "a citizen of distinguished science" who

had a Scottish education, tried to penetrate the same region.
28

On orders from General James Wilkinson, governor of Louisiana

Territory, Lieutenant Zebulon M. Pike first ascended the Mississippi

to explore its source and then made his famous journey up the

Arkansas to the Rockies. Pike in the field found himself in the com-

mon predicament of the explorer of that day, who "had no gentleman

to aid me, and I literally performed the duties ... of astronomer,

surveyor, commanding officer, clerk, spy, guide, and hunter." Con-

fessing that he had no taste for botany and zoology, he complained
that he had too much to do to look at the country "with the eye of a

Linnaeus or Buffon."
29

Nevertheless, when the expedition returned

after a captivity by the Spaniards, who kept all of Pike's notes, Jeffer-

son suggested a protest to the Spanish government "because the ob-

ject was the advancement of knowledge," and "it is not in the nine-

teenth century . . . that science expects to encounter obstacles." 30

These activities of only moderate success emphasized exploration's

place as a recognized part of the activity of the government and espe-

cially of the Army.
When military officers took on exploring and surveying, they
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needed much more extensive technical knowledge than ordinary gar-
rison duty required. One of the lasting contributions of Jefferson's

presidency was the establishment of the Military Academy at West
Point in 1802. Although he had opposed a service school as unconsti-

tutional when Washington had advocated the idea back in xyp^,
31 he

now accomplished the same end by creating a Corps of Engineers
which "shall be stationed at West Point, in the State of New York,
and shall constitute a Military Academy."

32 This small beginning
mixed instruction with engineering duties of all sorts, making cadets

more apprentices than students. But the presence of a United States

Military Philosophical Society, which lasted about ten years, showed
a certain interest in science even at the start,

33 and Jefferson gets
credit for beginning the tradition of French mathematics there.

34

The Coast Survey

Nothing emphasized so clearly the pervading lack of qualified

people that Jefferson faced in trying to launch new schemes as the

sudden appearance of a real scientist. The range of activity open to

the government widened markedly when Ferdinand Rudolph Hassler

wandered into its service, bringing from Switzerland and France the

skill that in itself suggested a coast survey. The government had in-

herited from its predecessors an insatiable need for topographical in-

formation which had produced various projects. Jefferson, apostle of

the rectilinear survey, had brought good mathematicians to the Gen-

eral Land Office.
35 The pressing demands of commercial interests for

better charts and navigational aids had produced spasmodic efforts by

Congress to survey limited areas of the coast, such as Long Island.
36

The Treasury Department had been concerned with lighthouses and

the choice of sites for them since iy89.
37 But the idea of a general and

comprehensive survey of the coast, employing the latest scientific

methods, came to a head not in maritime New England but among the

members of the American Philosophical Society, stimulated by the ar-

rival in their midst of a trained and experienced geodesist who pos-

sessed a scientific library, some fine instruments, and a set of French

standard mea'sures and weights.

Hassler came to the United States from Switzerland not as a scien-

tist but as a part of a land-speculating agricultural colony, which

promptly collapsed. Getting in touch with the savants of Philadelphia

and especially Dr. Robert Patterson, Director of the Mint, Hassler
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applied to Jefferson for some sort of work with the government, for

in his Swiss career, he had been not simply a scientist but also a civil

servant. The canton of Bern, which had supported much of his

topographical work, made appropriations on a four-year basis, allow-

ing his project to plan far ahead. Jefferson, although skeptical of

Europeans, who "bring with them an almost universal expectation

of office," admitted that some jobs called for "meritorious foreigners

... of particular qualifications" and allowed himself to go along
with the idea proposed by his Philadelphia friends to put Hassler to

work on a general geodetic survey of the coast.
38

Two other forces joined the fortuitous presence of Hassler early
in 1807 to make a coast survey possible. First was the brief hiatus in

international crisis that had produced Jefferson's proposal for a na-

tional university. Second, the commercial interests of the seaboard

states were now ready to exert more pressure for correct charts of

"every part of our coast," with which "our seamen would no longer
be under the necessity of relying on the imperfect or erroneous ac-

counts given ... by foreign navigators." These proponents pointed
to "the lives of our seamen, the interests of our merchants, and the

benefits to the revenue" as "ample compensation for making a com-

plete survey ... at the public expense." Possible military uses added

to the commercial appeal, giving enough constitutional dressing for

Congress to raise none of the doubts that clouded the national univer-

sity.
What is more remarkable, the usually penurious legislators

authorized expending $50,000, twenty times the appropriation for

Lewis and Clark.39

In a government that had little experience with the necessities of

administering a scientific institution, authorization carried with it no

guarantee of any result. The act itself mentioned no department but

placed the Survey directly under the President. The Treasury De-

partment actually took up the work of organization because of its

concern with lighthouses, because it was the most highly developed
executive department, and because Secretary Albert Gallatin was both

Swiss and a man of scholarly tastes. Hassler later explained that the

survey did not go to the military services because the "moral organiza-
tion of such work has peculiar difficulties" which make all countries

who have faced the problem "give their direction to some man of

science under a department unconnected with either army or navy."
40

Certainly civilian control was congenial to Jefferson.
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Gallatin immediately issued a circular letter soliciting plans for a

survey and recommendations on personnel, to which Hassler replied
in detail. The other answers were quite short, most recommending
him as the person best qualified. Director of the Mint Patterson seems

to have become the head of a kind of advisory committee of outside

scientists to examine the replies. They selected Hassler's plan,
41 thus

uniting the man and the job from the beginning.
Meanwhile Hassler went to West Point to teach mathematics at

the Military Academy, and soon Patterson was writing that the Sur-

vey was suspended because of the disturbed state of affairs. As with

the national university, the Chesapeake affair stopped Jefferson's pro-

grams and led to the complete concentration of the administration

on the embargo. With action in science depending entirely on the en-

lightened help of a few top officials, anything that diverted them was

disastrous. Only in 1810, after Hassler had been forced out of West
Point by a ruling against civilian instructors, did Gallatin, now serv-

ing under President Madison, take up the Survey. Since clearly

nothing could go forward without instruments and since neither they
nor their makers existed in the United States, the first order of busi-

ness was a journey to Europe. Hassler left for England, then the great
center for the making of the theodolites and other precision instru-

ments, in the summer of 1811, and stayed until 1815.

The War of 1812, which for the United States was far from total

in its mobilization of the country, its diplomatic break with the enemy,
or its results, took place in an age when a little more than

lip
service

was still paid to the idea that science was above wars and that belliger-

ents should not interrupt the flow of information and investigators.

Only in such a climate of opinion was it possible for the major activ-

ity of the United States government during the war years to take

place in the enemy's capital. Ironically, while Washington itself lay

captured and Madison's government had almost ceased to function,

Hassler was supervising with great care the building of a set of in-

struments especially designed for the problems of our Atlantic coast

and for field conditions in the United States. By 1815 he had spent

about $5000 more than the $50,000 appropriated. Forced to pay his

own way home, Hassler arrived back in the United States poorer
than he went, the extreme pains he had taken with the instruments

acting only as a source of a general feeling in the government that

he had stayed too long and spent too much.42
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Nevertheless, Hassler, back in Washington, submitted to President

Madison a plan embracing both the Coast Survey and the establish-

ment of two permanent observatories which he had mentioned in his

earlier prospectus but which were completely unauthorized as yet by

Congress. Madison, who like Jefferson could appreciate the scientific

worth of the eccentric Swiss, gave the project support, When an ap-

propriation had gone through Congress, Hassler stood for two prin-

ciples in his negotiations
of a new contract. First, the salary of a scien-

tist should be "more than the mere decent existence of my family."

Second, he should have complete control of his accounts, for the "sub-

jection of my expenditures to the control of a final account, would

subject my whole existence ... to the control of the accounting of-

ficers . . . who, by their absence from the work itself, cannot pos-

sibly have any idea of its incidences."
43

Madison, allowing Hassler a

munificent salary of $3000 plus $1000 for expenses, conceded the

main points of the new superintendent's desires.
44

Beset by difficulties, delays, and at times lack of cooperation by
minor government officials, Hassler finally got into the field during

1816 and 1817. With work preliminary to setting up a base line fairly

well along, he received in February 1817 a letter from the Treasury

Department asking when he would finish. The question served notice

that most people in the government expected quick, tangible results

and immediate relief from the necessity of spending money on the

business. Furthermore, President James Monroe and William H.

Crawford, now Secretary of the Treasury, lacked the exquisite sensi-

tivity
of Jefferson, Madison, and Gallatin. Disdaining to keep in touch

with a grumbling Congress, Hassler was still going ahead on a scien-

tific survey which would outdo the best of Europe, when in the

spring of 1818 he suddenly found that an act had passed providing

that only military or naval officers could be employed in the Survey.

This seemingly innocent measure had a certain surface appeal in the

name of native American skill and reflects the steady pressure to turn

scientific jobs over to those already on the payroll. The chaplain of

the Navy, one Cheever Felch, had been busy telling Congress he

could do a better survey in less time. The argument of usefulness to

commerce, which had done good service in 1807 in pressing the first

act, now came back in the demand for immediate practical results re-

gardless of scientific problems and opportunities.
45 Without debate
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and without hearings, Congress by shutting out Hassler had killed the

Survey.
After a brief and stormy service for the government in ascertain-

ing the boundary line with Canada, Hassler retired to an unsatisfac-

tory private life to wait out his best years in the hope of getting back
into the Survey. Meanwhile, if any alternative talent existed in the

country, the government failed to turn it up in the Army and Navy.
Money continued to go into surveys, but, with no comprehensive

plan and no continuity of personnel, the results were immediately

recognized as worthless.46 Thus for the period before 1830 the gov-
ernment failed to demonstrate that it had the administrative resource-

fulness and understanding to conduct a long-range scientific program.
It also failed to recognize, granting that the Coast Survey had an im-

mediate and practical objective, that fundamental science is some-
times a safer and cheaper road to usefulness than are hard-headed

economy and direct methods, here represented by Chaplain Felch.

Attempted Activities in the Era of Good Feelings

The elevation and subsequent humiliation of the Coast Survey was

part of the ambiguous position of scientific institutions in the govern-
ment in a period usually described as nationalistic and blessed with the

designation "Era of Good Feelings." While increased scientific activ-

ity was a glory to the nation and hence received some support from

patriotic fervor, it shared with other internal improvements a doubtful

place in the Constitution and was an exposed target in the bitter fac-

tional quarrels that substituted for party alignments. At the same time

the old patricians who had supported science both in and out of the

government, Federalists as well as the Virginia dynasty, were rapidly

losing political power and position.

The national university felt these contributing forces. Madison,

always its friend if not always consistent on other internal improve-
ments, asked for it again in his last message to Congress. Enactment

in 1817 would have made it a contemporary of the Second Bank of

the United States. Although the committee reported favorably, sug-

gesting that it be endowed by lots in the District of Columbia, two

drawbacks appeared. One was that the institution had dwindled from

the great research center of Barlow's plan to a seminary not unlike

the private colleges of the day.
47 The other was that a Congress in
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deep trouble with its constituents over an act for its own compensa-
tion had no stomach for a proposal the merits of which would be hard

to explain back home. It much preferred to leave the university alone.

At the same time a movement outside the government combined

the urge to glorify the nation with a general scientific institution and

the dire need to provide the boardinghouses and war-blackened build-

ings called Washington with some kind of cultural life. The Colum-

bian Institute, established in 1816, considered itself "a national body
. . . embracing every department of human knowledge . . . which

will be worthy of the high destinies of the American nation." 48
It

proposed to collect plants, minerals, and information on mineral

waters, to study agricultural subjects, to prepare a topographical and

statistical history of the United States, and to issue publications.
49 The

utilitarian cast of these purposes was perhaps necessary in a town

much more deficient in scientific men than older centers such as

Philadelphia. The membership came largely from local business and

professional men, some civil servants and military officers stationed

in Washington, and many members of Congress, who were to serve

as representatives of the society in their own districts.
50 The federal

government was sufficiently cooperative to issue a charter in 1818

and to grant five acres of land near the Capitol for a botanical

garden.
51

The Institute was more or less active through the iSzo's, con-

tinually petitioning Congress for help that never came. Some draining
was accomplished on the botanical garden, but no adequate financial

support or any trained scientist as a director seems to have appeared.
The real leader, a naval surgeon named Edward Cutbush, left Wash-

ington in 1826, already discouraged by the lack of support.
52 All

praises of the advantages of the capital were unavailing in the face of

lack of resources of every kind to make even a good local scientific

society.

Of the technical papers delivered before the Columbian Institute,

those on mathematics or astronomy by William Lambert, a clerk in the

pension office, had both local and national import. As early as 1809
he had been agitating in Washington the idea of a prime meridian.

In determining longitude men had been in the habit of reckoning
either from Greenwich or from Paris as zero degrees. A feeling ex-

isted that a sovereign nation which was worth anything should extri-

cate itself "from a sort of degrading and unnecessary dependence on
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a foreign nation by laying a foundation for fixing a first meridian of

our own." 53 Lambert industriously made calculations of the longitude
of Washington, reading his results at the Institute and submitting
them as memorials to Congress, which always drew favorable resolu-

tions but never appropriated any money. For a time he had his instru-

ments set up in the south wing of the Capitol. He soon arrived at the

same conclusion Hassler had concerning the Coast Survey, that con-

tinuous astronomical observations were necessary to provide accurate

bases for such fundamental surveying. Thus the proposal for a first

meridian produced a demand for a national observatory, this time in

or near Washington.
54 In 1827 Lambert was still pointing to the liber-

ating effects of an observatory where "we might observe and compute
for ourselves the right ascensions, declinations, longitudes and lati-

tudes of the moon and such stars or planets as are most suitable for

geographical and nautical pursuits, and . . . prepare and publish an

Astronomical Ephemeris, independent of the aid of European calcula-

tions." 55

Less directly related to science but much more important for it in

the long run was the reorganization of the War Department under

John C. Calhoun, whom old Samuel L. Mitchill considered next to

Jefferson in his services to science in the government.
56 The secre-

tary's most conspicuous act was to revive the Army's interest in trans-

Mississippi exploration. He wished to establish new posts all the way
to the Yellowstone River and in 1818 organized a Missouri expedi-
tion. Although the devious ways of contractors and the retrenchment

forced by the depression of 1819 prevented the main expedition from

ever getting fairly started,
57
Major Stephen H. Long was at Council

Bluffs with a scientific corps in readiness for plains travel. Abandoning
the Yellowstone idea, this segment of the original expedition ascended

the Platte and searched for the headwaters of the internationally im-

portant Red River, returning by the Arkansas.

The organization of this expedition was considerably more elab-

orate than that of Lewis and Clark, the instructions to whom Calhoun

used as a model. Long had both military and scientific command. The
botanist Edwin James, the zoologist Thomas Say, and Titian Peale as

assistant naturalist all completed the journey. Both the army officers

who handled the topography and the astronomical observations on

which their map depended, and the very presence of Say, James, and

Peale indicated an increasing supply of men of scientific training. Cal-
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houn in his instructions was fully aware of the value of information

on the flora, fauna, geology, and Indians of the plains and Rockies as

well as the gross topographical features.
58

The classifying of collections and the publishing of results after

the return of the expedition also showed improvement over Lewis and

Clark. A general account of the expedition appeared in 1 823, using the

main journals kept by Long and others. Thomas Say published

zoological papers on his collections. Perhaps the most interesting de-

velopment was in botany, where James turned over his collections to

his teacher, Dr. John Torrey of New York, who brought the superior

resources of his private library and herbarium to the determination

of the expedition's collection of dried plants. This is the first example
of a type of collaboration on which Torrey built a great career as a

botanist. The government furnished the military escort and general

management of an expedition, while civilian collectors reported back

to scientists who maintained privately the headquarters and apparatus

necessary for complete analysis and publication.
59

Long's expedition was only the most dramatic evidence of the new

activity in the War Department. The creation of the Office of the

Chief of Engineers with a topographer was the beginning of a cen-

trally directed Corps of Topographical Engineers who, in the ab-

sence of an engineering profession in America, immediately became

prominent in all sorts of surveying work. Despite constitutional

scruples, the Congress increasingly appropriated money for roads and

for harbor improvements.
60 One offshoct of Monroe's straddling posi-

tion on the constitutionality of internal improvements was the Survey
Act of 1824, under which the Corps of Topographical Engineers
made a comprehensive plan for canals between the Chesapeake and

the Ohio, along the Atlantic seaboard, and for a road from Washing-
ton to New Orleans. This plan, the only one the government ever

attempted to make for the country as a whole, required considerable

technical competence, and had it been executed would have required
even more. Nevertheless, by 1825 army engineers were working on

improving the navigation of the Mississippi and the Ohio and on the

national road.61

The Army could meet these new technical demands largely be-

cause part of Calhoun's reorganization put new life into the Military

Academy. With the appointment of Sylvanus Thayer as superin-
tendent in 1817, West Point began to take on the characteristics of a
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college, and in mathematics Thayer modeled instruction on the Ecole

Polytechnique and other French schools he visited at government ex-

pense in two years abroad.62 Soon the academy became the main

source of competent engineers both for the Army and for the bur-

geoning state and privately financed projects of the country. In the

late iSio's the Army sometimes assigned its engineers to surveying
railroads and canals, thus giving an impetus to civil engineering, as it

was called to contrast it with military. While Major Long himself en-

gaged in surveys for railroads, West Pointers such as G. W. Whistler

and William G. McNeill became the leaders of a new profession.
63

Calhoun's thoroughgoing overhaul of the War Department
touched science in other ways as well. The first holder of the new

post of surgeon general of the Army, Joseph Lovell, proved to be a

man of ingenuity and energy. In addition to varying the soldiers' diet

and abolishing the whiskey ration, he began to have his doctors collect

weather data, on the theory that some relation might exist between

disease and weather.64
Army medical men before this had served in

complete isolation, and the activities of the first surgeon general

demonstrate how a central organization can broaden the scope of

scientific activity by the government. Jefferson had dreamed of na-

tional weather reporting but could not give it the necessary attention.

Lovell, a subordinate officer who nevertheless had widely scattered

personnel reporting to him, started the system and obtained good re-

sults over several years, even without any additional appropriations.

A central officer also had a certain amount of power to aid a subor-

dinate who by chance stumbled on a unique opportunity for scientific

discovery. William Beaumont, an army surgeon stationed at Mack-

inac, had a patient with a wound in the stomach that did not com-

pletely close, allowing the doctor to make accurate observations of

physiological processes as they occurred. Lovell was able to arrange

for publication of Beaumont's first paper and to make various special

concessions that allowed him to continue his work. When the woods-

man whose unusual misfortune made the experiments possible proved

recalcitrant, the United States Government cooperated by enlisting

him in the Army, thereby both relieving Beaumont of the expense of

paying his laboratory material and making escape amount to desertion.

LovelTs successor as surgeon general went out of his way to refuse to

help Beaumont's work, ordering him to Florida and provoking his

resignation, which overshadowed Lovell's earlier opportune assist-
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ance.
65 Thus men with vision as well as improved organization were

necessary.
The War Department achieved its aid to science in an atmosphere

of congressional hostility which the politics
of personal faction and

the general suspicion of centralized activity intensified. That this con-

gressional reluctance was not limited to the works of John C. Calhoun

is evident in the curious episode of the national vaccine institution.

Shortly after the introduction into the United States of the knowledge
of cowpox vaccination, one of the few practical medical discoveries of

the era, a Dr. James Smith of Baltimore had proposed to distribute

genuine vaccine free, through an institute he set up in 1802. In 1813,

as a result of his memorials, Congress passed a law naming him vaccine

agent and giving him the privilege of using the mails without paying

postage.
66

This arrangement was still in effect in 1820 when a group of

Smith's friends petitioned Congress for a federal charter for a "na-

tional vaccine institution."
67 But in 1821 a shipment to Tarboro,

North Carolina, seemed to preface a fatal outbreak of the disease

itself. A congressman from that state immediately demanding an in-

vestigation, the House of Representatives doubted whether they could

decide the scientific question whether vaccination was effective.

But on learning that Dr. Smith had unintentionally sent out smallpox
scabs instead of cowpox vaccine, everyone agreed that the practitioner
rather than the practice itself was at fault. Although one committee

reported in favor of Smith and his retaining the privileges, the North
Carolinian was not satisfied, claiming that the life, liberty, and prop-

erty of his constituents were threatened by this "nuisance of the

most dangerous kind." The franking privilege created a monopoly by
which Smith could enrich himself, and the whole matter belonged
under the police power reserved to the states.

68

Smith, on the defensive because of his initial mistake despite the

efforts of friends in Congress, hotly denied profiteering under the act

of 1813. Indeed, he charged that the law had "never contained the

provisions I asked," and requested that the law be repealed so that

"an end may be put to the prejudices it seems to have so unreasonably
and unjustly brought into existence." 69 Thus the connection with the

government seemed to him to hurt his reputation more than the

postage was worth. Repeal was, however, probably certain whatever
his attitude, and his later attempts to get federal aid were unavailing.



THE JEFFERSONIAN ERA 39

In theory, this was a promising start of a public health measure that

had a scientific basis. The ideal of free distribution throughout the

United States was truly national and one which only the federal gov-
ernment could have easily fostered. In practice, Smith's mistake, a not

uncommon one at the time, gave full opportunity for all those argu-
ments designed to limit activity to its narrowest limit.

John Qulncy Adams's Program

In such an atmosphere John Quincy Adams became President in

1825, after the bitter fight in the House of Representatives that pro-
duced the slogan "bargain and corruption," used effectively by his

enemies throughout his presidency. By education and taste the Presi-

dent understood the capabilities of science and knew how to use it.

Long head of the American Academy of Arts and Sciences, he had

while secretary of state under Monroe prepared a monumental report
on weights and measures. Although this masterpiece had no more ef-

fect than Jefferson's report of 1790, it showed scientific ability of a

high order, and its preparation acquainted Adams with the primitive
nature of the scientific resources of the capital.

70

Adams's first annual message to Congress was the clearest state-

ment ever made by a President of the government's duty toward

knowledge, "among the first, if not the first, instrument for the im-

provement of the condition of men." While calling for roads and

canals, he elevated science to the greatest of works to be undertaken

by the government, for "moral, political,
and intellectual improve-

ment are duties assigned by the Author of our Existence to social no

less than individual man." He recalled Washington's support of a na-

tional university and a military academy; West Point would have

pleased the first President, "but in surveying the city which has been

honored with his name he would have seen the spot of earth which

he had destined ... as the site for a university still bare and

barren."
71 A national observatory likewise got the emphatic approval

of Adams, who was well aware of the relation of astronomy, explora-

tion, national glory, and the improvement of human knowledge. "One
hundred expeditions of circumnavigation like those of Cook and La

Pcrouse would not burden the exchequer of the nation fitting them

out so much as the ways and means of defraying a single campaign in

war." 72 He asked for a naval academy corresponding to West Point

"for the formation of scientific and accomplished officers." He spe-
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cifically suggested a voyage of discovery to the northwest coast of

America, a region where Lewis and Clark had gained so much both

scientifically and diplomatically.
He asked for an efficient patent of-

fice. He even suggested a new executive department to plan and

supervise internal improvements generally and science especially.

In requesting these projects and linking them to internal improve-

ments, Adams was but stating the old plan, fostered in turn by Wash-

ington and Jefferson, of a cultural capital radiating enlightenment to

the entire nation over a connecting network of federally built roads

and canals, with the Ohio and Potomac rivers as the main artery.
73

Two decades of experience had sharpened the need for some institu-

tions, such as the national observatory, and Adams's New England

background gave a maritime twist to his desire for explorations, but

the national university still held the center of this great republican
dream. Nevertheless, Adams departed from Jefferson's position when
he claimed not simply that scientific enterprise was desirable and

worthy of an amendment, but that it was already both constitutional

and obligatory. He listed the powers over the District of Columbia,
the power to tax "for the common defense and general welfare," to

regulate commerce, to fix the standards of weights and measures, to

establish post offices and post roads, to make rules concerning terri-

tories and other property, to make all laws "necessary and proper"
for carrying out these powers. If "these powers and others enu-

merated in the Constitution may be effectually brought into action

by laws promoting the improvement of agriculture, commerce and

manufactures, the cultivation and encouragement of the mechanic

and of the elegant arts . . . and the progress of the sciences, orna-

mental and profound," to refrain from exercising them would be to

hide "in the earth the talent committed to our charge would be

treachery to the most sacred of trusts."
74

Furthermore Adams insisted doggedly on a number of compari-
sons which Americans, committed as they were to the idea that their

institutions were the best on earth, found puzzling if not downright
undemocratic. Europe, "less blessed with that freedom which is

power than ourselves," was nevertheless advancing science at a much

greater rate. "Were we to slumber in indolence or fold up our arms
and proclaim to the world that we are palsied by the will of our
constituents" a dyspeptic reference to congressional niggardliness

Americans would continue inferior to Europe.
75 In recommend-
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ing an observatory he taunted his countrymen with Europe's more
than one hundred thirty "lighthouses of the skies'* to none for the

United States. Advocating emulation of the governments of France,
Great Britain, and Russia to make the United States "contribute our

proportion of energy and exertion to the common stock" was not

the kind of talk a man in the street only a decade after the Battle of

New Orleans could readily comprehend. And when Adams went on
to goad the federal government by referring to the vigorous action

of the states in completing the Erie Canal and founding the Uni-

versity of Virginia,
76 he was playing with the sensibilities of the

very Jeffersonians who had once advocated his program.
Adams's own cabinet reviewed the draft of the message with

shock and horror. Henry Clay, although an advocate of a program
of internal improvements as a part of his American system, was

enough of a politician to see disaster in his chief's words. He thought
the national university "was entirely hopeless" and that "there was

something in the constitutional objection to it." While approving the

rest of the message in principle, he "scrupled a great part of the de-

tails." William Wirt of Virginia, the attorney general, felt the pro-

posals were "excessively bold," that Adams would appear to be

"grasping for power," and that "we wanted a great, magnificent

government." The reference to foreign expeditions would be "cried

down as a partiality for monarchies." The voyage to the northwest

coast would make Adams appear "a convert to Captain Syinmes," a

reference to the fanciful theories of John Cleves Symmes that the

earth was hollow and open at the poles. Although only Richard Rush

of the cabinet supported the message, Adams went ahead with what

he admitted was a "perilous experiment."
77

No possible motive for thus throwing txpediency to the winds

exists except Adams's genuine love of knowledge and his desire to

have as his monument institutions he knew would live and serve the

people. Nevertheless, the results of this first annual message were

catastrophic. The administration that should have crowned a half

century of independence with bold action in behalf of science pro-
duced absolutely nothing. True, those committees in Congress which

were in friendly hands labored on favorable reports. They even went

against the President's wishes to propose a comprehensive constitu-

tional amendment to place beyond doubt the power of Congress to

"make surveys ... to construct roads ... to establish a National
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University . . . and to offer and distribute prizes for promoting agri-

culture, education, science, and the liberal and useful arts."
78 But all

such gestures were vain. The common man, laughing at the "light-

houses of the skies," deeply distrusted a program of internal improve-
ments which he felt would be financed by the sale of public lands at

a high price and which might usher in consolidated government,

monarchy, and tyranny.
79 Adams himself soon gave up hope of action

from Congress.
80

The one proposal that received any encouragement at all was the

voyage to the northwest coast. A favorable resolution in the House

of Representatives gave Secretary of the Navy Samuel L. Southard

a chance to use executive authority to get a ship in readiness and to

select "astronomers, naturalists, and others who are willing to en-

counter the toil."
81 Because of pressure f"om whaling interests, the

South Pacific was also included, and an .gent named Jeremiah N.

Reynolds went to New England to collect log books and data on

navigational problems faced by the whalers. A young naval officer,

Charles Wilkes, went to New York to buy scientific books and in-

struments.82 All this effort on the frail authority of a House resolu-

tion drew thunder from the Senate, whose committee feared that the

executive preparations were meant to commit them to an appropria-
tion of a large amount of money. They censured Adams's and South-

ard's use of contingent funds and ordinary naval appropriations as

being "to some extent at least ... an unauthorized application of

public funds . . . ."
83 But by this time John Quincy Adams, ridi-

culed by his opponents and deserted by his friends, had suffered over-

whelming defeat for the presidency. On March 4, 1829, with the in-

auguration of Andrew Jackson, the naval expedition died.

When Adams left the White House, the program of scientific

institutions that had developed around the idea of a national uni-

versity was in complete ruins. The bold attempt to assert the con-

stitutionality of central scientific institutions and to tie them to a vig-
orous exercise of power by the central government had failed re-

soundingly. It would have been difficult in 1829 to propose a more

unpopular measure than the national university or a national ob-

servatory. The generous hopes of Washington, Jefferson, and Madi-

son had after a thorough tarring in the factional strife of the 1820*5

become political poison. However clearly some statesmen of the early

republic saw the potential place of science in the government and how-
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ever ingenious they were in conceiving institutions for it, in practice

they had failed to make their visions reality.

But the almost complete bankruptcy of science in the govern-
ment in 1829 should not obscure the real contributions of the first

forty years. The country that had launched Lewis and Clark had a

shining precedent for the blending of science and national interest

which could hardly be ignored in the coming decades of rapid ex-

pansion to the Pacific. The Coast Survey was quiescent, but poorly
charted reefs were still wrecking ships. The patent office languished,
but inventors were ever more active. And in some of the few admin-

istrative recesses that had developed in the government men were

collecting weather data and making astronomical observations. The

military had shown a definite capacity for introducing science into its

education and in organizing explorations and surveys. All these activi-

ties, closer to the needs of specific groups of the people than the

ethereal edifice of the national university, still called for science in

the government.
In a deeper way John Quincy Adams's departure from the presi-

dency marked an epoch, for he was the last of the politicians with

a broad and direct knowledge of science in his own right to gain
the highest office. No longer was learning a necessity or even an asset

in public life, a fact that added gloom to Adams's own reflections on

his administration. Patrician control, through such amateur groups
as the American Academy of Arts and Sciences, was having ever

greater difficulty in giving effective organization to an American

science that was beginning to change rapidly. Both science and the

government were seeking new social adjustments in 1829, and they
were fortunate in having as building materials the fragments of in-

stitutions and ideas inherited from John Quincy Adams.
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PRACTICAL ACHIEVEMENTS IN THE

AGE OF THE COMMON MAN

1829-1842

WHEN Andrew Jackson came to Washington in 1829 he had
no hostility toward science, but he had no policy concerning it a

lack which hardly troubled him. The men who put him into office

and swarmed so affectionately around him had only a guffaw for John
Quincy Adams's lighthouses of the skies, when they thought about
scientific institutions at all. With banks, revenue, public lands, and
the surplus occupying the official mind of Washington, scientific ac-

tivity was a piecemeal response to forces that often seemed unrelated

to any coherent plan. Under the cloud of the failure of Adams's am-
bitious scheme, science fared well to have the government's actions

based on specific needs rather than larger constitutional and philo-

sophical arguments. For the forces demanding specific actions by the

government were not only still present in 1830, but rapidly changing
and growing.

New Trends

Science itself was departing from the eighteenth-century norm
that had framed the efforts of Jefferson and John Quincy Adams.
The old societies continued on, joined by younger ones such as the
New York Lyceum of Natural History. Here the amateur still was
the typical scientist. The colleges, especially medical schools, as be-
fore provided training in most of the sciences and a shelter under
which professors could carry on a modicum of research. But forces

impinging on science from American life made these patrician insti-

tutions seem less adequate. Rapidly increasing wealth and economic

activity opened both new potential opportunities and new responsi-
bilities. The many-fingered reform movements helped to bring knowl-
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edge to more people. On their extreme fringe Utopians such as Rob-
ert Owen and Frances Wright gave a central place to science and did

all they could to advertise its virtues. Less spectacularly, the ideal of

education for all offered broadened opportunities for both teachers

and students of the sciences, at least at an elementary level.

The common man, through universal white manhood suffrage, was

beginning to have a real voice in affairs. Manufacturers and business-

men as well as Western farmers and city laborers had new power to

make governments do their bidding. In fields where they could see

some practical advantage from science, common men began to press

legislatures to use this tool. States both north and south, as usual in

this period taking the initiative ahead of the federal government, be-

gan to authorize surveys of natural resources. In Massachusetts, for

instance, a resolution of 1831 called for a report on "botanical and

geological productions of the Commonwealth," thus clearly implying
a staff of experts, which was indeed the method used.

1 The hope of

unsuspected wealth in minerals and other resources spurred on these

efforts.

Inside science also forces were working for change in the direc-

tion of complexity and specialization. The old naturalist or natural

philosopher who aspired to universal competence was being crushed

under such a weight of accumulated knowledge that he perforce be-

came a specialist. And even within the great areas of physics, chem-

istry, and biology smaller subdivisions were attracting the exclusive

attention of scientific workers. Increasing competence and continuity
in a restricted field replaced the general view.

In the gradations of scientific activity from fundamental discov-

eries to applications, specialization was also setting in. Jefferson's and

Franklin's easy shifts from pure discovery to the most mundane of

inventions became much less easy. The abstract scientist who worked

on basic problems but had no aptitude for applying his results put an

increasing interval between himself and the inventor and entrepre-

neur who specialized in technology. Young Joseph Henry, who by
1833 had worked out the principles necessary for an electric tele-

graph, continued his research into electricity and magnetism instead

of trying to apply what he had already discovered.

As these changes proceeded, a body of scientific men of a new

type grew up in the country. They were more specialized, more

nearly professional in their attitude, more willing and anxious to cut
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the time lag in the flow of information from Europe. Benjamin Silli-

man was one of the first of the new men, and his American Journal of

Science and the Arts was their organ. The Military Academy at West

Point had played its part, giving employment to Dr. John Torrey

and Jacob Whitman Bailey, the microscopist. Graduates of the 1820'$

such as Bailey and Alexander Dallas Bache were important additions.

But as the ranks of young and ambitious specialists grew, a crisis in

employment also grew. For the institutions of the country old-line

societies and colleges offered few opportunities
for the scientists

to be hired as such, while amateur status no longer proved adequate.

In this basic situation, which prevailed
until the rise of universities

after the Civil War, governments both state and federal had the chance

to become great supporters of science. Every specialist they employed

had an opportunity he would probably not have had if left to private

institutions, and every dollar spent added to the short sum of funds

available for support of science. The states, first in the field with their

natural resources surveys, were already by the 1830'$ providing such

a volume of support that geologists
as professionals

were a better

organized and more self-conscious group than were the followers of

any other science. In contrast to the dearth of personnel in the period

of the early republic, a considerable group of men now clamored for

scientific place and glory in the government.

The Implications of a Growing Technology

In addition to the political
and social changes of Jacksonian de-

mocracy, in addition to the subtle but profound shifts within science,

technological developments were becoming conspicuous. L. J. Hen-

derson's dictum that before 1850 science owed more to the steam

engine than the steam engine owed to science still applied. The day

of research technology had not yet come. Inventions sprang directly

from the empirical observations of practical men, most of them igno-

rant of contemporary science. But the application
of steam to ships

and later to the railroads, the growth of the factory system in tex-

tiles, and the application of machinery to agriculture were beginning

to have incidental but important repercussions both on science in

America and on the government.
The increasing number of inventions made unavoidable a reform

of the patent system, vainly urged by John Quincy Adams. In 1826 a

better patent office had seemed like a part of a dangerous scheme of
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unconstitutional centralization. In 1836 it appeared a simple and
obvious necessity. The law of that year created the permanent office

of commissioner of patents and provided the incumbent with a small

staff. It reinstated the principle of an examination to determine the

novelty and
utility of each patent. It placed an obligation on the

Patent Office to test each invention, calling implicitly for the use of

some scientific principles by the examiners, who were often men of

considerable attainments.
2 To assist them the law tightened require-

ments for recording patents and provided for a more efficient museum
of models. The standards were hardly set as high as Jefferson had

originally put them, for in practice patents were seldom refused for

their lack of
utility,

3 but searches to prove novelty gave the patent
a certain face value. They also necessitated a "library of scientific

works and periodical publications, both foreign and American." 4

Henry L. Ellsworth, the first commissioner of patents, was a son

of Chief Justice Oliver Ellsworth and a man of large ideas. Believing
that the "natural and practical sciences, as well as the arts, have usually
found their best patron in the munificence of a wise Government,"
he wished to make the Patent Office into a central depository not

only of the mechanical models of patents but also of unpatented

models, specimens of manufactures, and collections of minerals "illus-

trative of the geology of the country." He also thought that these

scientific activities should directly serve the great economic interests.

Since more had been done for commerce and manufactures than for

agriculture, he attempted to make his office a clearinghouse for seeds

and plants, starting a kind of agricultural service which will be dis-

cussed in more detail later. Thus on the narrow base of a patent law

Ellsworth saw the possibilities of erecting a great scientific bureau.5

The reorganization of the Patent Office coincided with the rapid
increase of technological innovation that began in the 1840*8 and

reached large proportions in the 1850*5. These were the decades of

the reaper, the telegraph, and the sewing machine. From 436 patents

granted in 1837 the total rose to 993 in 1850 and 4778 in i86o. 6 What-

ever the cause-and-effect relation between invention and patent pro-

tection, the government had the administrative machinery for the

first time in 1836 to make good on its obligations in the patent clause

of the Constitution, while the increasing income from fees made a

certain amount of money available for Ellsworth's larger scientific

objectives.
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Of the important inventions before the Civil War only one de-

parted from the general pattern. Most sprang empirically
from the

traditional technological base, with only incidental and very distant

assists from organized science. The electric telegraph, however, fol-

lowed a new and different pattern, for it emerged from the discov-

eries of basic science without any supporting technology. As S. F.

B. Morse, relying entirely on the discoveries of Joseph Henry and

others, developed a workable electrical signaling system, he found

that it had no place in the economy of the country. Few precedents

indicated who should develop the new utility
and who should control

it. Morse early turned to the federal government, giving a demonstra-

tion in 1838 before the House committee on commerce. He was of

course interested in patent protection,
but he was even more in-

terested in a direct subsidy which would allow him to develop his

inventions.
7 For four years he endured the life of a petitioner and

lobbyist. Finally in 1842, Whigs friendly to internal improvements

were in control of Congress and they, with Democratic associates

who had the ear of President Tyler, passed Morse's bill. It appropri-

ated $30,000 for a test of the telegraph by building a line from Balti-

more to Washington. The fact that some uncertainty existed whether

the secretary of the treasury or the postmaster general should have

supervision
indicates that the commerce clause and the post office

clause were the main constitutional justifications.

Morse favored not only government investment in experimental

lines but permanent government ownership, or at least control of the

new device by ownership of the patent.
8 However, powerful oppor-

tunists such as F. O. J. Smith, the chairman of the House committee

on commerce, quickly recognized the commercial possibilities
and

fought for private control. Smith had a rather questionable financial

stake in the enterprise and eventually left his seat in the House of

Representatives to exploit it. In 1845 Congress refused to extend the

telegraph from Baltimore to New York and merely appropriated

$8000 for the upkeep of the original line.
9 The telegraph as a new

type of industrial development stemming directly from science had

the possibility
of setting a powerful precedent for the entry of the

government into the development of new devices. In general the

support for Morse came from the North and West, and the opposi-

tion from the South,
10

indicating that the uncertain constitutional
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position of internal improvements generally was responsible for the

feeble start and the abandonment of this policy.
In 1849 Congress used the Morse precedent to grant $20,000 to

Charles G. Page, an examiner at the Patent Office, to develop an

electric motor under the general supervision of the secretary of the

Navy. After preliminary tests on types of batteries and model engines,

Page built a full-scale electric power plant for a locomotive. The

secretary of the Navy confessed he did not "understand the subject or

have any notion of its object." Although Page had the use of some
facilities at the Washington Navy Yard, he failed to gain the con-

fidence of the authorities
sufficiently to become his own disbursing

officer.
11 In 1850 Senator Thomas Hart Benton tried to get an addi-

tional appropriation, claiming that Page had used $14,000 already
and that the engine could develop 7% horsepower. Scientific men
such as Joseph Henry, Benjamin Silliman, and Benjamin Peirce sup-

ported the project. But the opposition, voiced by Lewis Cass of Michi-

gan and Jefferson Davis of Mississippi, insisted that "the government
should be the last agent to interfere in these matters." Davis attributed

the right to make the appropriation to the patent clause, which he

interpreted as protective only. He feared that the government would
assume the risk of the enterprise and that Congress would become an

examining agent. Indeed, the fear of a flood of petitions and the

difficulty of recognizing the many charlatans then loose in the coun-

try was a genuine check on Congress. Benton's effort failed, and

with it the Morse-Page precedent for the development of inventions

lapsed. The exhaustion of his funds halted Page's researches after his

locomotive had reached a speed of 19 miles per hour on a test run.12

Even those technological changes firmly rooted in an artisan tra-

dition sometimes incidentally involved a combination of science and

the government in a new role. The steamboat and the steam loco-

motive, the great innovations of the first half of the nineteenth cen-

tury, were largely the products of "An Age of 'cut and try' and

'rule of thumb.'" 13

Yet when the explosion of boilers began to take human lives in

a more dramatic way than the inhabitants of an agricultural country
were accustomed to, a cry for federal regulation arose. The greatest

deterrent to congressional action was the lack of any accurate in-

formation on why boilers burst, and in a more general way how steam
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and iron behaved under high pressures. As early as 1830 the secretary
of the treasury began inquiries, following a resolution of the House

of Representatives. Finding his own agents unable to get much in-

formation from captains and engineers, he approached the Franklin

Institute in Philadelphia, a young organization devoted to "the pro-
motion of the mechanical arts," which already had a committee work-

ing on explosions. The chairman was Alexander Dallas Bache, a grad-
uate of West Point who had resigned from the Army to become pro-
fessor of natural philosophy at the University of Pennsylvania.

14 The

committee, using government funds for materials required in experi-

ments but not to pay the volunteers conducting them, first circular-

ized practical steam engineers for likely causes of explosions and then

built a model boiler with glass windows, a steam gauge, and ther-

mometers.15

This very early example of a grant of research funds to a private

body to conduct experiments with a specific objective produced a

considerable body of data but hardly an answer to the explosion

problem. The law of 1838 introducing federal regulation ended

neither the explosions nor the disagreements as to their cause and

cure.
16 The procedure stands as an isolated example in the 1830*5.

Nevertheless, the episode is important. In a period of strong states and

comparatively weak central control, the federal government proved
itself able to go out into the scientific institutions of the country to

get the information it needed. It also proved itself able to regulate in

the general interest on the basis of scientific data. Although the execu-

tion was not outstanding, the fact that the government could do these

things at all indicated a capacity which would later bear more fruit.

After 1838 the main interest in explosions in the government
centered in the Navy Department, which, beginning to use steam in

warships, had a direct interest in finding effective safety devices. Since

the Patent Office made no serious effort to test the utility of such

inventions, the Navy hired Walter R. Johnson to examine for their

actual effectiveness all the schemes proposed. As a professor of physics
and chemistry in the medical department of the University of Penn-

sylvania, Johnson was able to apply scientific principles to his task.

This activity, however, did not extend beyond evaluation of schemes

worked out by others.17 Again it was a sporadic response to a little

understood need rather than a settled policy. Johnson later showed
his ability in a more creative way by investigating for the government
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different varieties of coal, comparing their value in producing heat.
18

But the Bureau of Mines, which honors him as precursor, was far in

the future.

The same sort of pressure and the lack of a comprehensive policy

prevailed in the field of public health, which from time to time came
into the range of the federal government because diseases, like explo-

sions, are no respecters of state boundaries. The marine hospitals in-

herited from the earlier period now followed the lines "of trade and

the steamboat into the Mississippi valley. This medical service, ex-

tended to the West in 1830, called for eleven hospitals, but none

opened before 1850, and the same lack of coordination and vigorous
administration that had always characterized the system prevailed.

19

The immediate spur to this expansion was cholera, which, entering the

United States by way of Canada and the Erie Canal in 1832, spread

rapidly through the western river system. The Board of Health of

the City of New York, pointing out the national character of the

menace, requested that "Congress should, without delay, constitute a

sanitary commission, whose duty it should be ... [to go] to the

part of Europe and Asia where the disease now prevails, and to col-

lect facts relating to the means of preventing, and remedies applied
to it." The House committee on foreign affairs thought they could

get the information from consuls, and, considering this a commercial

matter, passed the memorial on to the committee of commerce.20

But in a period when state and municipal authorities were becoming

genuinely concerned with public health, the federal government

largely stood aside.

The Revived Coast Survey under Hassler

If on the whole technological change and the increasing calls on

science for answers to practical problems found the government un-

prepared with either a basic policy or adequate machinery, explora-
tion and surveying elicited a very different response. These activities

were fundamentally in tune with the main task of the American

people in this period the conquest of a continent. The government
had urgent need for geographical information in the broadest sense,

and the science of the day had reached a stage that could supply it.

From the earlier period clear precedents existed in the Lewis and

Clark expedition and the Coast Survey. The Army already had ex-

perience and through West Point a group of trained officers. The
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real question was not whether the government could constitutionally

undertake exploring and surveying on a large scale, but rather how
well its institutions were adapted to carrying it on and to what extent

it could see beyond immediate practical ends to general service to

science.

The first agency to benefit from the basic congeniality of the

exploring-surveying mission was the Coast Survey, personified as it

had always been by the redoubtable Hassler. The aging Swiss, after

twelve unhappy years out of the government service, had finally

found useful work for the secretary of the treasury in examining the

weights and measures used by the various customs houses. Hassler

was qualified in this field because of his old teacher Tralles, who had

participated in the final deliberations on the metric system in France

and who had given Hassler a highly accurate standard meter. Un-

covering wide discrepancies, Hassler undertook to provide a set of

weights and measures for each customs house. A law of 1836 ex-

tended this project to a standard set for each state and territory as

well. Thus, although the government was still without the policy
for weights and measures so clearly suggested in the Constitution,

the personal interest of Hassler instituted regular activity in the field.

Appropriations before 1836 came from Treasury Department funds

and after that from the Coast Survey. Hassler could style himself

superintendent of weights and measures even though this .task never

took anything like his whole time.21

In the meantime the pressures working for a survey of the coast

continued. The commercial interests needed charts ever more ur-

gently. Hassler himself had never given up hope. The Navy, although
it had conducted local surveys between 1818 and 1830, confessedly
had no organized policy and correspondingly produced worthless

results.
22 In 1832 Congress revived the Survey by authorizing under

the act of 1807 the employment of anybody considered desirable.

This was, of course, in line with the policies advocated by the Adams
administration. Hostility came to the surface in a specific provision
that "nothing in this act, or the act hereby revived, shall be construed

to authorize the construction or maintenance of a permanent astro-

nomical observatory."
23 An obvious slap at Adams and an advance

prohibition of a transformation Hassler would undoubtedly attempt
to make, this ill-natured proviso also revealed a distinction important
in the minds of congressmen throughout the period. What they
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feared was not scientific activity as such or the appropriation of

money to accomplish a particular end, but rather the creation of a

permanent scientific bureaucracy which involved a long-term com-

mitment of funds. The survey of the coast was a specific task which

on completion would allow the people involved to disband.

With Hassler's return came his insistence that the Survey be a

true contribution to science and not just a compiled map. He also

brought his scheme for detailed triangulation from a few accurate

base lines, the determination of which actually required astronomical

observations of a high order. Also back were Hassler's ideas that a

scientist should be paid in proportion to his exceptional abilities and

that he should not be subject to dictation, either financial or military.

The attempt to move the Coast Survey to the Navy Department

put to its severest test Hassler's ideal of the independence of science

in the government service. The 1807 law had given authority directly

to the President, who had assigned the secretary of the treasury as

administrator. The reasoning which had effectually killed the Sur-

vey in 1818 still carried weight in that some people hoped for econ-

omy by letting the Navy do the work. In 1834 the switch actually

took place, after Hassler had resisted the formation of an inter-

departmental committee, under which "all would come under de-

liberation, with conflicting interests, and the work of course would

be lost."
24 He bitterly complained that while both the Survey and

weights and measures were mainly concerned with aiding commerce,

the change to the Navy Department would put him under two dif-

ferent cabinet officers. After the transfer his accounts came under

the scrutiny of Amos Kendall, a power in the Jackson administra-

tion and fourth auditor of the treasury, who held up payment because

of what he considered irregularities.
25 Hassler was so indignant that

he made himself troublesome even to his friends, such as President

Jackson, in demanding investigations and redress. The only author-

ity to which he willingly offered to submit was a board of scientists

capable of understanding the scientific side of his work.26
Jackson

finally smoothed over the impasse in 1836, returning the Survey to

the Treasury Department. Hassler combined this campaign with a

successful appeal both to Congress and to the public to get his salary

raised to $3000 plus $3000 for expenses.
27 He thus won his main con-

tentions civilian control and adequate pay for scientific talent

but, since his real demands were so extreme that they bordered on
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administrative irresponsibility, his troubles were bound to recur.

The Coast Survey was a pioneer in tackling the problem of get-

ting and training scientific personnel. Although the principle of civil-

ian control held for the general direction of the Survey and helped
ensure scientifically respectable objectives, Hassler had to draw most

of his assistants from the officer corps of the Army and Navy. Seeing
the need for completing their education in the use of instruments

and in the application of physics and mathematics to surveying prob-

lems, he provided books and as much instruction as possible. He
tried, usually successfully, to keep the officers assigned to him long

enough to give them a real education. Consequently the military

services gradually became highly competent surveying organiza-
tions.

28 This function was especially important for the Navy, which

had as yet no academy to compare with West Point.

Hassler's method was to begin at New York and work north and

south. By 1841 the survey covered n,ooo square miles from Rhode
Island to the Chesapeake Bay. Fearing that cheap imitators would
use his findings, and desirous of getting as near perfection as possible,

Hassler steadfastly refused to publish results as he went along, saving

everything for a final report "according to good principles of sci-

ence." 29 However correct in theory, this procedure was not the one

to give the Survey a good reputation with the congressmen of a young
republic whose economy was just then suffering violent fluctuations.

Appropriations continued year after year, always increasing, without

charts to show the merchants and cut maritime losses. The $20,000

of 1832 became the $100,000 of 1840 with no end in sight. Indeed,

this sufferance came almost entirely because of an early and dra-

matic find, Lieutenant T. R. Gedney's discovery of a new channel

into New York harbor. The release of this single bit of information

gave the Survey a dollar value and a talking point.
30

By 1841 Congress was asking serious questions. The House of

Representatives undertook a full-scale investigation, and a serious

effort to cut the appropriation began. Those who felt Hassler did

not publish fast enough and those who thought he was getting too

much money, or who wanted his office, joined the "clique in the

Navy" seeking a cheap and easy survey by chronometer the old

logic of i8i8.31 In addition to restiveness at the time and money con-

sumed, a note of resentment crept in because of the "mystery" ele-

ment in science which Hassler used as a refuge. The select committee
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had difficulty in judging the quality of the survey work, sending a

man who, according to Hassler, "measured the map with a foot rule,

like an undertaker, to make a coffin for a dead body."
32 At one point

Hassler's English and testimony were so confusing that the committee

secured an interpreter.
33 The contrast between Hassler and the poli-

ticians with whom he had to deal was clear to John Quincy Adams,
who introduced Hassler to John C. Spencer, the new secretary of the

treasury in 1843. The old statesman reported that "Hassler, already
restive under the yoke fitting to his neck, said that the work, being
scientific, must be conducted on scientific principles. The Potentate

answered in a subdued tone of voice, but with the trenchant stub-

bornness of authority, the laws must be obeyed."
34

The committee
finally recommended and the Congress adopted a

reorganization in which the Survey kept its $100,000 appropriation,
but all plans had to reach the President with the recommendation of

a majority of a board consisting of the superintendent, his two prin-

cipal assistants, two naval officers now in charge of surveying parties,

and four topographical engineers.
35 Such a board was hardly a solu-

tion to the problem of how a government should keep a check on

its scientific enterprises, but its creation emphasized that a link was

necessary. The complexities of science made control by nonscien-

tists difficult but did not relieve the despised politicians of their re-

sponsibilities
as officers of the government. This yoke fitting to Hass-

ler's neck did not weigh him down long, for, already over seventy,

he became ill in the field in the summer of 1843 and soon died.

The last tie with the age of Jefferson, the personification of Ameri-

can scientific dependence on Europe for men as well as ideas, the

bearer of the standard measure from the original source of the metric

system, Hassler had fought and suffered for science in a hostile land.

Because of his stubborn devotion the Coast Survey was a scientific

enterprise which bore well the comparison he so often made with simi-

lar European endeavors. Though his sublime belief in his own mission

prevented him from achieving a workable position within the frame-

work of the government, his truculent stand for the integrity and in-

dependence of science contributed toward its elevation in a period

when emphasis on these aspects was needed and overemphasis was

pardonable. The men he trained both in and out of the services were

part of the reason why no new Hassler was necessary to take over

the Survey in 1843. Alexander Dallas Bache, completely different in
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background and approach, was the typical leader of science in the

government from 1840 to 1865 as completely as Hassler had been

earlier.

The United States Exploring Expedition

If the Coast Survey responded to the urgent need for scientific

information about the shores best known to Americans, the demand

for knowledge of distant regions was also intense. Both expansion
westward across the continent and the spread of commerce to all the

seas made important groups demand that the government provide
them with expensive data on geography and natural resources. These

were very practical needs, but their fulfillment had to come within

the exploring tradition handed down from Cook and Bougainville by

way of Lewis and Clark and Long. The object was no less practical

for being the most complete picture of the geography, geodesy, geol-

ogy, flora, and fauna available. Nor was this picture any the less

fundamental to science for having commercial implications. In general,
the exploring expedition had much greater affinity

to basic science

than it did to any form of technology.
Since John Quincy Adams had urged an exploring expedition to

the northwest coast and had through Southard tried to accomplish it,

the Jackson administration in this field as with the Coast Survey and

Patent Office had to reconcile itself to its despised predecessor's pro-

posal. The abortive Navy Department attempt to mount an expedi-
tion in 1828 had lined up an unlikely coalition of whale fishermen

with the followers of an eccentric ex-army officer who thought the

earth was a series of concentric hollow spheres open at the poles.

Captain John Cleves Symmes had toured the country in the 1820*8

lecturing on his theory of the earth and trying to arouse interest in an

expedition to either the North or South Pole which would, on reach-

ing a high latitude, be able by gradual stages to pass over the verge
into the interior of the earth. A government voyage to the Pacific

could easily be diverted into a polar expedition that would validate

Symmes's ideas. The most zealous of the captain's followers was the

same Jeremiah N. Reynolds who collected whalers' logs in New Eng-
land for Southard in 1828. He sensed the potential commercial back-

ing for a voyage of exploration to the whole Pacific Ocean area and

became its leading advocate.36

After the Adams expedition collapsed with the inauguration of
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Jackson, Reynolds left the United States in a whaler for high south-

ern latitudes. When he returned in 1834 aboard the U.S.S. Potomac,
the exposure had cured him of Symmes's theory" and shifted his inter-

est somewhat from the Antarctic to the tropical Pacific, but he was

now more than ever a zealot for an expedition. Voluntarily assuming
the role of lobbyist, he marshaled petitions from the whaling states

at the same time that he used his acquaintance among Ohioans for in-

land votes. He adroitly blended several themes to make a compelling

practical and constitutional case. His emphasis on whaling and the

new Latin American trade found a sure basis on the commerce clause.

The charting of islands and hydrographic studies helped to gain the

support of practical sailors both commercial and naval.
37

While he did not hesitate to cite Lewis and Clark as a precedent
for this commercial and military combination, Reynolds also appealed
to national glory in another way. This was the decade of the Beagle

surveys, the Antarctic expedition of Sir James Clark Ross, and the

voyage of Dumont D'Urville. The rivalry here was nationalistic but

also largely scientific, extending beyond gross geography to all the

standard departments of research on an expedition hydrography,

magnetism, meteorology, and natural history. Prominent in the list of

supporters for Reynolds's scheme were the great scientific names of

the country, including Benjamin Silliman and Peter S. Du Ponceau,

president of the American Philosophical Society.
38 For the United

States to enter the Pacific, the classic ground of Cook and La Perouse,

was a mark of her growing scientific stature.

Significantly, action on the expedition came on the report of

Samuel Southard, now back in public life as a Senator. But the years

of quiet from 1829 to 1834 had allowed the old idea, in spite of the

continuity of the interested backers, to appear as a new and non-

partisan enterprise. Andrew Jackson enthusiastically signed the bill

authorizing the United States Exploring Expedition on May 14, 1836.

All doubts about constitutionality were smothered under the appeal

to aid for commerce. Besides the $150,000 directly appropriated, the

President could "use means in the control of the Navy Department,

not exceeding $i 50,000."
3d

Although this method of depending in

part on funds of the military establishment had been used before by

Jefferson in the case of Lewis and Clark, the size of the enterprise and

the appropriation was so unprecedented that people generally con-

sidered this the "first National Expedition."
40 For the executive to
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organize an exploration on this scale put great strain on American ex-

perience and ingenuity.
Three points of view almost immediately developed. The first was

that of Reynolds, who, securing a position as the naval commander's

secretary, wished to head the scientific corps. He rounded up some of

the best of the young scientists who were beginning to appear in the

country, including Charles Pickering, James Dwight Dana, and Asa

Gray.
41 These men had in common a competence in particular

branches of science superior to that of the older generation of natu-

ralists, coupled with a lack of secure employment in private institu-

tions. Reynolds had large ideas about the size of the fleet and the

amount of equipment needed, arguing for at least one frigate,
and he

wished the civilian scientific corps to do all the important work, leav-

ing the Navy only the task of transportation. The naval officers on

the other hand naturally wished to control the entire expedition, in-

cluding the science, but found themselves hampered by the lack of

training which a service academy such as West Point might provide.

They also suffered from jealousies over rank in the near-stagnant offi-

cer corps.
42 The third point of view was that of the secretary of the

navy, Mahlon Dickerson, who by dissipating the ships and equip-
ment of the expedition continually disrupted outfitting. Applying the

spoils system to the selection of personnel, he mixed with Reynolds's

qualified candidates several political appointees. At one time the scien-

tific corps numbered thirty-two. In general his actions gave the im-

pression of outright hostility to the very existence of the expedition.
43

At first Reynolds had his way with the appointment of his scien-

tists and the
fitting

out of the frigate Macedonian. He hoped for a

time to send part of the scientific corps to Europe to buy books and

instruments. One of them wrote enthusiastically that "with a cabin in

a firm frigate fitted up for our especial accommodation, with a better

collection of books and instruments than any we shall leave behind us

in this country ... we may . . . hope for a pleasant time." 44 But

Reynolds, being untrained, had trouble maintaining a position of au-

thority over the scientists, and together they clashed with the secre-

tary. The purchases in Europe turned into a Navy enterprise, with

Lieutenant Charles Wilkes as agent. Dickerson also delayed calling
the scientific corps together, refused to put them on the payroll, and

allowed the enlistment of the crew to
lag.

When Martin Van Buren became President on March 4, 1837, he
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continued Dickerson in office. Although Reynolds had hopes from
the new administration for a little while, he and Dickerson soon began
to blast each other in New York newspaper articles signed with only
slightly disguised pseudonyms.

43 The summer and fall of 1837 saw no

improvement, and as the
sailing date receded indefinitely the expedi-

tion became a symbol of folly, mismanagement, and extravagance.
One commodore reputedly said to his gunner, "If you have any gold
guns on charge, send them to the Exploring Expedition."

46 In No-
vember 1837, Captain Thomas ap Catesby Jones fell ill and resigned
the command, which Dickerson was unable to fill as one officer after

another turned it down. With the appropriation nearly gone, the ex-

pedition seemed doomed. So far the government had proved unequal
to the job of mounting an exploring enterprise that would do it credit.

Early in 1838 a convenient breakdown in his health removed
Dickerson from the scene, allowing the ruins of the expedition to fall

into the control of Joel Roberts Poinsett, Van Buren's secretary of

war. As a genteel naturalist with a European education and at home in

the cultural circles of Charleston, Poinsett fully appreciated the scien-

tific goals of the expedition and felt no need of Reynolds's advice.

While following Dickerson
J

s lead in cutting the number of ships and
civilian specialists, he still tried to keep the real scientists, weeding out

the political appointees. His experience with the Topographical Engi-
neers and the Army exploring tradition led him to appreciate scien-

tific attainment in the services. Thus he assigned to the Navy the

hydrography, mapping, and magnetic and astronomical observation.

Making science the prime qualification in choosing a commander, he

went far down the list of lieutenants to select Wilkes.47 Then to

placate William L. Hudson, v^hom he wished for second in com-
mand but who stood some numbers higher than Wilkes, Poinsett is-

sued a general order stating that "the objects ... [of the expedition]

being altogether scientific and useful, intended for the benefit equally
of the United States, and all commercial nations of the world, it is

considered to be entirely divested of all military character." 48 Al-

though precipitated by a specific and even trivial consideration, this

general order throws much light on the balance of aims of the expedi-
tion. It was to be above all for science in Poinsett's words, "to ex-

tend the bounds of human knowledge" and so clearly was the mili-

tary aspect depreciated that in case of war before the return of the

squadron "its path upon the ocean will be peaceful, and its pursuits
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respected by all belligerents."
49

Although not an explicit admission

that the federal government can constitutionally support science, this

general order shows the change in emphasis since Jefferson's stratagem
for the approval of Lewis and Clark.

Poinsett now had a winning combination. Charles Pickering wrote

that he "had gone over to the enemy ... I had the honour of dining
with our new Commodore about a week ago, and think many of his

ideas not bad, and though rather hasty in his conclusions and in dan-

ger of running against a few posts ... he will bring up about

right."
50 Wilkes fulfilled this description, and with great energy had

his flotilla at sea in August 1838, to be gone four years. Having sur-

mounted the difficulties of getting started, he would be equal to his

task at sea, and in spite of all would redeem the honor of the nation.

Reynolds, a sacrifice to harmony, remained fuming on the beach. A
workable if not perfect organizational form had emerged from the

two years and more of quarreling and confusion, and exploration had

gained a secure place as an activity of the government.
The results of the expedition came from Latin America, the Ant-

arctic, the Central Pacific Islands, and the western coast of America.

It touched the sciences of ethnology, anthropology, zoology in all its

major branches, geology, meteorology, botany, hydrography, and

physics. In addition, the surveys resulted in large numbers of charts,
51

some of which were not the worst used by the Navy at Tarawa in

I943-
52 The collections in sheer bulk were the largest scientific treas-

ure in the country, fully worthy of the struggle that later took place
over their control. The total cost ran to $928,183.62, some three

times the specific original appropriation.

Since the actual voyage is such a small part of exploration as a scien-

tific investigation, the story of the Wilkes expedition after its return

in 1842 significantly shows the attempt of the government to find

proper means to accomplish the vital clean-up chores. The very at-

tempt to solve the problem that had overwhelmed Lewis and Clark

was a marked advance. After a confused struggle, which is to be re-

counted in the story of the National Institute,
53 the responsibility for

publication fell to Congress's joint committee on the library. Thus the

greatest scientific publishing program undertaken by the government
before the Civil War was directly under Congress and provides a test

of the efficiency of the legislative branch in the detailed administra-

tion of scientific affairs. A pale reminder of this experiment is the
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United States Botanic Garden, founded with the seeds and live plants

brought home by Wilkes, and still under congressional control.54

Wilkes himself administered the publication program for the com-
mittee.55 Enlisting an able group of specialists to work on the various

volumes, he tied up a measurable portion of the available scientific

manpower in America for thirty years. The design finally grew to a

series of some twenty-four great volumes. Many decisions, petty in

themselves, had to be made which vitally affected the usefulness of

the work for science. How many copies should be printed? Should

any part be elaborated by foreigners? Should systematic treatments

include any material not actually collected on the expedition? Should

botanists he required to make their page format conform to the style
of the zoologists? Each of these questions and many more were the

subject of acidulous and sometimes angry debate among the commit-

tee, Wilkes, and the scientists. Unquestionably, the final result em-

bodied many mistaken decisions. Especially the limitation of the of-

ficial printing to one hundred copies permanently hampered the use-

fulness of the whole effort. The volumes that remained unpublished,

especially those of Gray and Agassiz, were an unrequited loss. The

appropriations for publication, continuing year after year through the

i84o
j

s and 1 850*8, had reached a total of $329,578.21 by i856,
56 when

even the members of Congress most closely associated with the work

heartily wished to transfer it to some agency better qualified than the

committee. Thus Congress proved to itself and to the scientific com-

munity that its committees were not the proper bodies in the govern-
ment to supervise detailed and complex scientific undertakings. But

the experience gained here served the country well. By the time of the

railroad surveys of the middle 1850*5 the organization both of expedi-
tions and of the following scientific work was reasonably smooth.

The Beginnings of Permanent Agencies

The United States Exploring Expedition, although in itself an ad

hoc organization, immediately began by its needs to put pressure on

the government to establish permanent institutions. When Wilkes

was about to sail, orders from the Navy Department requested Lieu-

tenant James M. Gilliss of the Depot of Charts and Instruments and

William Cranch Bond of Dorchester, Massachusetts, to make astro-

nomical and magnetic observations at home for comparison with those

made on the expedition.
57 Bond went on to become director of the
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Harvard Observatory, while Gilliss had by 1842 virtually converted

an obscure navy storehouse into an embodiment of the most hated of

John Quincy Adams's proposals.
The Naval Observatory is the classic example of the surreptitious

creation of a scientific institution by underlings in the executive

branch of the government in the very shadow of congressional disap-

proval. No more hated proposal existed, and nowhere had more pains

been taken to prevent the creation of a new agency. Yet despite this

vigilance the forces that required an observatory gained their ends.

Before 1830 each ship of the Navy obtained charts, chronometers, and

instruments individually, with no tests before purchase and no re-

sponsibility for what became of them at the end of a cruise. In that

year the secretary, on the advice of interested officers and the Board

of Navy Commissioners, issued an order setting up a Depot of Charts

and Instruments which would take care of all nautical instruments,

books, and charts when they were not in actual use.

Lieutenant L. M. Goldsborough, the first to be in charge, at a very

early date mounted a transit instrument for the purpose of determin-

ing accurate time for the rating of chronometers. His successor in

1833 was Wilkes, who got most of his scientific background while in

this job. In 1834 he built an observatory sixteen feet square on the

Capitol grounds and mounted one of the transits Hassler had brought
back from England in 1815. Thus the practical need for taking care

of chronometers opened the way to astronomical observations, just

as questions concerning the accuracy of the charts led to a certain

interest in hydrography. When Gilliss took over from Wilkes in

1836, he found his opportunity broadened by the expedition, which

needed observations in the United States of culminations of the moon
and stars, eclipses, falling stars, and meteorological and magnetic

phenomena. An intense young man who wished to prove that naval

officers could accomplish good work in science, he labored hard under

many difficulties and produced very accurate results.
58

By 1841 Gilliss felt bold enough to agitate for an adequate build-

ing. After he convinced the House committee of the need for studies

in hydrography, astronomy, magnetism, and meteorology for the

practical business of the Navy, an act of August 31, 1842 authorized

$25,000 for a building. Although the name was still the Depot of

Charts and Instruments, Gilliss clearly had more in mind, as the archi-

tecture of the new building made obvious.59
It even mollified John
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Quincy Adams, who was "delighted that an astronomical observatory
not perhaps so great as it should have been had been smuggled

into the number of institutions of the country."
60

Although Gilliss

was detached in the hour of his victory and his successor chose to

stress hydrography and meteorology over astronomy, a permanent or-

ganization had arisen without benefit of specific legislative blessing.
While the Wilkes expedition was the most dramatic single enter-

prise, the area that most persistently attracted governmental efforts

after 1830 was the trans-Mississippi West. The drive of Americans
into the region and the fact that the unsettled public domain was a

federal rather than a state
responsibility challenged the government

to take affirmative action. In the area between the Mississippi and the

Great Plains the action was incidental to some other function. It was
also the territorial counterpart of state

activity in the burgeoning geo-

logic and natural history surveys. When H. R. Schoolcraft went to

the Lake Superior region in 183 1 as a part of an effort to make peace
between two Indian tribes, he turned the journey into a kind of natu-

ral history expedition.
61 David Dale Owen undertook a survey of min-

eral lands in Illinois, Iowa, and Wisconsin for the federal land com-
missioner for the Treasury Department.

62

The Army, however, had the largest responsibility west of the

Mississippi. Even in the 1830'$ it carried on the tradition of Lewis and

Clark and the Long expedition by giving general aid and comfort and

some positive support to scientific exploration.
63 Officers such as Dr.

M. K. Leavenworth who were stationed at frontier posts contributed

their collections.
64 Dr. G. W. Featherstonhaugh's visits to the Ozarks

and the St. Peter's River region on the Missouri were
slightly different

in that he was a civilian specifically sent by the Army to make geo-

logic surveys. His importance lies not in results described as

"worthless rubbish" by a later geologist
e5 but in the fact that the

Topographical Engineers who sent him out were even then in the

process of becoming a kind of scientific corps for the Army with

special training and aptitude for exploration.

Behind the Topographical Engineers was West Point and the

Army's extensive experience in helping private enterprise with engi-

neering problems. The practice of lending army engineers to railroads

for surveying reached a peak in the early i83o's,
66

as did the river and

harbor improvements undertaken by the Army. In 1831 the Topo-
graphical Engineers became a separate department,

67 and its head, J.
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J. Abert, moved into construction as well as surveying duties. The re-

sult was more engineering work than the Army could handle. Presi-

dents Jackson and Van Buren both asked for a reorganization, which

finally came in 1838 under the strong guiding hand of Poinsett. All

fortifications for defense went to the Corps of Engineers while the

Topographical Bureau got civil improvements.
68 This clarified its

status, and in authority over road surveying and mapping it had the

key to the trans-Mississippi West. It is too much to say that the

Topographical Bureau actually directed all the Army's western ex-

plorations. With the repeal of the general survey act in 1838 no over-

all plan for surveying the routes of the country west or east ex-

isted. Rather, the Topographical Engineers served as a pool of trained

officers from which individual expeditions could draw their leaders.

The first survey after the reorganization was that of Joseph N.

Nicollet to the region between the Mississippi and Missouri Rivers.69

A Frenchman who had been working privately on a physical geog-

raphy of the Mississippi valley, Nicollet is a transitional figure, a

civilian who took over as commander of an expedition. His assistant

was also cut from an unusual pattern. Lieutenant John Charles Fre-

mont, who had received his commission and his assignment because

of a friendship with Poinsett, learned mapmaking and exploring from

Nicollet. By the time the 1 840*8 opened, the Army was ready to take

up the heavy demands which that stirring decade placed upon it.

The scientific activities of the 1830*5 must not be discounted

simply because they all sprang from definite needs and because the

subject of the ultimate nature of scientific institutions in the govern-
ment was usually avoided. All advocates of scientific enterprise
learned to side-step constitutional issues and discussions on the ulti-

mate responsibility of the government to aid science. The really strik-

ing thing is that, given these limitations, so many activities sprang up
and so much was accomplished. Except for a national university, John

Quincy Adams's program approached realization.

Certain general trends emerge from these activities so consciously

kept piecemeal. First, practical problems tended to reach out to ever-

widening circles of theoretical considerations. Chronometers and

mapping led to celestial observations, which led to astronomy. Com-

passes led to terrestrial magnetism. Natural resources led to geology
and natural history. Second, and relatedly, ad hoc organization tended

to become permanent or require permanent services. The Coast Sur-
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vey and the Wilkes expedition had set off chains of scientific demands

the end of which, much to the consternation of Congress, was not

even remotely in sight in the early 1840*5. Third, although techno-

logical change was beginning to create a sporadic need for govern-
ment science, it was surveying and exploring that set the tone of activ-

ity in a period of rapid geographical and commercial expansion. The
Coast Survey, the Wilkes expedition, and the Topographical Engi-
neers were much better staffed, more continuously supported, and

closer to the best elements in American science than were the projects
of Morse, Walter Johnson, and Charles G. Page. Fourth, in spite of

the great forces working, the course of development measurably felt

the imprint of men and their visions. Why the Coast Survey and

weights and measures go together is incomprehensible if Hassler is

left out of account. Why a Depot of Charts and Instruments became

an observatory is a mystery without Gilliss. Even poor Reynolds kept
alive the idea of an exploring expedition through bitter years. Poinsett

left the imprint of his large vision on many activities he touched.

Finally, the general supply of scientific men and behind them the level

of science in America, were rising, an increase the government was

stimulating as well as using. This increase meant new opportunities
for both American science and the government.



IV

THE FULFILLMENT OF

SMITHSON'S WILL

1829-1861

FUNDAMENTAL discussion of the nature of scientific institu-

tions and the relation of the government to them was no more really

dead in the 1830*5 than was the rejected John Quincy Adams himself.

It was revived by an Englishman of whom virtually no one in Amer-

ica had ever heard. James Smithson, a British chemist who had spent
much of his life in France and whose considerable inherited wealth

from noble parents contrasted with his illegitimate birth, died in

i Sip.
1 Since he was a bachelor and had no very obvious heir, his leav-

ing a fortune to some scientific institution was by no means unnatural.

But among the legal provisions of his will appeared this one: "In the

case of the death of my third nephew ... I then bequeath the whole

of my property ... to the United States of America, to found at

Washington, under the name of the Smithsonian Institution, an Estab-

lishment for the increase and diffusion of knowledge among men." 2

In one sense this bequest was clear and complete. The recipient, the

location, the exact name, and the purpose of the projected institution

were stated unequivocally. Yet the highest officers of the government
furrowed their brows for years over each phrase. The answers de-

pended not so much on logic as on Americans' understanding of their

own institutions. Was the United States of America the people, the

government, the Congress, or the executive? Could it take title to a

bequest or be a trustee? Was Washington to be simply the physical

headquarters of the Institution, or was this to be the local society for

the coming metropolis of the country? How did one go about increas-

ing and diffusing knowledge? Which was more important? What
is knowledge, anyway? Science, or science and something else? And
does the "among men" make the establishment universal?
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The answers to these questions were sought in the intentions of the

founder in vain. Perhaps the copy of a travel book by Isaac Weld in

his library gave him the idea that Washington would become a great
center of culture. Perhaps he knew Joel Barlow in Paris, catching
from him the dream of a national university. Perhaps he had repub-
lican sympathies. Perhaps his illegitimate birth and a snub in the

Royal Society gave him a motive for posthumous vengeance.
3 But

these were at best largely speculations. John Quincy Adams had re-

turned to public councils as a member of the House of Representa-
tives, chastened by his presidency and convinced that national scien-

tific institutions could only come "in an after-age . . . when the

sciences shall be more ardently cultivated than they are ... at the

present time." 4 But the Smithson bequest quickened his old desire.

He saw in it "the finger of Providence, compassing great events by
imcomprehensible means," an explanation no one has improved upon.

The Acceptance of the Bequest

In 1836, after word had seeped through diplomatic channels that

the last of Smithson's heirs had died and the United States had in-

herited the equivalent of $500,000, the first test came in Congress on

the question of accepting the bequest. The old arguments about the

constitutionality of the national university came up again. John C.

Calhoun led the opposition in the Senate, claiming that "acting under

this legacy would be as much the establishment of a national univer-

sity as if they appropriated money for the purpose; and he would in-

deed much rather appropriate the money, for he thought it was

beneath the dignity of the United States to receive presents of this

kind from anyone."
5 Calhoun's fellow South Carolinian W. C.

Preston, who later talked in a different vein, put this austere doctrine

somewhat more racily when he claimed that "every whippersnapper

vagabond that has been traducing our country might think proper to

have his name distinguished in the same way."
6
Against the clear

states' rights position that this was a national university which the

government could not constitutionally establish, two main lines of

argument appeared. The committee report claimed that no question
of a national university was involved because the government was

simply acting as a trustee for the District of Columbia.7 But the faith-

ful Southard, Robert J. Walker of Mississippi, and John Davis of

Massachusetts went farther to argue that Congress did have the power
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to found a national university and called "the establishment of insti-

tutions for the diffusion of knowledge a vital principle
of republican

government."
8 Not often directly expressed but oviously present was

the fact that the taxpayer had to take no loss. The final vote on ac-

cepting the bequest, 31 yeas and 7 nays, measures the strength of
^the

pure states' rights argument on one side and a congeries of motives

on the other. With the House concurring, Jackson sent Richard Rush

another shade from the Adams administration to England to

claim the legacy.

A common assumption during the first debates was that the

Smithsonian Institution would be, in fact, the national university,

That the donor had had in mind some kind of school as the proper

means of increasing and especially diffusing knowledge continued to

dominate discussion when in 1838 Rush returned to the United States

with the legacy in the very tangible form of gold, as well as with

James Smithson's library and collections of minerals.
9 President Van

Buren instructed the secretary of state to "apply to persons versed in

science and familiar with the subject of publication for their views." 10

The list to which the secretary sent the letter notably includes the

heirs of the Jeifersonian tradition in Thomas Cooper and Albert Gal-

latin, and the variant Adams tradition in John Quincy Adams himself

and Richard Rush. Conspicuously absent was any professional scien-

tist such as Silliman.
11 The replies of Cooper and of President Francis

Wayland of Brown University developed in great detail schemes of

education differing only in degree from the contemporary college.

Wayland wished the classics to remain the center of the curriculum,

while Cooper wanted "No Latin or Greek; no mere literature . . .

Things, not words." 12 Others not invited by the secretary made haste

to proffer
their pet educational projects for the munificent aid of the

windfall bequest.
The president of Columbia College in the District

of Columbia naturally saw it as his salvation. Horatio Hubbell of

Philadelphia knew something of German universities and wished to

recreate one in America.
13 Charles Lewis Fleischmann, "Graduate of

the Royal Agricultural School of Bavaria, and a citizen of the United

States," wished studies in agronomy, chemical and mechanical agri-

culture, vegetable and animal productions, and agricultural economy

taught to boys of ordinary education at least fourteen years old.
14

The main legislative proponent of a university was Senator Asher

Robbins of Rhode Island, who introduced a series of resolutions that
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"the Smithsonian Institution should be a scientific and literary insti-

tution." Calhoun naturally opposed the whole business, and when

Jacksonians such as Thomas Hart Benton joined him because of the

analogy of a national university to a national bank, the proposal met
defeat by a vote of 20 to ij.

15

Even at first some people saw a different role from that of educa-

tion for the fund. Richard Rush wanted a building in Washington
with grounds for seeds and plants, and lectures in physical and moral

science with their publication as a kind of prize.
16 More specifically,

Professor Walter R. Johnson, who tested coal and safety devices for

the Navy, wanted "an institution for experiments in physical sci-

ences," pointing to the Royal Institution and, in France, the Poly-
technic School and the School of Mines.17

James F. Espy of Philadel-

phia, whose interest in weather led John Quincy Adams to call him
the "storm-breeder," sought part of the fund for "simultaneous me-

teorological observations all over the Union." 18

But the two men with the largest and most statesmanlike views

and the greatest power to accomplish their ends were Adams and

Joel Poinsett. Each in his different way sought to make the Smithson

bequest do more than poorly endow another college. Although
neither entirely saw his design fulfilled, their efforts did much to

change the course of discussion.

Adams from the beginning, besides insisting upon the preserva-
tion of the principal and the use of the interest only, stood firmly

against "the endowment of any school, college, university, or ecclesi-

astical establishment." He considered the "education of youth . . .

a sacred obligation, binding upon the people of the Union themselves,

at their own expense and charge, and for which it would be unworthy
of them to accept an eleemosynary donation from any foreigner
whomsoever." 19 The finger of Providence seemed to him to point di-

rectly toward using the income for several years for his cherished

astronomical observatory. Carefully investigating the organization of

the Greenwich Observatory, he used his position as chairman of the

House committee on the bequest to forward his scheme.20

The confusion of voices on what to do with the money is clear

simply from the array of Adams's real and fancied adversaries. Every-
where, of course, was the remembered aversion to his policy as Presi-

dent. One politician thought an observatory impossible because, as

Adams testily put it, "I had once called observatories light-houses in
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the skies. My words were light-houses of the skies."
21 Van Buren

seemed "ostensibly neither to favor or oppose it, but ... he will un-

derhandedly defeat it, taking care to incur no personal responsibility

for its failure."
22
Among the advocates of a "school of education for

children" 23 he saw many foes, such as the "English atheist Cooper, a

man whose very breath is pestilential
to every good purpose." And on

all sides he saw the danger of sinecures, "jobbing for favorites,"
24 and

"monkish stalls for lazy idlers."
25
Espy was seeking a comfortable sal-

ary. Asher Robbins wanted to become Rector Magnificus. Even Hass-

ler, who wished to use the fund for an astronomical school before the

erection of an observatory, seemed to Adams to covet a position as the

head, "and would continue to absorb the whole fund in the manage-

ment of it."
26

Against all the old ex-President saw "the finger of John

C. Calhoun and of nullification" opposing "the establishment of the

Institution in any form." 21 As late as 1842 little sign appeared that

opinion had jelled
in any one mold.

The National Institute -for the Promotion of Science

Meanwhile the other statesmen who had a better than common

grasp of scientific affairs approached the use of the fund from a van-

tage point different from Adams's. Joel R. Poinsett as secretary of war

had organized the Wilkes expedition and the Topographical Engi-

neers and had served widely as a diplomat with an eye for natural

curiosities (witness Poinsettia). Hence he saw the need of the mu-

seum as an essential part of the exploring enterprises he had done so

much to launch. As early as December 1838, he was looking forward

to the collections to be sent home by the Wilkes expedition, and also

had his eye on the Smithson fund. For the time being he agreed with

Adams on the use of the income for an observatory, which was also

an auxiliary for exploration, but he went ahead with plans for a more

comprehensive organization.

In 1840 some eight people gathered at Poinsett's house and formed

a National Institution for the Promotion of Science.
28
Among those

present were Colonel J. J. Abert of the Topographical Engineers,

Colonel Joseph G. Totten of the Corps of Engineers, and Francis

Markoe, a clerk in the State Department.
29 A short time later the num-

ber of resident members had reached 84 and the corresponding mem-

bers 90.
30 The imminence of the arrival of the first advance collections

from the Wilkes expedition made some such organization almost
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necessary, and within a few months Poinsett was publicly insisting on
a connection with the Smithson fund.

But the National Institution was something else in addition. It was
the heir of the Columbian Institute and the old desire to give Wash-

ington a scientific society worthy of the capital. As Poinsett put it,

"the lovers of science, literature, and the fine arts, residing in this

district . . . were mortified to perceive that ... at the seat of the

government . . . there existed fewer means than in any other city
of the Union of prosecuting those studies, which, while they impart

dignity and enjoyment to existence, lead to the most useful practical
results."

31 Members of the Columbian Institute received an invitation

to join, and its records were turned over to the new organization. Dr.

Edward Cutbush rather ruefully hoped that the objects he and

Thomas Law had sought back in 1816 "will now meet the approba-
tion and support of the Government, and of the scientific men of the

District of Columbia." 32

The ninety or so members of the National Institution were mainly

representative citizens of Washingtorr congressmen, clergymen,
scientific men, and others. Those living outside Washington were cor-

responding members, with the management in the hands of a presi-

dent, a vice-president, a treasurer, a corresponding and a recording

secretary, and twelve directors. The members of the cabinet of the

President of the United States automatically became directors. The

membership was divided into eight classes: (r) geography, astron-

omy, and natural philosophy; (2) natural history; (3) geology and

mineralogy; (4) chemistry; (5) the application of science to the use-

ful arts; (6) agriculture; (7) American history and antiquities; (8)

literature and the fine arts.
33 In short, Poinsett was attempting to cope

with a new and rapidly changing situation by creating an organiza-
tion almost completely similar to the private societies of the period of

the early republic. He was trying to create another American Philo-

sophical Society for Washington just when the amateurs of Philadel-

phia, Boston, and New York were proving unequal to the task of

supporting American Science in an era of increasing specialization and

professionalization.

Like all local societies of a country's capital, however, the Na-
tional Institution had an additional dimension in that it hoped to in-

clude, at least indirectly, the whole nation. These aspirations were the

reason and the hope that "the government might extend its patroniz-
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ing hand ... in erecting a temple to National fame." 34 When in-

corporating it in 1842, Congress had a chance to discuss the national

character of the new organization. On this occasion the name was

changed to National Institute to assert its superiority over the pro-

posed Smithsonian Institution. When the inevitable cry arose that

Congress had "no constitutional power to incorporate an institution

of this kind," the advocates of the measure hastened to give assurances

that it "was only intended to operate in the District of Columbia" and

that the national name was "a mere matter of taste and fancy."
35 But

the Institute usually acted as if it represented the nation and in return

deserved support from the general government.
The National Institute based its activity on a drive to get collec-

tions. David Dale Owen sent in his geological specimens. A circular

letter to consuls and army and navy officers brought curiosities of all

sorts, from animal skins to hieroglyphics.
36 The control of the Wilkes

expedition collections was the real test of whether the National Insti-

tute might become a national museum and headquarters for the fol-

low-up activities of exploration. Success in administering this public
scientific property would in eifect make the Institute an official

agency of the government and give it a commanding claim either on

the Smithson bequest or on large appropriations.

In 1841 the Institute made progress. By an agreement with the

secretary of the Navy it was given the care of the collections, and

Congress appropriated $5000 for the purpose. When the first advance

boxes arrived in Philadelphia, an order from the secretary had them

transferred to Washington, and the new Patent Office building pro-
vided space. The Reverend Henry King, who had done some geology
in Missouri, became curator, undertaking the unwelcome but never-

theless important chore of unpacking the boxes.37

Almost immediately, in spite of the promising beginning, two fatal

internal flaws appeared in the Institute. First, Poinsett left the War

Department with the defeat of Van Buren and the overturn of the

Democratic party, retiring to South Carolina early in 1841. There-

after, although he retained the presidency, the Institute lacked both

its ablest administrator and its shield and sword in the political arena.

Colonel Abert and Francis Markoe, who remained as leading spirits

of less than outstanding vision, were handicapped by their subor-

dinate positions in the executive branch of the government. The sec-

ond flaw was the lack of scientifically competent people to conduct
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the museum operations. The Reverend Henry King turned out to be

one of the unsung villains of the history of science in America. He
dried pickled specimens, ran them through with

pins,
made references

to catalogues impossible by taking off labels, and allowed "a general

scramble for curiosities by irresponsible members of the Society."
38

In addition, he antagonized his friends in the Institute, lacking, ac-

cording to Abert, the judgment and intellect necessary to sustain him-

self in a position of consequence. By dabbling in politics he managed
to get John Quincy Adams dropped from the board of directors, thus

for a time alienating the Institute's most powerful potential friend in

the House of Representatives.
39 None of the younger generation of

competent scientists of the country had any say in the management of

the collections before untold damage had occurred.

Just after the Wilkes expedition itself returned home in 1842,

Congress appropriated $20,000 for the care and preservation of speci-

mens that came to the National Institute. But on August 26 the act

providing for the publication of results specified that the "objects of

natural history . . . shall be deposited and arranged in the upper
room of the Patent Office, under the care of such person as may be

appointed by the Joint Committee on the Library."
40 This meant

that custody shifted from the executive to the Congress, and the in-

formal agreement with the secretary of the Navy no longer gave the

Institute any legal control.

For a time a new working arrangement seemed possible when

King left, to be replaced as curator by Charles Pickering, who had

done good work on the expedition. The joint library committee also

appointed Pickering, allowing cooperation to continue. But a coalition

against the Institute was in the making as, quite probably for different

reasons, three men in authority questioned the right of the National

Institute to government property. Henry L. Ellsworth, the commis-

sioner of patents, with his own ambitions in the direction of a Na-

tional Gallery, questioned the use of the hall in the Patent Office for

any collections belonging directly to the Institute.
41 Wilkes himself

refused to recognize their legal right to the collections of the expedi-

tion.

The most formidable opponent of the Institute emerged, however,

when Senator Benjamin Tappan of Ohio became chairman of the joint

committee on the library. When the friends of the Institute tried to

get special legislation giving them title to the collections, Tappan not
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only handled their efforts very roughly but raised the issue of the

responsibility
for government property if it were let out to a "private

corporation" an epithet which in the 1840*5 raised all the passions

of the war on the United States Bank.
42 In the summer of 1843,

Pickering resigning, the joint committee made Ellsworth the custo-

dian of the government collection and put Wilkes in special charge of

both the expedition's collections and their publication. This move

launched the ambitious attempt of Congress to administer a scientific

enterprise directly, and the organization of the museum function in

the government followed these lines for several years. When the

National Institute lost control of the Wilkes expedition collections, it

had lost its chance to be a true national museum.

The failure of the National Institute was not at once apparent.

Resident membership reached 232 and the list of corresponding mem-

bers went up to the large total of 1 148, but a special category labeled

"Paying corresponding members" numbered only 40.
43 In 1844, along

with an attempt to get an appropriation, the Institute held a great

national meeting with the cooperation of the American Philosophical

Society, the Association of American Geologists and Naturalists, and

others. In this great effort a number of respectable scientists gathered

in Washington to give papers and hear encomiums of the Institute

from Adams, Richard Rush, President Tyler, and other politicians

who could lose nothing by oratory.
44 But when Congress adjourned

without an appropriation and Poinsett declined the presidency, it was

clear, in spite
of further efforts and temporary revivals, that the Na-

tional Institute was without a sound foundation for existence.

The appeals of 1843 an-d i^44 which had yielded so little in

money and political influence, had been much more successful in

bringing in a flood of donations of all kinds. An attempt to show that

the collections were not "of very trifling
extent and value" only re-

vealed them in very poor condition. Members themselves pointed out

that private munificence in the form of dues (even if they were paid)

could not cope with the flood. By November 1846 one thousand

boxes and barrels were on hand unopened. Much of this material,

stowed in an open passageway in the Patent Office, either disappeared

or was stolen.
45 Not the least legacy which the National Institute left

to its successors was a horrendous example of how not to run a

museum.

The influence of the National Institute in its effort to become a
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general agent for the government in scientific affairs was both positive
and negative. It stressed the museum function at a time when explora-
tions were making that the greatest single activity of the government.
It gained for the cause of science at least

lip service from most of the

high officers of both the executive and Congress. By the device of

using the President's cabinet as part of the board of directors, it made
a start toward bridging the gap between the government and a private

society of the model of the American Philosophical Society.
46 This

was the only organizational novelty of importance. The National

Institute did not provide a pattern for either the Smithsonian or the

American Association for the Advancement of Science, but in a dif-

fuse way its aspirations to national significance acquainted many
people with the idea of national action in scientific matters.

The negative side of the Institute's record was the general in-

adequacy of the whole organizational concept for the heavy tasks

that the government's burgeoning scientific activity on the practical
level placed upon it. The local base of authority in the District of

Columbia was too narrow both in membership and in law to make

good a claim as a truly national organization. More seriously, the In-

stitute was a group of amateurs in an age when professional compe-
tence in science was becoming both possible and necessary. Even

though the names of most of the new generation of professionals ap-

peared in the list of corresponding members, neither the manage-
ment of policy nor the care of collections was in their hands.

Most serious of all was the Institute's ambiguous relation to the

government, a cloud not dispelled by the presence of cabinet officers

and members of Congress in its counsels. For behind all the dis-

paraging remarks about the "trash" collected by the Institute, which

seemed to reveal such critics as Ellsworth and Tappan as unappreci-
ative of science, lay the real question of the democratic control of

the government's growing stake in science. After all, the National In-

stitute was a private, closed, self-perpetuating corporation with no

responsibility to the people and with no effective control by their

elected representatives. Appeals to Poinsett's democratic principles

and the love of science that motivated such lesser members as Francis

Markoe did not alter this objection. And in the mistakes of the period
of King's curatorship there is real evidence that the public's interest

in the scientific usefulness of the Wilkes expedition collections suf-

fered severely. A solution that safeguarded the people's legitimate
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stake, while recognizing the hard complexities imposed by science,

was yet to be found.

The Creation of the Smthsonian Institution

About the same time the National Institute was making its great
effort of 1 844, Congress again turned to the Smithson bequest, which

had become something of a scandal both because of the years of

delay and because of the depreciation of the state bonds in which the

Treasury Department had had the bad judgment to invest the money.
The Senate began action in June 1844, when Tappan of Ohio, the

foe of the National Institute, reported out a bill which reflected the

decline of most of the earlier proposals. Although silent on many im-

portant features, Tappan's bill did provide an emphasis on useful sci-

ences, which seemed to mean agricultural experiments, plus the usual

sciences of natural history, chemistry, geology, and astronomy. The
creation of professorships might have meant either some kind of in-

struction or a research and lecture staff. The board of managers was

to be elected by joint resolution of Congress. The museum function

entered with the provision that "all objects of natural history belong-

ing to the United States which may be in the city of Washington, in

whosesoever custody the same may be, shall be delivered to ... the

board of managers." A significant advance over the National Institute

was provision for a superintendent, who was to be also the secretary
of the board.47

The debate on the Tappan bill revealed a many-cornered fight on

somewhat other lines than the discussions of the late 1830'$. The ob-

servatory idea was now dead and the pure university no longer promi-
nent. The National Institute made a last effort to get control of the

fund when Levi Woodbury, who had succeeded Poinsett as presi-

dent, offered an amendment to vest control in its officers. In reply
Rufus Choate of Massachusetts, who now emerged as one of the prin-

cipal figures interested in the question, directly attacked the Institute

as antidemocratic and antirepublican, placing the Smithson trust in

the hands of
a
a close body . . . wholly irresponsible to either Con-

gress or the people."
48 The best that Woodbury could settle for was

to have two places on the board of managers saved for members of the

Institute, who would also be residents of the District of Columbia.

Choate's appearance introduced the new element, for he led a

group passionately in favor of a "grand and noble public library," one
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that "for variety and extent, and wealth, shall be ... equal to any
now in the world." 49 This appealed especially to those devoted to the

classics and to those who stressed the moral and political sciences as

proper objects for the Smithson bequest. A note of condescension to-

ward the natural sciences also sometimes entered, as when G. P.

Marsh, leader of the library faction in the House, said, "Sir, a labora-

tory is a charnel house, chemical decomposition begins with death,

and experiments are but the dry bones of science. It is the thoughtful
meditation alone of minds trained and disciplined in far other halls

than can clothe these with flesh, and blood, and sinews, and breathe

into them the breath of life."
50 The library adherents in the Senate

proved stronger than Tappan, forcing his bill back into committee.

It emerged with a provision that $20,000 of the approximately

$30,000 annual income be spent for books. The board of managers
also had a sharper definition, consisting of the vice-president, the chief

justice, three members of the Senate, three members of the House,
and seven other people, of whom two were to be members of the Na-
tional Institute and the rest from different states. Except that the indi-

vidual seats were reduced to six, this arrangement was destined finally

to prevail.
51 Cumbersome as it was, it recognized directly the prob-

lem of control by the government, including officers of all three

branches. Congress, having the choice both of its own and of the

public members, tended to be dominant. The Tappan bill, thus al-

tered by the rise of the library group, passed the Senate early in 1845.

In the House of Representatives John Quincy Adams, standing
alone for an observatory and in part soothed by the development of

one within the Navy,
52 became obsessed with the project of saving

the investment of the principal from the "fangs of the rattlesnake"

the state bonds leaving leadership on the bill itself to Robert Dale

Owen. Son of Robert Owen the Utopian of New Lanark and New
Harmony, and brother of the geologist David Dale Owen, this free-

thinking representative from Indiana had a very different approach to

the whole problem.
53 A veteran of movements for the education of

working men by cheap tracts and popular lectures, he saw the true

function of the Smithson bequest as direct diffusion on the broadest

scale. "The People govern in America. Ere long the people will

govern throughout the habitable earth. And they are coming into

power in an age when questions of mighty import rise up for their

decision. They who govern should be wise. They who govern should
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be educated." 54 Instead of introducing the bill passed over from the

Senate, Owen substituted one of his own. Putting the emphasis on

cheap popular publications, he cut the annual expenditure for books

to $5000 and added a normal school for the graduate instruction of

teachers, "a far higher and holier duty than to give additional depth
to learned studies, or supply curious authorities to antiquarian re-

search." 55 This effort to revive the school idea met immediate attack

from all sides, led by Adams, and a vote of 72 to 42 struck it out. But

Owen's opposition to the library idea was resolute, as was also his

insistence that after ten years some sort of legislation was absolutely

necessary.
Before action was possible, however, the long-delayed bequest had

to undergo an attack by those who still wanted to send it back to Eng-
land. Among these, of course, were the Southern followers of Cal-

houn. Others, like John Chipman of Michigan, who had fought the

corporate monster of the United States Bank, asked "what distinction

was there between a corporation in the form of a United States Bank

and a corporation intended to elevate humanity in close approxima-
tion to the throne of Heaven?" 56 Andrew Johnson, the self-educated

representative from Tennessee, feared that the "extravagance, folly,

aristocracy, and corruption of Washington" would demoralize the

Institution.
57 G. W. Jones of Tennessee claimed "there is too great a

centralization in this government already."
58 But these sentiments,

threatening as they were to all government action in science, could

muster only 8 votes to return the money against 1 1 5 opposed.
After W. J. Hough, a New Yorker with a preference for "re-

gents" instead of "managers," had redrafted Owen's amended bill,

the House was at last ready to pass on a measure whose corners were

so rounded by compromise that it bound the new Institution to the

program of no one party. The library provision had been softened to

give the regents power to make an appropriation "not exceeding an

average of twenty-five thousand dollars annually, for the gradual for-

mation of a library composed of valuable works pertaining to all de-

partments of human knowledge."
59 Whether this meant spending the

$25,000 every year five-sixths of the income and a victory for the

library party or whether it was a ceiling that need not be closely

approached was a question for the board of regents to decide. The
museum function, still very much in evidence, also had a loophole in

that the regents were to take over government collections "in propor-
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tion as suitable arrangements can be made for their reception."

60

Most of the other functions were implied only by the facilities of the

building, which besides a library and natural history cabinets was to

house a chemical laboratory, a gallery of art, and lecture rooms. The

secretary would have charge of the buildings, record proceedings,
serve as keeper of library and museum, and, most importantly, employ
assistants. A paper "establishment," consisting of the President, the

vice-president, the cabinet, the Chief Justice, and the mayor of Wash-

ington, never became active. The board of regents, whose design
came over from the Tappan bill, was the effective governing body.

The final vote in the House of Representatives, 85 to 76, reflects

more than anything else the desire to get some bill passed, even one

not very satisfactory. The Senate vote was 26 to 13. Party lines meant

little, and perhaps the most indicative name in the list of opponents
besides the always consistent Calhoun was that of Thomas Hart Ben-

ton, a Jacksonian and a part-time friend of science whose fear of a

corporation here was paramount.
61

As soon as Congress had done its work, the board of regents found

they could mold the Institution's very nature without leaving the law

behind. Rufus Choate, now a public member, still tried for his library.

Robert Dale Owen, nursing his desire for a school, devoted most of

his energy to selecting plans for a building, which in the end em-

bodied his singular theories about Norman architecture as most ap-

propriate for the American
spirit.

Colonel Joseph Totten, represent-

ing the National Institute, could be expected to uphold the museum

point of view, as could William C. Preston of South Carolina. Richard

Rush's presence was a reminder of the condnuity from 1825, the time

of John Quincy Adams's first annual message, to 1846.

Joseph Henry as the First Secretary

By far the most important member of the board was the youngest.
Born in 1806, Alexander Dallas Bache knew his way around in two

groups who heretofore had had almost no communication. As might
be expected of a descendant of Benjamin Franklin, he was one of the

new generation of professional scientists at the same time that he was

intimate with important politicians.
In 1836 and 1837 he had gained

the European dimension so necessary to the new generation by exam-

ining educational institutions in several countries as a prelude to the

establishment of Girard College. While in London he became the
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friend of Joseph Henry, America's leading physicist and professor at

Princeton, who was also getting his European initiation. Bache de-

voted his attention to Girard College, including an observatory for

terrestrial magnetism, until 1843, when he entered government serv-

ice as superintendent of the Coast Survey.
62

In 1846 Bache as a civil servant was quite different from the un-

popular Hassler. The vice-president, George Mifflin Dallas, was his

uncle. Robert J. Walker, senator and then secretary of the treasury,

was his brother-in-law. He bore the name of the secretary of the

treasury in Madison's cabinet, Alexander J. Dallas. And behind them

all hovered the ghost of Benjamin Franklin. The political connections

implied in this pedigree made Bache an unusual scientist indeed, espe-

cially on the board of regents, presided over by his Uncle George, the

vice-president.

With Bache the professional scientists for the first time were

getting a voice in the planning of a central scientific organization. The
evidence of his part in the deliberations is largely the results them-

selves two entirely new developments which had appeared in no

earlier organization or discussion. One was a paid, full-time executive

officer with ample power; the other was a real scientist to fill the post.

At the meeting on December 3, 1846, the regents adopted a resolu-

tion, probably prepared by Bache, calling for the secretary, whose job
as described in the law might be quite without distinction, to be a man

possessing "eminent scientific and general acquirements . . . capable
of advancing science and promoting letters by original researches and

effort." He should also command respect in foreign countries "and,

in a word [be] a man worthy to represent before the world of science

and letters the Institution over which the Board presides."
63 Such

qualifications restricted the post to one of the new generation of scien-

tists, restricted it, in fact, very nearly to the candidate Bache had been

working for ever since his appointment to the board of regents. He
had already secured support in behalf of his friend Joseph Henry
from such scientists as Michael Faraday abroad and Benjamin Silli-

man and Robert Hare in America.64 In the final vote the tally stood:

Joseph Henry, 7; Francis Markoe, 4; Charles Pickering, i.
65

Pickering
had support from New England and probably was Choate's choice.

Markoe as a leading spirit in the National Institute reflected the mu-
seum interest, but he would have had difficulty measuring up to the

resolution. Henry, with his years as professor at Princeton and his
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great discoveries in electromagnetism behind him, stood high as an

investigator. Only the stern concept of duty emanating from his

Presbyterianism could have persuaded him to take up at the age of

fifty the unaccustomed burdens of administering an ill-defined and
unformed institution. Because Henry had submitted an outline of his

ideas on the nature of the Institution before the vote,
66

his election

meant an immediate and deliberate orientation of Smithsonian policy.
The plan of organization already prepared for the regents by Robert
Dale Owen was sent back to committee, to reemerge with many
marks of Henry's influence. As he finally put it down late in 1847,

Henry's plan for the Institution proved to be much more influential

than the organic law itself.

In his interpretation of the Smithson will Henry made sharp dis-

tinctions where earlier discussion had often been confused. In the

first place, the Institution was to benefit all mankind. Hence it "is

not a national establishment, as is frequently supposed" and "unneces-

sary expenses on local objects would be a perversion of the trust."

The new Institution thus sharply differed from its local-national pred-
ecessors. It was a universal body, tied to the District of Columbia

only by its physical existence there and to the United States only by
the trusteeship. In the second place, Henry clearly separated the in-

crease of knowledge from its diffusion. He thought the Institution

could increase knowledge by "facilitating and promoting the dis-

covery of new truths" while it "can be most efficiently diffused among
men by means of the press." Thus he put the whole emphasis on re-

search or the publication of its results an idea that had been sec-

ondary in most of the plans put forward by politicians and amateurs.

An enthusiast for popular education like Robert Dale Owen had no

feeling for such a program.
In the third place, while taking full responsibility for all branches

of knowledge, Henry insisted that in proportion to this vast field "the

funds are small." A comparison with the Wilkes expedition, whose

operating cost far exceeded the total value of the Smithsonian endow-

ment and whose annual appropriation for publication usually ap-

proached the Institution's income, indicates that Henry was quite
correct even by the standards of his own day. His operating rules

stemmed from this estimate. He would seek to do only the things
"which cannot be produced by the existing institutions in our coun-

try." His organization would be small, allowing him to take up proj-
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ects provisionally", modify them easily,
and abandon them "in whole or

in part, without a sacrifice of funds," 67

Finally, Henry felt that the Smithson will envisaged neither a

library, nor a museum, nor a gallery of art, these objects being added

by Congress. This announcement drew the line between him and

those of the regents, such as Choate, who favored a big library. Henry
bound himself to resist the expenditure of a large part of the Smith-

son money for books and for the care of collections. Research had

made its appearance as a scientific activity rivaling the older and

dominant interests.

Henry saw two main ways to sponsor research. If a man capable
of discovering scientific principles has fallen on a new vein, the In-

stitution should aid him with grants and provide a channel for pub-
lication. A commission of specialists would choose the projects and

judge whether the results should be published. Henry's own methods

of physical research showed through in the much-discussed require-
ment that "all unverified speculations" must be rejected. Out of these

recommendations grew the Smithsonian Contributions to Knowl-

edge?*
But since scientists of genius were rare, Henry provided also for

projects in which the end in view was defined first and a competent

person then chosen to accomplish it. As a precedent for this type of

research he cited the steam-boiler experiments performed for the

secretary of the treasury by the Franklin Institute.
69 In modern jargon

this was programmatic research. Henry offered a number of examples

meteorological observations, explorations in natural history and

geology, new determinations of physical constants, chemical analyses,
statistical inquiries into moral and political as well as physical subjects,

historical researches, and ethnological studies of the races of North
America.70

Meteorology and ethnology became great fields of activity
within the Institution, while some of the other suggestions were still-

born.

To diffuse knowledge Henry proposed a series of reports on "new
discoveries in science, and . . . the changes made from year to year
in all branches of knowledge not strictly professional." He also pro-

posed the occasional publication of popular treatises on with a

faint bow to Owen the statistics of labor, the productive arts of

life, and public instruction.71 The exquisite fairness Henry here showed

scarcely masked his lack of real interest.
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Early Policies and Activities of the Institution

With a high likelihood of friction between Henry and Bache on
one hand and Choate the library advocate, Owen the popularizer, and

various museum men on the other, the board of regents avoided a

showdown by reaching a compromise. Early in 1 847 they agreed that

of the $30,000 annual income half would go toward Henry's pro-

gram and half for the museum and library. Charles C. Jewett became
assistant secretary in charge of the library at the same meeting.

72

Since the law gave the regents the discretion on when they should

take over the collections in the Patent Office, including the Wilkes

expedition objects, Henry adopted the policy of refusing to receive

them as long as the Institution's building was unfinished. Finally in

1850 he appointed young Spencer F. Baird of Carlisle, Pennsylvania,
as assistant secretary for the museum, but its contents at that time

consisted almost entirely of Baird's own personal specimens which
he brought with him. With this precariously balanced organization

Henry carefully steered his course until the great storms of 1854.

By circulating his program to all the scientific men in the coun-

try, Henry collected an impressive array of testimonials. The com-
mittees of local societies and the professors of natural history and

natural philosophy at colleges great and small all added their praise.
73

Back in 1838 they had not even been consulted. Henry had plenty of

use for this support, for the infant Institution was immediately beset by
all sorts of attack both from within and without. Some people still

did not like the idea in any form. Andrew Johnson in 1848 proposed
in the House to change the name to "Washington University for the

benefit of the indigent children of the District of Columbia." 74
Every

time the question of printing the annual report came up in Congress
some opposition appeared. For instance, in 1858 the vote in the

House for printing was only 84 to 50. Some congressmen never tired

of remarks such as Simon Cameron's, "What do we care about stuffed

snakes, alligators, and all such things?" On another occasion he la-

mented, "I am tired of all this thing called science here." 75 Robert

Dale Owen as an early regent drew criticism to the Institution be-

cause of his religious views, and the effort to get him reappointed
after his term in the House expired drew the charge that the Institu-

tion was "a hospital for destitute politicians."
76 At the same time

Henry detested the monstrous building forced on him and doubtless
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rejoiced at the departure of its enthusiast. Politics indeed was a vex-

ing factor in the selection of assistants as well as regents. James D.

Dana warned Spencer F. Baird, who was applying for a place, that

"a word from a Political man is perhaps quite as important as from

Scientific, since much depends on favor in all Washington appoint-
ments." TT

The demands to use the supposedly ample funds for all sorts of

projects for which congressmen hated to take the blame of appro-

priating money were even more troublesome. Henry claimed the in-

come was not enough to carry out one fourth of the plans already
mentioned in the act of Congress or in actions of the board.78 Power-

ful politicians such as Stephen A. Douglas nevertheless contemplated

throwing the money away as a sop to special groups for instance,

the farmers. 79 Diffusion of knowledge, and plans with the word "prac-
tical" prominently displayed had a surface appeal to most Americans.

That Henry resisted the temptation to resign and return to physics
at the same time that he stood uncompromisingly for original re-

search as the basis of Smithsonian policy is the true core of his

greatness.
80

The most formidable single threat to his plan was the desire to

turn the Smithsonian into a library. Since the Library of Congress
was not then what it is today, and since Choate, George P. Marsh,

and Jewett were friends of learning after their own fashion, the final

outcome was long in doubt. Henry had at first gone to considerable

lengths to cooperate under the half-and-half compromise agreement,
and Jewett had acted with great energy to amass a collection of

some 32,000 volumes and to gather a great deal of bibliographical

information. However, in 1854 the secretary felt strong enough to

attack the compromise openly, and the board of regents sustained

him by a vote of 8 to 6. When Assistant Secretary Jewett tried to

appeal directly to congressmen, Henry dismissed him. Immediately
Rufus Choate resigned from the regents, touching off a debate in

the Senate and an investigation in the House of Representatives. Up-
held by a majority of the board, by Congress, and by a great outcry
from the scientific community of the country, Henry emerged with

his plan vindicated and the powers of his office confirmed. With a

rare policy of self-denial, he then withdrew the Institution from the

library business as completely as possible. In 1857 he had the original

act amended to repeal the provision making the Smithsonian a de-
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pository of all copyrighted material. In 1866 he sent to the Library of

Congress for safekeeping some 40,000 volumes, a collection that has

continued to grow.
81

Henry's attitude toward a museum was much the same as toward
a library. It did not become a source of conflict only because Spencer
Baird was an outstanding naturalist with a benign disposition and
because exploration (and hence the museum) was the dominant sci-

entific activity of the period. Heeding the example of the National

Institute sunk by specimens before his very eyes, Henry came out

against the permanent inclusion of the National Museum in the

Smithsonian even though the law clearly provided for it. But at the

same time Baird began his work as assistant secretary in a quiet way,

building up his own holdings and serving as adviser to the govern-
ment concerning the many explorations then under way. In his hands

the collections became real research tools which in their way con-

tributed to the advance of knowledge as well as to the entertainment

of the public. This modest "Museum of the Smithsonian Institution"

was a living enterprise under control both scientifically and finan-

cially, in contrast to the "National Cabinet of Curiosities" moldering
in the Patent Office.82

Although under heavy pressure from both Congress and the Patent

Office to take over the older collection, Henry for a long time re-

fused either to use Smithson income for the purpose or to make him-

self dependent upon an annual appropriation, with all it entailed in

political uncertainty and, he feared, control.83 But as Baird held his

peace and kept working during the library uproar of 1854 an^ ^55,
and as the building neared completion, Henry finally agreed to come
down from his lofty perch to the extent of accepting the collections

and an annual appropriation from Congress to care for them. "While,
on the one hand, no appropriation should . . . lessen the distinctive

character of Smithson's bequest, on the other it is evident that the

government should not impose any burdens upon the Institution

which would impair its usefulness or divert its funds from the legiti-

mate purpose."
84 A kind of buffer was arranged by having the $4000

appropriated to the secretary of the interior, "thus obviating the

necessity of an annual application to Congress by the Institution it-

self."
85

Nevertheless, this annual appropriation brought the Insti-

tution closer to the government and made the subsidiary museum
national in a way the Smithsonian itself was not. That Henry re-
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mained jealous of the money spent on the collection is indicated by
the fact that until 1872 he delegated to Baird no control over National

Museum disbursements.
86

Nevertheless, the annual appropriation for the National Museum
added a new dimension to the Smithsonian's relation to the govern-
ment. Before this, the Institution had received its support entirely

from its endowment; the government's control was limited to its

position as trustee of the fund and to the officers who served ex

officio on the board of regents. After receiving the Wilkes expedi-

tion collections from the Patent Office, the parent Institution, with

its own relation unchanged, took on a direct subsidiary, the National

Museum, which was dependent on public money for its support. The
force of events and Baird's patient work turned the National Museum
into the most significant branch of the Institution, despite the doubts

of the secretary. And yet Henry's very laggardness was of great

positive importance, for he insisted on the Museum's being financially

able to take care of the collections, and prevented the dead weight of

the National Institute jumble from sinking the new Museum at the

outset.
87

To evaluate the work of the Smithsonian in the 1 850*5 outside of

the museums and exploration, it is necessary to weigh basic structural

limitations as well as the decisions of the management. With an in-

come of $30,000, fixed not by its opportunities but by its endowment,
the Institution's ability to take a commanding place in the American

scientific community was sharply limited. In 1854 the Coast Survey's
annual appropriation of $489,000, coming very close to equaling the

Smithsonian's endowment, was 16 times the income Henry had at

his disposal. By adhering to this inelastic structure, the secretary may
well have kept the Institution from fulfilling many of the more elabo-

rate hopes for it, but the reasoning behind his actual program is only

apparent in the light both of the amount and the rigidity of his in-

come. Even so, the record of the Institution changes in aspect if dif-

ferent questions are asked concerning it. To ask, for instance, which

activities became the basis for permanent agencies makes its appear-
ance less favorable than to ask to what extent it stimulated science in

its own day. Perhaps it is most legitimate to ask how the secretary's

own plan was actually executed.

Henry made a real mark m American science by publishing costly

research works in the Smithsonian Contributions to Knowledge. The
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first volume, E. G. Squier's and E. H. Davis's Ancient Monuments

of the Mississippi Valley, began a lasting tradition of the study of the

natives of America by the Institution. Succeeding volumes presented
the researches of the best of the new generation of professionals in

many fields Sears C. Walker, Jacob Whitman Bailey, Louis Agas-
siz, Asa Gray, Joseph Leidy, Jeffries Wyman, John Torrey, Wolcott

Gibbs, Frederick A. Genth, J. L. Le Conte, and by 1860 S. Weir
Mitchell. One European, W. H. Harvey, published his great work on

North American algae in the series. The eminence of these men in-

sured the importance of the Contributions, and the fact that they pub-
lished there indicates the need for such support.

The results of Henry's progress reports on the various sciences

and on special subjects were perhaps less happy. Although transla-

tion of Johannes Muller's "Report of Recent Progress in Physics"

appeared from time to time, no Smithsonian publication even remotely
rivaled Silliman's American Journal of Science and the Arts as the

great source of current scientific news. The difficulties involved in

commanding the talent necessary for an authoritative survey are evi-

dent in Henry's experience with a "Report on Forest Trees," of

which he expected great things because its author was to be Asa

Gray, the foremost botanist in the country. But before Gray could

begin work in 1849 he became involved in the publication of the

Wilkes expedition botany. Other research problems and opportuni-
ties crowded so hard on Gray that the report never reached com-

pletion.

Often Henry invested in research to serve going agencies, notably
the Coast Survey. For instance, the Institution prepared tables of the

occultations of stars for the determination of longitude until the

Nautical Almanac began to appear.
88 For a time the Institution ran a

magnetic observatory, first in Washington and then in Key West,
even though Henry bluntly stated that "this establishment ought to

be supported by the government."
89
Through most of the 1850'$ the

Institution maintained a chemical laboratory, but this activity was

evidently choked off by the development of agricultural activity in

the Patent Office.90

Henry never engaged in empire building for its own sake. He

dropped an activity as soon as someone else either inside or outside

the government seemed willing to do it. For instance, among the

projects he initially encouraged were some researches by Louis Agas-
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siz. During the early years after the arrival of the Swiss naturalist,

the Institution put up funds for the preparation of the plates for

various memoirs. But when Agassiz proved to be the ablest money
raiser yet to appear in American science, getting $360,000 in sub-

scriptions for his Contributions to the Natural History of the United

States, the Smithsonian pulled out, "though it may lose the honor

of a more permanent association of the name of this celebrated indi-

vidual with its own publication."
91

The establishment of an international exchange service was both

enduring and indicative of the universal ideal of the Institution.

Henry used the experience of the older societies and of individuals

such as the botanist Asa Gray, who had for years been struggling
with the problem of establishing a flow of publications between

Europe and America. Besides trading its publications with European
societies, the Institution hired agents in various key cities abroad and

offered its facilities to scientific organizations in the United States.

By handling customs clearances and often getting free transportation,
the Institution rendered a real service to the American scientific com-

munity.
92

Meteorology was a prominent part of the program all through the

iSjo's. Calling upon the agencies already collecting weather records,

notably the surgeon general's office, the regents of the University
of the State of New York, and a Pennsylvania group under the

auspices of the American Philosophical Society and the Franklin In-

stitute, Henry organized a corps of observers, adapted the telegraph
for simultaneous reports, and published a number of volumes of ob-

servations. In 1856 he arranged with the Patent Office, which was
then interested in agricultural statistics, to use some of their funds

for extending the Smithsonian system.
93 In attracting to the service a

scientist of the caliber of Arnold Guyot, in organizing the corps of

observers, in distributing instruments, in
utilizing new techniques

such as the telegraph, the weather map, and the newspaper forecast,

the Smithsonian made for itself a prominent place in meteorology in

the i85o's.
94

Joseph Henry so dominated the early Smithsonian that his own
interests and researches formed a part of the Institution's activities.

Although he made a sharp distinction between pure and applied sci-

ence, gaining his most enduring fame in research in physics, his ver-

satility came out in a large number of practical interests. After 1852,
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when the Treasury Department established a Light House Board,

Henry became a member. He not only recommended the adoption
of the Fresnel lens but also tested sperm oil, rapeseed oil, lard oil, and
kerosene.95 Because he was on a commission to help the army engineers

design new rooms in the Capitol, he took up the study of acoustics

as applied to public buildings.
96

On one famous occasion Henry used his board of regents as a

kind of supreme court to decide a personal scientific controversy.

Although S. F. B. Morse had used freely Henry's discoveries and ad-

vice while he was developing the telegraph, he forgot his debt and

claimed all credit for himself in the course of his later litigations.

Henry chose as his method of answering a full report, accompanied

by documents, to the board of regents, who passed unanimously a

resolution stating that Morse had not refuted Henry's statements and

that their confidence in the secretary was unimpaired.
97 Here for an

instant the Smithsonian moved toward the kind of judicial function

performed in France by the Academie des Sciences. However, the

uniqueness of this event and the use of Henry's official position as an

excuse to give the regents jurisdiction only serves to underscore the

incompatibility of the Smithsonian with the role of a central scientific

organization on a European model.

Perhaps Henry's greatest contribution to the Smithsonian was
his own austere personality. With a fanatic contempt for the com-
mon run of politician, he presented to the country the very picture
of the new scientist, above passion and emotion, judging all things
in the cold light of fact. This detachment enhanced his reputation
with the very politicians he despised. For instance, he was in the

course of time able to win over the Institution's old enemy Andrew

Johnson.
98

Party lines made no difference with him. When in the li-

brary fight of 1855 it appeared that Jewett might line up the Know-

Nothings against the antilibrary policy, Henry promptly countered

with "a number of warm friends in the House who belong to that

party and will defend the Institution."
99 So much of his time and

energy went into the Institution that he was never again able to take

up abstract physics.

One service he steadfastly performed was to battle in the name
of inductive science the army of quacks who infested the lower fringe
of science in this country. Believing that the wide diffusion of knowl-

edge and the freedom of thought and discussion in the United States



90 SCIENCE IN THE FEDERAL GOVERNMENT
bred a lack of regard for "the present system of science," he adopted
the rule of stating "candidly and respectfully the objections" to

the communications received by the Smithsonian, hoping "to con-

vince their authors that their ground is untenable." Thus America's

leading physicist gave his time in the name of the Institution to writing

patient answers to letters on "the quadrature of the circle, the tri-

section of the angle, the invention of self-moving machines, the crea-

tion of power, the overthrow of the Newtonian system of gravitation,
and the invention of new systems of the universe." 10

While the Smithsonian did not dominate the scene in the 1850*8, it

gave American science badly needed support in many projects, stra-

tegically selected to be of most immediate help. But it made its great-

est contribution by raising the banner of original research. In his

annual report in 1859 Henry pointed out that in the early discussions

of Smithson's will even "prominent and enlightened men" had con-

fused the aims of the donor. In contrast, the Institution had "suc-

ceeded in rendering familiar to the public mind in the United States

the three fundamental distinctions in regard to knowledge, which

must have an important bearing on the future advance of science in

this country: namely, the increase of knowledge, the diffusion of

knowledge, and the practical application of knowledge to useful pur-

poses in the arts." Although the legislatures of states had provided

generously for the diffusion, and although practical applications re-

ceived encouragement from the government in the patent laws, few

people realized that "the advance of science or the discovery of new

truths, irrespective of their immediate applications, is also a matter

of great importance, and eminently worthy of patronage and support."

Henry felt that "this Institution has done good service in placing
before the country the importance of original research, and that its

directors are entitled to commendation for having so uniformly and

persistently kept in view the fact that it was not intended for edu-

cational or immediately practical purposes, but for the encouragement
of the study of theoretical principles and the advancement of abstract

knowledge."
101



V

THE GREAT EXPLORATIONS

AND SURVEYS

1842-1861

I HE late 1840'$ and the 1850'$ are a new period in government
scientific activities in other ways than the rise of the Smithsonian

Institution. The rapid expansion of the country westward set the

tone for American life and raised problems for a government almost

immobilized by sectional strife over the slavery issue. One facet of

this expansion was scientific. As in the days of Lewis and Clark the

great imperial need was accurate information. The advance of settle-

ment into the area of the northern and western reaches of the Missis-

sippi Valley, the Mexican War with a vast new territory as a result,

the settlement and acquisition of Oregon, the gold rush, all brought
Americans into new and strange environments. That expansion, which

took the form of acquiring and settling public domain, brought in the

federal government as the foremost information-collecting instrument.

With previous experience on which to build, the government de-

veloped its surveying and exploring functions to fill the needs of

expansion. As earlier, the work was done ad hoc, with the basic unit of

organization the survey or expedition, higher administrative groupings

playing only a secondary role.

Attempts at Land Classification

Along the western edge of the timbered country, in lands now

rapidly filling up with settlers, the surveys tended to originate in the

General Land Office, which was interested in the problem of reserv-

ing valuable mineral lands still in the public domain. David Dale

Owen, who had done this work back in the i83o's, undertook a geo-

logical reconnaissance in Wisconsin and Iowa in I847.
1 With addi-
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tional assistance he did a more thorough job between 1848 and 1850.

Owen's survey covered federally owned lands either in organized
territories or in newly created states. It was therefore an example of

the federal government's carrying on an activity which in more settled

regions was done entirely by the states.
2

More directly concerned with resources of great potential value

was Dr. Charles T. Jackson's survey of the United States mineral

lands in Michigan. The act of Congress provided for a geological
examination and authorized the President to sell lands which "may
contain copper, lead, or other valuable ores" with a "brief description

of the lands to be offered."
3 This implied a classification of lands by

scientific methods as to suitability for agriculture or mining, and the

reservation of the mineral lands for special sale. Jackson himself felt

that a geological survey might be useful for giving the public in-

formation, but for the government to use it as a basis for land policy

would "most seriously embarrass ... the settlement of newly ac-

quired territory."
4 On Jackson's resignation in 1849, the survey un-

der J. W. Foster and J. D. Whitney completed an extensive series of

geological studies of the region.
9

After 1850 this beginning at scientific land classification dwindled

away as the various new states began surveys of their own territory.

Mississippi in 1850, Illinois in 1851, California in 1853, Missouri in

1853, Wisconsin in 1853, Iowa in 1855, Arkansas in 1857, Minnesota

in 1859, captured the geology of their regions from the federal gov-
ernment. Owen himself entered the service of Kentucky. Thus a

potentially important movement toward the use of science as a regu-
lar basis of public policy decisions was temporarily checked.

The Army in the Trans-Mississippi West

The great theater of action in the West lay beyond the organized

territories, where the Army was both occupying new regions and

attempting to control those already won. In the Topographical Engi-
neers it had at hand a trained body of officers to command expeditions

and to make the surveys and astronomical observations necessary for

accurate mapping. Among the earliest and most famous of these Far

Western expeditions by the Topographical Engineers were those of

Fremont, who set out to examine the route of the Oregon trail until

he linked with Wilkes's survey of the Columbia River region.
7 But

Fremont attempted to keep up with all departments of science by
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himself geology and natural history as well as topography and

astronomy.
The more usual practice, and one that yielded much greater re-

sults, was to depend on the surgeons and on civilians for the geology
and the collections of plants and animals. The expeditions varied

greatly in organization, mission, and quality of scientific results, but

taken together they add up to an impressive picture of the nature and
resources of the trans-Mississippi West. These collections were the

raw materials that Spencer F. Baird at the Smithsonian turned into a

real National Museum. By encouraging naturalists, getting them

places on expeditions, furnishing them with equipment, in some cases

making small grants, and above all by receiving and studying the col-

lections, Baird with the cooperation of a few other strategically placed
scientists welded the separate expeditions into the scientific conquest
of half of the continent. He was tireless in working both with col-

lectors and with the officers themselves. "When Capt. Marcy comes

on," he wrote to Captain George B. McClellan, "I will endeavor to

inoculate him with the Natural History virus." 8 Between 1850 and

1860 about thirty expeditions sent their results to the Smithsonian.9

Often the explorations took place as a part of regular army opera-
tions. The Mexican War, for instance, occasioned Lieutenant J. W.
Abert's examination of New Mexico and Lieutenant W. H. Emory's
reconnaissance from Fort Leavenworth to San Diego.

10 A more usual

occupation was the building of wagon roads.11 Although in the later

1850*5 some of these were under control of the Interior Department,
the Topographical Engineers did all the important surveying. Large
collections were often made as well. Other expeditions investigated

the possibility of artesian wells along the thirty-second parallel, the

navigation of the Colorado in steamers, and the locating of lands for

the Indians of Texas.12

As one example of this exploring activity, a typical expedition

was that of Lieutenant G. K. Warren, who was to find the best route

from the Missouri River to South Pass, to explore the Black Hills, and

to examine the Niobrara River with an eye to opening a road between

Fort Randall and Fort Laramie. The appropriation of $25,000 came

under the head of those "for surveys for military defenses, geographi-
cal explorations and reconnaissances for military purposes."

13 War-
ren could hire a topographer, an assistant topographer, an astronomer,

a physician, a geologist with an assistant, and a meteorologist at sala-
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ries from $130 to $60 per month.

14 The geologist, F. V. Hayden, was

destined for a long career in the government service an example of

how the surveys were the great graduate schools for a whole genera-
tion of naturalists. In addition to the official reports covering climate,

physical geography, medicine, geology, paleontology, botany, mam-

mals, birds, fishes, reptiles, and molluscs, the expedition collections

were the basis of fifteen articles in various society transactions.
15

Diplomatic expansion westward also provided opportunities for

the soldier-civilian teams of scientific explorers. The Mexican Bound-

ary Survey resulting from the treaty of Guadalupe Hidalgo in 1 848
had parties in the field for several years. Although the experiment of

a civilian commissioner was tried, a topographical engineer, Lieutenant

W. H. Emory, who had served as astronomer, pushed the survey to

completion.
Because of the delays and confusions of authority in the early

years of this survey, an extraordinary number of naturalists, some-

times rivals, got into a new region and underwent an arduous appren-

ticeship. Thus the Mexican Boundary Survey proved unintentionally

preeminent in training the rather peculiar equivalents of graduate
students. A collector had to know some science and also know how
to live on the frontier, an incompatible combination which attracted

and produced strange men. C. C. Parry, Charles Wright, and John M.

Bigelow, all of whom collected plants in the Boundary Survey, were

sui generis, equally unlike civilized botanists and ordinary frontiers-

men. Later and more efficient, the Northwest Boundary Survey made

a less interesting scientific record.16

The great efforts of the decade of the 1 8 jo's, in which the soldier-

civilian teams operated on the largest scale and with the greatest effi-

ciency, were the famous railroad surveys seeking a transcontinental

route. With an appropriation of $150,000, Secretary of War Jefferson

Davis sent out expeditions along six potential routes from the Missis-

sippi to the Pacific. The forty-seventh parallel just below the Cana-

dian border was the northernmost, with the thirty-second parallel

west through Texas and along the Gila River the southernmost.17

Davis instructed the parties to "observe and note all objects . . .

which have an immediate or remote bearing upon the railway, or

which might seem to develop the resources, peculiarities, and climate

of the country." He emphasized topography, meteorology, magnetic

surveys, geology, zoology, botany, and statistics of the Indian tribes.
18
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In instructions and organization these surveys followed the patterns

already laid down.19

In one sense the railroad surveys were a failure. The driving force

behind them was the bitter sectional conflict in which both North and

South were seeking advantage by securing the terminus of the trans-

continental railroad which everyone envisaged. Some conciliators

had the hope that the surveys by scientific methods could solve a prob-
lem muffed by politicians and businessmen. No clear-cut answer of

the superiority of a northern or a southern route emerged from the

reports. Amid all the statistics of grades, timber, and water supply it

was clear that the country could build a railroad originating in either

section if it were willing to pay for it. Hence the decision went right
-

back to the embattled politicians. The Topographical Engineers
could not make basic policy decisions for Congress.

In a less spectacular way the railroad surveys were a marked

success. The scope, covering the whole West, and their simultane-

ous execution gave a great body of fairly comparable data on a whole

empire. The entire process from collecting to publication took only
about seven years. In contrast to the Wilkes expedition, the twelve

giant volumes of reports appeared promptly, the various sections

bearing the names of the best civilian specialists in the country. Edi-

tions, printed in large quantities, circulated the results widely to the

scientists, both at home and abroad, who could use them. To the stu-

dent of the flora, fauna, and geology of the West, the volumes still

seem as live and as important as they seem futile to the political his-

torian.

Overseas Exploration

Just as American expansion overseas in the iSjo's was a part of

the same general movement as the push westward, the exploration

of distant lands was closely related to the scientific activity in the

continental territories of the United States. Naturally the Navy, fol-

lowing the pattern of the Wilkes expedition, played a predominant

role, but the problems and even the personnel were often much the

same as those working in the West. For instance, the greatly height-

ened interest in the various possible routes for either railroads or canals

across Central America after the gold rush stemmed from the very

same sources as the desire for a transcontinental railroad.

Alexander von Humboldt had postulated as a necessity for the
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building of an interoceanic canal a thorough exploration of all pos-
sible routes, using similar methods to gather comparable data.20 Al-

though this condition was not met until the iSyo's by the Navy De-

partment, the government made some efforts in the 1850'$ to get accu-

rate information on the various routes. In 1856 a cooperative expedi-
tion under Lieutenant Nathaniel Michler of the Topographical Engi-
neers and Lieutenant T. A. Craven of the Navy examined a route

for a canal between the Atrato and Truando Rivers, just where the

Isthmus of Panama joins South America.21 In 1860 the Navy examined

the Gulf of Chiriqui both for a coaling station and as a terminus of a

railroad. The geologist who went along, John Evans, was a veteran

of the railroad surveys.
22
Although these efforts were small compared

to those of private concerns in the area, they were part of the Ameri-

can dominance in surveying that laid the basis for the American engi-

neering triumph in Panama.23

The demands of commerce and communications which called at-

tention to Panama also sent Americans into other areas. Lieutenant

W. F. Lynch, U.S.N., leading an expedition to the Dead Sea in 1847,

collected geological, zoological, and botanical data as well as making

topographic and hydrographic observations. Lynch saw the Middle

East as strategic for world trade with the coming of steam.24 Similar

views seem to have motivated his reconnaissance of the coast of West

Africa in 1 85 3.
25

South America attracted a good deal of attention. Perhaps most

revealing of the forces behind American overseas imperialism in the

1850'$ was the exploration of the Amazon by Lieutenant W. L.

Herndon of the Navy. Under the sponsorship of his brother-in-law,

M. F. Maury, Herndon ostensibly sought to report on the navigabil-

ity of the river system and the possibilities
for commerce "waiting

for the touch of civilization and the breath of the steam engine."
26

But as a Southerner Herndon also dreamed of a slave and plantation

civilization transferred from the United States by "planters . . . who
. . . [looked] with apprehension (if not for themselves, at least for

their children) to the state of affairs as regards slavery at home." 27

Just as the railroad failed to settle a burning sectional issue in the

West, overseas exploration failed to discover a way out by a settle-

ment in the tropics. South America also attracted an expedition under

Captain Thomas J. Page, U.S.N., to La Plata River estuary between

1853 and i856.
28

The Naval Astronomical Expedition to Chile was more strictly
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scientific in motivation and more considerable in its results. The im-

petus came from the American Philosophical Society and the Ameri-
can Academy of Arts and Sciences, both of which recommended
astronomical observations in the Southern Hemisphere.

29 The pri-

mary object was to determine the sun's parallax by observations of

Venus and Mars from stations in both northern and southern lati-

tudes. Lieutenant James M. Gilliss was the real instigator of the enter-

prise. Forced to make a career for himself outside the Naval Observ-

atory he had done much to create, he lined up support and coopera-
tion for the expedition in Europe as well as in trie United States.

Spending four years in Chile, he extended the range of inquiry far

beyond his primary purpose. Besides working on observations for a

catalogue of stars visible from the Southern Hemisphere, he also di-

rected the collection of data on earthquakes, weather, magnetism,
and natural history. These results did much to redeem the expedition,
for the observations of the planets were compromised by the failure

of the home observations.30

In the Far East, science also rode along with expanding American

commerce. Japan had long been closed to Western science as well as

trade. Commodore Matthew C. Perry, almost alone of the high offi-

cers of his day, saw his mission to Japan as a sensitive one in which

security was important. Accordingly he breasted the general practice
of the services to exclude all civilian scientists. He felt his expedition
was "not scientific, but naval and diplomatic; to attempt both would

probably be to succeed in neither." He could not see civilian scientists

under naval discipline, thought they would take up too much space
for quarters, and feared their correspondence would reveal secrets

to his rivals, especially the Russians. This attitude was reinforced by
another, the desire to make naval officers as proficient in science as

the Topographical Engineers of the Army. He wanted them to record

facts, even if "they might not always, in their early efforts, be able to

account philosophically for what they saw." 31 Thus Perry was at

once the hardest enemy of civilian specialists and the warmest friend

of science in uniform that the Navy produced before the Civil War.

Ironically, the pattern of civilian-military cooperation in exploration

was so strong that despite the commodore's orders the botanical col-

lections, among the most significant made on the expedition, came

from civilians who had managed to go along. Back in the United

States, their publication found civilian channels.32

Closely following Perry's visit, Secretary of the Navy John P.
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Kennedy, who was an enormously energetic friend of science, sent

the North Pacific Exploring Expedition to Asiatic waters. A bota-

nist and a zoologist selected by the Smithsonian Institution went along,

outfitted with "nets, kettles, dredges, etc., amounting to near $2,000,

all of which were authorized and paid for without flinching. They go
much better prepared than the old expedition (Wilkes) , although with

few hands." 33
Formally, the expedition's instructions called for a

survey "for naval and commercial purposes" of the Bering Straits

and the ports of the North Pacific Ocean and China Seas frequented

by American whaleships and by trading vessels. Kennedy more rhe-

torically wrote the commander that the expedition was "not for

conquest but discovery. Its objects are all peaceful, they are to extend

the empire of commerce and science; to diminish the hazards of the

ocean." 34 After a bad start Cadwallader Ringgold, a veteran of the

Wilkes expedition, had to be relieved by Captain John Rodgers. This

distinguished and intelligent officer was careful to give to the secre-

tary of the Navy the names of Bache, Agassiz, C. H. Davis, and

Maury as references for his fitness to command.35 The good work

done by the expedition has necessarily suffered from the fact that

the Civil War stopped the preparation of an official report, and only
scattered papers carried its results before the scientific public. One
of these, however, by clarifying the relations of the flora of Japan
with that of eastern and western North America, was a pioneer work

in the new science of dynamic plant geography and the first major
scientific publication in America to bear directly in favor of Charles

Darwin's theories.
86

By going through Bering Straits Rodgers engaged briefly in

Arctic exploration as the Wilkes expedition before him had penetrated
the Antarctic. But in general, polar exploration by Americans in the

1850'$ followed a somewhat different pattern from the dominant type
of expedition that flourished elsewhere. The pressing and immediate

need for expeditions to the far north came from the disappearance
of Sir John Franklin. During the ten years after 1847 forty search

parties combed the regions north of Canada in search of the British

ships.
37 The American government, for all its experience in exploring,

proved ill-adapted to the quick action necessary for a relief expedi-

tion. When Lady Franklin appealed to President Zachary Taylor,
he could only spread the news of British rewards and ask Congress
for an appropriation.

38 Had government effort been the only possi-
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bility,
the year 1850, very late for any real hope of finding any of

Franklin's party alive, would have gone by without action. But the

merchant Henry Grinnell put up the money for two small ships which
the Congress accepted for the Navy by joint resolution. The com-
mand went to Lieutenant E. J. De Haven, who had accompanied
Wilkes.39 Thus began an enduring pattern of government participa-
tion by providing military personnel but excluding ships and equip-
ment. Science appeared here as a secondary object. For instance, the

expedition had some idea of testing Maury's theory that beyond a rim

of ice lay an open polar sea. Perhaps the greatest accomplishment of

the expedition was the introduction^ its surgeon, Elisha Kent Kane,
to the Arctic.

In 1853 Kane headed his own expedition, again under navy
orders, and with the private support of Grinnell and George Pea-

body. The Geographic Society of New York, the American Philo-

sophical Society, the Smithsonian, Bache of the Coast Survey, and

Maury of the Naval Observatory, all helped. By early 1855 it was
clear that a relief expedition would be necessary an expense which

Congress shouldered. In a harrowing retreat over the ice Kane gave

high priority to his records. His results led Bache to remark that "Dr.

Kane appreciated highly all the relations, direct and indirect, which

science has to an exploring expedition."
40
Through Kane's surgeon,

1. 1. Hayes, who returned to the Arctic in 1860, and through Charles

F. Hall, the American exploring activity in Arctic regions continued

in a trickle into the post-Civil War period.
In all their variations in organization and results, the exploring

expeditions of the 1840*5 and iSjo's had certain common features.

They were almost always military in organization and command.

They almost always depended upon civilians either at the Smithsonian

or elsewhere for working up and publishing the results. Although

showing continuity in personnel and purpose, they were usually ad

hoc missions, flourishing for a while and then vanishing.

Together the explorations were an area of activity in which the

federal government found a steady scientific occupation where its

participation was indispensable. They made up the great bulk of the

research carried on and paid for before the Civil War. They reflected

the needs of the basic forces of commerce and westward expansion

that dominated the period economically. They largely determined the

sciences to be encouraged by the government. Astronomy, hydrogra-
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phy, terrestrial magnetism, meteorology, topographical mapping, geol-

ogy, botany, zoology, and anthropology were the exploring and col-

lecting sciences, the ones that received government support in the

period. Sciences in which laboratory work predominated, where dis-

coveries were made in test tubes rather than in distant mountains,

were notably absent from the federal government's interest. And the

Coast Survey the organization for domestic exploration inherited

from the Jeffersonian past felt the same forces and developed the

same sciences as the trans-Mississippi and overseas explorations.

The Coast Survey under Bache

When Alexander Dallas Bache took over the Coast Survey on the

death of Hassler in 1843, he found it in theory an ad hoc task which

was permanent only in that completion seemed to most congressmen
to be impossibly far in the future. Hassler's regime left to him im-

portant assets a truly scientific approach to the problem, a tradition

of civilian control in a civilian department, a coupling with the weights
and measures problem, data on a small stretch of the coast, a body of

officers in both the Army and the Navy trained in the work, and an

annual appropriation which against continuous opposition had reached

the order of $100,000. The redoubtable Swiss had also left a reputa-

tion for extravagance and lack of results that had kindled the enmity
of economy-minded congressmen.

Bache, being at once a capable scientist in civilian life, a graduate
of West Point, and a familiar in high political circles, was admirably
situated to make the Coast Survey a "triple organization" which

"brings the scientific and practical training of civilians and of officers

of the army and navy to its aid."
41 He used a small number of army

officers, topographical engineers when he could get them, for triangu-

lation work on land, and a larger group of naval officers in hydro-

graphic work offshore. The civilian element provided
u
a more perma-

nent nucleus . . . than the wants of either the military or naval ser-

vice could yield." For "concert of action" he relied on "a central

authority, the department in which matters pertaining to the trade,

commerce and navigation of the country centre."
42 This meant

civilian control under the Treasury Department.
Mindful of the criticism that had hampered his predecessor, Bache,

after biding his time for a year, divided the Atlantic and Gulf Coast

into eight sections and placed parties in all of them simultaneously. In
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addition to gaining support from congressmen of all the coastal states

both on the Atlantic and the Gulf, Bache could turn out immediately
useful charts much more rapidly. He himself admitted he could ex-

pand in this way only because colleges and West Point "had been

pouring out educated men . . . The science of the country was alto-

gether upon a different level in 1845 from what it was when the sur-

vey was proposed in 1807, or when it was commenced in i8i6." 43

The increased number of parties also took more money, and Bache

proved a master in relations with Congress.

By explaining technical terms clearly, stating his needs and how
he intended to use his money, by playing up projects of immediate

usefulness, Bache avoided petty irritation of legislators' tempers.

Watching closely the propensity of Congress for economy, he con-

tinually presented statistics to show that the Survey "not only fur-

nishes accurate scientific details and practical results, but it affords

them at a very moderate cost."
44 He was careful to cultivate congress-

men from inland districts, some of whom proved willing to get

publicity into the newspapers for him.45 Through the new American

Association for the Advancement of Science he mobilized scientific

opinion in his behalf and used it
skillfully.

46 His extensive personal

friendships made it easy to mold opinion among scientists and to shape
a common course with Joseph Henry.

Bache needed all this diplomacy, for, besides chronic attempts to

cut his salary and his appropriation, enemies in Congress again made
a determined effort to give the Navy control of die Survey. The
ostensible and oft-advanced reasons were the large use of the Navy's

personnel and ships as well as its lively interest in the hydrographic
side of the results. In 1851, for instance, eleven army officers were

assigned to the Survey while as many as sixty-six naval officers were

serving.
47 With Annapolis in its infancy, the Coast Survey was still

the real counterpart of West Point in giving naval officers advanced

scientific training. Bache could answer the arguments by citing the

high turnover of naval personnel, the need of operations on land as

well as on sea, and the need of a civilian "permanent nucleus."

But the real drive for navy control arose out of the fact that the

growing Western and overseas explorations were under military con-

trol and appropriations. Since the standing military establishment cost

the government in these years more than all civil and miscellaneous

appropriations combined, it seemed attractively simple to let the
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Navy, whose equipment and officers had to be paid for whether used

or not, do the work, thus eliminating a conspicuous item from the

civil expenditures. Senator Thomas Hart Benton, for instance, who
considered the Survey a sop to the commercial interests anyway,
claimed that the shift would save $400,000 annually.

48 The friends of

Bache, led by Jefferson Davis in the Senate, answered that to maintain

the Survey at its present efficiency no saving would be possible in the

Navy, which had failed miserably in the 1820'$. Denying that civilian

control reflected on the capacity of military officers, they pointed to

the advantages of a chief who was neutral between the two services.

With scientific support from the AAAS, Bache managed to weather

the storm. By preserving civilian control he maintained the Coast

Survey with a continuity and a relative permanency that the explora-
tions to which it was so closely akin were unable to achieve.

The Coast Survey's tendency toward permanence received en-

couragement from territorial expansion. Bache, who continually had

to answer the question of when the Survey would end, pointed out

that Texas had added two years. "Since then Oregon has been made
a territory, and California acquired, and thus the limits of our coast

have been greatly extended, and ... the importance of the survey
has greatly increased." 49 He lost no time in getting operations under

way on the Pacific coast, producing preliminary sketches by i85o.
50

Amid charges in Congress that the Survey was creating a "new corps
of officers" responsible to the Treasury Department and that idle

employees had used government ships as hotels and "headquarters
for frolicking," Bache's friends were able to get through an addition

to the appropriation to take care of the increased operations on the

West Coast.
51

Besides the simple geographical extension, the Coast Survey
moved beyond its narow functions of chart-making to a wider range
of scientific inquiries. Bache saw that the practical studies necessary to

make the Survey accurate had broad implications. His own specialty,
terrestrial magnetism, he considered "eminently . . . practical . . .

though reached by a scientific discussion which seems to pass beyond
the bounds" of applied science. Even with this emphasis he claimed

that the Coast Survey table for magnetic variation was "one of the

contributions to general physics."
52

Thus, while never losing touch

with its practical mission, the Survey energetically developed tech-

niques and explored phenomena of basic scientific interest. Magnetism
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became a continuing study.
53
By 1858, 103 stations were spread over

the Atlantic, Gulf, and Pacific areas.
54 The advantage of civilian per-

sonnel is illustrated by the career of Charles A. Schott, who served in

the computing division of the Survey for 52 years beginning in 1848,

contributing much to the science.55

When Bache inherited the office of superintendent of weights and

measures from Hassler, he continued the distribution of standards and

also carried out experiments on the accuracy and construction of

standard bars.
56 The Coast Survey thus kept alive a continuing tradi-

tion concerning a subject explicitly provided for in the Constitution.

Accurate measurement of time was also a legitimate interest of the

Survey. The telegraph obviously had possibilities for the simultaneous

comparison of chronometers in widely separated places. This finally

provided the basis for accurately determining longitude, a classic

problem of navigation and surveying. Sears C. Walker of the Survey,

coordinating the private efforts of several scientists, worked out the

mechanical and organizational details necessary to put the telegraph
to this use. He even made experiments on the human factor involved

in observing and recording signals.
57 The progressive, experimental

temper of the organization in seeking improved tools also showed

itself in demands for steam surveying vessels and in the application of

photography and electrotyping to the production of charts.
58

Since astronomical observations are the raw materials for an ac-

curate survey, Bache took a steady interest in them. He tended to

look for his astronomy, however, not to the Naval Observatory under

Maury, but to Harvard College, where Professor Benjamin Peirce

served as the Survey's consultant. When Benjamin Apthorp Gould

became head of the longtitude department of the Survey, he made his

headquarters at the Harvard Observatory. Cambridge thus became a

center of astronomical research in the 1850'$ in part because of Coast

Survey support. Harvard, although still primarily a college, was

beginning to develop research facilities in a few departments. The

strong personal and scientific ties established between Bache in Wash-

ington and Peirce and Gould in Cambridge made an axis of power
within the scientific community.

In other ways the Coast Survey scientists showed vision and

energy in attacking problems that came in their way. They worked

out the pattern of tides in the Gulf of Mexico.59 In the Atlantic they
extended their interest sufficiently offshore to include the Gulf
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Stream, which was fairly definitely in the Navy's sphere.
60 Bache

enlisted the greatest microscopist of the day, Professor Jacob Whit-

man Bailey of West Point, to study for organic remains samples of

sea bottom collected on the Survey.
61

Later, Louis Agassiz became

an adviser on these studies. This enthusiastic newcomer, who stirred

up activity in every organization he touched, soon extended his work

for the Survey to the origin, growth, character, and probable future

progress of the coral formations of the Florida keys.
62 Hence biologi-

cal research developed out of the Survey's mission.

While its tendencies in the direction of basic research never got

completely away from the practical business of the Survey, they were

sufficiently extensive to give some validity to the claim that this poten-

tially perfunctory operation was in reality the general scientific

agency of the government. Bache's personality, his ties with Cam-

bridge and with the Smithsonian, aided its preeminence. In sheer size

if nothing else the Survey dominated the scene. Its appropriation for

1854, which so dwarfed the Smithsonian, was $489,537.20, the highest

single one but not atypical. The appropriation in 1853 was nearly

three times that for the railroad surveys. In the two years 1854 and

1855, Congress made available more money than the Wilkes expedi-

tion cost in four years' operation.
63 Before the Civil War the Coast

Survey was the best example of the government in science.

Two important handicaps kept the Coast Survey from becoming
a fully developed national scientific institution. In the first place, for

all the continuity of policy and personnel, and even though its job

lay swelling in front of it to give an illusion of permanency, the Sur-

vey remained in theory an ad hoc enterprise. If the day ever came

when Congress considered that the coasts had been adequately

mapped, the Survey's reason for existence would vanish. This dis-

tinction, academic as it was in the 1850*5, tended to discourage the

development of the long-range objectives that are necessary in

planning scientific policy. In the second place, by being tied to a

specific mission, the Survey, however deeply it went into theoretical

aspects of the science within its scope, could not easily break out into

disciplines that had no connection with its work. All the sciences

taken up by the Coast Survey were for obvious reasons on the list of

those stimulated by the exploring expeditions. Astronomy, topog-

raphy, hydrography, and terrestrial magnetism received most em-

phasis, with a minor measure to meteorology and natural history. As
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with the expeditions, the laboratory side of science received little

encouragement.
Thus several of the general tendencies recognized elsewhere

emerge in the history of the Coast Survey. A temporary agency tended

to become permanent. A practical agency tended to go into the theo-

retical aspects of the sciences it used. However, even when great

generality was reached in this trend, a practical agency did not wander

through those scientific disciplines too far from its area of primary

responsibility. Finally, the expansiveness of an agency depended

largely on the quality, drive, and continuity of its leadership. The
Coast Survey, under two chiefs for the sixty years from 1807 to 1867,

reached its pinnacle of influence under Bache.

The Naval Observatory and the Nautical Almanac

The history of the Naval Observatory from 1842 to 1860 is a

contrast and also a complement to that of the Coast Survey. The

Navy's Depot of Charts and Instruments, which became in fact a

naval observatory in 1842, moved into its new building in 1844. It

was more than the Coast Survey in that it was tied to no single project
which would some day be completed. It was less than the Coast

Survey in that it had no clear mission or even existence in the statutes,

which allowed its program to swing through a rather wide arc accord-

ing to the whim of its director. GilHss had been an astronomer pri-

marily, who had made both his and the institution's mark with the

home observations of the Wilkes expedition. Matthew Fontaine Mau-

ry, who took over in 1842, not only had different interests but also a

great intensity about his ideas.
64

A Southerner and an officer who had distinguished himself largely

by his anonymous but trenchant criticisms of the Navy, Maury in

1842 turned his attention to the oceans rather than the heavens. His

great discovery was that the ships, always making their way around

the world, provided a ready-made corps of observers, with ships' logs

past and present as a continuous record of the face of the sea. He
shifted the main emphasis of the observatory from astronomy to col-

lecting and collating data on winds, currents, and the nature of the

ocean generally. Out of this grew a world view of meteorolgy, the

first comprehensive picture of the currents of the ocean, and a new

organization to the science of marine physical geography. He issued

six series of Wind and Current Charts Track Charts, Trade-Wind
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Charts, Pilot Charts, Whale Charts, Thermal Charts, and Storm and

Rain Charts. Accompanying these he published Sailing Directions,

expanding with each edition, which translated the new information

into practical guides by which a mariner could choose the most

favorable route.

Quick to see that Navy ships were few in number, Maury made

a firm alliance with the merchant owners and captains, trading his

publications for logs kept on a standard form. Since this was the

heyday of the clipper ship and the American merchant flag on the

high seas, since the passage around Cape Horn to California was,

after the gold rush, a national route, Maury's directions paid off in

cash to the merchantmen. By 1848 ships using his instructions made

Rio de Janeiro in 35 and 40 days as compared to a former average of

55. By 1855 he had reduced the time of passage from New York to

San Francisco from 180 to 133 days. Maury could take some of the

credit for the Flying Cloud's record of 89 days and 21 hours.65 Such

figures broke through even to the consciousness of the President of

the United States,
66 an official who usually paid little attention to

science in these years. Maury's hydrographic work paid off in an

equally spectacular way when he advised Cyrus Field on a path for the

transatlantic cable.

By 1851 Maury began to work on a universal system of meteoro-

logical observations, leading up to an international Congress at Brus-

sels in 1853. Here he achieved the adoption of a universal abstract log

and established cooperative relations with such European scientists

as the great statistician, L. A. J. Quetelet. Among the commercial na-

tions of the world, at least, Maury may well have been the most

famous of American scientists. In a measure this fame has continued.

A note at the top of each chart issued by the Hydrographic Office

crediting Maury's research is a kind of living monument.

One group, however, that had little use for Maury was the Ameri-

can scientific community. The impartial Joseph Henry, who made a

policy of stretching the meager Smithsonian funds by cooperating
with everyone possible, came into direct conflict with Maury over

meteorology. The Navy man wished to extend his observations in-

land, especially to include the Great Lakes, where the Smithsonian

had the cooperation of a Topographical Engineers' survey under

Lieutenant George Gordon Meade.67
Although Maury was never

able to carry his system of observations inland, using farmers in place
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of sea captains, his failure to cooperate with the Smithsonian kept

Henry from coordinating all the meteorological work that had sprung

up in several branches of the government.
With the Coast Survey Maury's relations were much slighter

than would be expected from their community of interest. The
astronomers in Bache's organization were especially bitter, feeling that

Maury in replacing Gilliss had stifled their science at the observa-

tory.
68 The American Journal of Science had precious few references

to Maury's work, and those few stressed the belief that some of his

theories were "unsustained by facts."
69 In 1858 James D. Dana, editor

of the Journal, wrote to Bache, "Where is the review of Maury that

Gould was to furnish us? ... I should like to have his theories sifted

in an article in the Journal, and the chaff shown up. The only restric-

tion I suggested . . . was that it should be scientific instead of per-
sonal."

70 Thus the network of friendship centering on Bache depre-
cated Maury and his works.

The isolation of Maury from the rest of the scientific community
both in and out of the government accounts for the way in which the

Nautical Almanac emerged. The idea of an astronomical almanac for

the use of mariners was at least as old as John Quincy Adams's time

and was tied to the same nationalistic motive that had led to early

work on an American prime meridian. The avowed aim of an Ameri-

can publication was to outdo in accuracy and convenience the British

Nautical Almanac. When Congress made provision for one in 1849

it was in a paragraph dealing with the Hydrographic Office, adminis-

tratively part of Maury's Observatory. However, the wording made

possible the setting up of a separate office directly under the secretary

of the Navy, and the personal connections and the ability of the first

appointee emphasized its independence.
71

Lieutenant Charles Henry Davis, the first head of the Nautical

Almanac, was an officer who had utilized the long years ashore which

marked every naval career at that time first to get a Harvard educa-

tion and then to get a great deal of scientific experience with the

Coast Survey. By the late 1840'$ he had become an intimate friend

and trusted subordinate of Bache. He was also the brother-in-law of

the Harvard mathematician and Coast Survey consultant, Benjamin
Peirce.

72 Thus when he set up headquarters for the Nautical Almanac

he chose Cambridge, Massachusetts, instead of Washington. Although

formally correct relations with Maury prevailed, the affectionate and
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continuous intercourse with astronomers necessary for a good alma-

nac took place with the Harvard Observatory, where the Coast

Survey work on longitude was going on. Benjamin Peirce, already

working for the Survey, became chief mathematical consultant of the

new work. Benjamin A. Gould also appeared on the payroll.
73 This

arrangement, besides interlocking the Nautical Almanac closely with

the Coast Survey, emphasized the role of Harvard as a center of gov-
ernment scientific work and the position of Peirce as expert adviser

from the academic world. The publication itself, which first appeared
in 1852, was an outstanding success, continuing to the present. It

established the government as the proper and most efficient source

of scientific publications for the navigator. After the Civil War the

Navy absorbed the two classics of the field which had earlier been

published privately Nathaniel Bowditch's Practical Navigator and

Blunt's Coast Pilot.

With the rise of the Naval Observatory and the Nautical Almanac

headed by regular officers of the line, the Navy faced a problem on

how much scientific attainments would weigh in the scales of pro-

motion. Maury was still a lieutenant in 1855, a^ter *3 years at the

Observatory, when a selection board put him "on leave of absence

pay," which cut his salary and froze his rank.74 In the popular outcry
and congressional debate that followed, the naval affairs committee

of the Senate proposed a scientific corps of one captain, two com-

manders, ten lieutenants, and seven masters who would rank with

other officers but exercise no command.75 These officers would be

free to develop science in a concentrated way and would staff both

the Observatory and the Nautical Almanac. But congressional oppo-
sition was ready with arguments against those who are "officers and

not officers" at the same time. One senator felt the Navy could find

"men much higher in science" outside the service and should hire

them rather than maintain a "corps of savans." 76
Although the Senate

rejected the proposed corps, pressure for Maury and others was so

great that he was restored to the active list and promoted to comman-

der. He stayed at the Observatory until 1861, when he went over to

the Confederacy. In the fall of 1856 Davis left the Nautical Almanac

for a sea command to protect his place on the active list.
77 Thus the

Congress faced for a moment the problem of a close relation of naval

officers to science and decided instead in favor of well-rounded pro-

fessional competence as the prime measure of an officer in all cases.
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The budding specialization demonstrated by the Observatory and the

Almanac had raised a fundamental problem, but adjustments to meet

it were far away.

Meteorology and Agriculture

Persistently cropping up among these activities in the 1850'$ was
the reporting of weather data. Although often simply a recording of

facts, meteorology became potentially a new science with the inven-

tion of the telegraph. Immediate communication of data gathered
over a large region made possible both predictions and the formulation

of a theory of storms. The necessity for widespread observations al-

most irresistibly suggested that the federal government take a hand.

Efforts in the surgeon general's office, the Smithsonian Institution, the

Patent Office, the Topographical Engineers in the Great Lakes Sur-

vey, and Maury in his worldwide observations on the high seas show

the interest that the subject could arouse. In addition, James F. Espy,
who was working on storms for the American Philosophical Society
and the Franklin Institute as early as the 1830'$, came to Washington
in 1842 hoping to become the national meteorologist. This "Storm

Breeder" was at times attached to the Navy as a professor of mathe-

matics and to the surgeon general's office in the Army. In some form

or other his friends in Congress managed to appropriate $2000 for

him each year until 1859. Espy developed a network of observers and

also published extensively on the theory of storms.78

Thus with meteorology the government faced for the first time a

situation where coordination among existing groups was obviously
the most acute need. In his ambition to bring together this whole

complex of activities, Henry at the Smithsonian was undertaking a

timely and important work. His success, however, was limited by his

inability to devote much money to the project and by the partial

escape from his influence of Espy and Maury. Although Espy's name

appears often in the Smithsonian reports, he himself attached little

significance to Henry's aid and instructions.
79 When Congress refused

the inland extension Maury wished, he charged that the "Smithsonian

Institution and the Agricultural Bureau of the Patent Office stole this

idea and attempted to carry it out, but with what success let silence

tell."
80 Thus coordination of weather work under the Smithsonian

was far from complete, and Henry, with his usual stern self-denial,

eventually advocated an independent meteorological department in-
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side the government.
81 Such an agency became a reality only after

the Civil War.

In terms of the economic interests of the country, the exploring

and surveying activities so extensively supported by the federal gov-

ernment told almost entirely in favor of commerce. A counterde-

mand for scientific aid to agriculture was the natural response to such

a one-sided program. In a diffuse way such ideas went back to the

Pinckney plan in the Constitutional Convention, to the abortive

American Agricultural Society of the 1790^, and to the energetic

if random activities of statesmen-farmers such as Washington and

Jefferson. By John Quincy Adams's time this activity took the form

of circulars to government representatives abroad and lengthy inves-

tigations of the silk industry.
82 The common purpose of all such efforts

in this period was to import either from Europe or from some recently

explored land either a new breed or an entirely new crop which

would put money into the pockets of American farmers. In its ex-

treme form this hope amounted to the search for a panacea. At the

time of their settlement the colonies had built their economies largely

around plant and animal introductions,
83 and the great expeditions of

the nineteenth century encouraged the hope that new crops of un-

precedented yield would be found to succor the worn-out areas of

the eastern seaboard.

Outstanding in the search for new agricultural products was

Henry Perrine, U. S. Consul at Campeche, Mexico, from 1827 to

1837. Taking advantage of John Quincy Adams's circular letter, he

flooded the State, Treasury, and Navy Departments with reports of

tropical plants of medical and economic importance. In 1832 he pro-

posed a station in Florida to work on the naturalization in the southern

United States of chocolate, coffee, tea, sisal, and plants producing a

wide variety of other tropical products. He hoped that these would

revitalize the areas of the Southeast, ruined and then abandoned by
cotton and tobacco farmers. By 1838 Congress had granted him a

township on Biscayne Bay, but before he could produce any results

he was killed in the Seminole War.84

When Henry L. Ellsworth became commissioner of patents, he

almost immediately moved to make the Patent Office a central clear-

ing house for plants, seeds, and agricultural informarion. He claimed

that for "commerce and manufactures, much has been done; for agri-

culture, the parent of both, and the ultimate dependence of the nation,
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much remains to be done,"
S5 but this activity stemmed more from

Ellsworth's personal interest than from its tenuous connection with

the patent law. In 1838 a bill suggested by Ellsworth to appropriate

$5000 for a seed depository and an agricultural clerk in the Patent

Office failed in Congress. The appropriation act of the next year

granted $1000 from the Patent Office fund for statistics and other

agricultural purposes. Most of this was used to distribute seeds free

to farmers some 30,000 packages in i840.
86 This practice, while

pleasant both for farmers and for their representatives in Congress,
did little to improve the quality of crops. Indeed, the disappointing
results of this enterprise extended to the vast quantities of plants and
seeds sent home by the burgeoning exploring expeditions of the

1840*5 and 1850*5. However much they added to the knowledge of

botany, they put few dollars into the pockets of farmers. No revolu-

tions occurred, and few glimpsed the amount of complex experimen-
tation necessary to select varieties that would really prove beneficial

No scientists of the day, much less any clerk in the Patent Office, had

the knowledge at his command to make the program a genuine suc-

cess. Nevertheless, the collection and distribution of seeds remained,

like efforts to introduce silkworms and tea plants, a prominent part
of the agricultural program of the Patent Office until the Civil War.

Ellsworth's large plans, however, included two strains of science

that had little to do with the exploring activities of the government.
One was the gathering of statistics on the country's agriculture, a

necessary prelude to dealing with problems on a large scale. Statistical

methods, while long used in astronomy and certain governmental

operations, were only in the i84o's finding widespread use in the

social and economic sphere in the hands of men such as Quetelet. Al-

though part of this new interest concerned agriculture, so much had

to be done that the Patent Office had essentially a clear field up to the

Civil War. The report of the commissioner of patents for 1843 con-

tained a large amount of statistical information.87

More important was Ellsworth's call in 1841 for the application

of chemistry to agriculture. Chemical analysis approached more

closely the great problem of soil exhaustion than did importation of

new plants.
The timing was most important, for 1841 was the year

after the German chemist Justus Liebig's work, Chemistry in Its

Applications to Agriculture and Physiology, was published in Ameri-

ca. By placing the knowledge of the composition of soil on a chemi-
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cally sound basis and by connecting this with the nutritional needs of

plants, Liebig pointed to a general and direct application of science

to agriculture. More important than his actual scientific work was his

great ability and zeal as a publicist. His works carried the gospel of

soil analysis far beyond scientific circles. His laboratory at Giessen

became the mecca for young American chemists, who worshiped at

the feet of the master and then returned to preach the word to their

native land. The agricultural press went wild about soil analysis and

promised direct and easy results which could not possibly follow, so

that by 1860 a general disillusion prevailed about the immediate use-

fulness of soil analysis; but the larger validity of chemistry as a

weapon against soil exhaustion remained.88

John Quincy Adams, who declared that Ellsworth had "turned

the Patent Office from a mere gimcrack-shop into a highly useful

public establishment," attributed the stiff opposition to his program
to John C. Calhoun and other Southerners. Since Ellsworth was the

kind of supporter of science in the government of whom Adams

approved, he felt that the commissioner's leaving office soon after

Folk's inauguration was the result of iniquitous political pressure.
89

Although no commissioner of patents following Ellsworth showed

his driving interest, the annual reports continued to swell with agri-

cultural information along the lines he established. The agricultural

function slowly became differentiated and more definite. After 1844,

appropriations gradually increased to $5000 in 1850 and $10,000 in

1854. Between 1856 and 1862 they varied from $30,000 to $75,ooo.
90

At their peak these figures do not approach an average appropriation
for the Coast Survey. In 1848 Congress specifically granted $1000 for

"chemical analyses of vegetable substance produced and used for the

food of man and animals in the United States." After the shift of the

Patent Office to the new Interior Department in 1 849, a kind of agri-

cultural division was set up, headed first by a farm journalist named
Daniel Lee. He stressed the need for "institutions designed expressly
to develop new truths in agriculture." Under his successor, Daniel J.

Browne, also a journalist, reports continued to touch scientific sub-

jects for instance, the first entomological paper by Townend Glov-

er, which appeared in the Report of 1854. In 1858 a five-acre propa-

gating garden was laid out in Washington. The purpose was not ex-

perimental, but to serve as a place to grow plants for distribution

30,000 tea plants and 12,000 grapevines in 1859. ^n l 6o the personnel
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of the division included the superintendent, four clerks, a curator or

gardener, and some assistants.
91

The very inadequacy of the Patent Office program for agriculture
led to two movements outside it in the 1840*8 and 1850*5 toward a

more adequate federal agricultural establishment. As usual, the gov-
ernments of the several states were already active, granting bounties

to agricultural societies and appointing boards which sometimes had

close relations with scientists.
92 One great push in the federal gov-

ernment was for a separate agricultural bureau, and the other was

for a system of agricultural schools. Both Zachary Taylor and Millard

Fillmore urged a bureau, placing a good bit of emphasis on the im-

portance of chemistry.
93
By the middle 1850'$ the United States Agri-

cultural Society, a group whose aim was to secure the establishment

of some sort of national bureau, had given up the idea of doing any-

thing with the Patent Office and was agitating for a separate depart-
ment.94

Although nothing tangible happened before the end of Bu-

chanan's administration, the idea of a department had developed with

adequate political backing from pressure groups who had a general

understanding of the possible help science could be to the farmer.

The use of federal public lands to support agricultural and

mechanical colleges also became a practical and important proposal by
the middle 1850*5. Many schemes appeared in different parts of the

country. For instance, Jonathan B. Turner, a professor of Illinois

College, began a crusade for "Industrial Universities for the People"
and established the Industrial League of Illinois. The essential features

emerging from these plans were the donation of land instead of money

by the federal government, and the emphasis on practical agriculture

and mechanics, in the way advocated earlier by some of the memorial-

ists concerning the Smithson bequest.

In 1857 Justin S. Morrill of Vermont introduced a bill for land-

grant colleges into Congress. Against constant opposition, largely

Southern in origin and states' rights in argument, the bill struggled

through both houses by 1859, only to founder on the constitutional

scruples of President Buchanan, whose veto stood. Significantly,

Jefferson Davis of Mississippi, staunch friend of the Smithsonian and

the organizer of the railroad surveys as secretary of war, led the oppo-
sition in the Senate. A potential means of federal aid to agricultural

research thus had reached definite legislative form when the crisis

of the Civil War engulfed the nation. It is hard to avoid the conclusion
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that sectional strife held both the Department of Agriculture and

the land-grant colleges in abeyance in the late fifties, and that their

passage awaited only the release of the tension between North and

South.95

When in the fall of 1860 the election of Lincoln produced the

long-lowering storm, the United States still hesitated to embrace the

theory that the government should have a permanent scientific estab-

lishment. The concept of the Union as a federation of states was still

a powerful argument against a forthright commitment to the support
of science. Hence the Smithsonian Institution arose from an accident

and maintained an element of universality and independence. The

explorations and the Coast Survey were in theory temporary task

forces directed at specific goals. The Naval Observatory and the

Nautical Almanac grew up under the guise of caring for charts and

instruments. Sciences that only the government could easily coordi-

nate, such a meteorology and aid to agriculture, failed to find adequate

organizational expression. The attempts of the government to use sci-

ence in regulation and aid of technology had been timid and inter-

mittent.

In practice, however, the force of American expansion and the

growth of science within the country had made these theoretically

temporary and disguised institutions into an establishment which

along some lines had impressive strength. The Smithsonian, its Na-
tional Museum, the Coast Survey, and the Naval Observatory were

active organizations with continuity of policy and of personnel.

They have endured to the present with their form and organization
of 1 860 unaltered in essentials. The great exploring expeditions of the

period laid the basis of the National Museum and of several important

private collections in natural history. Taken altogether, if states are

included, government activities were possibly the largest and most

important source of funds and employment for science in the

country. The federal government surpassed both the private societies

and the colleges as a patron of science.
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BACHE AND THE QUEST FOR A

CENTRAL SCIENTIFIC ORGANIZATION

1851-1861

AS the federal government became more deeply involved in sci-

entific activities in the 1840'$ and 1850*8, the problem of a central

organization took on a new form. The national university had never

been born. The Columbian Institute and the National Institute had

failed to flourish. The Smithsonian Institution had purchased survival

by trimming its activities and influence to conform to the smallness

of the income from its endowment. Yet the need for some kind of

coordinated effort became more apparent with every accretion to

the government's scientific establishment.

Meanwhile, the profession as a whole was reaching a level of

maturity that allowed it to organize itself. As early as 1 840, ten geolo-

gists, mostly connected with the state surveys, met in Philadelphia to

form the Association of American Geologists and Naturalists. In

1848, this organization, with a widened and open membership, adopted
a new constitution based on that of the British Association for the

Advancement of Science. On the drafting committee were the geolo-

gist Henry Darwin Rogers, Benjamin Peirce, and Louis Agassiz. This

American Association for the Advancement of Science immediately
became the main meeting place of the scientists of the United States,

in 1848, it had 461 members, and by 1854, the number had risen to

IOO4.
1

Although the new organization had no direct ties to the govern-

ment, it was a means by which the scientists could express their views

on public policy. As early as 1 849, the Association induced the State

Department to make representations in behalf of a Professor Schu-

macher, whose work was impeded by unsettled conditions in Schles-

wig-Holstein.
2
By 1851, of nineteen special committees, eight aimed
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directly at the federal government. The subjects included Johnson's

experiments on coal, Maury's wind and current charts, the prime

meridian, the Coast Survey, uniform standards of weights and

measures, the use of public lands to aid Missouri in a geological sur-

vey, scientific exploration, and the corps of observers on the Mexican

Boundary Survey. Scientists in the government service seemed to

dominate the organization. Henry appeared on five committees, Baird

on three, C. H. Davis on two, and Bache on six. Of the officers in

1851, Bache was president, Baird corresponding secretary, Henry and

Wilkes members of the standing committee. Even the most prominent

college scientist, Benjamin Peirce of Harvard, was a consultant on the

Coast Survey and the Nautical Almanac?

The significance of the connection of the government to the new

AAAS was not lost upon Bache, the superintendent of the largest and

strongest segment of the federal scientific establishment. When he

delivered his address as retiring president at the Albany meeting in

1 85 1, he showed that he recognized the problem in its broadest dimen-

sions. He saw that of the older societies only the American Philo-

sophical Society and the American Academy of Arts and Sciences

had "struck very deep roots," and that neither was well endowed. He
saw that American science had labored under the evils of "the prev-

alence of general lecturing on various branches, the cultivation of

the literature of science rather than of science itself." Pointing out

that the Institute of France paid its members "a moderate support,

that the country may have the benefit of their labors," he insisted that

researches such as those of the Franklin Institute on steam boilers fell

short because "the laborers were without hire, though neither they
nor their works were deemed unworthy of it." Indeed, he reckoned as

one of the largest "obstacles to the progress of science with us" the

want of "direct support for its cultivators as such." He saw too that

the Smithsonian, "had it fivefold its present endowment . . . would

not be able to meet the actual demands upon its funds for purposes in

its 'active operations.'
" He saw that the organization of a scientific

association had to wait on the development of professional standards,

with the geologists leading the way because the state surveys gave the

basis for testing competence by "positive work." He saw that the

AAAS, now that it had come into existence, had its role to play in

advising the government, which was "called upon often to decide

questions which belong rather to scientific than to political tribunals.
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A timely recommendation by a scientific congress would frequently
be a relief from serious embarrassment." However, both lack of money
and of "that working spirit . . . which alone could bring experi-

ments to a working conclusion" severely limited its committees.

Beyond this general pattern of the institutions of the country in

1851, Bache saw that the government could be a positive force in

the advancement of science. For instance, he attributed the relatively

advanced state of astronomy to its being "chiefly at first from its

connection with navigation . . . the science which all governments,
our own inclusive, have selected to encourage." The same thing could

happen to meteorology if it had the patronage. "The results of even

the partial
effort made in behalf of magnetism and meteorology" were

hopeful, with materials "gathered, or gathering, from which impor-
tant conclusions are daily derived, and which await the master mind

to weave into [a] new Trincipia,' a new 'Mecanique/ or a new

Theoria.'
"

Bache then declared that "an institution of science, supplementary

to existing ones, is much needed in our country, to guide public action

in scientific matters." He disclaimed any antidemocratic bias in the

suggestion. "It is ... a common mistake, to associate the idea of

academical institutions with monarchical institutions," and he warned

against "the two extremes of exaggerated nationality and of excessive

imitation: let us modify each by the other, and be wise." He also

fended off the inevitable states* rights argument, for "the idea of a

necessary connexion between centralization and an institution [does

not] strike me as a valid one." The proposed body would have mem-

bers who "belong in turn to each of our widely scattered States,

working at their places of residence, and reporting their results;

meeting only at particular times, and for special purposes; engaged in

researches self-directed, or desired by the body, called for by Congress

or by the Executive, who furnish the means for the inquiries."

Avoiding the mistake of the old National Institute, Bache would

not depend solely on the "men of science who are at the seat of the

government," as they were "too much occupied in the special work

which belongs to their official occupations." The heart of his proposal

was appropriations from the "public treasury," which "would be

saved many times the support of such a council, by the sound advice

which it would give in regard to the various projects which are con-

stantly forced upon" the notice of government officials, "and in re-
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gard to which they are now compelled to decide without the knowl-

edge which alone can ensure a wise conclusion." The spheres of ac-

tivity were already quite clear. "Without specification, it is easy to see

that there are few applications of science which do not bear on the

interests of commerce and navigation, naval or military concerns, the

customs, the lighthouses, the public lands, post-offices and post-roads,
either directly or remotely." This new institution of science would

step into an area otherwise "left to influence, or to imperfect knowl-

edge."
4

Two assumptions underlay all that Bache said that day in Albany.
One was that only through the professionalization of scientists and
the "minute subdivision" of their efforts in specialties could real re-

search go forward. The other was that "science" meant to him essen-

tially those branches which the surveying and exploring enterprises
of the government had stimulated. Because of his own specialties he

put great emphasis on mathematics, physics, and astronomy. Admit-

ting a good deal of prominence to geology, he gave a little grudging

recognition to descriptive natural history. But chemistry, laboratory

biology, and the application of these fields to agriculture do not

enter into his scheme at all. An institution that sprang from his ideas

might be expected to be a group of professional specialists whose in-

terests heavily favored the physical sciences.

Although Bache's institution got no overt support in the 1850'$,
the idea never died. It could live a kind of subterranean existence in

high places because of the extraordinary importance of a small group
of men. Scientific organization had reached a new state not only in

the AAAS, but in small self-conscious gatherings of professionals who
recognized their common goals and their differences from the older

generation. The body of scientific men was now numerous enough for

comradeship and still small enough not to be impersonal. As early as

1847, one scientist discovered that the "fewness of men well-grounded
in science, and the disparity that exists between those claiming to be

adepts" made especially likely in America "the formation of predomi-
nant cliques."

5

As Bache himself stood before the AAAS in Albany to give his ad-
dress as retiring president, he had another title also, the "Chief" of the

Scientific Lazzaroni. The membership of this group, whose stated pur-
pose was to "eat an outrageously good dinner together," centered in

Bache, Henry, Peirce, Louis Agassiz, James D. Dana, C. C. Felton of
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Harvard, John F. Frazer of Philadelphia, the astronomer Benjamin

Apthorp Gould, and the chemist Wolcott Gibbs.6 At that very meet-

ing, the Lazzaroni were pushing for the establishment of a private
national university in Albany. Later they tried something of the same

thing in New York, and for a time backed the Dudley Observatory in

Albany.
7 Their enemies, including some eminent scientists, conceived

of them as a clique either connected with the Coast Survey, because of

Bache, or located in Cambridge, because of the towering eminence

of Peirce, Agassiz, Felton, and Gould. Although all these men had

important friends outside the group, the fact that they knew each

other, saw each other regularly* and often cooperated was a condi-

tion of some importance on the scientific scene of the i85o's. The
Lazzaroni took Bache's ideas of an institution of science seriously, and

the time would come when they would do something about it.



VII

THE CIVIL WAR

1861-1865

THE Civil War, which broke out among a completely unpre-

pared people in 1861, was unique in its technological problems and

their impact on the government's ability to use science. In the "last of

the old wars and the first of the new,"
1 the battles on land were not

impossibly different from those of the Napoleonic era, which served

as models for the officers of both sides. And yet, the introduction dur-

ing the years of peace of the railroad, the telegraph, and innovations

in the construction of guns had changed the pace of warfare and upset
the balance of offense and defense, producing a new pattern in which

the old rules, based on a relatively static technology, offered poor

guidance. At sea, where technology had affected the methods of war-

fare more deeply, the change was dramatic. In addition, the very size

of the Union war effort called for organization and efficiency in fields

in which the federal government had done very little before.

The Application of Science to Technology

The use of railroads illustrates how the technological problems of

the Civil War were ones of organization and administration. Herman

Haupt and D. C. McCallum, the leading figures in adapting the rail-

roads to military purposes, were both experienced engineers and

managers. Their essential contribution was to apply the railroads as

they knew them to the urgent war problems of supply and transport.
In the course of their work, many incidental innovations appeared

special equipment, such as hospital cars, more efficient methods of

construction of both track and bridges, barges for ferrying freight

cars, and techniques for destroying track and locomotives effectively.
But this kind of experimentation was largely done on the spot, when
the men were actually confronted with a specific and pressing prob-
lem to solve.

2 Most of the roads remained in private hands, and, al-
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though McCallum at one time had some 10,000 men in his construc-

tion corps,
3 no federal organization emerged with a creative attitude

toward railroad technology. For example, the large-scale manufac-

ture of steel was very close to practicality at the outbreak of the war,

and, with the heavier traffic wearing out iron rails faster than they
could be replaced, the Union could have gained important advantage

by a research and development program in steel. Instead, the experi-
ments on steel rails that took place in 1863 and 1864 were at the

Altoona yards of the Pennsylvania Railroad. Only gradually did steel

rails begin to be used, and all installed before the end of the war
were imported from Europe.

4

A Civil War "Manhattan District" to reduce a theory to military

practice, as later with the A-bomb, would have had great opportuni-
ties. Steel, high explosives, and the germ theory of disease come im-

mediately to mind. However, this was unthinkable because no one

could conceive of the government in the active role of first selecting
research problems and then hiring and organizing scientists to pursue
them. Rather, the responsible heads of the military departments were

swamped with proposals and inventions of all sorts, some with merit

and many more without, some by men unknown and others by those

who could exert powerful political pressure. An observer from

Europe, the Comte de Paris, early in the war described the process

by which "every inventor who had any patronage could easily man-

age to have a few of his guns recommended to the principal of some

foundry, who was generally his partner." Research was simply a

"few shots fired in the neighborhood of the factory," and "if chance

favored ,them, the piece was immediately received and added to the

diversified assortment which already existed in the Federal artillery."
5

Thus, the most pressing need was for experiments to determine the

value of inventions already developed and presented to the govern-
ment for adoption. It was the war and the peculiarly public and cen-

tralized nature of military problems that ineluctably forced the gov-
ernment into the business of using experimental science to evaluate

technology.
In these research efforts, spasmodic and on the fringes of the great

organizational accomplishments of the war, a consistent relation be-

tween science and technology appears for the first time. This new

union, of course, far exceeded the bounds of the war effort, because

it was one of the most significant changes of the nineteenth century
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the one which in the popular mind eventually linked science with

the production of material wealth and with the enormous additions to

the power of man over his environment. Sometimes technology bene-

fited directly by the application
of a principle discovered in the general

pursuit of knowledge. More often science entered technology in the

guise of replacing cut-and-try with more orderly forms of experi-

ment. Rule of thumb no longer sufficed as it had even in the early

days of the steam engine. A new research technology was growing

up which brought science into all forms of engineering. Whether or

not adequate guiding principles
were at hand, a well-ordered empiri-

cism replaced the hit-or-miss technical knowledge of the earlier age.

The government, in its war effort of the i86o's, had to grapple with

this new research technology for the first time.

The Navy was most intimately involved in technological change

because of the sevenfold revolution in sea warfare which in 1861 was

well under way in Europe. The introduction of steam, the screw

propeller, the iron ship, and armor completely altered naval construc-

tion, and these changes were forced by new developments in ord-

nance the fuzed shell with explosive charges, the built-up rifled

gun, and slow-burning powder.
6
By 1860, the French navy especially

and the British navy partially
had gone a sufficient way with these

changes to render completely obsolete the wooden sailing ships of the

line of Nelson's day.

The United States Navy, removed from the neighborhood of the

European armament race and chained by the theory that its mission

was to raid commerce on the high seas and to defend the coasts, had

fallen appreciably behind European powers, notably France. Al-

though it had no consistent policy toward the revolution, it did have

a considerable record of technological innovations. Robert Fulton's

Demologos, launched in 1815, was a false start for the application of

steam to warships, but from the 1830*8 onward, with prodding from

such enthusiasts as Matthew C. Perry, the Navy built steam warships

and experimented with the serious problems of protecting vulnerable

machinery. For instance, the Princeton, commissioned in 1844 under

Captain Robert F. Stockton, had a screw propeller and an engine

below the waterline designed by John Ericsson. The explosion of a

i2-inch wrought-iron experimental gun aboard her not only killed

two members of Tyler's cabinet but set back the cause of technologi-

cal change in the Navy considerably.
7 One experiment with an iron-
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hulled warship on the Great Lakes made no permanent impression.

The most important lash to change in naval warfare was the de-

velopment of a more powerful ordnance. Major George Bomford of

the Coast Artillery had developed a shell gun during the War of 1812,

and by 1820 the French Paixhans gun had
definitely upset the balance

between offense and defense at sea.
8 From the 1830'$ on, each inter-

national crisis produced its spate of proposals from inventors hoping
to design some kind of adequate armor protection from shells. The
most famous of these was the "battery" of Robert L. Stevens. A fast

ironclad with long guns for both shot and shell, its plans were ap-

proved by Congress in 1842. In spite of $500,000 spent by the govern-

ment, the ship was still incomplete in 1855 and^ contract still pend-

ing in i86i.9

Much more significant to the Navy that actually fought the Civil

War was the career of John A. Dahlgren. After a scientific initiation

in the Coast Survey under Hassler, he was assigned to his first ord-

nance duty in 1847. By the iSjo's, Dahlgren was continuously ex-

perimenting with guns. Paralleling the work of Captain T. J. Rod-

man of the Army, he gathered accurate data on the pressure at various

points along a barrel as the projectile passed. Based on this informa-

tion were his bottle-shaped cast-iron guns with the greatest rein-

forcement at the points of greatest stress. In 1857, the Navy got an

appropriation of $49,000 for an experimental gunnery ship on which

Dahlgren proved his 9- and n-inch guns in service afloat.
10 In 1859,

as head of the ordnance department of Washington Navy Yard, he

supervised the founding of all light guns and the handling of shells,

fuzes, and the like. In addition, his shop tested iron and powder.
Since he could deal with the Navy Department only via the Yard

Commandant, he aspired to make ordnance an independent organiza-

tion with the status "enjoyed by the Naval Observatory and the

Naval Academy."
u

In the months immediately preceding the outbreak of the war,

Dahlgren was busy testing rifled guns. An old idea which had been

applied to small arms for centuries, rifling provided obvious advan-

tages in the control and penetration of shells. But from the point of

view of 1859, the increased pressures, especially with the fast-burning

powders of the day, made guns built of any metal then available

liable to burst on firing. Although aware of tests in Europe on the

use of steel and wrought iron, Dahlgren relied on "the very superior
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character of our own cast iron," and hence supported smooth bores

as against rifling.
12

Thus, the Civil War Navy fought with heavy
ordnance which appears in retrospect highly transitional. Much

strengthened by the built-up principle, the 9- and n-inch Dahlgrens
were nevertheless smooth-bore muzzle-loaders which threw solid

shot as well as shells. The ordnance revolution was part way around

in 1860, and the Navy, as personified in Dahlgren, was able to follow

the turn but not to hasten its rate.

The major gains during the war itself in handling ordnance

testing were, as is usually the case in this conflict, improvements in

organization. With the reorganization of the Navy Department in

1862 by Secretary Gideon Welles, a separate Bureau of Ordnance
was established, with Dahlgren as chief. At the same time he retained

direct command of the "Department of Experiments" and as much
of the Washington Navy Yard as he needed. By thus combining the

freedom of action of a bureau chief with actual facilities directly
under his eye, Dahlgren had what he had yearned for before the

war an adequate and independent administrative structure to deal

exclusively with ordnance. Even so, routine tended to crowd out

krge-scale research. He complained that the 1 5-inch gun he developed

during the war "as an experiment on a large scale" suffered because

"circumstances impose the necessity of proceeding without full

tests."
13

Since the department never turned down an offer of a private
firm to manufacture guns, the bureau was deeply involved in cooper-

ating with private enterpreneurs in the production of ordnance. Dahl-

gren spent much time in furnishing specifications and standards, and
in testing guns in experimental batteries. The complex nature of the

relations between the bureau and private manufacturers is illustrated

by Dahlgren's successful efforts to develop a supply of potassium
nitrate, necessary for gunpowder, in place of the former complete

dependence on British India.
14

Dahlgren also had to deal with the swarms of inventors.15 He
recounts being called to the White House, where Lincoln had re-

ceived a sample of gunpowder. The President went to the fire,

"clapped the coal to the powder and away it went, he remarking,
'there is too much left there.'

"
In general, Dahlgren wished Lincoln

and other high officers "would not meddle in such matters," for

"projects for new cannon, new powder, and devices of all kinds are



THE CIVIL WAR 125

backed by the highest influence." 16 Most of the inventors he con-

sidered "unscrupulous scoundrels . . . whose sole aim is to rob the

United States."
17

Behind the interview with Lincoln lay a curious tale which illus-

trates the devious channels by which inventors approached the gov-
ernment. One Captain Isaac R. Diller of Illinois had both an idea for

the manufacture of gunpowder and access to the President. Further,

he lined up Charles M. Wetherill, a chemist in the government's agri-
culture establishment, to help him. Lincoln arranged for Wetherill

to be released from his regular duties and also to receive his salary
while preparing powder for testing. Dahlgren then got the job of

evaluating the new explosive, for which Diller made extravagant
claims. His real object was to keep the process secret until he could

sell it to the government for $150,000, and Lincoln went so far as to

recommend this expenditure if the powder passed the tests put to it

by "the officers, or other skilled person or persons, I shall select."

After a year's negotiation and testing the episode closed in December

1863, when the President declined to appoint a new board and gave
Diller permission to patent his secret.18 In addition to intervening in

the domain of both the Bureau of Ordnance and the Department of

Agriculture, the President inadvertently came dangerously close to

opening up a large field for adventurers who might use government
funds to develop secret processes and then sell the results to the

government for a high price.

The Navy's efforts in steam engineering followed much the same

pattern as ordnance. In the reorganization of 1862, B. F. Isherwood,

who had grown up in the Navy with steam, became head of the new
Bureau of Steam Engineering. By the close of the war, Gideon

Welles reported that "nearly every variety of boiler and of expansive

gear, of rate of expansion, and of saturated and superheated steam

has been made the subject of accurate experiment, and it is believed

that the files of the department contain the latest and most reliable

information on these subjects." The quality of various types of coal

and even of petroleum received extensive tests.
19 Isherwood published

volumes of his Experimental Researches in Steam Engineering in 1863

and 1865, in which he worked out methods for determining the limit

of expansion of the size of steam engines.
20 An important secondary

effect of the war was the introduction of steam engineering into the

curriculum of the Naval Academy and the general expectation that
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knowledge in this field was a necessary part of a professional officer's

equipment.
21 The steam navy that blockaded the South was a make-

shift affair, and its wholesale scrapping immediately after the war has

obscured the effort and engineering skill required to launch it.

When the war broke out the problem of protecting the vital parts

of wooden ships with iron plating forced itself on the Navy Depart-
ment because of the recent heavy investments of the European nations

in new ironclads and because of the activities of the Confederates. In

the summer of 1861, Welles appointed a board made up of Commo-
dores Joseph Smith and Hiram Paulding and Commander Charles

Henry Davis to study the subject. While professing ignorance, they

approved three of seventeen plans submitted to them, among them

John Ericsson's Monitor, which was built in the New York area.
22

Large-scale construction of these vessels, whose most nearly novel

feature was the revolving turret, was well under way even before

the famous encounter with the Virginia in Hampton Roads. Instead

of a bureau in Washington taking over this program, a sort of moni-

tor office under Rear Admiral F. H. Gregory grew up in New York.

This "draftsman's paradise" supervised all construction, with special

emphasis on ironclads built by private concerns. Forty-five or
fifty

officers were under Gregory, stationed at the several contract ship-

yards.
23

Thus the Navy in the Civil War came to terms with every impor-
tant phase of the technological revolution that affected it. Under
constant criticism from outside and riven by internal controversy,
the department nevertheless managed to find officers well qualified

to handle the new research technology and put them in administrative

positions where they were able to act. In no important way did they
further the naval revolution, but to keep pace with it was a major

accomplishment which hinted at the government's potential ability to

apply scientific procedures to technological problems.
The Army, while subject to some of the same forces as the Navy,

especially in ordnance, made a far less articulate response. Eli Whit-

ney's use of the principle of interchangeable parts while making fire-

arms for the government early in the nineteenth century was a vague
forerunner of a new technology in ordnance. A national foundry
an idea somewhat akin in administrative structure to a national obser-

vatory was the subject of voluminous official correspondence from

the 1830^ onward, without any practical result.
24 The work of
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Captain Thomas J. Rodman in determining the "curve of pressures"
on a gun's barrel and in designing an iron gun cooled from the inside

in casting paralleled Dahlgren's experiments in the Navy. The army
officer went even further to try cakes of powder instead of grains to

slow down the time of explosion. Like Professor Daniel Treadwell of

Harvard, who was working in the same field, Rodman got no encour-

agement from the government in the 1840*5. Only in 1859 did the

Army accept his guns. Ironically, the outbreak of the war interrupted
his research in powder.

25

Another West Point graduate, Robert P. Parrott, who was con-

nected with an important foundry in New York State, developed a

wrought-iron rifled cannon built up in coiled cylinders.
26

Although
manufactured in large quantities, these guns had an evil reputation
in the service because of their habit of bursting.

In the case of small arms, the War Department's record is much
worse than in heavy ordnance. Various breech-loading rifles and a

good many repeaters losing fixed ammunition were already on the

market in i86i,
27 while inventors of all sorts came up with hundreds

of new ideas. Yet, near the end of the war, the chief of ordnance,

freely admitting the superiority of breech-loaders, was still plain-

tively calling for the appointment of a board of review to decide on

standard weapons to be "exclusively adopted for the military ser-

vice."
28 The abject failure of the Army to develop any system of test-

ing makes the Navy Department's accomplishments more impres-

sive.
20

Military Aeronautics and Medicine

Of the many proposals for unconventional weapons torpedoes,

machine guns, rockets, liquid fire none has been more often re-

ferred to as a harbinger of the total wars of the twentieth century

than the observation balloon.
30

Actually used by the French revolu-

tionary armies of the rypo's, the balloon had become familiar to

Americans by exhibitions from the 1830*8 on, and a new vocation

of "aeronaut" had developed by 1860. The use of balloons had been

seriously proposed to Secretary of War Poinsett during the Seminole

War.31 In 1861 various experienced aeronauts with their equipment
either volunteered for service or were sought out by some official.

Since ballooning clearly involved scientific principles in making
and handling gas and in utilizing what little information the contem-
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porary meteorology could give concerning wind currents in the

upper air, Joseph Hemy was early consulted. Because his opinion
carried weight in the War Department, his reports did much to

convince officials that ballooning was practical and militarily useful.

Also, his endorsement of the work of Thaddeus S. C Lowe gave that

aeronaut a preferred position over his rivals for the headship of a

balloon corps.
32

Technically ingenious and showing marked energy,
Lowe conquered the problems of manufacturing hydrogen in the

field, developed techniques of aerial observation, signaling, and teleg-

raphy, and struggled to procure unusual supplies such as sulfuric

acid amid the red tape of an inelastic Quartermaster Corps. In the

summer of 1862, he had seven aeronauts in the field at one time.33

Although unfamiliarity with observation technique and the difficulty

of operating in the field made the balloons only mildly useful instead

of a spectacular success, Lowe's main trouble came from administra-

tive snarls. Neither he nor any of his aeronauts had military rank,

and, as a civilian organization trying to cooperate tactically with the

Army, the balloon corps could work efficiently only when an under-

standing officer such as General A. A. Humphreys gave it sufferance.

Between 1861 and 1863, the corps was shunted from the Topographi-
cal Engineers to the Quartermaster Corps to the Corps of Engineers.
On the eve of Gettysburg an effort to put it under the Signal Corps
foundered when Colonel Albert J. Myer refused to accept it. The
balloon train was disbanded at Washington with nearly two years
of heavy fighting yet to go.

34 Aerial observation collapsed not be-

cause of any technological backwardness, but from the failure of the

Army to incorporate a new procedure into its operations.

The Army's use of medicine, which had hardly yet attained the

status of a science resting on the results of research, was undertaken

on a huge scale.
35 The problems of disease in the mass armies and

the thousands of battle casualties forced the moribund Army Medical

Department to come to life. Completing the last full year of peace
with the absurd total of 98 officers and an 1860 appropriation of only

$90,000, the Medical Department by 1865 was spending $20,000,000

more than the budget of the entire Army before the outbreak of

the war.38 An ambulance corps, field services, base hospitals, and

mass medical examinations had to be created entire. The selection of

doctors, systems of inspection, and supervision of sanitation neces-

sitated an energetic central organization. Much of the credit for
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these administrative gains belongs to Surgeon General William A.
Hammond, in spite of his dismissal late in 1863.

Because of the inadequacy of the Medical Department early in

the war, the Sanitary Commission, appointed by Secretary of War
Cameron, had widespread powers of inspection. Not the least of their

accomplishments was the forcing of Hammond's appointment over
the heads of many senior officers. Of the eight original members of
the commission, three were primarily scientists. Bache was vice-presi-
dent, while J. S. Newberry and Wolcott Gibbs, although doctors of

medicine, had gained their reputations as geologist and chemist.37 As
the department became better organized, the commission withdrew
from inspection and concentrated on relief the prototype not of
a research organization but of the Red Cross.

Army medicine only occasionally and incidentally undertook
activities important to research. The large number of cases seldom
encountered in peacetime practice stimulated an interest in records
and statistics. The multivolume Medical and Surgical History of the

War of the Rebellion is a monument to the emphasis on record-

keeping in the Medical Department and was raw material for later

research. The astronomer B. A. Gould turned his hand to statistics

for the Sanitary Commission in his actuarial studies on the heights,

ages, and peculiarities of soldiers.
38

Besides reports, the Medical Department also collected specimens
which became a nucleus for an Army Medical Museum. Even more

impressive than the original idea is the fact that after the war the

Army took over Ford's Theater in Washington to continue the

museum permanently.
39 A striking example of the unpredictability

of institutional development is the way in which the Civil War also

gave an impetus to medical bibliography. In 1865 the Surgeon Gen-
eral's Library had only 2253 books. But a young medical officer and

$80,000 of hospital funds left over from the war started the Army
Medical Library on its way to becoming the unrivaled center of

medical bibliography in the United States. John Shaw Billings made
from a purely auxiliary collection of books an institution of prime

importance not merely to the Army or even to the government but

to the whole medical profession.
40

In a few cases individual doctors in army service utilized their

experience for research. S. Weir Mitchell, who had had a taste of

French medical science during a year at Paris under Claude Bernard,
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took up neurology while an assistant surgeon at Turner's Lane Hospi-

tal at Philadelphia. His Gunshot Wounds and Other Injuries of

Nerves ( 1 864) was the beginning of a long and distinguished career

in neurology.
41

For medicine, as for ordnance and ship construction, the Civil

War occurred just before revolutionary developments made the

practice of its period almost immediately obsolete. The recent dis-

covery of anesthesia had only partly solved the problems facing

surgery. The germ theory of disease, already close to effective formu-

lation in Europe, would soon make the medicine of the Civil War
armies appear barbarous. Yet the government here for the first time

dealt with medical and health problems on a large scale and could

never again retreat to the complete indifference of the prewar period.

The urge to collect information on the mass medical phenonema going

on before the eyes of the army doctors led to the important perma-
nent institutions of the Army Medical Museum and Library. Their

collections continued to be of use after a new age had dawned.

In both technology and medicine the government groped for

science almost unconsciously, driven by the needs of the hour. Re-

search technology, now just beginning to enter the realm of the possi-

ble, was such a novel relation that only in a few fields, such as

ordnance and steam engineering, did the government effectively

practice it. Without previous experience, officials got good results

where they succeeded in creating sufficient administrative framework

to bring existing scientific knowledge and practice to bear. Their

failures sprang from lack of organization. In no case did they attempt
to create new knowledge, and they seldom attempted to work out

new applications of known principles which had not yet been reduced

to working models. They took both fundamental and applied science

as it was.

The Services of Existing Agencies

A better measure of the relation of science to the war is found in

the research agencies that already existed in the government. In the

Smithsonian Institution, the Coast Survey, the Naval Observatory, and

the Topographical Engineers, the problems of organization and per-
sonnel were more or less under control. The fact and form of their

existence were already apparent. It is possible to ask of them what

their science did for the war, and in turn what the war did to them.
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The Smithsonian Institution, with its endowment fixed in size

and committed in purpose, continued operations as nearly normally
as possible in 1861, a difficult task not only because such old friends

as Jefferson Davis were leaving the capital forever, but also because

Secretary Joseph Henry himself felt that the Union was doomed
and the South should go in peace.

42

Only his inflexible disdain for all

things political led him to keep the Institution aloof from "inaus-

picious connexion" with the "exciting subjects of the day." After

1863 he would not even allow the lecture hall to be used by groups
"over which the Institution has no immediate control," a rule reflect-

ing the jeering he had received from an antislavery group when he

insisted on an announcement of the Institution's neutrality.
43

Nevertheless, Henry specifically recognized the connection of

science and warfare, during which "truths are frequently developed
... of much theoretical as well as of practical importance. The art

of destroying life, as well as that of preserving it, calls for the appli-

cation of scientific principles, and the institution of scientific experi-

ments on a scale of magnitude which would never be attempted in

time of peace." In this endeavor Henry claimed that the Institution

"continually rendered active cooperation and assistance." ** Instances

of actual war work appear in the reports only occasionally, such as

the manufacture of "disinfecting liquid" in the chemical laboratory.
45

The potential use of the Smithsonian building by the government at

the outbreak of the war took the form of a request to quarter troops

there. Henry, though keenly aware that this would put the Institution

out of business, suggested that if the government wanted the building

they should seize it, and that "it would be more in accordance with

the spirit
of the Institution to employ the building as an infirmary."

4<J

In general, however, the Institution attempted to keep going as

usual under difficulties. The museum continued to support expeditions

where it could, even, in the case of Elliott Coues in New Mexico and

Arizona, utilizing the Army in the old cooperative arrangement.

Robert Kennicott was active in the Canadian northwest.47 Collections

came in steadily, and much effort went into the distribution of dupli-

cate specimens, in an attempt to clear away the backlog sent over from

the Patent Office. The meteorological work of the Smithsonian also

continued with the publication in 1864 of a part of the observation

of the period 1854-1 859.^

But every phase showed curtailment by the war. The weather-re-
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porting system was "very much diminished" both by the defection of

the Southern states from the observing system and because public

business crowded weather bulletins off the telegraph.
49 More serious,

the war struck at the lifeblood of the Institution, its endowment. By
bad luck some of the funds were invested in the stock of Southern

states. As the war went on and inflation set in, "the increased price of

printing and other articles" hampered the publication program, and

with "the high premium on gold" all international purchases and the

exchange service became more expensive.
50 Thus the Smithsonian, far

from being able to expand its functions to include war work, found

its position in the scientific life of the country relatively shrunk along
with the real value of its endowment. As an Institution it responded
to the call of the government in only one effective way the lending
of the services of its distinguished secretary.

Joseph Henry gave as much time as he could spare from his

regular duties to the government. His reports on the balloon ascen-

sions of Lowe show the influence of his advice. A personal acquaint-

ance with Lincoln, which ripened during the war years, brought

many requests from the White House on all sorts of subjects, even

including the phenomena produced by a spiritualist medium.
51 While

he continued active in his research for the Lighthouse Board, especial-

ly on navigation in Confederate waters, his interest in fog signals did

not begin until i865-
52
By far the largest amount of work done by

Henry for the government came from his membership in the Navy's
Permanent Commission, as will presently appear.

53

The Coast Survey, at the height of its power in 1861 but vul-

nerable because of its theoretical lack of permanence and its depend-
ence on service personnel, seemed in danger of being completely
ruined by the war. Envious people "remarked to Mr. Bache, in a tone

of condolence, but with a smile of satisfaction, that they supposed the

coast survey would be stopped now." Such expectations did not con-

sider Bache's "remarkable talent" for using his organization to coop-
erate with the "great movements of the day." He made special sur-

veys, distributed maps, and sent out parties of his assistants to serve

directly with forces in the field.
54 These activities extended to inland

rivers as well as the coast.55

Bache was not content to let this cooperation take place on a low
level or become involved in the ambiguities that wrecked the balloon

corps. In May 1861 he proposed "a military commission, or advisory
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council, to determine proceedings along the coast." 56
Composed of

Captain Samuel F. Du Pont, U.S.N., Bache, Major J. G. Barnard

of the Army Engineers, and Commander C. H. Davis as secretary,
this secret commission was not only "to condense all the information

in the archives of the Government . . . useful to the blockading

squadrons" but also to choose objectives for amphibious operations

along the coast.
57 Thus on Bache's initiative the Navy and the Army

both had ready access to the Survey's information and had an organi-
zation capable of translating these data into effective military de-

cisions. The reports of the commission covered the whole coast, and

one of the fruits of its work was Du Font's successful attack on Port

Royal.
58

Like Henry, Bache took part in many war activities outside his

official position, for instance, the U. S. Sanitary Commission. But he

took his whole organization into the war effort far more than the

Smithsonian. Indeed, the Coast Survey's topographical activities are

one of the major applications of science to military use during the

war. Bache's military background, his political savoir-faire, and his

gifts of leadership largely account for this accomplishment, and the

major threat to the Coast Survey's position at the end of the war was

the superintendent's serious illness, destined to be fatal in 1 867.

Inside the Navy the old-line organizations the Naval Observa-

tory and Hydrographical Office and the Nautical Almanac Office

shaken up both by the abrupt departure of Maury and by the general

reorganization of the department, provided a chance for some re-

grouping to aid science. Charles Henry Davis, on duty in Washington

during the early days of the war, had the background from his

Nautical Almanac days necessary to appreciate the opportunity. Ac-

cordingly, in the reorganization of 1862 Davis became Head of the

new Bureau of Navigation, including the Naval Observatory, the

hydrographic functions which under Maury had been attached to it,

and the Nautical Almanac. Davis also wanted and tried to get the

Naval Academy, which he conceived at least potentially to be a scien-

tific institution. Gilliss, after nearly twenty years' exile, came back to

head the Observatory and to restore astronomy as its major interest.
59

With Davis as a leader the surveying-oriented science in the Navy
gained an administrative position much more favorable than it had

known in the days of its surreptitious development. Davis was now on

the same level as Dahlgren and Isherwood. In addition, his influence
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was spread by his incidental duties, for example his membership of

the ironclad commission and the Coast Survey's commission. Since

Secretary Gideon Welles regarded Davis more highly as a scientific

man than as a commander afloat, he spent most of the war in Wash-

ington. One of his early duties, as the most energetic member of the

Office of Detail, which assigned officers to duty, he brought with him

to the Bureau of Navigation. This accident gave both power and dis-

tracting concerns to the bureau, which soon found itself really in the

officer personnel business. None of Davis's successors after the end of

the war had much scientific interest; among the projects eventually

allowed to die was his proposed scientific manual for officers.
60

Thus,

for a brief moment only, from 1862 to 1865, science had an honored

place in the Navy hierarchy and in Davis a recognized spokesman.

The Army's Topographical Engineers, heirs of surveying-oriented

science and the flower of the old West Point education, had bad luck

with the war. Their career tests very sensitively the extent to which

the Civil War was a total war. On the one hand, their peacetime
activities never completely ceased. The Great Lakes Survey, at the

outset under the command of George Gordon Meade and later under

other officers, continued its work, using military personnel during the

entire course of the conflict.
61 Most of the officers were called in to

Washington at the beginning of the war and reassigned to armies in

the field.
62 Unlike the Coast Survey, the scene of their prewar topo-

graphical work had been in the West, removed from the battle-

grounds on the soil of old states that had opposed federal surveys
within their own jurisdiction. A report of General McClellan's at

the end of 1862, while praising the Topographical Engineers highly,

indicated the difficulty of their position. They often had to get in-

formation under fire, with the Army waiting for their knowledge
before moving. They were so few in number that they had to depend
on Coast Survey parties and "other gentlemen from civil life" for

much aid. Furthermore, "it was impossible to draw a distinct line of

demarkation between the duties of the two corps of engineers." They
interchanged with the Corps of Engineer officers, mixing mapping
and intelligence with construction work, and laying out defenses.63

Many of the ablest officers, such as Meade, found promotions to high
command faster in the general service and switched their commissions.

This loss of identity presaged the abolition of the Topographical

Engineers as a separate entity in 1 866, at about the same time West
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Point ceased to be exclusively concerned with a surveying and engi-

neering education. Thus one of the channels of science in the govern-
ment which had been dominant before 1860 scarcely survived the

war. The essential military contribution to exploration that had domi-

nated the early period was on the way out. Strikingly, while army
officers trained in science made great contributions to the war, no

individual came to the fore to represent its interests on the same level

with the triumvirate of Henry, Bache, and Davis.

The Genesis of the National Academy of Sciences

These three names Henry, Bache, and Davis gathered to

themselves all the prestige that the old-line government science had

developed. They were the men who, keeping their organizations to-

gether under trying circumstances, still had energy left over to devote

themselves to the great questions raised by the war and to follow up
the avenues it opened. Over the long view they were the culmination

of the rise of the professional scientist in the government service. Each
headed an important and integrated scientific organization within or

close to the administrative framework. At the same time, they repre-
sented a gradual lowering of the level at which decisions respecting
science were made. In Jefferson's time the President appreciated sci-

entific matters and set the policy. The same could hardly be said of

Van Buren, leaving Poinsett to make the real decisions at the cabinet

level in the late 1830*8. By the Civil War neither the President nor

any cabinet member gave systematic attention to science. It rather

fell, for the first time, into the hands of those professionals who had

emerged at the level of bureau heads. Henry, Bache, and Davis

were at the intersection of the two basic drifts the rise of the pro-
fessional and the drop of the level of effective authority in scientific

matters. From this unusual historic position they were able to under-

take what had always failed or missed the mark before the coordi-

nation of the government's scientific policy.

Bache, Henry, and Davis had more in common than compar-
able official positions and long-standing friendship. They all moved

in the shadow of that high-spirited group, the Scientific Lazzaroni.

Bache as the chief had set forth the ideal of a scientific adviser to the

government back in 1851, and in the meantime the group had at-

tempted to control the scientific organizations of the country and to

create new institutions more adequate to the position they thought
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"Young America" should occupy. In early 1863 they were at the

height of their power and activity. Bache had weathered the storms

around the Coast Survey. The detested Maury had gone over to the

rebels, which opened the way for Davis's Bureau of Navigation.

Louis Agassiz was replacing a North Carolinian on the board of

regents of the Smithsonian.

In Cambridge, where the research activities of the Coast Survey
and the Nautical Almanac combined with the College to create a con-

centration of Lazzaroni members equal to that in Washington, Benja-
min Peirce and Agassiz were deep in a fight to reform the university

system of Massachusetts and remake the curriculum of Harvard in

the interests of science. They claimed in the name of the Lazzaroni

to control the president and corporation of the University and were

able to force one of their number, the chemist Wolcott Gibbs, into a

professorship over violent local opposition. Agassiz, Peirce, Wolcott

Gibbs, and Benjamin Apthorp Gould were getting things done in

Cambridge.
64 Bache and Davis had close ties with this group both

officially and personally. Early in January 1863 Peirce wrote to Bache

inquiring about the next meeting of the Lazzaroni.65

Clearly the

Cambridge and Washington members had much to talk over. By late

January the meeting was set for about February 21, with Peirce

planning to be in Washington from February 14 to February 23.
66

Meanwhile the Washington Lazzaroni, Bache, Henry, and Davis,

got together some time late in January to discuss the immediate possi-

bility of setting up a "National Association under an act of Congress."

Now that it came to a practical question Henry urged objections.

First, he "did not think it possible that such an act could be passed

with free discussion in the House that it would be opposed as

something at variance with our democratic institutions." His long

experience with congressional whims gave this opinion weight. Sec-

ond, he knew that "if adopted it would be a source of continual jeal-

ousy and bad feeling an object of attack on the part of those who
were left out." More than most of the Lazzaroni, Henry had friend-

ships with scientists outside the chosen circle and knew both their

power and their disposition. Third, "although it might be of some im-

portance to the Government yet it would be impossible to obtain

appropriations to defray the necessary expenses of the meetings and

of the publications of the transactions." Fourth, "there would be

great danger of its being perverted to the advancement of personal
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interest or to the support of the partisan politics."
67 The inveterate

fear of politics and politicians which had shaped his Smithsonian

policy and which a good many scientists shared appeared in these last

two objections. Bache appeared to Henry to be convinced. At any
rate he stopped talking about a national academy. The group deter-

mined instead to get as much of an advisory organization in the gov-
ernment as was possible with executive action. Davis claimed that the

inspiration of a Select Commission in the British War Office led him

to the idea,
68 but clearly Henry was the main driving force in this

direction. The result was the Navy Department's Permanent Com-

mission, destined to last the remainder of the war.

On February n, 1862, within about two weeks of the trio's con-

versations, Gideon Welles sent a letter of appointment to Davis set-

ting up a "permanent commission to which all subjects of a scientific

character on which the Government may require information may
be referred." Made up of Davis, Henry, and Bache, "this commission

shall have authority to call in associates to aid in their investigations
and inquiries." Neither members nor associates were to receive any

compensation.
69 The commission, small, manageable, and without

publicity, immediately went to work. For the next two months, ac-

cording to Henry, it "occupied nearly all my time not devoted to the

Institution and more than I could well spare."
70

The Permanent Commission met frequently throughout the re-

mainder of the war. They examined not only inventions, such as

torpedoes and underwater guns, but also designs for warships. Often

they could simply say of a proposal, "the plan is entirely crude and

undigested, and does not require further notice." Sometimes they
made tests and collected further information. Although not directly

working for the Army, they soon found they needed the opinion of

an officer skilled in land warfare, and General J. G. Barnard of the

Corps of Engineers was added to the commission. By January 1864,

they had more than 170 reports.
71 On occasion they used Benjamin

Peirce as a consultant, and also J. E. Hilgard of the Coast Survey.
The last report, dated September 21, 1865, was numbered 257. Thus

the evaluation of inventions, at least for the Navy, became well

organized in the hands of a predominantly civilian and scientifically

capable committee. This was the nearest thing to a central war scien-

tific agency achieved during the Civil War.72 As a purely passive

agency, however, dependent upon the chance suggestion, which
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never came, from uninformed and unorganized civilian inventors, the

Permanent Commission never became a real research organization. It

had neither the budget nor the personnel to select and attack problems

independently. Only a few of the members, and they only fitfully,

grasped the vision of applying science directly to the engines of war.

While the Permanent Commission got under way, however,

Bache, Davis, and the Cambridge Lazzaroni had no real intention of

heeding Henry's caution. What they needed was a friend in Congress,

and Louis Agassiz produced one in Senator Henry Wilson of Massa-

chusetts. He had evidently worked on the project for some time, for

on February 5 Peirce reported that Agassiz had written to Wilson "to

go ahead upon the National Academy of Science," and referred the

Senator "to one . . . A. D. B. as our chief in all such matters, and as

capable of furnishing him a complete plan fit to lay before Congress
in 24 hours." 73 Thus the wheels were still turning, Wilson providing

incidental assistance by getting Agassiz's expenses paid to Washing-

ton, ostensibly to accept his Smithsonian appointment, but miracu-

lously including Saturday, February 21, the date of the Lazzaroni

dinner. Agassiz had at first declined going to this meeting because

"he had not the wherewithal." 74 But his decision to come and his

tie with Wilson made certain that the days near February 2 1 would

be interesting for the small coterie who desired a national academy.
The impulse of the group was heightened by the war only in that it

provided the occasion for their basically nationalistic enterprise. Their

aim was to provide a young America, which they defiantly ex-

pected to survive its great trial, with a worthy counterpart of the

Royal Society and the French Academy. Agassiz was fond of point-

ing to the founding of the University of Berlin in 1810 as an example
of what a nation could do in a time of crisis,

75 but in spite of the glory
of the enterprise an exquisite care was necessary when moving behind

the back of Joseph Henry.

Agassiz reached Washington on the afternoon of Thursday, Feb-

ruary 19, i863.
76

Although Henry expected him at the Smithsonian,

he "put up at Bache's." 77 That evening Senator Wilson called, and

besides Bache and Agassiz, Peirce and Benjamin Apthorp Gould,

forgathered for the Lazzaroni dinner on Saturday, were there. They
perhaps had as a tangible basis for discussion a plan of an academy
drawn up by Davis. The one known feature of this plan was a provi-
sion "creating the Academy with a dozen or twenty members, and
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allowing them to fill up the whole number by usual system of bal-

lot."
78

However, the subsequent events suggest that counsels for

speed and secrecy prevailed at the meeting. Perhaps Wilson pointed
out that the close of the session of Congress was fast approaching.

Any scheme that required consultation with even twenty men would

delay passage, and before another session the opposition that Henry
had so clearly foreseen both in Congress and among the scientists

themselves would have had ample time to organize. When Wilson

emerged from the conference he had with him the draft of a bill

which named fifty scientists, incorporated them as individuals into a

National Academy of Sciences, and gave them the power to perpetu-
ate themselves by filling vacancies. Nothing in the law or in any

public statement either at the time or later gave any clue to the

identity of the authors of the list or their criteria of selection. But

Davis's account points clearly to the meeting of the evening of Feb-

ruary 19, thus putting the power entirely in the hands of Bache, Agas-
siz, Peirce, and Gould.

The Lazzaroni, of course, were on the list in full force, together
with those so eminent in their fields that no one could possibly leave

them off, such as, John Torrey, Asa Gray, Jeffries Wyman, and Wil-

liam Barton Rogers, who perhaps gained entry only because of the in-

tercession of Senator Wilson. The government was very largely rep-

resented, not only by Bache, Henry, Davis, Dahlgren, and Gillis, but

also by lesser employes and officers of both the Army and the Navy
who had scientific interests. Of the omissions that might raise eye-

brows, George P. Bond, director of the Harvard Observatory and far

gone with tuberculosis, was anathema to the unforgiving Peirce.79

Spencer Fullerton Baird, although close to Henry, was evidently too

modest a zoologist for the lordly Agassiz.
80 And the chemist John

W. Draper of New York was better known than many on the list.

Senator Wilson gave notice in the Senate on February 20 of his

intention to introduce the bill, and on February 21 he did so.
81

It

contained only three sections. The first listed the fifty incorporators.

The second gave them power over their own rules and membership.
The third provided for an annual meeting and stated that "the Acad-

emy shall, whenever called upon by any Department of the Govern-

ment, investigate, examine, experiment, and report upon any subject

of science or art, the actual expense of such investigations, examina-

tions, experiments, and reports to be paid from appropriations which
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may be made for the purpose, but the academy shall receive no com-

pensation whatever for any service to the Government of the United

States."
82 This was clearly the advisory body envisioned in 1851 by

Bache. Not mentioned, but implied positively by the limited number
of places and negatively by the prohibition on compensation, was the

honorary nature of membership. Appropriations could be had only in

relation to a request from some department of government. A general
statement of principles and many details vitally affecting the nature

of the organization were left to the fifty incorporators.

Joseph Henry within a day or two, "on accidentally calling at the

Coast Survey," found that "the whole matter was in the hands of

Senator Wilson!" 8B He did "not approve of the method which was

adopted in
filling the list of members. It gave the choice to three or

four persons who could not be otherwise than influenced by personal

feelings at least in some degree; and who could not possibly escape
the charge of being thus influenced." But he did not "make any very
strenuous objections" to the plan, "because I did not believe it could

possibly become a law; and indeed there are very few occasions when
acts of this kind could be passed without comment or opposition."

84

This generally excellent judgment of the political scene reckoned

without the possibility that Henry Wilson might find one of the few

exceptional occasions.

Davis intimated that he and Agassiz went up to the Capitol for

some lobbying on the bill,
85 but Wilson essentially depended on the

pressure of adjournment. This was the lame-duck thirty-seventh Con-

gress, elected back in 1860, and the session automatically ended at

midnight, March 3, 1863. As the Senate rushed through matters large
and small on that last day, Wilson followed a long line of private peti-
tions by asking "to take up a bill which will consume no time, and to

which I hope there will be no opposition ... It will take but a

moment, I think, and I should like to have it passed." When no objec-
tion arose, he suggested it was "unnecessary to read the first section of

the bill, which merely contains a list of names of the corporators." A
preoccupied Senate, after listening to the reading of sections two and

three, passed the bill without a recorded vote and moved on to con-

sider declaring a "Day of Prayer and Humiliation." 86 The House
took up the Senate's bill considerably after seven o'clock in the eve-

ning and passed it without comment. Lincoln evidently signed it the

same evening.
87
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In contrast to the

lively and sometimes damaging interest of the

Congresses of the 1840*5 in the National Institute and the Smithsonian,
this demonstration of legislative pliability reveals remarkably little

about the basic forces producing a National Academy. The Congress
as an entity had not spoken in any positive sense. Still less had the
nation spoken through its chosen representatives. That the great crisis

of the day made the congressmen feel they were the agents of destiny
is possible, but that they connected this particular legislation with
their immortal reputations is highly unlikely. Wilson did prove he
knew his way around in the last minute rush, and a little group of

scientists, five at the most, proved they knew what they wanted.
Indeed, at the time of the National Institute the

politicians controlled
these matters to the exclusion of the scientists. In 1863 the profession-
als only needed the politicians to put a legal rubber stamp on their

arrangements. In his long career Henry Wilson showed little interest

in or understanding of science.

The Attempt to Organize a Scientific Adviser to the Government

But the secrecy that had produced such remarkable results in

Congress could not last. On March 5 Henry finally found out the

bill had become a law.88 Letters from Wilson to the
fifty incorpora-

tors spread the news through the country, catching even some of the
most eminent by surprise. It took little longer for the ones passed
over to realize what had happened. On March 7, George C Shaeffer,
"a savan in one of the departments," walked into Davis's office and
"flew out against the Academy in good, set terms." 89

John W.
Draper wrote to Henry protesting his exclusion.90 John Torrey re-

ported to Asa Gray that "the whole matter was concocted by the

party assembled at the Coast Survey."
91

Gray found himself in a peculiarly delicate position concerning
the new Academy. His position as the leading botanist in the country
was unchallengeable, he was an intimate of Henry's, and his enthu-

siasm for the cause of the Union had made a distinct impression in

scientific circles abroad if not at home. Yet in Cambridge he was

heavily engaged against the Lazzaroni position both on the appoint-
ment of Gibbs and on educational policy generally. Further, as the

leading expounder of Darwin's ideas in America, he had long been in

conflict on scientific questions with Agassiz, who was ever more
bitter against evolutionary theories.

92 As an officer of the American
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Academy of Arts and Sciences, he also had his eye on the hierarchy
of scientific institutions in America, fearing a national covering or-

ganization which would threaten the older societies.
93

Benjamin Peirce, back in Cambridge, was sure that Gray "is try-

ing to divide Henry from us ... Ha. Ha. Ha. The botanist may
find that [it] is possible to dig too deep for successful undermining.'

7

He was a bit alarmed, however, for he warned Bache "we must keep
our eyes open/' especially since Henry and Gray were both Pres-

byterians.
94 Here indeed was a crucial decision for Henry. With the

plentiful fuel of dissatisfaction on every side in the scientific com-

munity, one word of disapproval from him would have set the

match. But Henry was not the man to let the less than candid be-

havior of his Lazzaroni friends influence him. While making no secret

of the course of events in February, and still placing "but little faith

in appropriations of Congress," he concluded to attend the first meet-

ing "and do what I can to give it a proper direction." 95

The organization meeting at New York in April 1863, which 31

of the 50 attended, found the Lazzaroni in firm control. Although

they made Henry presiding officer over the session, Bache became the

first president. The four other general officers J. D. Dana, Agassiz,

Wolcott Gibbs, and Fairman Rogers were all Lazzaroni. The class

of mathematics and physics had Peirce and Gould, two of the original

schemers, as its officers. Only the other class, natural history, went

outside the select circle to honor the aged Benjamin Silliman, Sr., with

the chairmanship.
96 This weakness emphasized that aside from Agassiz

none of the ruling circle had any interest in natural history. The
imbalance of the number of incorporators assigned to the two classes

confirmed the dominance of mathematics and physics, which had

thirty members to only fourteen for natural history;
97

six were un-

classified.

Provisions for terms of membership and office had obvious impli-
cations for the urgent task of acclimatizing the National Academy,
so exclusive and irresponsible in its beginnings, to a democracy. At
first Benjamin Peirce had some idea of limiting membership to a ten-

year term, with reelection possible, so that the "whole practical num-
ber of the academy" would continue to be Lazzaroni.98 But by the

time of the New York meeting the constitution and rules, "elabo-

rately prepared" by Bache, not only allowed membership without

term but made the tenure of officers for life. None of Bache's hench-
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men on the committee of organization B. A. Gould, Agassiz, Peirce,

or Eraser objected, leaving it to William Barton Rogers, the

founder of Massachusetts Institute of Technology, to point out that

life tenure of officers would "blast every hope of success." " As a

result the term of officers was limited to six years.
An issue that generated even more heat at New York was the

question of a loyalty oath. The Civil War was a struggle for Union,
and the Academy, in the words of Senator Wilson, was an "element

of power" to make the bleeding nation "one and indivisible."
10 What

should they do about Southern scientists, who should in theory be in-

cluded? But what of the actual state of war? Those who could not

take an oath presented therefore a pressing issue, bringing into ques-
tion the eighteenth-century notion, still officially announced as late

as the instructions to the Wilkes expedition, that science was above

the clamor of wars. Bache, Agassiz, Gould, and Fraser pressed for

the oath, while Joseph Leidy threatened to resign. William B. Rogers

opposed it, at the same time "appealing to his record as an old and

consistent -antislavery man." The lone reporter of this incident, the

geologist J. P. Lesley, indicated that the discussion got even deeper
into the realm of the relation of the Academy, and through it science,

to the government. "Someone, I willingly forget who, argued that

we would lose government patronage, unless we bid for it with the

oath; I suspect it was only an unfortunate way of stating a higher

truth, that we are the children of the government, and the academy
is the creation of the government, and owes it an oath of allegiance

as its first duty."
101 Those in favor of the oath not only pushed it

into the constitution but prevented the recording of the vote. Some

of the politic ones predicted that when the war was over the oath

could be relaxed, which in fact occurred in 1872.

Although Bache emerged from the organization meeting in tri-

umph, the opposition was far from dead. John A. Dahlgren sent in

his resignation on May i4.
102 Whatever the motives, the withdrawal

of the man in charge of one of the bureaus most closely concerned

with technological change was a severe blow to the Academy's am-

bition actually to function as scientific adviser to the government.

When the president tried to put W. B. Rogers on a committee, he

countered by asserting that the rules "were to come up for final . . .

action at the December meeting" and that he did not think it "ex-

pedient to enter upon the business of the Academy until that time." 103
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A clear test of the Lazzaroni interest came in the election of the

president of the American Academy of Arts and Sciences in Boston

late in May. Peirce lamented that, "to show their hatred of the Na-
tional Academy, all its opponents combined to elect Gray as Presi-

dent and William B. Rogers as Rec[o]r[ding] Secretary]."
104

Gray
did not actually take a public stand on the National Academy, con-

cluding to "say and do nothing at present, and see," but he con-

sidered it "strictly governed by Coast Survey and Agassiz clique."
105

Even Benjamin Peirce began to waver by the fall of 1863, con-

fessing to Bache that he feared "we have made a mistake in founding
the Academy and that it may not be so great a misfortune if its

enemies were to succeed in overturning it."
106

Despairing of "the

growing falseness of Washington," he felt that for "men seeking truth

to meet there, is like a party of poets meeting in a cotton machine

... of angels in the palace of Beelzebub or of imps in Abraham's

buzzum." Thus the question had changed from whether a small group
of American scientists could form and dominate a national academy
to the more desperate one of whether all American scientists working

together could make a corporate body survive in the harsh realities

of 1863. "Amid the din of war," continued Peirce's lament, "the

heat of party, the deviltries of
politics, and the poisons of hypocrisy

science will be inaudible, incapable, incoherent and inanimate." 107

Bache, less fastidious and much more experienced concerning the

ways of the capital, did not delay his attempt to establish the Acad-

emy as the government's adviser. On his own authority he set up
committees and had them ready to report at the meeting in Washing-
ton in January 1864. Most of the sixteen learned papers read there

had nothing to do with the war and were given by members of the

Lazzaroni,
108 but the committee reports were the heart of the advisory

program. Joseph Henry concluded that they "exhibited a consider-

able amount of valuable labor of the kind much wanted by the gov-
ernment." He now felt that "if the members will all attend and re-

solve to do all in their power to support the establishment on just and

unselfish principles the academy will do much good both in the way
of advancing science and assisting the government."

109 An evalua-

tion of the war service of the Academy depends on the record of the

committees of 1863 and 1864.

Committee number one on weights, measures, and coinage was

appointed May 4, 1863, at the request of the secretary of the treasury.



THE CIVIL WAR 145

Since Bache had long been in charge of the office for the Treasury

Department, the appointment of this committee is directly attributable

to him. Under the chairmanship of Joseph Henry, the group studied

the problem, which was of course as old as the republic, until 1866,

when a standing committee succeeded them. In spite of the conserva-

tive views of Henry, the committee's report, rendered in 1866, played
a part in the passage of the bill legalizing the metric system.

110 Thus
the Academy here served a useful purpose, although not during the

war or on a subject directly related to it.

Committee number two, appointed May 9, 1863, was to consider

means for protecting the bottoms of iron ships from injury by salt

water. Significantly, the request from the Navy Department came by

way of Admiral Davis. The committee reported at the January 1864

meeting that it could recommend no scheme, and while it suggested

experiments to be undertaken, the Academy had no money and the

Navy did not proffer any. The committee disbanded without making

any contribution to the war effort.
111

Committee number three, to study the magnetic deviation of

the compass in iron ships, also came through Davis's influence. Ac-

tually, before the Academy was formed the secretary of the Navy
had already set up a commission on the subject with Bache as chair-

man. The Navy simply allowed the Academy to honor itself by ap-

pointing an already existing committee. This group, while developing

nothing new in the way of theory and calling in an "expert" to do

the testing, did correct compasses on 27 vessels.
112 The group did no

more work after September 1863, and presumably the Navy there-

after handled correction routinely in the compass stations established

at the various yards. The role of the Academy was one of supereroga-

tion.

Committees number four and five were the result of requests di-

rectly from Bache and Davis acting in their official capacities. Num-
ber four dealt with the evaluation of a hydrometer invented by Joseph

Saxton, a member of the Academy and an old employee of Bache's.

The committee recommended in favor of the adoption of Saxton's

hydrometer for revenue purposes, but without any effect.
113

Davis asked the Academy to tell him whether to continue the

current charts and sailing directions of Maury, always an enemy of

the Lazzaroni and now doubly damned as a rebel. In the light of

Maury's enduring reputation, the conclusion formally adopted by



146 SCIENCE IN THE FEDERAL GOVERNMENT
the Academy, that his charts "embrace much which is unsound in

philosophy, and little that is practically useful," casts something of a

reflection on the committee's ability to keep its personal and scien-

tific judgments separate. The full report was both extensive and care-

ful, however, developing the same opinion of Maury's work which

had timidly appeared in the American Journal of Science during the

1 850*8. A second resolution urged that "such information should con-

tinue to be collected." 1U

Taken together, the committees make it clear that Bache and

Davis personally inspired all the requests that came to the Academy
in 1863. The total results were modest enough, and when the Maury
question and the metric system are ruled out as unrelated to the war,

the remainder of service is negligible. The four committees of 1864,

while not emanating directly from Bache and Davis, made no better

record. The best opportunities came on a joint group of three each

from the Academy, the Franklin Institute, and the Navy Depart-

ment, to experiment on the expansion of steam. Isherwood as well as

Davis served for the Navy. But after some progress reports in 1865
and 1866 the committee became inactive. In 1880 the investigations

were reported not yet completed, and after that they dropped from

sight.
115 No wartime committees date later than May 2, 1864, when

Grant was just beginning his campaign with the Army of the Potomac

and nearly a year of fighting lay ahead. When compared with the

257 reports made by the Permanent Commission, the advice rendered

by the National Academy appeared slight, and the efforts of Bache

and Davis to channel government business to it only rarely succeeded.

The National Academy^ Fight for Survival

The torpidity that overcame the Academy in the spring of 1864
coincided with the serious illness of its architect, Bache.116 With their

"darling chief" incapable of further duty, the Lazzaroni maintained

their quarrelsomeness without the energy and direction that the

greatest government scientist of the whole period had imparted to

them. Agassiz came close to precipitating a mass resignation of natural-

ists by fighting the election of Baird in the summer of 1864. But the

failure of this effort meant that the little group which had controlled

decisions so easily in New York in 1863 had met an open rebuff.

Henry's support helped put his modest assistant secretary into the

select fifty, and he warned Agassiz that in "this Democratic country
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we must do what we can, when we cannot do what we would. We
must expect to be thwarted in many of our plans."

m
Any rosy hopes

of congressional appropriations were now dead, and the few publica-
tions that the Academy managed had to be paid for out of the pockets
of members.118

Through the years 1865 to 1867 attendance at meetings trailed

off. With Bache ill, James D. Dana resigned the vice-presidency, leav-

ing Henry as a kind of receiver for the organization. At the meeting
of January 1867, only seventeen attended, reading seven papers.

119

A desultory but questioning discussion among scientists had begun

again concerning the nature and functions of the Academy.
120 But

Bache, even in his death, gave his creation the impetus to survival.

By leaving it the bulk of his estate and by making Henry feel an

obligation to continue it, he gave the support and the leader necessary
to weather the crisis. Henry wrote, "I very reluctantly accepted the

office of President and I was principally induced to do so at the

earnest solicitation of Mrs. Bache, who since her husband was the

first president, and because his fortune after her death will be under

the care of the Academy, is exceedingly anxious that it should be

perpetuated." Henry was "far from desiring that it should expire
in my arms; but how to preserve its life and render it useful is a

different problem."
121

Between 1867 and 1872 Henry developed a three-point program
for the salvation of the Academy. First, he made the prime considera-

tion for membership in the Academy "original research," with no

one "elected into it who had not earned the distinction by actual dis-

coveries enlarging the field of human knowledge." This shifted the

emphasis in the purpose of the Academy from practical service to

the government to the recognition of "abstract science."
122 The sec-

ond point of the program was to reduce the number of meetings to

one a year and hold them in Washington. The third point was to in-

crease the membership beyond fifty.

Wolcott Gibbs and B. A. Gould, both old Lazzaroni "who

have thus far considered themselves the essential elements of the

society,"
123

put up some opposition, and Benjamin Peirce eventually

resigned, but the Academy was no longer a fighting issue. An act of

Congress removed the ceiling of 50 on membership, opening the way
for the admission of 25 new members at once in 1872. By taking in

several who earlier had been passed over, the Academy killed much
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of the appeal of the rival organizations that had sprung up,

124 and

younger scholars selected because of contributions to abstract research

gave some hope for the future. By Henry's policies the life and dig-

nity of the Academy were assured, while the gifts of Bache and others

provided it sufficient money to operate as an honorary society if not

as a research establishment for the government. No longer the chosen

instrument of a small and spirited group, the Academy was kept alive

because leaders such as Henry, who had no great positive program
for it, realized that to allow such an organization to die would do

severe damage to the prestige of science in America.

The relations of the government and science between 1861 and

1865 show no overwhelming stimulus of research by a war that was

only beginning to resemble the conflicts of the twentieth century. A
general shake-up of administrative arrangements is evident, with both

positive and negative results. The old army-civilian exploring expedi-
tion barely survived the war and never regained its dominant position.

The possibility of a new relation of science to technology appeared
within the services, but little of the experience carried through the

severe retrenchments which began even before the fighting stopped.
The National Academy was a monument to Bache's dream of putting
science in the service of the government, not to any actual wartime

accomplishment, and its main potentiality was to serve as a rallying

standard when a new crisis should come.

Nevertheless the America that emerged from the Civil War found

itself in a different era which demanded and achieved new scientific

institutions, both inside and outside the government. These important

changes sprang not from the military necessities of the struggle but

from the dynamic forces that were transforming all of American cul-

ture.



VIII

THE EVOLUTION OF

RESEARCH IN AGRICULTURE

1862-1916

IN sharp contrast to the government's hesitant stimulus to research

technology and to the National Academy, the outbreak of the Civil

War had a profound effect on the position of agricultural investiga-
tions. With the heirs of John C. Calhoun gone from Congress and
the agricultural states of the Northwest in the ascendancy, increased

support for information to farmers was almost a foregone conclusion.

The United States Agricultural Society with its long agitation for a

department found that the core of its opposition had seceded. Justin S.

Morrill was as ready as ever with his land-grant college act.1 Unlike

the National Academy, these measures were the creations of politi-

cians, not of scientists. Indeed, Bache in his 1851 address proposing a

scientific organization to aid the government did not even mention

agriculture as a field of possible action. Nor did anyone connected

with the Patent Office or with agricultural studies appear on the list of

the Academy's incorporators. Journalists, professional consultants,

gentlemen farmers, enthusiasts for manual-labor farm schools, and a

few- chemists under the spell of Liebig were the core of the pressure

groups agitating for the agricultural measures.2

The Legislation of 1862

The Republican platform of 1860, emphasizing the alliance be-

tween the industrial East and the agricultural West, set the stage for

early action on a more effective substitute for the impotent and

unpopular efforts of the Patent Office.3 Lincoln backed a proposal
of his secretary of the interior, Caleb Smith, to create a bureau of

agricultural statistics, while the commissioner of patents in his report
for 1 86 1 suggested an industry department with a mechanical, an
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agricultural, and a commercial bureau.4 A bill for an independent

agricultural and statistical bureau passed the House of Representa-
tives while several versions failed in the Senate before a compromise

emerged which drew the opposition of only seven votes in the House
and thirteen in the Senate.5

The act itself gave ample attention to science as an aid to agri-

culture, putting most of the emphasis on the programs already begun

by the Patent Office. The new department was to "acquire and dif-

fuse . . . useful information on subjects connected with agriculture

in the most general and comprehensive sense of that word, and to

procure, propagate, and distribute among the people new and valuable

seeds and plants." Although lacking a place in the cabinet, the com-

missioner as the head of an independent department was to gather
information either in books, by correspondence, by collecting sta-

tistics, or by "practical and scientific experiments (accurate records

of which experiments shall be kept in his office) ." The law provided
for a chief clerk, and mentioned the service of "chemists, botanists,

entomologists, and other persons skilled in the natural sciences per-

taining to agriculture."
6

Five days after Lincoln signed the organic act of the Department
of Agriculture, the Homestead Act became law, opening a new chap-
ter in the management of the public domain and the expansion of

American farming into the West. As consolation for the states no

longer heavily endowed with public lands, a land-grant college bill

now found favor in Congress. An "act donating public lands to the

several States and Territories which may provide colleges for the

benefit of agriculture and the mechanic arts"
7

passed both houses

in June 1862 and became law on July 2. The culmination of a long-

standing pressure which had made itself felt in the 1850*8 and even

before, the land-grant college idea received its final form from Repre-
sentative Morrill of Vermont, who had been its leading advocate

since iSjd.
8 The newer Western states, which opposed the act be-

cause it gave potentially equal endowment of land to each state, east

or west, found themselves in a minority without the Southern allies

who had aided them in the 1 85o's.
9

To what extent the land-grant colleges were supposed to be scien-

tific institutions is questionable. Morrill's original idea seems to have

emphasized direct instruction to the agricultural and industrial labor-

ing classes. The variety of the schemes put forward resembles the
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babel that greeted the Smithsonian bequest. By 1867, Merrill was

quoted as saying that the institutions envisioned in the act were not

agricultural schools but "colleges, in which science and not the clas-

sics should be the leading idea." 10 The states, which had the responsi-

bility of administering the funds from the sale of the federal lands,

responded with several institutional patterns
-

endowing existing col-

leges, setting up new schools, dividing the funds between agricul-
tural and mechanical purposes. No colleges set up under the act had

any effect during the war period, and before 1887 only a few insti-

tutions had a real research program. The scarcity of secondary schools

among farming people, the lack of trained teachers and of adequate

textbooks, and the absence of incentive to study agriculture in col-

lege hampered the early attempts. In 1872-1873, nearly half of the

26 colleges had fewer than 200 students each, and only 4 institutions

enrolled over 400. The agricultural and mechanical departments were

even smaller.
11

Thus, the land-grant colleges with their federal en-

dowment were important only as a framework for future develop-
ment.12

In spite of their failure to provide solutions for the many prob-
lems facing Northern agriculture during the Civil War, the acts of

1862 mark a genuine turning point for science in the government.

Up to this time scientific institutions had had a questionable consti-

tutional status because they were tied to other much-disputed internal

improvements. All the great accomplishments of the prewar years

the Smithsonian, the Coast Survey, the Naval Observatory, and agri-

cultural research in Patent Office had evaded the constitutional

issue. In establishing the Department of Agriculture and granting pub-
lic lands for colleges the Congress proceeded on the unspoken but

definite assumption that its power "to lay and collect taxes ... for

the common defense and general welfare of the United States" obvi-

ously warranted federal sponsorship of scientific research. Although

opponents could and did invoke states' rights against federal scien-

tific activity, the outbreak of the Civil War had ruled in favor of

Alexander Hamilton's interpretation of the general-welfare clause

as clearly as it presaged the triumph of Hamilton's vision of an indus-

trial nation. From this time on, Congress proved itself at least occa-

sionally willing to establish permanent bureaus with ample grants of

power explicitly
stated in organic acts.

13 With the Constitution no

longer a stumbling block, the era of bureau-building had begun.
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The Early Years of the Department of Agriculture

The name of the first commissioner of agriculture should have

given his department a scientific bent. But Isaac Newton was a Penn-

sylvania dairy farmer who had made deliveries at the White House

and other prominent residences in Washington, to the incidental

advantage of his political ambition. Working up through the United

States Agricultural Society, he served as commissioner of agriculture

in the Patent Office under Lincoln until the act for the independent

department had passed. Inheriting the old rooms in the Patent Office

building, the commissioner's new agency did little more at first than

change its name.14

In his first annual report, Newton announced an expanded pro-

gram, which called for the collection of information generally, in-

cluding statistics, the distribution of seeds and cuttings, and the

answering of farmers' queries. For more strictly scientific work he

proposed "a chemical laboratory" for analysis of "various soils, grains,

fruits, plants, vegetables, and manures" and professorships of botany
and entomology.

15
Clearly, although the commissioner wished to

use science and believed that its cultivation benefited agriculture,

he had no specific ideas as to what problems could be solved or how

they should be attacked. Hence his proposal amounted to the pur-
suit of the disciplines

of chemistry, botany, and entomology along
academic lines, with the hope that the farmer would gain increased

awareness of his surroundings and indirectly obtain higher produc-
tion. Nevertheless, an organization thus devoted to research thinly

spread over whole scientific disciplines had to justify its existence

by specific discoveries of value to the farmer, or it would be forced

to modify its approach. Perhaps it could become a great agency for

basic research in the life sciences, but to aim at that alone, as if it were

the National Museum, ran the danger of losing essential support.
Newton's scientific appointments followed the pattern of aca-

demic disciplines.
The first chemist, C. M. Wetherill, who had a

first-rate German education, began analyzing the composition of

sugars, syrups, and other products, publishing a report on the CheTni-

cal Analysis of Grapes in 1862. But his preoccupation with Captain
Diller's gunpowder led to a quarrel with Newton and his leaving the

department.
16 Whatever glory the early Division of Chemistry de-

serves stem from the work of WetherilTs successors, Henri Erni and
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Thomas Antiseli As early as 1864 Erni, finding that the only chemist

in the government was likely to be kept busy regardless of his re-

search interests, complained that "a great number of letters of in-

quiry regarding scientific problems in agricultural and general indus-

try have been answered by me, frequently involving extended chemi-

cal and microscopic examination." 17
Antiseli, a veteran of the western

surveys before the Civil War, looked toward mineral and metallurgi-
cal investigations in addition to agriculture as a proper sphere of

activity.
18

In entomology Townend Glover, who was carried over from the

Patent Office, continued his long tenure under the department, indus-

triously describing insects until his death in 1878. William Saunders,

a Scotsman with experience as a nurseryman, became superintendent
of the propagating garden, where he centered his experiments on plant

introductions. Some of this work touched such economically impor-
tant plants as eucalyptus and navel orange trees. Beyond his nursery,

Saunders' interests ranged widely. He converted Newton's ill-fated

experimental farm into a kind of arboretum surrounding the new de-

partment building and was prominent in various public landscaping

projects.
He was also one of the founders of the Grange the

Patrons of Husbandry and served as its master for the first six

years after i867.
19 But his work, hampered by lack of facilities and

by the political necessity of distributing free seeds in vast quantities,

never went very far into any question. Saunders remained at his post

until 1900.

A statistics bureau, library, and museum rounded out the activities

of the department under Newton. But these surface organizational

accomplishments cannot hide a most unpromising start for the new

department. By 1865 the agricultural journals and societies were

calling for a change, and after Newton became ill in 1866, President

Andrew Johnson tried to remove him. But the Senate, spiting the

President in all things great and small, refused to confirm a successor,

leaving Newton in office until his death in iS6j.
2Q

The commissioners of agriculture after 1867, although some were

abler than Newton, had political backgrounds and short terms of

office. By 1870 the divisions of the department were chemistry, horti-

culture, entomology, statistics, seeds, and botany. The employees of

these divisions devoted themselves to whatever agricultural problem

came their way within their discipline.
This organization by fields
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of learning was further emphasized by the creation of a division of

microscopy.
21

When an urgent problem arose, the department seldom had the

resources to cope with it. For instance, the spread of the railroads

in the West after the Civil War and the opening of the trails suddenly
converted the so-called Texas fever of cattle from a local nuisance

into a national and international danger. Cattle brought from the

southern states, though remaining healthy themselves, infected north-

ern animals in large numbers with a disease that often proved fatal.

Commissioner Horace Capron had to look beyond his own staff to

find men for the work that Congress almost forced upon him by ap-

propriating $15,000 for the investigation of animal diseases.
22 The

leading researcher, Dr. John Gamgee, a British veterinarian, obtained

most of his assistance from doctors borrowed from the Army. Only
the report on the statistics of the progress of the disease came from a

regular department man. Gamgee knew that practical cattlemen often

blamed ticks as the carriers of the disease, but he concluded that "a

little thought should have satisfied any one of the absurdity of the

idea." 23 In the light of later discoveries, this classic bad guess shows

the young department to very poor advantage.

More significant perhaps than the conclusion was the general

procedure of the entire project. Most of the studies started with the

assumption that a fungus caused the disease. Indeed, it is clear that

Army Surgeon John Shaw Billings was called in because of his in-

terest in cryptogamic botany rather than as a doctor of medicine.

The older systematic studies were far from providing the solution

of a practical problem in the microscopic realm.24

The two main causes of the ineffectual showing on Texas fever

were, first, the inability to organize a long-term intensive research

effort, and second, the lack of adequate concepts of disease trans-

mission. The latter was the fault of the department only because it

supinely assumed that all concepts must be delivered ready-made
from abroad. In 1869 Louis Pasteur and the others still had much to

do to make the germ theory a workable tool, and in waiting for them

the department was behaving much like the rest of American science.

Yet Pasteur in these years was working on problems just as earthy
as those facing the department diseases of silkworms, production of

wine and beer, anthrax, chicken cholera, cattle pleuropneumonia.
Out of his studies, so practical from the point of view of the French
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farmer, came revolutionary scientific theories. Pasteur's great dictum
that there were not two forms of science pure and applied but

only science and the application of science, described a situation with
which the department had to come to terms.25

The tensions that beset the department in finding appropriate
scientific means to accomplish its mission to the American farmer
are well illustrated by the vicissitudes of the division of botany in

the early years. When Capron became commissioner, in 1867, Joseph

Henry saw a chance to further his favorite policy of self-denial by
transferring to the Department of Agriculture the huge mass of un-

mounted specimens of plants from the government surveys that had

piled up at the Smithsonian. Herbarium work in classification and

nomenclature, basic to all forms of plant investigation and then the

dominant interest of American botanists, was of great potential im-

portance to agricultural studies. Yet the gap between the systematic

botany of the time and an applied science of agriculture was very
broad. Occasioned partly because the botanical knowledge of any
one species was too thin, the rift proved even greater because the

great crop plants wheat, corn, and the rest were precisely those

about which the botanists knew least and which their tools, designed
to study plants in nature, were least able to penetrate.

With the blessing of Asa Gray and John Torrey, the arbiters of

botany in America, C. C. Parry became the botanist of the Depart-
ment of Agriculture and, taking over the mass of specimens that

Henry self-righteously renounced, began to make of them a national

herbarium in much the same way that Baird was creating a national

zoological museum within the Smithsonian. Parry was a competent
collector who had learned both botany and marked frontier indi-

vidualism in the hard graduate school of the Western surveys.
26
Things

went well enough under Capron, but when Frederick Watts, a Penn-

sylvania lawyer-farmer, became commissioner in 1871, Parry began
to get into trouble. His habit of corresponding directly with outside

botanists such as Gray irritated the commissioner and the chief clerk,

who "not only dictates as to how I shall cary [sic] on the details of

my division, but is constantly making foolish and unnecessary cor-

rections of my official letters requiring frequent recopying."
27 After

several scenes the commissioner curtly wrote Parry that his "services

as botanist of this department will not be required after this date." 28

The botanists of America promptly declared war on the depart-
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merit. Using Joseph Henry himself as courier of their messages, they

badgered Watts into justifying himself. Besides attacking Parry as

"wanting in perspicuity," he claimed that the business of the depart-
ment was to "render the developments and deductions of science

directly available to practice," and that the botanist should study

"vegetable physiology, their relations to climate, soils, and the diseases

of plants, which are principally of fungoid origin." Not only had

Parry failed to do this, but the "routine operations of a mere her-

barium botanist are practically unimportant."
29 The breakdown in

understanding between the botanists and the department was almost

complete. Watts's brave words about the mission of botany would
have rung truer if Parry's successor, George Vasey, had not continued

the old policy for another twenty years. The National Herbarium

gradually became a major institution in its field, but in 1896 it was
retransferred to the Smithsonian Institution,

30
its logical and proper

keeper.
The Parry fiasco pointed up a number of weaknesses within the

department. The political position of the commissioner, the power
of the chief clerk over the scientists, their helplessness in the face of

capricious dismissal, and a disdain for the counsels of the scientific

community outside the government, came starkly to
light. It is true

that the botanists tended to concentrate on what the department could

do for their science instead of what it could do for the farmers. Yet
such episodes explain why Asa Gray had the fixed opinion that only
a monarchial government could effectively support science. "Neither

our Congress nor our executive department can be depended on for

attending to any such thing wisely or honestly,"
31

Total appropriations for the department, although fluctuating

year by year, scarcely progressed for about twenty years. The

$199,770 in 1864 compared to $199,500 in 1880 32
is some indication

of a stable level of activity at about one-half the plane of the prewar
Coast Survey, the only gain coming from the fluctuation in the value

of money.
The newly established journal Science used the amount spent for

1881 ($256,129.68) as an occasion for the bitter comment that "the

results obtained by this class of expenditures have hitherto been, out

of all proportion, small." The anonymous author claimed that the de-

partment "cannot be accounted competent to carry on continuous

scientific researches." Far from suggesting that it go into works
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which "must

necessarily run on
consecutively from year to year,"

he urged the commissioner to accept his fate, since rather "than try
to grasp the unattainable, it will assuredly be wiser to study special
finite questions as they present themselves." To do this "the best
means is the employment of special scientific men of approved com-

petency, each one to grapple with his own particular question in such

place and manner as he may deem fit."
33

The Development of Bureaus and the Problem Approach
This invitation to farm out the department's business to private

hands and to give up the attempt to build a federal scientific organ-
ization was both the counsel of despair and the revelation of a wide-

spread desire among American scientists to restrict the government
to as small a sphere as possible. The scandals of the Grant administra-

tion and the tremendous burst of economic power, which over-

shadowed the political squabbles of the period, helped foster this

extreme antipathy toward all sorts of government enterprise, for

which the laissez-faire philosophy of William Graham Sumner was

already furnishing a rationale. About this time the nation was also

recoiling from a gigantic program of intervention, the reconstruction

of the Southern states.

Within the scientific community itself rapid changes made a re-

strictive attitude toward the government more plausible. Graduate
education was beginning to take hold in a few universities and with

it rose academic research. German ideals of seminar and specializa-
tion were beginning to find favor at the new Johns Hopkins Univer-

sity. Products of the Sheffield Scientific School at Yale and of Agas-
siz's teaching at the Lawrence Scientific School at Harvard were

spreading the gospel of research across the country. The traffic of

young Americans to European centers increased steadily and these

new scientists, dedicated and specialized, were finding positions back

home that allowed them to use their advanced training. Beside this

stimulating scene the politics-ridden atmosphere of the capital seemed

bleak indeed. Give up Washington, give up the government, and let

Yale, Harvard, and Cornell take over the agricultural research of the

country when and if they pleased.

Yet other voices spoke another chorus. By 1880 the transforma-

tion of the United States from an agricultural to an industrial nation

was far advanced. Mechanization and commercialization of the farm,
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the building of the railroad network, and the creation of a single in-

ternational market for agricultural products were making a new
world for the farmer which he did not understand. The westward

migration was invading the Great Plains and the Rocky Mountain

area where the physical environment made the old rules of thumb
for agriculture worse than useless. The Homestead Act created i do-

acre farms in areas where the realistic size of a unit should run to

thousands of acres. Although the dirt farmer himself often despised

book learning and certainly did not look to science as his salvation,

possibilities of research producing relevant answers to the urgent prob-
lems confronting agriculture were apparent to the pressure groups

responding to the farmers' plight. The men who had this vision could

reach their state governments and through Congress the federal gov-
ernment and the Department of Agriculture. They could not so easily

place their needs before Harvard University, whose agricultural ad-

junct, the Bussey Institution, was withering away in the face of oppor-

tunity.

Between 1880 and 1897 the Department of Agriculture answered

the call. The evolution of its organization was somewhat halting and

painful, and no Bache emerged as a driving leader, but scientific ex-

cellence, thriving in unexpected places, became increasingly more

prominent. As its ability to furnish answers increased, the department

gradually evolved an adequate social and political mechanism, the

government bureau. With its roots far back in the pre-Civil War

period,
34 when the Coast Survey, for instance, achieved some of its

attributes, this entity began to mature after 1875.

Although no single organization actually realized all its facets,

the ideal new scientific bureau had clearly defined characteristics. In

the first place, the center of its interest was a problem, not a scien-

tific discipline. Instead of a chemist who tested both fruits and fer-

tilizers, the problems of growing particular crops or improving ani-

mals became central, and the bureau mobilized teams of experts from

various disciplines to attack each one. Such an approach required on

the one hand stability to concentrate on a given fine of investigation

over a period of years, and on the other hand the
flexibility to shift

resources as the problem changed.
Thus the ideal bureau chief sought continuity by means of a

grant of power in an organic act of Congress that stated the mission

of the agency comprehensively and then stood unchanged over a



RESEARCH IN AGRICULTURE 159

period of many years as a kind of little constitution. The Department
of Agriculture's organic act was a model that was to reappear at the

bureau level. To gain flexibility, the bureau chief fought against

appropriations for specific purposes and favored lump sums which

could be shifted when the problems changed their shape. This em-

phasis on mobility arose because the new chief not only concentrated

on problems but also took an active part in seeking them out. Not
content to await congressional action or public protest, he strove to

find problems and answers in anticipation of need.

In the second place, the ideal bureau aimed at a stable corps of

scientific personnel which was not only competent but also loyal

to the bureau and confident that its work was important to the coun-

try. As will appear much later, the Forest Service and the Public

Health Service carried this to the length of putting their personnel
in uniform.

In the third place, the ideal bureau established as harmonious

relations as possible with many groups outside itself. Congress natu-

rally was of great importance, but a house of Congress as a single

deliberative body discussing scientific policy in full debate seldom

existed at all in these years. Hence bureau policy had to aim at keep-

ing a small number of senators and congressmen who sat on the right

committees informed about the nature and progress of its work.

For many years Representative James W. Wadsworth of New York

kept abreast of the developing agencies in the Department of Agricul-

ture. The legislators
thus trained would then protect the bureau's

interests, often getting substantive action by resorting to riders on

appropriation
bills.

The ideal bureau looked carefully to its relations to other agencies.

Sometimes it was a child of an older group, drawing on its parents'

tradition and personnel, as the Fish Commission grew out of the

Smithsonian. Sometimes it had children of its own, as the Bureau of

Animal Industry begot a Dairy Division which later broke away com-

pletely. Sometimes of course, one bureau and its growing tradition

crossed the path of another.

To be safe from the vagaries of
politics,

the ideal bureau needed

a group interested in its problems, but outside the government. Con-

servation would later spawn the most active of these associations, and

the Coast Survey had used the AAAS from its founding. These groups

often blended economic and scientific interests, and to the extent that
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they deserved the opprobrious title of lobbyist they were often politi-

cally useful.

In the same way, the ideal bureau had to have a working under-

standing with at least one university the source of trained person-
nel and, even in 1880, of considerable research service. Sometimes

the link was with a long-established institution, as the Geological Sur-

vey's alliance with Yale. But agriculture, thanks to the "cow colleges"

set up under the Morrill Land Grant Act, was in the process of shap-

ing a special university system for its own purposes.

Land-grant colleges meant dealing with states, which, although no

longer able to claim sovereignty over scientific enterprise, still had

formidable rights to press against the scientific bureau's natural in-

terest in centralization. John Stuart Mill's dictum that "Power may
be localized, but knowledge, to be most useful, must be centralized,"

35

had its greatest relevance to agencies whose very business was knowl-

edge. Yet the different terrain, weather, and crops of the various states

might provide an opportunity to experiment and collect facts in the

diversified localities where the problems lurked. The ideal bureau,

while jealously guarding the lines of communication by which local

information flowed into a central clearinghouse, could by using the

states reach out farther from Washington and get down closer to

local problems.
Even though it might begin as a research institution, the ideal

bureau found that success in science inevitably bred responsibili-

ties in two directions. As soon as it had proved itself, the bureau had

to furnish routine services related to its problem, as the Naval Ob-

servatory had for long been the keeper of the nation's time. Much
more significantly,

success in research, implying ability to control

a problem, involved the ideal bureau in regulation. The understanding
of an animal disease led to the drawing of lines of infection and the

definition of danger areas. These led to quarantines, and the bureau

found itself with the sanction of law to enforce its scientific theories.

The advent of regulation based on scientific investigation had

profound results. For the bureau as a whole it meant larger appropria-
tions although not necessarily more funds for research. To carry out

inspection and enforcement meant large staffs often consisting of

people with an outlook different from scientists. By bringing the

results of science directly home to the people, regulation increased

public awareness of the bureaus more than any amount of scholarly
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publication. In a larger way, regulation meant the yoking of science

to the fundamental operations of the government. Indeed, it opened
the way for the belief that the rational ways of science could solve

the problems of the nation more effectively and impartially than the

chaotic clash of political interests.

Entomology, Animal Industry, Plant Industry

The first rumblings of a new approach came in the field of en-

tomology.
36 With Townend Glover's health failing, the Department

of Agriculture had so small a reputation in the 1870*5 that, when an

unusual flight of locusts invaded the eastern Great Plains, Congress
turned to another agency entirely. C. V. Riley, the state entomolo-

gist
of Missouri, had written that the Department of Agriculture

"might employ the large sums it now fritters away in the gratuitous
distribution of seeds, to better advantage in ... sending out . . .

a commission; but the people have lost all hope of getting much good
out of that institution." Others considered federal action ridiculous,

the Nation asserting that "the Agricultural Commissioner will scatter

the seed broadcast over the land, while the national entomologist will

follow closely on his trail and exterminate the bugs that may attack

ripening grain. We only want now another Commissioner to harvest

the crops." Riley tried in vain to get respectability by having the

National Academy consulted on appointments.
37

Congress finally

provided a commission in the Interior Department, where the West-

ern surveys were vigorous.
The United States Entomological Commission, with Riley as

chairman, got out into the field to study the locust, publishing several

bulletins. Despite its lack of practical results, the commission was

important. In the first place, its research revolved around a problem.
A national calamity called for a scientific answer, and the federal

government responded, "a real encouragement to scientific workers

as well as to farmers." 38 In the second place, the commission, instead

of disbanding at the end of its appropriation as had so many other

piecemeal responses, merged into the Department of Agriculture and

perpetuated itself and its approach as the Division of Entomology.

Riley succeeded Glover in 1878, and, although his political activity

led to exile for a time, he remained until i894.
39 The commission

itself was transferred to Agriculture in 1880 because of the reorgani-

zation of the surveys in Interior.
40
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Between 1881 and 1885, congressional appropriations to the Divi-

sion of Entomology increased from $7000 to $42,900, a plane which

with minor variations held until ipod.
41

Although the commissioner

of agriculture did the testifying before Congress until the iSpo's,

Riley was an industrious politician
who sometimes did more harm

than good in his eiforts to wheedle appropriations.
42 Yet "economic

entomology" was the new order of the day. The division investigated

scale insects on orange and fruit trees, and pests affecting other
staples,

for instance, cranberries.
43 Assistants went to the scene of any impor-

tant insect outbreak. Such agents played a part in the first really dra-

matic victory over an insect pest, the introduction of an Australian

ladybird that was the natural enemy of a ruinous scale on citrus fruit

trees.
44 The establishment of the state experiment stations greatly

aided this field work. Older activities of course continued. Identi-

fication and classification, which had once been the main preoccupa-
tion of the entomologists, remained as important background work

not only for the division but for many other branches of the govern-
ment,45 Thus taxonomy became a routine responsibility.

The ancient dream of a silk industry in America occupied much

of the time and funds of the division in these years. In part an effort

to diversify the agriculture of the South, it was definitely pressed

upon the division from outside. By 1908 scientists had proved what

they had believed in the first place, that silk culture was uneconomi-

cal in the United States without a protective tariff.
46 The external

relations of the division gained strength with the establishment of the

Association of Economic Entomologists in 1889, which aided in get-

ting favorable legislation.
47

By 1894, when Riley gave way as chief to his assistant, Leland

O. Howard, the Division of Entomology had moved toward be-

coming one of the new scientific bureaus. Yet it still had a long

way to go. It tended to let problems come to it instead of seeking
them out. When in 1889 the gypsy moth first appeared in Massa-

chusetts, the state began a program of extermination, which it aban-

doned on the brink of success in 1901. In 1905, with the pest out of

control, the fight had to begin again with the help of the federal

government. "Knowing what we do now," wrote Howard, "it would

seem that the Federal Bureau of Entomology might fairly be blamed

for lack of foresight in not warning Congress and the other States

of the great danger and in not appealing to Congress for funds with
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which to prosecute radical work. As I look back, the idea seems never

to have occurred to us."
48

The development of the division between 1894 and 1915 rounded

out the structure of a new scientific bureau. The increasing intro-

duction of insect pests from abroad in the same period that large-

scale production of single crops made American agriculture more

vulnerable created problems of national importance. The San Jose

scale in Eastern orchards, the boll weevil in the cotton belt, and

the mosquito's prominence as a carrier of disease were the most

spectacular challenges, which the division met with increasing prompt-
ness and vigor. Beginning in 1 895, Howard carried on an active cam-

paign for quarantine legislation that would allow him to check the

accidental introduction of foreign pests. The opposition of nursery-
men and other importers was so strong that several years and inten-

sive efforts at educating individual congressmen were necessary to

get a Federal Quarantine Act passed in I9i2.
49

Although a separate

Horticultural Board at first had control of actual quarantine, the

Bureau of Entomology had much to do with it.
50

After 1906, when the Division of Entomology became a Bureau

in name, its appropriation quickly mounted, from $84,470 in 1906

to $262,110 in 1907 and $829,900 in i9i6.
51 This increase reflected

a general rise in activity, more regulation, and especially intensive

work on the boll weevil. Following its policy of carrying "the

laboratory to the problem rather than the problem to the laboratory,"

the bureau set up headquarters and experimental fields in infested dis-

tricts. This led to the danger of logrolling on the pattern of river

and harbor improvements. In spite of pressure from congressmen, one

of whom told the chief "with his voice trembling, that his reelection

depended on his success in retaining a certain station,"
52 the bureau

maintained its mobility in shifting its activities to follow its scientific

problems. The boll weevil yielded to no single simple remedy, but

out of the information came procedures by which cotton could be

produced in spite of the pest. By 1916 the metamorphosis of the

Bureau of Entomology into a new scientific agency was virtually

complete, and it was proving its worth so regularly that its position

in the government was not only secure but taken for granted.

The impulse toward problem research followed closely in the

field of animal diseases. By the i87o's the rationalization of the cattle

industry caused by railroad building to the West had continued into
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international trade, producing an export business of live cattle to

Europe. The concern of the British government may have been in

part economic, but the presence of disease coming from the United

States gave a perfect reason to impose drastic restrictions. The federal

government, not the states, felt the full weight of international pres-
sure. In spite of the earlier investigations of Texas fever and pleuro-

pneumonia under the commissioner of agriculture, the secretary of

the treasury was first to react to British restrictions. In 1878 and

1879 Secretary John Sherman issued a series of orders which pro-
vided in turn for inspecting cattle, prohibiting export entirely, and

a ninety-day quarantine. Amid all the clamor from cattle exporters
Sherman pointed out that it "is hardly just . . . while no efficient

measures are adopted in the United States to even
systematically

ascertain the extent of cattle disease in this country, and much less

to adopt efficient measures for its suppression, to complain that the

British Government adopts effective measures." 53 The
secretary of

the treasury had scanty legal power to set up an inspection and none

at all to undertake the research on which to base an effective policy.
Confusion was worse because the British were condemning Western
cattle for fear of pleuropneumonia, which existed only in the East.54

While Congress drifted, a host of other animal-disease problems
stacked up on the government's doorstep. Texas fever still had no
solution. The beginning of shipments of American meat abroad in

refrigerator ships emphasized the danger from hog cholera and trich-

inosis. Continental Europe joined in the game of
restricting Ameri-

can meat products. The Department of Agriculture created a Veteri-

nary Division in 1883 under D. E. Salmon, but could do little without

new power and more money. Commissioner George Loring reached

for outside help by calling a convention of livestock breeders in Chi-

cago, which appointed a committee to work for national
legislation.

55

In 1884 the Congress in the organic act for a Bureau of Animal

Industry created whole at a single stroke a new type of scientific

agency. There were many who opposed it, claiming that it was uncon-

stitutional to give special aid to one industry, that it would saddle

the taxpayers, that disease was a myth, and that state regulation was
sufficient.

56 These objectors had a less rocklike constitutional position
than had the John C. Calhouns of an earlier day, and like them did not

prevail on a direct vote. The organic act put most of the weight to

setting up a regulatory system to control pleuropneumonia, involving
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the right to prevent the export of affected livestock and by codpera-
tion with the states to regulate the disease

domestically. It even pro-
vided that two agents who would

investigate diseases be "practical
stockraisers or experienced business men familiar with questions per-

taining to commercial transactions in livestock." But the chief had
to be a "competent veterinary surgeon" whose duty was "to investi-

gate and report upon the condition of domestic animals in the United

States, their protection and use, and also inquire into and report the
causes of contagious, infectious, and communicable diseases among
them, and the means for the prevention and cure." 57 The Bureau of

Animal Industry thus had most of the attributes of the new scientific

agency at its birth an organic act, a set of problems, outside groups
pressing for its interests, and extensive regulatory powers.

Regulation paid off handsomely on pleuropneumonia. By rigid

inspection and destruction of affected cattle the disease had been
checked by 1890. In 1892 the secretary of agriculture officially de-

clared the United States free from it.
58 But Texas fever was more

stubborn because shrouded in mystery which could be dispelled only

by an increase in basic scientific knowledge.
The investigators of the 1 88o's had a much more favorable scientific

atmosphere for an attack on Texas fever than had Gamgee back in

1868. Pervading all was the immense quickening of the biological
sciences in the wake of Charles Darwin's publication of the Origin

of Species in 1859. More concretely, the work of Pasteur, Robert

Koch, and others had by this time done much to establish the germ
theory with animal diseases as the subject of the most

telling experi-
ments. The discovery by C. L. A. Laveran of malaria parasites within

the red corpuscles of the blood had suggested a new place to look

for microorganisms that might cause a disease. With bacteriology en-

tering its greatest period of expansion, adequate tools were now at

hand for the attack on Texas fever, still protected by unexpected

quirks in its life history.

The Bureau of Animal Industry brought to this problem the in-

sight of several men of varying background working as a team. Sal-

mon, the chief of the bureau, had studied the fever for a long time

and had accurately established the border of the permanently in-

fected district, healthy cattle from which would infect Northern

stock. This was not only the basis for a crude quarantine applied in

the fever season, but also an important clue to the nature of the
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disease.
59 In 1889 a team of young Cornell graduates started to work

systematically.
Theobald Smith, a doctor of medicine inspired by the

new techniques of bacteriology, did the major microscopy, while

Cooper Curtice gathered laboratory material from animals dead of

the disease. F. L. Kilborne looked after the cattle in the experimental

fields near Washington.
60

Almost immediately a microorganism in the red corpuscles was

singled out as the probable cause, and at the same time a tick of a

particular species whose range coincided with the permanently in-

fected district came under the same suspicion by the investigators that

had long been held by cattlemen.
61

But, as Smith later wrote, "after

it had been shown that the disease failed without ticks, everything

was still to be done." 62 A series of decisive and well-designed experi-

ments in the pens near Washington not only proved the agency of

the secondary host but caught the fact that the disease was passed

from one generation of the ticks to the other. Smith worked out the

nature and course of the disease, while Curtice did a most intensive

study of the life history of the tick.

When the final report on Texas fever appeared in 1893, not only
did the American stockgrowers potentially benefit, but government
science had made a first-rate contribution to basic knowledge. Not

perhaps on a par with the work of Pasteur and Koch, the discovery

of the role of a secondary host in transmitting disease nevertheless

had that quality of opening up great possibilities
for the future which

is the hallmark of a basic discovery.

Although Theobald Smith soon went on to a Harvard professor-

ship, the Bureau of Animal Industry still had to struggle with Texas

fever. After fourteen years of experimenting on chemicals to destroy

ticks, the bureau began in 1905 a campaign to eradicate the disease

with state and local cooperation. A Field Inspection Division, set up
in 1912, became a Division of Tick Eradication in ^ly,

63 a perma-
nent activity with no end in sight.

This routine responsibility, which

in itself involved an elaborate research program, is as much a part of

the story of government science as was the superb original discovery
itself.

The Bureau of Animal Industry, precocious with its organic act

and regulatory functions, led the department into the twentieth cen-

tury both in its size and in its structure. An appropriation of $812,000

in 1 895, over two and one-half times that of the Division of Ento-
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mology, became $4,427,860 in 1910 and $7,880,026 in ipij,
64 over

25 per cent of the whole department total. In 1897 the breakup into

Inspection, Dairy, Pathological, Biochemic, and Miscellaneous Divi-

sions marked a widening sphere of interest and increased specializa-
tion. In 1906 meat inspection, as a result of pressure generated by
Upton Sinclair's book The Jungle, brought the bureau increased ap-

propriations and underscored its permanent position as the largest
and most fully developed line agency in the department.

65
Meanwhile,

the quality of research did not suffer from prosperity, as, for instance,

the work of Marion Dorset on hog cholera demonstrates.66

The economic and scientific pressure that revolutionized the de-

partment's work on domestic animals operated as strongly if less dra-

matically on the efforts to help crop plants. Yet the very strength of

the department's earlier interest in this field meant that reorganization
had to start at the bottom instead of the top. The gardener William

Saunders and the botanist George Vasey were in firm control, and

the munificent appropriations for free seeds were under the thumb
of congressmen who cut this particular melon with the same zest they

applied to river improvements and postmasterships. Hence the prob-
lem approach and the new sciences applied to plants had to creep up
from below.

In spite of the existence of the Division of Microscopy, which

was supposed to do analyses for the whole department, little knots

of scientists whose work was built around the use of the microscope
in pathology and bacteriology began to appear within the Division

of Botany. A section of mycology, the study of the fungi, first brought
Frank Lamson-Scribner into the service. By 1888 it was called the

Section of Vegetable Pathology, with Beverly T. Galloway begin-

ning a distinguished career as its head.67 Under him a group of young
men applied the same technique to plant diseases that was yielding

spectacular results in the Bureau of Animal Industry. Erwin Frink

Smith, who was there from the beginning, became one of the great

pioneers in plant pathology. His studies of peach yellows and crown

gall not only had great value to farmers but opened up new avenues

in the bacteriology of plant diseases and in the pathology of cells, a

study leading directly to cancer research.68

In 1895 this group became the Division of Vegetable Physiology
and Pathology at the same time Lamson-Scribner came back to head a

Division of Agrostology, which specialized in grasses and had added
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responsibilities as the Great Plains became an important agricultural
area.

69 At the same time the Division of Microscopy was abolished as

"an absurdity," since "the microscope has come into
daily, almost

hourly, use in nearly all scientific laboratories."
70 The National Her-

barium went back to the Smithsonian, where it could become a tool

of basic science more easily while still providing the department with

identifications when needed.

Thus by 1900, in addition to the Division of Botany, Divisions

of Pomology, Vegetable Physiology and Pathology, Agrostology,
Gardens and Grounds, and Seeds, operated parallel to one another.

Together they had appropriations of $2 68,400, intermediate be-

tween Entomology and Animal Industry. The secretary of agriculture
then used his power to group these into a Bureau of Plant Industry,
which Congress recognized in the next appropriation act.

The problem approach had won out, although regulatory activity
did not come until 19 ly.

72 The change in results which accompanied
this shift showed up clearly in that old scandal, seed distribution. Al-

though no part of the government's scientific program had been so

notorious for so long, congressional interest kept up free distribution

until 1923. Yet the basic idea of gathering plants abroad with which
to enrich and diversify American agriculture the old dream of

Henry Perrine was not in itself the root of the trouble. In 1898
the department first got authority to test seeds bought on the open
market and to obtain rare plants and seeds from other countries, an

idea that old Commissioner Watts had scoffed at a quarter of a cen-

tury before.73 Under this authority grew up a whole new breed of

explorer, not without popular appeal.
74 Some climbed the Himalayas

or drowned in the Yangtse pursuing new plants. From their work
came introductions of real importance durum wheat, Sudan grass,

Smyrna figs, soybeans. In most of these cases the plants were not un-

known earlier. For example, durum wheat had been introduced by
Russian immigrants in the Dakotas long before Mark A. Carleton

brought it in for the department. What he did was to study carefully
the Russian soils and climates where it flourished and then to select

test localities for trials extending over several years. It was no acci-

dent that he was a plant pathologist in his own right.
75 Plant introduc-

tion and its offshoot, the distribution of seeds, were worthwhile ac-

tivities only when accompanied by long-range testing and careful

control. As the department increasingly applied research, an odorous
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political practice gradually disappeared. In this case more science
meant less politics.

The Bureau of Plant
Industry, with the Bureau of Entomology

and the Bureau of Animal
Industry, became the core of the depart-

ment's research establishment. Their contemporary, the Bureau of

Chemistry, followed other lines of development,
76 and the growth of

the Weather Bureau, the Forest Service, and the Biological Survey
belongs to stories to come later. In 1880 the forerunners of the three
line agencies had convinced nobody. Yet even then they were be-

ginning to become new scientific bureaus. By 1897, although receiving
only modest support, they had begun to show results that were pay-
ing off consistently to the fanners of the country and on occasion
were achieving the level of basic scientific discoveries. By 1916 the
bureaus commanded large funds, and at the same time by regulation
and inspection had become real powers in the government.

Cooperation tvith the States

From its beginning the department found itself forced to con-
sider the States.

77 Farmers in the iSyo's were seeking relief from their

economic problems more
insistently in the state capitals than in

Washington. Besides the Granger laws, this agitation produced its

share of state boards of agriculture, some with an interest in research.

More important, the land-grant colleges provided a link between the

federal and state governments. Although these were hard years for

the colleges as free land and overproduction made a college educa-
tion for a practical farmer seem an absurdity, the devoted professors
and their few but equally devoted students began to realize that the

way out was new knowledge. By the middle 1870*5 states began to

set up experiment stations, which aimed to provide the land-grant

colleges both outdoor and indoor facilities for research.78 Although
the great farmers' organizations such as the Grange sometimes looked

askance at book learning, each land-grant college became a nucleus

of the advocates of science in agriculture.
To these scattered friends of research, two major factors pointed

toward participation of the federal government in the experiment-
station program. First, the precedent of the Morrill Act suggested the

availability of a share of the national domain which was then being

liquidated so rapidly. More fundamentally, the principle of the cen-

tralization of knowledge suggested that only systematic interchange
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of information among the state experiment stations and the Depart-
ment of Agriculture could produce efficient results. In 1872 Com-
missioner Watts called a convention of two delegates from each agri-
cultural college, state agricultural society, and board of agriculture,
which assented to Senator MorrilPs motion to request additional dona-

dons of land. From this time on the Senator from Vermont introduced

a long series of bills for land grants, often compromising with the

advocates of aid to common schools. Finally in 1890 he secured the

"Second Morrill Act," which appropriated for each land-grant col-

lege a sum gradually increasing to $25,000 annually. In 1900 an act

permitting this to come from the treasury if the sale of lands failed 79

meant that the support had become permanent.
Meanwhile the advocates of the experiment stations continued to

hold conventions and introduce bills to Congress. In 1883 the presi-
dent of Purdue University, admitting that "the results actually accom-

plished by the national grant in the two decades now closing are not

satisfactory," claimed that the colleges had done most "in the direc-

tion of scientific training and investigation. The founding of the

national schools has caused the study of science to assume new im-

portance in all higher institutions."
80 From such opinions came the

support for the repeated attempts to establish "national" experiment
stations supported by money drawn from the treasury. The colleges

thought the control of the department too ominous in these versions,

but in 1887 a bill was introduced by Senator William H. Hatch of

Missouri which made the stations purely state institutions aided by
federal land grants. With all the interested groups mollified, this ver-

sion became law.

The passage of the Hatch Act changed the Department of Agri-
culture from a single central agency into a nexus of a system of serni-

autonomous research institutions permanently estabKshed in every
state. No other scientific activity of the government had attained such

a spread, which, because of the political fecundity of the American

people in spawning states, more than adequately covered every physi-

ographic region. Since each station was attached to a land-grant col-

lege, the department gained an in-law kinship with an equally nu-

merous group of institutions which were gradually earning the right
to be called seats of higher learning.

Among the more immediate results of the Hatch Act was the

formation of the Association of American Agricultural Colleges and
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Experiment Stations, an outgrowth of the earlier conventions. While
much of its work concerned the improvement of agricultural educa-

tion, the Association allowed the department official representation.
As an external group watching the interests of agricultural research

within the central government and at the same time having roots in

every state, this organization gave the external support without which
no scientific agency could long endure.81

Yet cooperation and good will could not hide the fact that

state institutions financed by federal money were in "an anomalous

partnership"
82

if measured by the conventional standards of legal
and constitutional theory. The department almost immediately re-

acted by establishing an Office of Experiment Stations, whise direc-

tor, W. O. Atwater, had been director of the Connecticut station and

a leader in the movement behind the Hatch Act.83 While the office

concentrated on establishing amicable relations with the stations and

with foreign institutions engaged in similar research, a hint of coordi-

nation as well as cooperation entered. "It is the duty of this Office,"

wrote the director, "to indicate lines of inquiry, furnish . . . advice

and assistance, and to 'compare, edit, and publish such results' of their

work as may be deemed necessary."
84
By linking its line agencies to

the experiment stations, the department began a long evolution

toward a centralized research center. The commissioner of agricul-

ture foresaw this when he predicted in 1888 that such a center could

relieve the state stations "of much costly and laborious scientific

work and enable them to devote their energy the more completely to

the things that are of practical interest to the farmer," and serve as

a model of "what an experiment station is and how its work is most

successfully accomplished."
85 This idea was the embryo of the great

Beltsville Research Center of the twentieth century.

Also implicit was the possibility of trouble over the role of basic

research.86 Even before the passage of the Hatch Act, the magazine
Science beat the drum for an experiment station as "primarily a re-

search institution, intended to promote the science of agriculture,

and capable of the highest and most permanent usefulness, only when

it fulfills this intention." 87 E. W. Hilgard, the great soil man at the

University of California, answered that the stations could survive

only by rendering "to the agricultural population the scientific aid

which they so sorely need when brought face to face with new and

untried conditions and factors in a new country." He objected to
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any separation of the practical and more fundamental projects in the

administration of the stations.
88 The magazine's final retort fore-

shadowed the chronic dilemma of the stations. "There appears to us

comparatively little danger that the work . . . will be too rigidly

scientific, and too far removed from the apprehension of the farmers.

There is a constant pressure upon a station for immediately useful

results, and any station refusing reasonable conformity to it will not

enjoy a long life."
89

Financially the federal government gradually felt bound to step
into the experiment stations to safeguard its investment. Unqualified

officers, superficial work, and diversion of funds to other purposes
were in the background when in 1894 Congress gave the secretary of

agriculture power to get from the stations an annual statement of

expenditures.
90 The Adams Act of 1906 strengthened both financial

support and control by the federal government, restricting funds to

original research.91 Yet the states, undeterred by these few
strings,

put an ever larger investment into the stations. In 1887-1888 the fed-

eral government furnished 82 per cent of the support of the stations,

while the states contributed only 10.6 per cent. By 1906 the federal

government furnished less than half,
92 while in 1920 the figure was

down to 18.9 per cent.
93 The total in all categories climbed

steadily.

Cabinet Status and a More Elaborate Department

Neither the Hatch Act in 1887 nor the elevation of the depart-
ment to cabinet status in 1889 effected an overnight change. Never-

theless, by the mid-i89o's the old department of the commissioners

was rapidly disappearing. In 1890 the whole organization was com-

parable in size to the Coast Survey or the Geological Survey alone.

The secretary of agriculture had a valid if exaggerated point when he

said that "this department, though representing the greatest interest in

our domestic affairs, is the one of our national departments endowed
with the smallest appropriation and receiving the least considera-

tion."
94 Within five years the department entered into a new era.

One factor in the new department was the built-in source of

scientific personnel the land-grant colleges which, aided by the

experiment stations, were now turning out young men devoted to the

ideal of a scientific agriculture. Largely isolated from the rest of the

university movement and defensive in their attitude toward the lack

of tradition and atmosphere in their own colleges, these new men
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replaced the varied assortment of foreign-trained or self-trained older

scientists. A homogeneous and self-consciously separate group began
to set the tone of the department.

95 Most of them not only were edu-

cated at land-grant colleges but often interspersed teaching and re-

search on the campuses with tours of duty in the department. Thus
the central organization itself tended to become a kind of univer-

sity. Significantly, in the 1 890'$ the dream of a hundred years earlier,

a national university, hovered lightly over Washington and received

much of its impetus from agriculture.
96

Closely related to the rise of the land-grant scientists was the

development of a modicum of central control within the department.
When the commissioner was elevated to secretary, room appeared
for an assistant secretary, who undertook to coordinate the scientific

work. The first appointee, Edwin Willits, although a lawyer and

politician by background, was president of Michigan Agricultural

College.
97

Nevertheless, even a little control displeased the older

division chiefs, such as C. V. Riley.
98 The second holder of the office,

Charles W. Dabney, was the president of the University of Tennessee

and a German-trained chemist with extensive experience in the land-

grant college system,
99 which from this time on became the major

source of assistant secretaries.
100

Besides solidifying the land-grant tradition in the higher appoint-

ments of the department, Dabney concerned himself especially with

applying the civil-service merit system to all personnel, including

the heads of scientific bureaus. The reformers* favorite method for

improving the government in the late nineteenth century, a competi-

tive classified service, had made a beginning with the Pendleton Act

in 1883, and had in general caught on first for the more routine

positions.

Scientists greeted civil-service reform somewhat gingerly. They
lost heavily by frequent rotation in office and by the appointment of

party hacks to places requiring scientific training. After Cleveland's

election in 1884, the shadow of the "tall, gaunt Southerner in a white

linen duster, with the corners of his mouth stained with tobacco

juice" that fell across the desk of the assistant entomologist was as

disturbing to the morale of scientists as were requests for campaign

contributions. Insecurity was a major emotion in all the scientific

offices. Yet even under the old conditions science did not always

suffer. L. O. Howard admitted that during the fifty-three years after
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1878 he did not know of "a single case in which a scientific man lost

his position for any reason other than incompetency."
101

The difficulty with the merit system was that scientific
ability

was notably hard to measure by formal examination. Freedom to

appoint a politically important incompetent could also be used to

appoint the brilliant but perhaps unconventional scientist. As Howard

put it, "my personal acquaintance with entomologists and with teach-

ers of entomology was very great, and I always felt that I could pick

my assistants much better than any Commission with its series of

examinations." 102 At the beginning of Cleveland's second adminis-

tration in 1893, only 698 of 2497 employees of the department were

covered by the classified service. Three and one-half years later the

only employees above the rank of laborer not under classifications

were the secretary, the assistant secretary, and the chief of the

Weather Bureau.103

Dabney, fully recognizing the difficulty of applying the examina-

tion system to scientific positions, began the long search for a work-

able solution. He concentrated on developing a list of
eligibles from

among the recent graduates of the land-grant colleges and, since little

graduate training in the country applied directly to agriculture's

problems, emphasized that the department itself "must become more

and more a training ground for scientific experts."
104 Such an in-

service program he conceived of as a kind of national university with-

in the civil service.
105

In practice the department largely relied on recruitment of young
men by examination, completion of their qualifications while on the

job, and promotion through the various classifications up to bureau

chief.
106 The coming of the classified service thus accomplished the

substantial objectives of giving the department stable leadership from

qualified people at the bureau chief's level. At the same time the sys-

tem accentuated the corporate nature of the department, setting off

as a separate society the scientific personnel already markedly con-

ditioned by a land-grant college background.
Formal civil-service requirements did little to change the deepen-

ing problem of holding the best people. In 1897 Dabney saw that the

"bright young men who are making reputations rapidly leave the

Department to go to the colleges, universities, experiment stations, and

even to manufacturing and other industrial corporations."
107 In 1913

the secretary of agriculture, pointing to the low maximum salaries,
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struck the same note when he asserted that because of "the great
demand for such men in this country and abroad, the department is

constantly losing men it ought to keep, and it is unable to find an

adequate supply of just the right type of men to replace them." 108

Implicit in the problem of holding personnel, which doubtless

lowered the long-run effectiveness of the department, was the en-
richment of American science as a whole by the men who departed.
Theobald Smith, the obvious symbol of the exodus, left the depart-
ment in 1895 at the age of 36 for a distinguished research career at

Harvard, the Massachusetts State Board of Health, and the Rockefeller

Institute.
109A more typical case taken at random, which reveals clearly

the role of the department as a contributor to science, is E. D. Mer-
rill. Against all advice he took a $1200 job as assistant agrostologist
in 1899. He "always looked on my two and one-half years work in

Washington as my post-graduate course in taxonomy, even though
to a very large degree I was placed on my own resources." After sev-

eral years in other government service in the Philippines, he re-

turned to important posts at the University of California, New York
Botanical Garden, and Harvard.110 After graduate training in the

universities grew to large proportions, the department's unpublicized
service became harder to isolate as a separate influence on American
science. Yet it has continued to enrich the personnel of a number of

sciences that touch agriculture.

When William McKinley became President in 1 897 he appointed
as his secretary of agriculture the head of the experiment station at

the land-grant college of that most proudly agricultural of states,

Iowa. Tama Jim Wilson, an ex-congressman, stock farmer, journalist,

and professor, was an admirable representative of the outside forces

that were shaping the department.
111

Taking over the direction of

scientific work himself, Wilson reigned through the administrations

of McKinley, Theodore Roosevelt, and William Howard Taft an

unprecedented 16 years.
112

The inauguration of McKinley was in addition significant to

those broad economic and social forces which shaped the larger en-

vironment of the department. The farmers had tried political action

through the Populist Party and Bryan's campaign, where they staked

all on a free-silver monetary policy. After their failure, they had to

corne to terms with a predominantly urban and industrial United

States. Free land on the frontier no longer existed as a symbol of in-
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dependent husbandmen. In a society expanding in population and

industry, but not in geographical extent, agriculture had to become

efficient to a degree unparalleled earlier. The department had shown

between 1880 and 1897 enough of the possibilities
of science to be-

come increasingly the focus of this effort.

The Bureau of Chemistry

In the new atmosphere of industrial America the Bureau of

Chemistry's development diverge.d somewhat from the other line

agencies. Under the old department it was the most important division

and hence tended to cling to coverage of the whole discipline of

chemistry. When it did shift to the problem approach, it found itself

dominated by the peculiar nature of the particular investigations it

chose.

In the very early years, as the only conspicuous and relatively

well-equipped laboratory in Washington, the Division of Chemistry

inherited from other departments of the government all sorts of

routine testing jobs entirely unconnected with agriculture.
113 These

interruptions used up much staff time and disrupted long-range re-

search on agricultural problems without providing any alternative

focus. But since a laboratory as a social organization was a new and

rare thing,
114 the division had to suffer these intrusions as long as it

contained the government's only example of this powerful scientific

innovation.

A little later, the division, based on a discipline instead of a prob-

lem, suffered the same disintegrating tendencies that disfigured the

Division of Botany and destroyed the Division of Microscopy. As

money became available in appropriations for chemical equipment, it

went to the people who had problems to solve instead of to the

Division of Chemistry. The Bureau of Animal Industry, its Dairy

Division, and the Division of Vegetable Physiology and Pathology

had laboratories and chemists of their own before ipoo.
115 The Di-

vision of Chemistry could hold on to its position as general chemical

experimenter for the whole government only by tremendous expan-

sion. Harvey W. Wiley, the indomitable chief who ruled the division

and bureau from 1883 to 1912, made a try at keeping this position by

setting up a contracts laboratory in i9O3,
116 an attempt described by

one of his colleagues as "about as reasonable as to confine all type-

writing to a single bureau." in
Chemistry was too large a subject and
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its uses too ubiquitous to permit great centralization. Long before

1903 the survival of the Division of Chemistry depended on its quest
for problems to solve.

The first major project that commanded attention from the de-

partment's early chemists was not a fortunate one from the point of

view of American farmers as a whole. The dream of producing sugar
in the temperate regions of the United States was as old as the dream

of raising silk. Sorghum as a source of sugar had beguiled the depart-
ment from the Civil War days. When Wiley took over in 1883 he

extended sugar research to the pilot-plant stage. After sorghum as a

sugar producer (though not as a source of grain and forage) proved a

pipe dream, Wiley vigorously pushed sugar beets and determined the

belt where maximum results in raising them could be expected.
118

The outcome of these years of effort was a highly specialized industry

which could exist only under tariff protection.

The analysis of soils as one of the classic and most useful applica-

tions of chemistry to agriculture never seems to have caught Wiley's

imagination. Hints of the magnitude of soil problems drifted into the

department with the Weather Bureau after 1890, and the Geological

Survey's studies attracted some attention. When Dabney, as assistant

secretary, became alarmed by the soil-erosion problem in the South,

he stirred up a joint study by the Weather Bureau and the Divisions

of Chemistry, Forestry, and Botany. As a result of this activity the

Weather Bureau soil work became independent and then in 1897

merged into a Division of Soils under Milton Whitney.
11* In 1901,

both Chemistry and Soils became separate and independent bureaus.120

Although destined for further administrative vicissitudes in the twen-

tieth century, soils as a problem unit for research in the department

had achieved coherence, but outside Wiley's domain.

Meanwhile Wiley found a problem that gradually engrossed both

him and his bureau. As food production and distribution became

large-scale,
the consumer found himself at the mercy of an impersonal

system in which his ability to test the purity and healthfulness of food

products went down while opportunities for adulteration and spoil-

age increased. As agriculture became more a part of an industrial

civilization, the purity of foods and drugs became a grave concern.

Its very nature suggested the application of science to establish stand-

ards for regulation, which in turn required enforcement. Unlike

earlier programs of regulation such as those concerning cattle diseases,
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a pure-food-and~drug policy was essentially
a service to the consumer

and might very well cost the agricultural producer money and

trouble.121 In pushing into this field Wiley thus not only rigorously

coupled research to regulation but also tended to change the definition

of the group served by the Department of Agriculture. With food

and drugs under its control, it could not be simply a farmers' depart-

ment.

As early as 1880 the problem of pure foods and drugs began to

press the government, which, except for some legislation regulating

the importation of drugs, had left the problem to the states. Inquiries

often sought out the Division of Chemistry as the laboratory of all

work, making the commissioner complain that all he could do was

inform his "correspondents that under the present standard of com-

mercial morality* nothing is safe from adulteration . . . that the

power of the government ceases at the custom-house; and that the

general regulation . . . can only be done effectually by a rigid sys-

tem of inspections."
122

When Wiley took over the Division of Chemistry in 1883, he

established a section on food adulteration and also began studies of

preservatives.
123 After 1889 he had a specific appropriation for these

investigations, and the Division of Chemistry became the recognized

center of the study within the government. Had Wiley loved soil an-

alysis,
and had some treasury department official rather than he been

a chemist and publicist with imagination, the administrative history

of pure-food-and-drug research might have been quite different. The

division's Bulletin 25 on food and food adulterants appeared serially

between 1887 and 1902, laying the scientific groundwork for a politi-

cal campaign for legislation.
In 1903 Wiley set up a drug laboratory to

establish standards of purity with which to attack patent medicines

and remedies.124 Thus Wiley gradually converted his Bureau of

Chemistry into an efficient experimental research laboratory to sup-

port inspection and regulation of foods and drugs.

Every session of Congress after about 1880 saw several food-and-

drug bills introduced, some placing control in the Department of

Agriculture and some in an independent commission. Wiley, getting

his chance in 1900 when a Senate committee appointed him as a sci-

entific expert,
125

proved not only an effective witness but also a popu-
lar promoter of his cause. In 1902 he got legislation to make experi-

ments with his "poison squad," volunteers who lived on a diet con-
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taining controlled amounts of food preservatives.
126 When the muck-

raking atmosphere of Theodore Roosevelt's administration proved

congenial to legislation, Wiley not only testified before committees

and furnished congressmen with arguments but also aided in drafting
the bill that became a law in 1906.

The impact of the regulatory function on a scientific bureau is

evident in the Bureau of Chemistry. In 1888 the personnel for all pur-

poses consisted of one chemist, two assistant chemists, seven labora-

tory assistants, and three others.127 In 1897 the number had risen to

only 2o,
128 and in 1906 to no. One year later the bureau had 250

people, and 425 in 1908. Appropriations went up:
129

1906, $130,920;

1907, $395,920; 1908, $697,920.

With the Bureau of Chemistry making the examinations of foods

and drugs under the act, Wiley became a center of political pressures

entirely out of the ordinary for the head of a scientific bureau. He
dramatized himself as the watchdog of the kitchen and the incorrupt-
ible enemy of the "whiskey rectifiers" and the "patent medicine

brethren." 13
Despite the fame, however, he did not see eye to eye

with either the secretary of agriculture or the President. He described

Tama Jim Wilson as having "the greatest capacity of any person I

ever knew to take the wrong side of public questions, especially those

relating to health through diet," and he felt that Roosevelt had re-

ceived undue credit for the passage of the act.
131

Thus, although the

bureau made steady progress in enforcing pure-food-and-drug stand-

ards, it became a correspondingly serious problem to the responsible

political
chiefs to be sure in the face of pressure that Wiley's facts

were straight. With the complexities of the industrial age, science

in solving problems for the government inevitably raised the question

of how expert but possibly fallible scientists could be kept in control

by inexpert and undoubtedly fallible but responsible officials.

Tama Jim tried to soften the clash between his crusading bureau

chief and angry manufacturers by appointing a Board of Food and

Drug Inspection, consisting of Wiley, the solicitor of the department,

and a young chemist named F. L. Dunlap. Wiley, considering the

board a "usurpation of authority," claimed that the other two by

voting him down made it "impossible to bring any cases against cer-

tain classes of offenders."
132 He never reconciled himself to the board

arrangement nor to his fellow members, whom he regarded as tools

of the interests.
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Wiley further had the bad luck to rub President Roosevelt the

wrong way. Since he opposed additions of any kind to foods, some

cases involving benzoate of soda and saccharin got up to the Presi-

dent, who, because his doctor gave him saccharin every day, reported-

ly declared that anybody who says it "is injurious to health is an

idiot."
13S More soberly, Roosevelt felt that the "trouble with Dr.

Wiley is that to my personal knowledge, he has been guilty of such

grave errors of judgment ... as to make it quite impossible to ac-

cept his say-so in a matter without a very uneasy feeling that I may
be doing far-reaching harm to worse than no purpose." Nevertheless,

"I have such confidence in his integrity and zeal that I am anxious to

back him up to the limit of my power wherever I can be sure that

doing so won't do damage instead of good."
134 To solve this classic

dilemma of the administrator faced with doubts about his technical

experts, Roosevelt turned to other experts. He appointed a committee

of chemists to advise the secretary of agriculture on pure-food-and-

drug questions. With Ira Remsen, president of Johns Hopkins, as

chairman, the so-called Referee Board was made up entirely of out-

standing chemists. It would consider only questions disputed "among
eminent authorities." While the members were to devote only part

of their time to government work, they were to be "paid liberally for

the time employed." They could make "all experiments necessary to

reach a decision on the questions submitted." Although their function

was purely advisory, Roosevelt hoped that "when the Referee Board

speaks, it will be the final word on the subject as far as the United

States is concerned." 135

The Referee Board promptly backed a relaxation of the prohibi-

tion on benzoate of soda and thereby earned Wiley's undying enmity.
But Remsen found the duty distressing,

136 and neither the depart-
ment's board nor the Referee Board continued active for long after

Wiley left the bureau in 1912. Although he himself never enjoyed
the luxury, his principle that the chief of bureau not only conduct

the research but make the decisions won out in the end.

In spite
of the acrimony that accompanied regulation, construc-

tive lines of research also emerged from the pure-food-and-drug pro-

gram. For example, the more general problem of the preservation of

foods under refrigeration increasingly underlay spoilage and con-

tamination. As early as 1900, department people became interested
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in the transportation of perishables, and in 1901 continuous study

began in the Bureau of Plant Industry. In 1908 the Bureau of Chemis-

try set up a Food Research Laboratory which contributed many im-

provements to applying refrigeration to food handling both by freez-

ing and by cold storage. Thus the department provided the essential

research for a new industry which was emerging as a result of eco-

nomic changes.
137

Spreading the Results of Research

The coming of pure-food-and-drug legislation, so indicative

of the impact of the industrial and urban changes that were trans-

forming American society, was one of the government's out-

standing accomplishments in the Progressive Era. Yet Wiley led his

bureau so far beyond the objective of service to the American farmer

that the transfer of pure-food-and-drug functions to some other de-

partment was implicit almost from the beginning, actually taking

place in 1940.

Meanwhile the department, growing constantly as a research and

regulatory agency, gradually faced up to the fact that it had to be-

come an institution for popular education as well. To make a real im-

pression on American agriculture, research results had to get into the

hands of the fanners, who were often closely wedded to habitual ways
and contemptuous of the faith in science that radiated from the land-

grant college graduate. The state experiment stations and colleges,

along with the agricultural journals, had borne the brunt of extension

work for many years in a disorganized way. Seaman A. Knapp, who
had helped push through the Hatch Act and had distinguished him-

self by introducing rice on the Gulf Coast, was one of the first to

grasp the large dimensions of the problem of educating the mass of

farmers. He found that by inducing lowans versed in good fanning

practice to settle in Louisiana he could teach the natives by actual

demonstration. In the fight against the boll weevil, which resisted

dramatic and easy extermination, he found that the practices of seed

selection, deep plowing, wide spacing, and rotation would enable the

farmer to grow a crop despite insects. To get this across he set up a

demonstration farm which convinced as well as taught. Significantly,

part of the early support of the program that stemmed from this

work came from the Rockefeller Foundation.138 In 1914 the Smith-
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Lever Act put the Extension Service on a separate and permanent
basis.

139 One feature of this law was the "50-50" plan by which each

federal dollar was matched by one from the states.
140

By the eve of World War I the Department of Agriculture had

reached maturity. In 1862 it had been merely a hope and a promise.
In 1880 it had convinced few that it was worth the money expended.
In 1897 it had proved extremely useful but the whole department
was still only a little larger than a good-sized bureau of that day. In

1913 it was a $24,000,000 business
141 and had 14,478 employees.
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These were classified as: 1812 in scientific investigation and research;

1323 in demonstration and extension; 687 administrative and ad-

visory; 6021 in regulatory work; 4635 clerks and lower.142

In general the department was weak and the bureaus strong. Sec-

retary of Agriculture D. F. Houston, finally recognizing the need for

reorganization, pointed out in 1914 that "the three leading lines of

departmental work the regulatory, the research, and the educa-

tional had become in a measure intermingled in the various bureaus,

so that no satisfactorily clear view could be had of them in their en-

tirety either in any bureau or in the department as a whole." Ad-

mitting some lost motion and overlapping, he hoped to organize the

three functions so that "each would reinforce and foster the other."



RESEARCH IN AGRICULTURE 183
To do this he rejected the idea of separating them into different di-

visions and suggested instead "the definite outline ... in each

bureau of these three groups of activities." 143

The permanence and the solidity of the department's administra-

tive structure were unquestioned. It was an integral part of the ma-

chinery of government. Both in the realm of disease and in the con-

trol of pure-food-and-drug standards the department had proved
itself able to administer programs that made a vital difference to

large numbers of people. More important, it had harnessed research

to these regulatory activities in such a way that both gained. Research

workers had data and experience gathered by regulatory activities

that would have become static and oppressive without information

flowing in the other direction as well.

The results of research from the department's stations and labo-

ratories emerged in an ever-swelling stream. By 1916 no other great
economic interest in the United States could boast such a research

establishment for the application of science either in or out of the

government. With farming divided into such small individual units

it is difficult to visualize this establishment growing to any stature in

private hands. Indeed, no comparable agricultural research organiza-
tion existed anywhere else in the world. On a few problems^ such as

Texas fever, the department's research had been brilliant. On many
more it had proved useful. The demonstrably ineffective programs
such as seed distributions had steadily lost ground as the greatest in-

novation of the period, the new scientific bureau, had gained.
The land-grant colleges were both a source of supply for the de-

partment's personnel and its representatives in the states. Through the

extension service it reached individual farmers throughout the land.

With the line bureaus at the center, the department was a self-con-

tained system which approached the ideal of centralizing knowledge
while partly localizing its administration.



IX

THE DECLINE OF SCIENCE IN THE

MILITARY SERVICES

1865-1890

THE exploration-centered activities of the military, which with

the Coast Survey dominated pre-Civil War government science,

emerged from the conflict badly disorganized but hopeful. The

Corps of Topographical Engineers was gone. West Point was no

longer exclusively an engineering school. Specialized officers had gone
over into general service. Yet many expected that when the Army
and Navy had shaken out their volunteers they would resume opera-
tions as before. The eventual disappointment of this expectation and

the decline of the scientific function in the military is one of the basic

drifts of the last third of the nineteenth century.

The Navy's Observatory and Its Overseas Exploration

Some of the more permanent of the old organizations maintained

and even raised standards of excellence within their own spheres. The
Naval Observatory, hampered by Maury's lack of emphasis on astron-

omy and by his sudden departure, began under Gilliss a new program
which gained speed only haltingly because of the need for new

equipment.
1 In 1866, with a new transit circle and with the work of

the Hydrographic Office formally detached, the Observatory began
a program of fundamental research in astronomy.

Some who contributed mightily to astronomy and physics worked

for the Navy in this period, but they did not stay long. E. S. Holden,
a West Pointer, began as an assistant at the Naval Observatory in

1873 but resigned in 1881 for a career in private institutions that

carried him to the directorship of the Lick Observatory of the Uni-

versity of California.
2 A. A. Michelson, a graduate of the Naval

Academy, developed his lifelong interest in the velocity of light while
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teaching there. But he left Annapolis in 1879 at ^ age f twenty-
seven for European study and a distinguished career at several

universities.
3

The scientific luster of the Observatory came from the work of

Simon Newcomb, who held the rank of professor of mathematics

and later was head of the Nautical Almanac. By any reasonable

standard Newcomb was one of the great scientists in America and one

who commanded high respect abroad. He might well have repeated
the familiar pattern of the period by leaving the government with his

career largely before him. In 1875 President C. W. Eliot of Harvard,

bent on creating a real university, offered Newcomb the directorship
of the Harvard Observatory. On this occasion, Grant's secretary of the

Navy, G. M. Robeson, gave his estimate of the Navy as a scientific

outfit by telling Newcomb: "By all means accept the place; don't

remain in the government service a day longer than you have to. A
scientific man here has no future before him, and the quicker he can

get away the better." Nevertheless, Newcomb, whose wife was a

granddaughter of Hassler, chose to stay with the government, both

because he felt the opportunities greater for the particular problems
in mathematical astronomy he wished to pursue, and because he

"did not believe that, with the growth of intelligence in our country,
an absence of touch between the scientific and literary classes on the

one side, and 'polities'
on the other, could continue." So he resisted

the academic lure, giving the Naval Observatory and the Nautical

Almanac a golden age.
4

Another distinguished astronomer worked for him on the Nautical

Almanac in these years. G. W. Hill performed mathematical prodigies

on the theory of the motions of Jupiter and Saturn and developed a

new method of calculating the motion of the moon.5 Yet Newcomb

fought in vain to get Hill's salary raised from $1200 to $1400, con-

cluding that it would be hard "to find a more impressive example
than that afforded by [his] career, of the difficulty of getting the

public to form and act upon sane judgments in such cases as his."
6

Military control was periodically reaffirmed by the appointment
of line officers to command the Observatory, a policy that drew in-

creasingly severe criticism in scientific circles.
7
Indeed, in 1885 a

committee of the National Academy suggested that it be called, "as

the present observatory was styled originally, the ^National Observa-

tory of the United States/ and that it ... be under civil administra-
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tion." For the Navy's use they suggested an enlarged establishment at

Annapolis, saving the one at Washington for the control of "those

who have made astronomy their life-work." 8 But the Navy held on,

and in many ways advanced astronomical science in this period.

In 1873 Alvan Clark and Sons, the great telescope builders, com-

pleted an instrument for the Naval Observatory which was the best

of its kind for its day.
9 In 1893 new buildings and a new location in

northwest Washington provided more favorable surroundings.
10
By

this time the Naval Observatory had achieved a permanent place in

the government's scientific establishment, but with the retirement of

Newcomb from the Nautical Almanac in 1897 its great days had

passed. Its activities ran strongly to routine, such as the time service,

and appropriations remained small and static.
11 The future of govern-

ment science lay in newer and stronger agencies, while the future of

astronomy in America lay at Yerkes and Mount Wilson.

In overseas explorations also the Navy showed a still lively but

gradually weakening interest. In 1866 Admiral Davis set the stage

for a concerted attack on the Isthmian Canal problem when he stated

in a report requested by Congress that "there does not exist in the

libraries of the world the means of determining, even approximately,
the most practicable route for a ship canal." 12 In 1869, on orders from

President Grant, the Bureau of Navigation sent out a whole series

of simultaneous expeditions to examine in detail every possible route.

To judge and correlate the findings, the President appointed an In-

teroceanic Commission made up of the chief of the Bureau of Navi-

gation of the Navy, the chief of engineers of the Army, and the

superintendent of the Coast Survey. The naval parties, under the

command of such veterans of the pre-Civil War effort as R. W.
Shufeldt, completed their work in five years. For the first time the

United States had sufficient reliable data on which to base a canal

policy. According to a recent student, their measurements are sub-

stantially unchallenged today.
13 As with their predecessors, the rail-

road surveys, the really tough part was drawing the conclusions. Most

of the individual commanders fell in love with their own routes, un-

deremphasizing the difficulties, while the commission as a whole de-

cided for Nicaragua.
14

The varied factors that dominated the actual course of canal

effort from this point on diplomatic, technological, and economic

are sufficient reason why this was the last large-scale exploring
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effort on the old pattern by the Navy. Gross geographic facts were
no longer in serious doubt, nor were they sufficient to answer the

questions a new age was asking.

Surveying and chart-making in the Navy changed from a general
scientific activity aimed at an over-all view of little-known regions to

a routine activity of a small and specialized office. The Hydrographic
Office, cut off from the Naval Observatory in 1866, lost most of

Maury's wide-ranging interest in oceanography and concentrated on

making charts of specific areas outside the continental United States.

In 1872 the office received an appropriation of $50,000 for "surveying
the Pacific," but no more money was forthcoming.

15 The effects of

the resulting abandonment of a comprehensive plan were still dis-

cernible during World War II.

Meteorology Under the Army
In the Army, the pattern of immediate postwar activity and

gradual disenchantment was even more marked than in the Navy.
The administration of meteorology is a clear example. This orphan
had never found its proper niche. Neither the Army Medical Corps
nor the Naval Observatory, the Smithsonian, nor the Patent Office

had been able to develop a real bureau to study the weather. Yet the

government was the obvious agent to undertake this work, the sci-

ence had just entered a period of rapid advance, and the need for

forecasts was pressing more economic groups all the time.

The Smithsonian network having succumbed to the war, Joseph

Henry, whose interest in a volunteer system had never extended to

spending much money,
16 was foremost among those urging a perma-

nent service within the government. As usual, he was anxious to

relieve the Smithsonian of anything anyone else was willing to do.
1T

At the same time pressure for a comprehensive forecasting service be-

came particularly strong. Increase A. Lapham, a local savant of the

Milwaukee area who had long participated in meteorological obser-

vations, was especially desirous of providing storm warnings for the

Great Lakes. He was fortunate in getting his petitions in the hands

of a congressman, H. E. Paine, who happened to have studied with

Elias Loomis, one of the great authorities on weather of an earlier

generation.
This coincidence opened up a legislative avenue. At about

the same time, Cleveland Abbe of the Cincinnati Observatory had

actually begun to collect data and issue forecasts in 1869, although he
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conceived his effort as one to popularize his observatory, where his

main interest up to that time was astronomy.
18 These purely civilian

efforts brought forward strong arguments for the value of meteor-

ology to commerce and agriculture.

The question where a weather bureau should fit in the government
had no obvious answer in 1870, before any new scientific bureau had

clearly emerged, and when the very concept was still nebulous. But

the military had a strong claim because of its services to science in the

past, a stable personnel under discipline, and the obvious economy, so

often appealed to before, that the soldiers were already being paid

anyway. More specifically,
the Army had an officer who was already

trying desperately to set up a weather service. Colonel Albert J.

Myer was a former Army surgeon who had done much to get a Signal

Service established during the Civil War. At the end of hostilities,

the cutback was so drastic that Myer found himself the chief signal

officer with two enlisted servants, two clerks, and a budget of $5536.

Actual duties had to be performed by a few officers and men borrowed

from the Corps of Engineers.
19 The Army clearly had no desire to

stay in the telegraph business, which was the main concern of signal-

ing at the time. Myer, badly needing a function, put together the

interest in meteorology he had developed while in the Medical Corps
with the appropriateness of using a telegraph network for weather

data in an unheeded suggestion to the secretary of war early in

1 869.
20 When Lapham's memorials seemed to be striking sympathetic

ears, Myer went to Congressman Paine "greatly excited and expressed

a most intense desire that the execution of the law might be intrusted

to him." 21 The result was a joint resolution, approved in February

1870, "for taking meteorological observations at the military stations

in the interior of the continent and at other points in the States and

Territories of the United States, and for giving notice on the lakes

and at the seacoast, by magnetic telegraph and marine
signals, of the

approach and force of storms." 22

Although not mentioned in the resolution, the Signal Service had

clearly won the prize. Two basic considerations dominated the form

of the new agency. First, the Army was not interested in the results

of meteorology for its own use but merely to provide occupation for

one of its branches. Second, a strong humanitarian and economic

appeal stressed the need for immediate and practical results. The

strength of this last urge is indicated by appropriations, which went up
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from $15,000 to $250,000 between 1870 and 1873, a period in which

War Department expenditures as a whole went down sharply. By

1885 the appropriation broke a million dollars.
23

The year 1870 was still too early for Myer to have the pattern of

a new scientific bureau before him. In terms of the ideal agency such

as later developed in the Department of Agriculture, the Signal Serv-

ice as a weather bureau had an organic act and theoretically the

only stable personnel system then known in the government the

military. Yet the need for immediate results so dominated it that from

the beginning its routine operations of gathering data and forecasting

swallowed up both funds and energy. With the theoretical working

concepts of the science just beginning to emerge,
24 either the basic

discoveries in meteorology so necessary for improved forecasting had

to come from outside the service or a research program had to be

started.
25
Myer proved himself an able organizer and hired Cleveland

Abbe, who had a Coast Survey-Naval Observatory background, as

a civilian meteorologist as early as i87i.
26 Yet it remained for his

successor, General William B. Hazen, to face squarely the need for

basic research.

In 1 88 1 the new chief signal officer set up a division in Washing-

ton called the "study room." In addition to Abbe, William Ferrel

came over from the Coast Survey and several other civilians with the

title of junior professor began to undertake research in meteorology

independently of the daily grind of recording observations.
27 Al-

though some of the work, such as the study of standard instruments

and preparation
of tables for reducing observations, was background

for operations, problems of atmospheric electricity and solar radia-

tion and the preparation
of general works such as Ferret's Recent

Advances in Meteorology were more basic.
28

Meanwhile at Fort Myer near Washington, Hazen tried to trans-

form his military post into a meteorological school both for his com-

missioned officers and for enlisted observers. Abbe, Ferrel, and others

came over to lecture.
29 Some of the enlisted men were college

graduates who had responded to special inducements to join the Army
to learn to be weather observers.

30
Pointing out the utility of weather

data in agriculture,
Hazen also encouraged states to set up weather

services. By 1884 thirteen had responded.
31

Hazen's program, intelligent and forward looking, actually in-

creased the difficulty of the Signal Service's position by creating ten-
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sion between civilian and military personnel. At the same time it

aggravated misunderstandings by stressing basic research in a sup-

posedly practical operation. Even worse, the oft-cited advantages of

military discipline and a career service for officers were nullified by
absurdities of Signal Service organization. No intermediate rank ex-

isted between the chief signal officer, a brigadier general, and second

lieutenant, making it impossible for an ambitious young man to get

promotion without transferring to some other branch of the Army.
32

The college-graduate privates formally complained that an officer

swore at them during drill, which led to their being court-martialed

and the officer reprimanded. The magazine Science, caustically sug-

gesting that the punishments should have been reversed, used the

episode to damn military control of the Weather Service.33

Every president from Grant to Harrison recommended a reor-

ganization. As early as 1881 the secretary of war ordered an investi-

gation which led an assistant inspector-general to conclude that the

weather observations had "no natural connection with the military

service."
34 General John A. Logan introduced in the Senate a bill

for transfer to the Interior Department which never emerged from

committee. Nevertheless, surface incidents accumulated, contribut-

ing to a feeling of uneasiness that set off one of the fullest congres-
sional investigations of the nineteenth century. The so-called Allison

Commission of 1884 to 1886, although ranging to far broader topics

than weather,
35

listed the Signal Service first among its objects of

interest and tackled head-on the question of civilian versus military

control.
36

Hazen found himself defending the military and the study room

at the same time. Concerning the role of basic science he testified that

the "Navy have a corps of professors distinct from the working part

of the Navy. So in the Coast Survey and in other bureaus they have

a corps of theoretical workers who work to find out facts, and it

seems to have been found necessary all over the world." 37 Under the

sympathetic questioning of Congressman Theodore Lyman of Massa-

chusetts, Ferrel was able to point out that some thought had to be

given to keeping up with other governments and that it was doubtful

whether private universities could do work "in such a manner as to

suit the service precisely." Lyman, thinking of the Coast Survey,

voluntarily concluded that "this is not a new thing in the scientific

administration of the Government, that there should be at the Signal
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Service certain professors, part of whose time is occupied on some
of the more abstruse questions."

3S But disbelief also showed itself.

When Abbe tried to show the connection between "abstract sci-

ence" and the daily work of the Service, Hilary Herbert of Alabama

satirically remarked, "The expression 'abstract science' is not used

now as it was a few years ago. The scientists claim that it is all practi-

cal, do they not?" 39

However loyally Hazen stood by his civilian scientists, he ad-

amantly insisted on military control of the service. Citing fourteen

years of experience and the expenditure of millions, he claimed that

the service would be "wholly unsuited to any plan but a military

one, and to attempt to transfer or change it would be the loss of

system and plan and a long step backward." He even doubted

whether a civilian agency could succeed "without the obligations of

regular enlistment and military discipline."
40 He felt that those who

wanted a transfer were "some members of the National Academy,"
his own "personal enemies," and those who "have a grudge against

the service."
41

Certainly many scientists, whose views found voice

not only in the National Academy's report to the commission but

also in Science, were strongly opposed to the military. They were the

same who urged civilian control of the Naval Observatory.
Abbe supported Hazen, even though he felt that civilians had

"executed nine-tenths of the advances and improvements in the work

of the service."
42 Most of the Army personnel under the chief signal

officer (except of course the college-bred privates) naturally followed

their chief, but his superiors did not. Secretary of War Robert Todd
Lincoln considered the service too large an expense to his otherwise

impoverished establishment. Nearly half its employees were civilian,

and their work had "no relation to the Army whatever." Indirectly

he stressed the decline of the unique role of the military in frontier

regions when he pointed out that the Army now owned only 2800

miles of telegraph lines.
43

Philip Sheridan, the commanding general,

went further, attacking even the signaling functions of the service

and recommending that Fort Myer be abolished. He thought every-

body "who is intelligent enough" was taught signaling "at the

different military posts throughout the whole country," and that

reports of this activity to the chief signal officer were "more a matter

of courtesy than anything else."
44 The Army wanted science no more

than science wanted the Army. Whatever internal dissensions brought
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it about, Hazen, the enlightened reformer, stood almost alone for a

lost cause.

Three members of the Allison Commission wished to abolish the

Signal Service and set up a civilian weather bureau under the secretary

of war. But since three others opposed any change, no legislation

grew directly out of the investigation. But by the end of 1886 Hazen

became ill and the secretary of war abolished the study room.
45 A. W.

Greely, the new chief signal officer, seemed to favor military disci-

pline but took a compromise position. His increased emphasis on

agricultural meteorology gave an indication where the final pressure

was coming from.46

Meteorologists, led by H. Helm Clayton of the Blue Hills Observ-

atory, joined with agricultural interests to develop a campaign among
the land-grant colleges, experiment stations, state boards of agri-

culture, and the Grange to capture the weather bureau. With no op-

position except a few grumbles from Greely, a law of 1890 set up both

the Weather Bureau in the Department of Agriculture and a perma-
nent Signal Corps in the Army.

47 As Greely's appropriation dropped
to a mere $3 1,000

48 in 1892, he started up the long road of developing
a true Signal Corps for the Army almost from the bottom. Meanwhile

in the same year the Weather Bureau received an appropriation of

$889,753. 50,
40

nearly 40 per cent of the Department of Agriculture's

total budget.

Although the head of the Weather Bureau alone of the chiefs in

the Department of Agriculture was appointed directly by the Presi-

dent, the first appointee, Mark W. Harrington, was a civilian scien-

tist of standing. President Harrison thus set a precedent that resulted

in long tenure and selection with the advice of scientists.
50 Under the

Department of Agriculture the Weather Bureau achieved stability

disturbed only when the rise of aviation dictated a shift to the De-

partment of Commerce in I940.
51 Cleveland Abbe stayed on in

various capacities until his death in 1916 a service of 45 years. As
late as 1 895 he still pined for Hazen's study room and its atmosphere
of basic research.

52

Polar Explorations

One offshoot of the Signal Service period of meteorology was a

change in the nature of the government's participation in polar ex-

ploration. In direct line from Elisha Kent Kane, the expeditions of
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1. 1. Hayes, Charles F. Hall, and G. W. De Long continued the tradi-

tion of combined government-private support and the dominance of

the geographic problems dramatized by the loss of Sir John Frank-

lin. But in 1879 an International Polar Conference at Hamburg chose

1882-1883 as a year for a concerted attack on Arctic problems by
means of simultaneous observations.

Since meteorology moved to the forefront in place of gross geog-

raphy, the Army Signal Service manned the two stations for which

the United States was responsible. The station at Point Barrow,

Alaska, performed its duties without incident, but the expedition to

Ellesmere Island stumbled into adventure and dramatic tragedy.
53

Led by A. W. Greely, then a lieutenant, the party combined its

meteorological, magnetic, tidal, and pendulum observations with

dashes northward toward the pole. Although dissension appeared

early, the enterprise was turned into a desperate scrape by the failure

of the supporting expeditions of 1882 and 1883. When relief finally

reached the party in 1884, only seven remained alive. Neither Secre-

tary of War Robert Todd Lincoln nor the Navy relief commander

showed to advantage in the tragedy, which was a sensation in its day
and an important conditioning factor in the Signal Service reor-

ganization discussions. Yet in a more profound way it emphasized the

government's stake in polar exploration and laid the groundwork for

a really scientific interest in Arctic and Antarctic problems a highly

specialized field in which the military continues to figure, and in

which the "International Year" as a technique of cooperation is still

important.

The Corps of Engineers

While the loss of the weather service neatly summarizes the de-

clining role of the military as a reservoir of general scientific resource

for the government, the really crucial battle of the postwar year was

over whether the Corps of Engineers could hold their earlier place

as the explorers of the West. In one sense the Engineers were in a

strong position in 1866. With all doubts about the constitutionality

of internal improvements removed, the appropriation for river and

harbor works jumped several fold and steadily remained high.
54 But

the very opulence tended to absorb the Corps in routine civil en-

gineering.
Much work was done under contract, and no general

plan emerged because the Corps considered itself simply the execut-
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ing agent of Congress, refusing even to suggest a project without a

specific order.55 Its position in scientific research depended entirely

on whether it could maintain its preeminence in exploring and sur-

veying the great West, especially without a distinct Corps of Topo-

graphical Engineers.
This story deserves special attention, because it is not simply the

decline of science in a military service but rather the metamorphosis
of the old general-purpose military survey into a civilian agency which

became a new scientific bureau much like those then developing in

the Department of Agriculture.



X

THE GEOLOGICAL SURVEY

1867-1894

AFTER the Civil War the American people, whose dominant

passion became the exploitation of their national resources, began to

look on the great trans-Mississippi West with different eyes. This

subcontinent, almost wholly the property of the federal government,
was rapidly changing from the preserve of soldiers and mountain

men to a potential source of wealth for many groups of citizens. In

the middle i85o's the transcontinental-railroad problem had been in

the hands of military-scientific exploring expeditions. By the end of

the war a railroad was actually under construction; daring entre-

preneurs supported by land grants and federal money drove the

golden spike in 1869. With the completion of the first line and the

frenzied projection of others, the buffalo and the Indian had lost

control of the region, and as they declined the Army of the frontier

gradually found its reason for existence vanishing.

Three Predecessors

As everyone expected from its early preeminence, the postwar

Army took up surveying the West with renewed vigor as soon as

it had again become a regular outfit, despite the disappearance of the

Corps of Topographical Engineers. Yet its first major effort the

Geological Survey of the Fortieth Parallel, begun in 1867 pro-

foundly reflected the new forces at work in the West. The area a

strip about one hundred miles wide running east to west from Colo-

rado to California was essentially the route of the Central Pacific.

Since the road itself was already surveyed and nearing completion,
the object of the expedition was to determine the natural resources

along the way, with particular emphasis on mining.
1

Instead of a West Point graduate with military rank, a geologist

commanded the party. Clarence King, product of Sheffield Scien-
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tific School, had learned both the West and the technique of field

geology with J. D. Whitney's California state survey during the war

years- His extraordinary personal charm and his friendship with the

proper Hterary people assured him a reputation as a kind of Greek

god and Renaissance man rolled into one. The main author of the

fortieth parallel idea, he was largely responsible for its presenta-

tion and passage through Congress. While the Corps of Engineers

took over the administration, King had a free hand in planning his

survey and hiring his all-civilian staff.

Although he preserved general natural history as his scope, pub-

lishing on the botany and ornithology of the region, King concen-

trated on geology and adopted unprecedentedly high standards. The

topographic map, necessary to place accurately the geologic data,

was on a scale of four miles to the inch with slopes indicated by con-

tour lines rather than the customary and usually vague system of

hachures, or shadings. Extensive and systematic use of the micro-

scope in the study of rocks introduced a new technique into Western

geology. From the work a comprehensive view of the geologic his-

tory of the mountain region of the West emerged. Although he paid

attention to the mining industry, King's real aim and real triumph

was in pure geology.

Starting from the California end, he worked his way eastward in

1868 and 1869 to the Wasatch Mountains in Utah and then set up

headquarters in New Haven to work up the collections. In the sum-

mer of 1870 he suddenly received orders from the chief of engi-

neers to take the field again as Congress had continued the appro-

priation
without any prompting.

2 This led to a leisurely study of the

volcanoes of the Pacific Coast until he could continue eastward

progress in 1871. By the end of 1872 he had reached eastern Wyoming
where the survey could tie into other studies, thus connecting the

continent in a single geologic profile.
With the job done, King left

the field and spent most of the rest of the decade publishing the re-

sults. When the seven volumes stood complete in 1880, not a trace

of his administrative organization remained. The work had ended,

complete, at a total cost to the government of $386,71 1.
3

More orthodox than its role in sponsoring the King survey indi-

cated, the Corps of Engineers began its own program in 1869 when

Lieutenant George M. Wheeler began a military reconnaissance in

Nevada and Utah.4

By 1872 he had congressional authorization to
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make "military and geographical surveys west of the one hundredth

meridian." He was interested in quickly producing maps of the whole

area that would be sufficiently accurate for military use. His scale,

as much as eight miles to the inch, rendered his topography, without

contour lines, often not detailed enough for the geologist or engi-

neer.
5 In accordance with the traditional union between surveying

and natural history, he recognized the secondary aim of collecting

"all the information necessary before the settlement of the country,

concerning the branches of mineralogy and mining, geology, paleon-

tology, zoology, botany, archaeology, ethnology, philology, and

ruins."
6 Wheeler used civilian scientists as well as officers drawn from

several branches of the Army. For instance, in 1876 he had seven lieu-

tenants, and two assistant surgeons who doubled as zoologist and

botanist. An astronomer, three geologists, a mineralogist, and an

ethnologist were civilians.
7

As it gradually embraced the whole West, the Wheeler survey

began to look permanent. In rime, it yielded somewhat to the chang-

ing problems wrought by settlement by including in its aims the

classification of the public domain into "arable and arid portions, the

former divisible into those sections which are susceptible of cultiva-

tion, those in which irrigation can be had, and into mining, timber,

and grazing sections."
8 The ten years after 1869 cost $499,316, with

an appropriation for 1879 f $50)Ooo.
d
Pay of the military and rations

not being included, the actual outlay now was a good deal more.10

The Wheeler survey had all the characteristics and traditions, the

advantages and drawbacks of the pre-Civil War military exploring

enterprise in the West.

At the same time the advance of settlement and knd legislation

such as the Homestead Act were carrying the Department of the In-

terior ever farther into the Army's Western preserve. Long immersed

in the mechanics of parceling out the public domain, the General

Land Office had only occasionally shown any tendencies toward sci-

ence.
11

J. D. Whitney, who as director of the California state survey

had shown what science could do with the management of Western

mineral lands, claimed in 1865 that "I have accumulated many facts

which demonstrate, in the most conclusive manner, that the most

profound ignorance of everything connected with the subject exists

in the General Land Office and the Census Bureau." He felt that "the

Government is likely to be greatly misled and may do a great injury
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to the country, if it allows itself to be guided by recommendations

emanating from the Department of the Interior."
12 But the General

Land Office did spawn a scientific survey even if its own politics-

ridden organization
could do very little directly. Starting with

^

an

appropriation
of $5000, Ferdinand V. Hayden began a geological

survey of Nebraska under its direction. Adopting the old title, "U. S.

Geologist," Hayden gradually reached out into other parts of the

West. By 1873 his group was called the "Geological and Geographical

Survey of the Territories."
1S

Hayden, a man of great energy, had had an education at OberUn

College and at medical school in Albany. But he was a self-made

scientist, brought up in the hard graduate school of the Western sur-

veys of the iSjo's. A professor at the University of Pennsylvania

when he began his work, he became a full-time administrator as his

ability to obtain political support for the organization grew. From

Nebraska he moved into Wyoming and then Colorado and New Mex-

ico. In 1871 he was in Montana, his work laying the basis for the

creation of the first National Park, Yellowstone.
14
By geologizing in

the Great Salt Lake Valley in Utah he invaded the heart of Clarence

King's territory. Indeed, the possibilities
of duplicating the work of

others, made so likely by his own and Wheeler's geographical spread,

were further increased by his ranging widely not only through geol-

ogy but through all of natural history.

One of the sources of Hayden's rise to eminence was his network

of friendships with leading scientists. He could call on an imposing

array of collaborators in special fields,
15 and his lavish publication

policy encouraged them. A notable example of this method of

creating good will was the Western tour of two intimate friends

and collaborators of Darwin Sir Joseph Hooker and Asa Gray.

The first botanist of Great Britain accompanied by the first botanist

of the United States toured the whole West in the comfort of the

new railroads.
16 At their leisure they prepared a comprehensive dis-

cussion of the vegetation of the Rocky Mountains to appear as a

publication of Hayden's.
17 Because of this journey both Gray and

Hooker were always ready to lend Hayden support and write testi-

monials for him, while their names on an article in his Bulletin fur-

ther enhanced his own reputation. But a long series of such publica-

tions did not add up to a planned survey.

Concentrating less on maps than on general geology and natural
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history, the Hayden surveys stacked up a great deal of data, some of

it important, without getting very close either to the mining industry
or to the more pertinent problem of classifying the public domain

before it passed into private hands. The connection with the General

Land Office and the Department of the Interior was thus nominal,

which did not prevent Hayden from getting his appropriations. Soar-

ing one year to $ii5,ooo,
18

they usually came to $75,000. By 1878
he had received a total of $615,000, nearly twice as much as King
and more in actual cash than Wheeler.19 The Hayden survey was

thus on the surface the most imposing and respectable outfit in the

field. It was the civilian side of the old military-civilian team ex-

panded to new proportions.

The Powell Survey

Three surveys were, however, not enough to exhaust the scien-

tific possibilities opening up in the changing West. A man of imagina-
tion and insight could make a name for himself and get money out

of a Congress that seemed anxious to have still more surveys. John

Wesley Powell brought few formal qualifications into the already
crowded arena except a fertile imagination and an insight that grew
with experience.

20

A schoolteacher who chose an interest in science rather than a

conventional college education (one term at Oberlin College, Hay-
den's alma mater, was plenty for him), Powell rose to the rank of

major during the Civil War and served as an
artillery officer for

Grant even after losing an arm at Shiloh. Afterwards, as a professor
of geology at the Illinois State Normal University, he secured state

funds for the museum of the Illinois Natural History Society with

which he took a group of students to the Colorado Rockies in 1867.

Before starting West, however, "the Major" went to Washington to

get some help from the Army. Through his old commander, Grant,

now secretary of war, he got authority to draw rations for his party
from Army posts. This minimal subsidization was important largely

in introducing Powell to the frenzied postwar atmosphere of Wash-

ington.
In April of the next year, 1868, Powell was back at the capital.

This time he wanted to explore the Grand River a headwater of

the Colorado with a purpose more definite than an outing for stu-

dents. In a letter to Grant he pointed out, first, that the Colorado's
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canyon would be the best geologic section of the continent and,

second, that a survey of the Indians of the Colorado plateau would

be of value to the War Department. Already Powell had discovered

two problems in the West that others were doing little to solve.

The Grand Canyon had seldom been seen by trained observers, much

less explored.
21

It was the last completely blank area on the country's

map, and hence the last of the type of problem that had challenged

Lewis and Clark. But Powell saw beyond the vacant spot on the map
to the great possibilities

for geology in the unknown region. His

reference to the Indians indicated that he saw in them, who had

figured so largely in all previous explorations as a hindrance, a field

for study, an opportunity soon to vanish.

Although Grant was again ready to allow the issuance of rations,

the commissary general ruled it illegal because Powell was neither a

civilian employee of the government nor in the Army. The only way
around was to get a law passed by Congress. Illinois members such as

Senator Lyman Trumbull could help, but most of Powell's assistance

came from Joseph Henry. Although the Smithsonian, as usual, could

put up no money, a letter from the secretary was a valuable asset.

Endorsing the project and stating that Powell would study the hydrol-

ogy of the river in relation to agriculture and irrigation, Henry inci-

dentally emphasized the Indians, an old interest at the Smithsonian.

Although Congress grumbled about setting a precedent, Powell's bill

finally passed. He set off for the Grand River with some instruments

from the Smithsonian, authority to draw rations from the Army, and

the rest of his backing from educational institutions in Illinois.
22

The next year, 1869, Powell got the same bit of support from the

government, this time to tackle the Colorado River itself. His pas-

sage in boats through the Grand Canyon was one of the last epic
American explorations of completely unknown geography, and the

major emerged a famous man. Not the least remarkable aspect of

his feat was the way in which he used an old-style daring adventure

to establish himself as the head of a scientific survey of the region
he had discovered. The Colorado basin more than fulfilled his ex-

pectations as a great outdoor museum of geology and anthropology.
In Washington in the spring of 1870 Powell was able to get

Representative James A. Garfield, a member of the Smithsonian

board of regents, to sponsor a biU which, when passed, gave him

fioooo for a "Geographical and Topographical Survey of the Colo-
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rado River of the West." It was placed at first in the Interior De-

partment. But when Powell told a member of the appropriations com-
mittee that his collections went to the Smithsonian Institution, the

congressman "accidentally sent my whole work there." 23
Still hold-

ing on to his professorship at Illinois Normal, he drew no government
salary and continued to choose as his assistants members of his family
and immediate circle of friends. Yet he projected a comprehensive

geologic study of a most interesting region and made himself over

into a scientist competent to deal with it. Besides the dazzling view of

geologic history afforded by the Grand Canyon, Powell grasped the

dynamics of the forces that produced such results, introducing, for

instance, the concept of base leveling.
24

In 1873 Powell moved a step further into the orbit of the govern-
ment by cutting his Illinois connections and moving to Washington.

Significantly, both he and Hayden found the opportunities of sur-

veying the West so great that they shed their academic posts within

a year of each other.
25 In a larger way the move is an ironical indi-

cation that, amid all the corruption of the Gilded Age, Washington
was beginning to be in fact the cultural and scientific center that the

old Columbian Institute had hoped to create.
26

Although Powell had

a room at the Smithsonian, where he frequently consulted Henry and

Baird, he usually worked at home. *

A new action in 1874 extended the role of what was now known
as the Powell survey to the "Geographical and Geological Survey of

the Rocky Mountain Region" and returned it to the Department of

the Interior from the Smithsonian.27 But the major still had a free

hand, and with only slightly increased appropriations began to push
several lines of research. Since he could not follow them all himself

he increasingly delegated not only the execution of the work but the

planning and even the selection of problems. His brother-in-law,

Almon Thompson, an able man in spite of his nepotistic appointment,
took over topography. But in geology the staff gained two top-notch

professionals. G. K. Gilbert, hired away from Wheeler, undertook

what proved to be a classic study of the Henry Mountains in Utah.

Clarence E. Dutton, borrowed from Army Ordnance, worked out

the geology of the Grand Canyon itself and the surrounding pla-

teaus.28

Meanwhile Powell became increasingly interested in the Indians,

dispensing with a military escort and collecting information on their
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total culture. Through them he began to see the influence of the

land on its occupants. By observing the people who already had ex-

tensive experience living in the arid West both Indians and the

Mormons he formed a connected series of propositions which re-

lated the geologic and geographic base to the settlers who were al-

ready coming in. The dominant fact of the environment of the con-

tinent west of the one hundredth meridian was aridity. Much of

the surface was unfit for cultivation and the remainder required irri-

gation. For agriculture to exist in this region, legal and social arrange-

ments had to take account of these basic conditions. The Homestead

Act, based on the experience of the humid East, was unrealistic, as

were laws governing water rights. The aim of science in the West

should be to prepare the way for settlements by classifying the land

according to the environmental possibilities,
and the land laws should

make this possible. This concept not only gave science a definite use

but made it the key to the settlement of the new territory.

In 1 874 Powell struck this theme when he said that there "is now
left within . . . the United States no great unexplored region, and

exploring expeditions are no longer needed for general purposes."
Instead "it is of the most immediate and pressing importance that a

general survey should be made for the purpose of determining the

several areas which can ... be redeemed by irrigation."
29 Increas-

ingly he turned his parties toward stream measurement and irriga-

tion surveys. By 1878 he had enough data to publish his Report on

the Lands of the Arid Region of the United States, 'with a More De-

tailed Account of the Lands of Utah* Here he sketched in an in-

complete but powerful way his entire concept of the needs of the

West. The PoweE survey thus harnessed topography, geology, and

anthropology into a program of far-reaching and even revolutionary

consequences to the method of distributing the public domain to

settlers.

The Struggle for Supremacy

With all these surveys in the West, it is easy to overlook another

outfit which was senior to them all. Upon the death of Bache in 1 867

Benjamin Peirce himself took over the directorship of the Coast

Survey, Although without administrative experience, this famous

mathematician did give the activities of his highly competent agency
a new turn. He began the triangulation of a transcontinental arc along
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the thirty-ninth parallel to connect the Atlantic and Pacific systems,
now nearing completion.

31 Besides staving off the old threat that the

Coast Survey should fold up when it had finished mapping the coast,

this extension carried into the West all the traditions of accuracy and
the aim of studying the physics of the earth that had developed under

Hassler and Bache. If maps had to be made there, why not let this

demonstrably efficient and scientific agency do it? In 1878 the name
became the Coast and Geodetic Survey.

32
Expenditures had crept up

gradually to $857,100 in i$j6J
This varied surveying activity in the West, marking on its posi-

tive side the desire of the government to turn science to account in

the rapid development of an empire, soon degenerated into an inter-

locking series of quarrels. When in the summer of 1874 Hayden fell

in with one of Wheeler's parties in Colorado, an argument over juris-

diction brought the scandal out in the open.
34 The American people

became dimly conscious that science in the government did not organ-
ize itself automatically, that some kind of over-all policy was urgently
needed. Scandal, corruption, waste, and duplication that were making
headlines by 1874 in the wake of the excesses of the Grant admin-

istration seemed a priori as likely in the surveys as elsewhere.

Simple duplication, doing the same thing in the same way in two

parts of the government, is usually easy to spot and to correct by
administrative action. When the study of science is a prominent

activity, an argument can even be made that the normal process of

seeking to learn something new renders duplication unimportant if

not impossible.
35 As President Grant blandly remarked in his answer

to the congressional investigation of the surveys in 1874, "where

the object is to complete the map of the country, to determine the

geographical, astronomical, geodetic, topographic, hydrographic, me-

teorological features ... it seems to me a matter of no importance
as to which Department of the Government should have control of

the work." 3* Whatever agency could perform most economically
was all right, but in his eyes the Army and the "scientific gentlemen"
of the Corps of Engineers naturally fulfilled these requirements. Yet

the conflict waxed bitter precisely because the surveys were all differ-

ent following their own systems, pursuing their own aims, and even

emphasizing entirely different branches of science. To divide the trans-

Mississippi region into five sectors would not produce a single uni-

form map. To consolidate the surveys meant a choice of one among
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several approaches. Thus the government faced in the surveys a prob-
lem far more serious than duplication and had to make decisions that

affected the very nature of its relations with science.

The 1874 investigation revolved largely around Wheeler and

Hayden, who personified the issue of military versus civilian control.

Both men charged bad faith and made statements weighted with per-
sonal rancor. Wheeler, while insisting that he could not speak for the

War Department, made it clear that he felt his survey should remain

with the Corps of Engineers. Hayden called for science not only by

qualified specialists but under the control of scientists acting on civilian

authority. Admitting that he used the Army for escorts in the field,

he claimed that civilians could do the scientific work more economi-

cally and resisted consolidation under military control. Powell entered

the fray to demonstrate that Wheeler's maps were "so inaccurate as

not to be available for geological purposes," and to emphasize that

military escorts only provoked fights with the Indians. He strongly
favored unification under one department, and expressed his willing-
ness to enter the Interior Department in a position subordinate to

Hayden.
37

The investigation, producing no change, only led to a cutthroat

competition for money. The Powell survey, the newest and smallest,

had to fight for its life, especially since few publications had appeared.

Although the major had sided with Hayden in 1874, the two increas-

ingly clashed. After an argument about a mining report, Powell sug-

gested to Secretary of the Interior Carl Schurz a division of authority

giving Hayden natural history, leaving only ethnology for himself.38

This willingness to subordinate his personal ambitions and the pro-

posal of a side field into which to retreat strengthened Powell's posi-
tion in the coming crisis. By this time he was ready to propose a

broader program than his own advancement, a noteworthy distinc-

tion in Washington in that era.

In March 1878, a resolution calling for a report on the possible
consolidation of the surveys touched off the debate anew. Within a

month Powell had published his Report on the Lands of the Arid Re-

gion as a theoretical base for reorganization. But in May another event

of great importance to the history of American science put the affair

in a new light. Joseph Henry died, full of years and honors, leaving
the presidency of the National Academy vacant. His cautious policies
had saved that organization and allowed new blood to enter it at
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the cost of its position as active adviser to the government. Among
the younger members were many geologists and

paleontologists, in-

cluding Othniel C. Marsh, the vice-president who temporarily fell

heir to Henry's place.
39 This Yale professor, who was making epochal

discoveries among the fossils of the West at his own expense and
who had unseated one of Grant's secretaries of the interior by un-

covering graft on the Indian reservations, suggested by his presence
that the Academy might take a more active role in the survey contro-

versy than his patriarchal predecessor would have allowed.

The possibility came to fruition in June 1878, when Representa-
tive Abram S. Hewitt of New York called for a review by the Na-
tional Academy of the whole subject of the surveys. Hewitt, as a

member of the appropriation committee, had to incorporate the re-

quest in the sundry civil bill. He adopted this clumsy procedure be-

cause his interest came not from a pertinent committee assignment
but from his outstanding qualifications to grapple with the problem.
As a manufacturer of iron who had aided in the early fumblings of

research technology during the Civil War and who had some appre-
ciation of the relation of science to both industry and mining, he was

one of the few congressmen genuinely alive to the dimensions of the

problem.
40 Moreover he was a friend not only of Marsh but also of

Clarence King, who possibly first hatched the idea of resorting to

the National Academy.
41 This stroke was clearly inspired by scien-

tists and was a disappointment to the Army. It not only moved the

investigation from a public committee room to the eternally closed

doors of an exclusive society but it gave the community of profes-

sionals a definite advisory voice in shaping legislation. The Army En-

gineers were shut out, and, because Marsh and Hayden had had

trouble in the past, only Powell could consider the procedure en-

thusiastically.

Marsh attempted to appoint a committee both impartial and

familiar with the science involved. Chairman James D. Dana's experi-

ence went back to the Wilkes expedition. J. S. Newberry, who had

been on several prewar surveys, was a onetime student of Hayden's
who now spoke most harshly of him. W. P. Trowbridge of Columbia

was a West Point graduate who had served on the Coast Survey,

Simon Newcomb's credentials were self-evident. William B. Rogers,

the old anti-Lazzaroni who had now rejoined the Academy, and

Alexander Agassiz, son of the great Louis, completed the committee.42
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The letters submitted to the Academy by the heads of the in-

terested surveys are significant largely in revealing the divergent

points of view. The acting chief of engineers reaffirmed the Corps's

traditional role as mappers of the West and appealed to the British

ordnance survey as a precedent. The land commissioner, describing

his work purely as running lines, largely by contract, was never-

theless willing to take over geologic and geographic surveying a

reference to the existing loose connection of the Hayden survey to

the Land Office. Hayden himself rather sourly defended the status

quo, asking, "Is the country ready for a department or bureau of

science?" 43

Powell gave the committee a full statement of his ideas on the

nature of government science. Branding the "prosecution of the

work by a number of autonomous organizations . . . illogical, un-

scientific, and in violation of the fundamental law of political econ-

omy," he demanded, first, one general management, and, second,

"that the division of labor should have a scientific base." Geology
should be one department and mensuration another. "If ethnology,

botany, and zoology are to be embraced in a general scientific sur-

vey, each subject should have but a single organization, with a single

head subordinated to the general plan."
44 After a slashing attack

on the General Land Office, "a gigantic illustration of the evils of

badly directed scientific work,"
45 he stressed land classification as

the true aim of government science in the West.

He was aware, as some have since forgotten, that even before the

Civil War "the statesmen of America who compose and have com-

posed our National Legislature have been not averse to the endow-

ment of scientific research when such research is properly related to

the industries of the people."
46 To bolster this contention he analyzed

the scientific budget of the government for several years past. The

Engineers and the Coast Survey of course dominated. His curt dis-

missal of the Department of Agriculture, "where scientific investiga-
tions are pursued to some extent," indicates not only its lack of pres-

tige in 1878 but the relative independence of two great evolutions

within the government. Yet Powell's proposal was essentially the same

as that which soon changed the scientific bureaus in agriculture
the problem approach. "A geographical and geological survey, to be

permanent, vigorous, and efficient, should include the survey of the

public lands and be subsidiary thereto.'''
47
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Should, then, government science support zoology and botany?

Using the rule that "the endowment of science by governments
should be very limited and scrupulously confined to those objects of

research which . . . could not be undertaken by individuals," Powell

said no. A survey should stay close to "utilitarian demands" and oc-

cupy a position "analogous to ... the Coast Survey, Signal Service,

Naval Observatory, Agricultural Department, and Light-House es-

tablishment." Special inquiries, such as that into "the ravages of

locusts," were all right, but "no one will urge that it is the duty of

the government to add half a dozen workers to the great army of

independent investigators" already working at botany and zoology.
Nor should the government assist in adding to the clutter of pub-
lications on natural history.

48 These theories, of course, had barbs

which pricked the salient features of the Hayden survey.

Ethnology, however, was different. Not only was the opportunity
to study the Indians "in their primitive condition" fast disappearing,
but the Indian problem occasioned by the coming of the white man
to every important valley in the United States "wmst be solved, wisely
or unwisely." The government needed knowledge of Indian laws

and customs in order to shape a policy that might avoid "the blunders

we have made and the wrongs we have inflicted."
49 Since Powell's

interests were running strongly toward ethnology, it was his own

personal escape hatch from the controversies over mapping and geol-

ogy-
The report of the National Academy's committee followed Pow-

ell's system of ideas. His private secretary remarked that "it sounds

wonderfully like something I have read and perhaps written

before." 50 The work was divided into surveys of mensuration and

those of "geology and economic resources of the soil." For the first

purpose, mapping and topography, the Coast Survey should be trans-

ferred to the Interior Department from the Treasury and become the

Coast and Interior Survey. Also under the same department a United

States Geological Survey would study "the geological structure and

economical resources of the public domain." The two new organiza-

tions would replace not only the old Wheeler, Hayden, and Powell

surveys, but also land parceling by the Land Office. A commission

should then be set up to reconsider and codify the "present laws re-

lating to the survey and disposition of the public domain," where

"the system of homestead preemption and sale in accordance with
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existing laws is both impracticable and undesirable."
51 The Acad-

emy was thus attacking a cherished American legal and social insti-

tution head-on, suggesting that science could produce something
new and better.

The Creation of the Geological Survey

In November 1878, the Academy, after discussing its committee's

report for three hours, adopted it by a vote of 31 to i, the lone

dissenter being Edward Drinker Cope, Marsh's paleontological rival

who worked for the Hayden Survey. Yet the Engineers took it

hardest. General A. A. Humphreys, who had already protested the

absence of a government official on the deliberations, committed

what Simon Newcomb called "a sort of hari-kari" by resigning from

the Academy.
52
Undismayed, Marsh lined up imposing support from

the President, the secretary of the interior, the secretary of the

treasury, General W. T. Sherman, and the superintendent of the

Coast Survey. Confident that the plan would go through Congress,
he saw in it a victory that "will help the Academy very much."

In the House of Representatives James A, Garfield and Abram
Hewitt emerged as the champions. The Republican from Ohio

prefaced his oration by defending the theory of private enterprise in

science and admitting the government's right to enter only when
research was necessary for official functions, and impossible on pri-

vate resources alone. Hence he recommended that to keep from

competing with citizens the surveying work should be restricted

"plainly and narrowly" and consolidated "under one responsible
head." 53

The Democrat Hewitt, speaking from the "peculiar experience
which I happen to have had with reference to the growth of indus-

try in this country," took a broader ground. Admitting that he had

favored military control until Powell's arguments had converted him,

he defended the Academy as "the only body who could form a proper

judgment and render a wise decision." Brushing aside "the petty dis-

pute" among the surveys as "belittling the real question involved in

this magnificant conception," he urged the House to "place this work
of national development and the elements of future prosperity on a

firm and enduring basis of truth and knowledge." Hewitt claimed

with some authority that the measure "commends itself to the judg-
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ment of the men who have been most energetic and successful in the

development of our resources, the 'captains of industry' of our

time." 54 The consolidation of the surveys thus appeared in Congress

justified
in terms of private enterprise and blessed by those who were

reorganizing American economic life on an unprecedented scale.

But any measure that touched the hearts and pocketbooks of

actual and potential Westerners as intimately as one recommending
fundamental changes in land laws was bound to meet an opposition
indifferent to the merits of scientific reorganization. In addition, the

government was split between the parties with the House controlled

by the Democrats, and most legislation originating there in this session

failed.
55 As the debate developed, the Westerners extended their at-

tack to the Academy and its "visionary scientists." A representative
from Colorado appears in the Congressional Record as saying: "This

Academy has never published but one work, and that was a very
thin volume of memoirs of its departed members. [Laughter.] And if

they are to continue to engage in practical legislation, it would have

been well for the country if that volume had been much thicker.

[Laughter.]"
56

Under the onslaught the House passed a weakened version by
98 to 79, and the Senate dropped the whole idea by voting to abolish

all the surveys but Hayden's.
57 Hewitt then resorted to his strategem

of authorizing money in the appropriation bill for objects not men-

tioned in other legislation. By providing a salary for a director of a

geological survey, Hewitt stuck a whole organic act into a subordi-

nate clause. The new officer was to direct "the classification of the

public lands and examination of the geological structure, mineral re-

sources and products of the national domain." Although the old

Wheeler, Powell, and Hayden surveys were specifically discontinued,

and the Geological Survey placed in the Department of the Interior,

the Coast and Geodetic Survey remained in the Treasury Depart-
ment and any real revision of the land laws had disappeared except
for a study commission.58 A large appropriation bill had a good
chance in the closing hours of a session, and this one became law

March 3, 1879, the last day of the Forty-fifth Congress.

Immediately the struggle between the former rival surveys shifted

to the executive, revolving about the appointment of a director. The

victory of the principle of civilian control eliminated Wheeler,
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leaving as the most prominent candidate Hayden, who actively sought
the post and busily spied on Powell.59 But the major, who by this

time had amply demonstrated his abilities for political strategy, was

too clever to be trapped into an exhausting struggle. In the same appro-

priations bill with the surreptitious organic act of the Geological Sur-

vey appeared an innocuous item providing for "completing and pre-

paring for publication the contributions to North American ethnol-

ogy, under the Smithsonian Institution, twenty thousand dollars."
60

Serious about retiring from geology and genuinely fascinated by the

Indians, Powell retreated to his old haunt, the Smithsonian. It was

good strategy, but more than that, for Powell had without fanfare

established a small but significant scientific bureau which he would

never desert. Meanwhile Clarence King belatedly emerged as a can-

didate for the Geological Survey and with Powell's strong backing

managed to get to President Hayes through Secretary of the Interior

Carl Schurz. Since King's own survey was almost complete, he had

escaped without scars from the great struggles of 1878 and 1879.

King, who appeared to his friends as the "best and brightest man
of his generation,"

61
began the new bureau by dividing his organiza-

tion into four sections to correspond with geographical divisions of

the West and by laying special stress on the mining industry, about

which almost nothing was known, "either technically, as regards the

progress and development ... in methods, or
statistically, as regards

the sources, amounts, and valuations of the various productions."
62

For instance, he undertook a study of the Comstock Lode,

King found himself distracted almost from the beginning. Ill for

a time, he increasingly allowed his attention to wander to gold mines

in Mexico, Even more troublesome was the ambiguity of the organic
act. Did the "national domain" mean the whole country or just the

public knds? King adopted the principle that he could operate only
on public lands, at the same time vainly urging Congress to change
the law, making clear the right of the Survey to operate all over the

nation.
63 Without entry into state and private lands, comprehensive

mapping, the part of the National Academy program that Congress
had not specifically enacted, was impossible. Nor could the Survey
follow geological formations in their entirety, an important part of

King's mining studies. Congress did nothing; King went to Mexico.

When Garfield became President in March 1881, King submitted his

resignation with relief.
64
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Po'welFs Formative Policies

Before any wind rose from Hayden's quarter, Garfield appointed
Powell as director of the survey which his ideas had already shaped.
Without a thought of dropping his new Bureau of Ethnology, Powell

moved it in with the Geological Survey and began an uninterrupted

reign of more than a decade as the government's leading scientific

administrator.

The major dealt with all his problems creatively. By the time he

had been in office three months he had cut through a complicated
and delicate problem to formulate and publish an American system of

geologic nomenclature, anticipating an international conference on the

subject.
65

Pulling in King's regional offices to Washington, Powell

reaffirmed his belief in the maturity of the capital as a scientific cen-

ter which had figured in the founding of the Cosmos Club in his

parlor.
66

Estimating that he needed half a million dollars a year in-

stead of King's $156,000, he essentially reached the goal in three

years.
67

As Powell gained momentum his path increasingly conformed to

that of the head of the ideal new scientific bureau. Having selected his

objectives in anticipation of needs rather than in response to pressure,
he actively sought authorization for what he intended to do. For in-

stance, wanting to unscramble the confusion in the classification of

Indian tribes, he secured a request from the director of the census

to prepare "a classification of Indians by their linguistic affinities/
1

This gave him an official cover under which to launch a large and

arduous bibliographic study.
68

In a day when patronage was important and often used for cor-

rupt purposes, he played the game as skillfully as any spoilsman,

doling out minor jobs to the friends and relatives of congressmen. At
the same time he kept meticulous books and allowed no hint of per-
sonal interest or laxness to compromise him. The results were even

more spectacular than the rise in appropriations indicates. He was able

to get his annual portion as a lump sum, allowing complete discretion

in selecting his problems and in shifting from one to another.

Perhaps his greatest stroke was in securing authority to nationalize

the Survey. After a bill to extend it into the states had met the fate

of King's effort, Powell asked his friends on the appropriations com-

mittee of the House, who had done all the legislating for the Survey
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anyway, to allow a minor change in the wording of the section of the

sundry civil bill that served as an organic act. The phrase added was

"and to continue the preparation of a geological map of the United

States."
w To make a geologic map, he had to make a topographic

map first. The little phrase gave him all he needed to embark on the

program the National Academy had envisioned for the Coast and

Interior Survey which Congress had killed in 1879. The advocates of

states' rights were caught off guard while Science magazine applauded
a truly national geological agency, pointing out that T. C. Chamber-

lin had traced a terminal moraine through thirteen states and one terri-

tory for 3000 miles.
70

The same personnel system with which Powell connived at con-

gressional patronage served him well to build up a scientific staff

not only competent but high in morale and initiative. Besides Gilbert

and Button, carried over from the old Powell survey, he retained

some of the best of Hayden's men, who remained loyal to the major
even when under pressure from their old faction. For instance,

Henry Gannett directed all the mapping. Whenever Powell could, he

also picked up young college men like Bailey Willis.
71 Even a name

that might seem to reek of nepotism Arthur Powell Davis in

reality represented a thoroughly competent scientist.

Most revealing of the way in which Powell turned the lax rules

of the day to the account of freedom for research was Lester Ward's

presence on the Survey staff. Ostensibly a paleobotanist, he spent
much of his time during office hours as well as after writing his

Dynamic Sociology. Powell respected Ward and thought his work
worth while, so he let him go his own way. That a social philosophy
which stressed planning for human progress grew up in the Geological

Survey has at least a symbolic significance.
72

To expand his field operations even further than his permanent
staff would allow, Powell hired college professors as part-time work-

ers, to serve during summer vacations. N. S. Shaler and W. M. Davis

of Harvard, and J. S. Newberry of Columbia, among the most promi-
nent academic geologists in the country, were on the list, immeasur-

ably strengthening the position of the Survey in the universities.
73

Powell capped his system of alliances with the scientific com-

munity of the country by a characteristic arrangement. He hired O.

C. Marsh as division chief of paleontology, gave him a budget of

$15,000 a year, including a salary of $4000, and let him continue to
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live and keep his collections in New Haven, Connecticut.74 Wealthy,
and politically influential, the president of the National Academy
thus worked for the Survey. Since Marsh spent much of his own

money on fossils, the main
difficulty was the disposition of the type

specimens on which Marsh based new species. Would they go to Yale

or to the National Museum, where Survey material was assigned by
law? Powell and Spencer Baird of the Smithsonian, working together,

evidently made a gentlemen's agreement with Marsh, allowing him
to retain government property, labeled as such, in New Haven.75

These princely terms gave Marsh freedom to project a monumental
series of monographs on vertebrate paleontology, while Powell had

a rock on which to found his political position. Incidentally, Marsh's

employment meant that his bitter rival Cope, Hayden's paleontologist,
could not work into the Survey.

The emphasis on paleontology is evidence that Powell, while in-

sisting
on practical ends for government science, did not take a short

view of the usefulness of basic research. Indeed, his ideas strung to-

gether in such great skeins that he naturally included basic and back-

ground problems, seeking them out as the ones most necessary to

solve. In the early years, the Survey concentrated its geologic work
on areas of theoretical as well as economic interest and devoted both

time and energy to basic research. In addition to Marsh's establish-

ment in New Haven, the director set up a chemical laboratory in

Washington and repeatedly stressed its potential importance.
76

But before much could be accomplished Powell needed his de-

tailed map of the country to show geologic structure, and hence also

a topographic survey. Using his smuggled authority of 1882, he not

only put many of his parties on map-making but sought to extend his

range by cooperative arrangements with the states. Three years be-

fore the Hatch Act for agricultural experiment stations and without

specific authority of his own, Powell made an agreement with Massa-

chusetts to share the cost of a map to follow the style of the national

Survey.
77

He hoped to make his series so complete that the maps would

serve not only for geology but for land classification and land use,

and indeed for the whole government and the people for every pur-

pose. Using up to a third of his appropriation for maps, Powell thought
he could finish the job in a quarter of a century for about $18,000,000

enough to
jolt even those congressmen who thought he couldn't
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do it in a century for a hundred million.78 The major's very success

made him a conspicuous figure in the government. Both his methods

of administration and his active attitude toward authority raised eye-
brows. While in agriculture science crept up to a larger role in af-

fairs almost unnoticed, Powell saw the new relation of knowledge to

the affairs of the nation and announced it articulately. As the Geologi-
cal Survey developed into a new scientific bureau, Powell became

the personification of the new bureau chief.

With the firm establishment of the Survey, a scientific function

of the government which had begun with Lewis and Clark completed
its metamorphosis from a series of ad hoc military expeditions to a per-

manent civilian agency. Just as the West Pointers and the frontier

collectors were well adapted to the wilderness era, the new Survey
was in tune with the rapid settlement of the public domain.

In one respect the Geological Survey was incomplete in 1885. It

was purely an information agency, with no legal tie to its proper prob-
lem. However clearly Powell saw land classification in the arid West
as the true end of the scientific work of his bureau, he had no power
to enforce decisions. But his awareness of its potential role as a land-

classifying agency meant that he would move in this direction at the

first opportunity. Although the Survey was not a conservation

agency that applied science to the use of natural resources, Powell's

desire to do so made it the fountainhead of a new approach to the

public domain.



XI

THE ALLISON COMMISSION AND THE

DEPARTMENT OF SCIENCE

i 884-1 886

1884, the strain of the forces released by the new scientific

bureaus was so great that Congress set up a Joint Commission "to

consider the present organization of the Signal Service, Geological

Survey, Coast and Geodetic Survey, and the Hydrographic Office of

the Navy Department, with a view to secure greater efficiency and

economy of administration of the public service." 1 The place of

meteorology in the Signal Service was, of course, an issue.
2
Duplica-

tion in mapping seemed to dictate the choice of the other agencies.
Powell's personnel and fiscal management were marked for inquiry,

especially by his and O. C. Marsh's scientific enemies. But beneath all

these issues lay the more fundamental one of where and how science

should fit into the government's structure.3

Proposals for a Department of Science

Made up of three members each from the House and Senate, the

Joint Commission popularly took the name of its chairman, Senator

W. B. Allison, but the best informed member was Representative
Theodore Lyman of Massachusetts. One of the great rarities of

American history, a trained scientist as a congressman, Lyman had

studied with Louis Agassiz, who was also his father-in-law, and had

participated with him in the administration of the Museum of Com-

parative Zoology at Harvard.4 Elected as a civil-service-reform in-

dependent, he had little chance for reelection, but he used the closing

months of his single term to launch the commission for which he had

such preeminent qualifications.

Lyman's first step was to write to Marsh as president of the
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National Academy, asking him to appoint a committee to study the

organization of the surveys of the chief countries of Europe, and to

recommend methods of coordinating the scientific branches of the

government.
5 Marsh appointed a broadly representative committee.

Although it suffered an annoying loss when neither Simon Newcomb
nor Colonel Cyrus Comstock was allowed by the Navy and War

Departments to serve because of possible conflict with their official

duties,
6 the remainder brought forward a program.

Their main practical recommendation affected the Coast Survey.

Admitting that it would soon be "confined principally to the interior,

and then the policy of consolidating its hydrography with the work
of the navy hydrographic office will be open for consideration,"

7 the

National Academy committee still stood up for the civilian agency

against military control and urged a reorganization along the lines of

the unrealized proposal in 1878 for a Coast and Interior Survey.
But their real interest lay in establishing a general plan. The gov-

ernment should not undertake what "can be equally well done by the

enterprise of individual investigators." It should cooperate with uni-

versities but not compete with them, and should also confine itself

"to the increase and systematization of knowledge tending 'to pro-
mote the general welfare' of the country." Management of a scientific

bureau they considered more difficult than "that of a purely business

department," for it requires "a combination of scientific knowledge
with administrative ability, which is more difficult to command than

either of these qualities separately." Under the existing system they
saw each bureau head "absolutely independent . . . controlled only

by Congress itself, acting only through its annual appropriation bills.

We conceive that this state of things calls for measures of reform." 8

The scheme they proposed was worthy of its predecessors the

national university, the National Institute, the Smithsonian Institution,

or Bache's National Academy. The committee claimed to be "stating

only the general sentiment and wish of men of science, when it says
that its members believe the time is near when the country will de-

mand the institution of a branch of the executive . . . devoted

especially to the direction and control of all the purely scientific

work of the government." A Department of Science! Had not photog-

raphy and telegraphy, "the electric light, the electric railway" created

capital of hundreds of millions? "None who have ever lived with open

eyes during the development of these results of purely scientific in-
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vestigations doubt that the cultivation of science 'promotes the gen-
eral welfare.'

" 9

Even a committee of nonpolitical scientists could see that their

proposal stood no chance in Congress in a period when legislation

normally got through only by stealthily clinging to appropriation
bills. Hence, without even waiting for a rebuff they suggested a

substitute. "Should such a Department be now impracticable, should

public opinion not now be ready for it," they proposed the reorgani-
zation of scientific work into four bureaus: (i) Coast and Interior

Survey, (2) Geological Survey, (3) meteorological bureau, and (4)
a physical observatory to study "the laws of solar and terrestrial

radiation . . . and . . . other investigations in exact science." The
last organization was to take over weights and measures from the

Coast Survey and to set up electrical standards. All four bureaus would
be placed in one already existing department. Because the secretary
"would probably find it impracticable to enter into ... all details,"

proper coordination would come from a permanent commission "to

prescribe a general policy for each of these bureaus." On this body
would be the president of the National Academy, the secretary of the

Smithsonian, two civilians of high scientific reputation, an officer of

the Corps of Engineers, a professor of mathematics of the Navy, the

superintendent of the Coast and Geodetic Survey, the director of the

Geological Survey, and the officer in charge of the meteorological
service. Approval of the commission would be necessary on estimates

for appropriations.
10

The discussion that stemmed from the National Academy com-

mittee's report probed both the Department of Science and the com-

mission idea, the testimony making echoes in the press. No one was

better qualified or more ready to speak than Powell, the new-style
bureau chief. Eliminating all the agencies that used science in con-

struction work public buildings, rivers and harbors, lighthouses

he concentrated on those which conducted original investigations.

With the bureaus being investigated he grouped the National Obser-

vatory, the Fish Commission, and the National Museum. As usual,

he made no mention of agriculture. Drawing on his own experience,

he laid down general considerations for the organization of the

agencies that must discover new facts and principles. First, since all

the investigations are interrelated and interdependent, they "should

be placed under one general management." Second, science "must
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be controlled by the facts discovered from year to year, and from

month to month, and from day to day." Operations must be led by
the men who are actually performing the work, involving constant

consultation and changes of plan. The director largely selects men
"who have a genius for research" and lets the plans come up from

them. "It will thus be seen that it is impossible to directly restrict or

control these scientific operations by law. The general purpose of the

work may be formulated in the statutes, and the operations may be

limited by the appropriations." A statute could go no further because

"if the operations themselves could be formulated by law, the facts

would already be known and the investigation would be unneces-

sary." Hence the bureau "should be left free to prosecute research in

all its details without dictation from superior authority in respect to

the methods to be used." u

While agreeing with the National Academy committee that the

Department of Science proposal recognized the principle of "uni-

fied administration," Powell attacked the commission idea. Civil and

military heads of bureaus would not mix, because the "military officer

plans and commands; the civil officer hears, weighs, and decides."

Also the commission would come in conflict with the department
heads in just the way Newcomb and Comstock had been forced off

the National Academy's committee because "the military Secretaries

did not desire to have their subordinates deliberate on questions of

policy affecting the conduct of the Secretaries themselves." 12

In place of the commission, Powell had a simple solution turn

everything over to the Smithsonian Institution. Implying that the

public officers on the board of regents were a sufficient link to the

government, he cited as historical evidence the performance of Sec-

retaries Henry and Baird. In discussing what bureaus should go to

the Smithsonian, he laid the groundwork for an interbureau feud by
recommending that the hydrographic work of the Coast Survey be

given to the Navy in exchange for the Naval Observatory.
13 The

major gave his views to the Allison Commission believing their

actions would "ultimately affect the deepest interests of all the

people," and would promote or retard "scientific research itself,

which is the chief agency of civilization."
14

The Navy's first scientist, Simon Newcomb, although barred from
the Academy's committee, also got a chance to testify, his basic ideas

paralleling those of Powell except for the Smithsonian afterthought.
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He felt that "the evils in the scientific Bureaus" came from

u
the want

of adequate administrative supervision." The heads of departments
"cannot master the details of scientific work, and the law affords

them no real assistance." As a result, the bureaus are neither "managed
on sound business principles" nor have "the proper scientific criti-

cism and control." The one adequate remedy in Newcomb's eyes
was "to place all the scientific work of the Government . . . under a

single administrative head, to be selected by the President as he selects

the heads of other Departments." This officer would oversee the same

group of bureaus Powell had outlined and possibly "some of the

numerous chemical laboratories which the Government now sup-

ports." He was unwilling to let the military take over the Coast

Survey because "control and criticism require system of administra-

tion quite foreign to that of the Navy."
15

In distinct contrast, Secretary of the Navy William E. Chandler,
who was trying to create a modern fighting force afloat, testified that

all scientific or art work for the government "should be conducted

within and under the direction of that Department which needs the

scientific assistance . . . and that it would be a most anomalous pro-

ceeding to erect as a governmental department a department of sci-

ence or of art." It would "set the scientists to grasping Government,"
to searching through the various political departments, removing the

agencies that use applied science and turning them over "to a depart-
ment the head of which should be only a scientist." Thus aware, per-

haps more than the National Academy, of the penetration of science

into the federal structure, the secretary also dimly recognized that

the government may properly choose, "within certain limits, to go

beyond the use of science and art in the actual conduct of govern-
mental affairs and undertake to foster science or art, or agriculture."

Such an activity should go into "that department with which it has

the most natural relation."
16 Thus his interest was that of the cabinet

officer attempting to preserve a clear chain of authority.

The discussion of a Department of Science and its alternatives

extended beyond the Allison Commission itself and recapitulated the

hopes of a whole century since 1787. The younger R. W. Shufeldt,

an army officer stationed at Fort Wingate, New Mexico, saw in a

Department of Science the salvation of those military men who
wished to specialize in science without being interrupted by general

duty. He would unify the government's scientific work under a secre-
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tary of science chosen by the President from the National Academy
with the heads of the eleven bureaus actually selected by that body.

17

Officers whose interest was pure research could get long terms of

duty in the new department, thus preserving that general interest in

natural history and natural philosophy which was part of the officer's

code of another day.
The magazine Science, which supported the National Academy

committee and especially the proposed Department of Science, regu-

larly tilted at the alternatives. Powell's solution was not satisfactory.

The Smithsonian could hardly take on the direction of all the govern-
ment's scientific work under the terms of Smithson's will. Besides,

management by scientists would not be achieved, since only one was

among the twelve regents. Henry's and Baird's policy had always
been centrifugal, establishing a line of research and maintaining it

only until they could get someone else to take it. "Now it is proposed
to reverse the process and send separate institutions back home!" 18

Shufeldt's scheme gave too much power to Academy members, who
as specialists "are the last who should control a department."

19

Even the national university reappeared. Cleveland's secretary of

the interior, Lucius Quintus Cincinnatus Lamar, symbol of return of

the South to national politics, claimed that if the scientific bureaus

"could be combined as integral parts of one scientific institution"

and "should a university be erected thereon with a superstructure
commensurate with the foundations, it would be without a rival in

any country."
20 But Science felt that, without tenure of office in the

civil service, a national university would never work, and free educa-

tion in the hands of congressmen would be "so much injurious

patronage."
21

Alexander Agassiz on Government Science and the Theory of
Ldssez Faire

A broader view of the problem came from Alexander Agassiz, who
commanded great respect. Besides the luster of his name, he was at

the height of his powers as a scientist and head of Harvard's Museum
of Comparative Zoology, a distinguished if atypical research institu-

tion. At the same time, he was making a vast fortune as owner and

manager of copper mines in upper Michigan. His own person thus

intimately combined private capital and science. Incidentally, his

family had had fruitful associations with the Coast Survey for forty
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years. He raised the general question of the relation of the central

government to science. The idea of a national university was "very
dazzling; but is it wise for the Government to enter directly as a

competitor into the field of higher education?" Recognizing that "the

friends of a paternal government would like to see the science of the

country centralized, and the work of the bureaus gradually absorbing
all the best available men . . . making Washington a great scientific

centre/' he looked abroad to the Old World, where he saw the

contrast between France and Germany. The latter nation, which

only a few years before had been a maze of petty states, had had

completely decentralized institutions. At the same time, it was the

scientific leader of the world in Agassiz's view. France, on the other

hand, had always had tightly organized institutions centering in the

French Academy. "It would be a great disaster should Washington
ever become the Paris of the United States." The history "of our

scientific bureaus has been such as to suggest nothing but disaster

from the centralization of science at the capital." The bureaus were

already bringing close the time "when no man of science, and no

university even, could hope to attack many of the problems naturally
within their scope, without at once seeing the same work undertaken

by the directors of official science."

What then should the government do? Agassk favored efficient

administration and a single cabinet head to present claims to Congress.

Beyond that, "moderate centralization, allowing of great competition,
is the ideal of scientific activity, and the government should limit its

support of science to such work as is within neither the province nor

the capacity of the individual or of the universities, or of associations

and scientific societies."
22 This classic rule, which Henry had in-

voked for the Smithsonian and which Powell had used to advantage

against Hayden in 1878, had never before had an exposition so cleirly

related to laisse^faire political theory. Although Agassiz had not

opposed a Department of Science, he had by fundamentally question-

ing the government's sphere attempted to restrict the role of science

even below its contemporary level. Some of his words about bureaus

which by "capacity . . . for indefinite expansion" are "constantly

encroaching upon the field of individual activity" seemed to convey
a personal as well as a theoretical bitterness. To understand the bear-

ings of Agassiz's outbreak, it is necessary to look at the events of the

full year of the Allison Commission, 1885.
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On March 4, 1885, Grover Cleveland became President the

first Democrat since 1861. In the change of Congress, Theodore

Lyman had lost his seat in the House and on the Allison Commission.

Scientists generally were apprehensive of Cleveland, and pressure

for jobs for Democrats outran the available places. As a result, a

general hunt for corruption and official wrongdoing began, with the

scientific bureaus getting a very different kind of scrutiny from any

they had had in the early days of the Allison Commission.23

Hilary Herbert, congressman from Alabama, who had said little

before March 4, now came forward to flay Powell and the Geological

Survey with data fed him by Hayden and Cope, who still nursed old

wounds.2* But the major had seen well to his bookkeeping, and he

weathered every storm.25 At the same time, he had had to defend him-

self against critics in the Coast Survey, who, questioning the accuracy
of his maps, felt themselves pushed by the Navy afloat and not yet
established in the interior.

The once mighty Coast Survey proved to be the weakest link in

the scientific establishment. J. E. Hilgard, although he had actually
run the outfit from the later days of Bache, became superintendent

only in 1881 when he was old and ill, inheriting simple financial cus-

toms reminiscent of Hassler. A committee from the Treasury Depart-
ment, headed by a political friend of Cleveland's, F. M. Thorn, thought
it had found an easy mark. Its evidence against the Survey, Thorn
later admitted, was "mainly ex parte affidavits, some true, some false,

some mistaken, some since retracted, and more or less wild gossip since

disproved/' The Survey people "were not confronted with the wit-

nesses, and did not cross-examine them nor appear by counsel." 2e

But the poison did its work. Hilgard had to resign, and the career

service became so demoralized that Science feared "a year or two
more such as the last will leave nothing worth preserving of an or-

ganization which was once the pride of American applied science." 27

In general, the scientific community of the country was aghast.
The AAAS passed a resolution approving the "high character" of

the Coast Survey's work and demanding the appointment of a superin-
tendent "of the highest possible standing among scientific men." 28

Alexander Agassiz, emerging the foremost defender of the beleaguered

agency, pointed to Hilgard's methods as those of Bache and Peirce,

and he also protested that the investigation was "somewhat auto-

cratic." To the charge that the Survey had distributed "scientific salt
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in the shape of gifts . . . and has also done its full share in the way
of personal favors to Congressmen," he answered that "there never
has been a

'political scientist' at its head." Here he implied that the

new and unconventional activities of Powell as head of the Geological
Survey were the real sources of the staid Coast Survey's grief. "It is

rime that the system of indiscriminate scientific assistance, given by
heads of bureaus to institutions and individuals, and never contem-

plated or sanctioned by Congress, should be discontinued. It has

brought nothing but discredit upon the official science of the country."
Liberal appropriations were all right, "but let the requisitions be so

complete and detailed as to invite a fair and open criticism."
29

President Cleveland actually offered the superintendency to

Agassiz, who declined because of ill-health and because "four men
can be named, two already in the government service, and two not

so employed, who are qualified for the post."
30 When the President

finally did fill the place, he appointed F. M. Thorn, his Buffalo crony
who had personally led the investigation that got Hilgard's scalp. As
sometimes happens with such an appointment, Thorn was "gradually

compelled by the force of circumstances to conduct the office in

accordance with long established custom, and to trust the men whom
his predecessors have trusted." 31 But for the moment the friends of

the Coast Survey were beaten, sore, leaderless, and afraid of dis-

memberment. Since Powell had at times given aid and comfort to

the designs of the Hydrographic Office and had seemingly carried

off the right to map the land, he continued to be the object of Coast

Survey bitterness.

Congressman Herbert of Alabama, leading the attack on the

Geological Survey in the Allison Commission, had the wit to see the

interrelation of Agassiz's laissez-faire theories and the defense of the

Coast Survey. The scientist was trying to rationalize the inclusion of

his family's favorite agency within the narrow limits he set for govern-
ment activity at the same time he seemed to exclude the Geological

Survey. The congressman had no interest in such fine distinctions him-

self, but could he not use the renowned Agassiz against Powell? "I

beg to inquire," he wrote, "whether in your opinion the work of the

Geological Bureau could profitably be brought within proper bounds.

To me, it is very clear that Major Powell is transcending the rule you

lay down, that Government ought not to do scientific work which

can properly be accomplished by individual effort." After attacking
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various studies on the Comstock Lode, he asked, "is it necessary that

a geological survey of the United States should go at all into paleon-

tology?" Should the government geologist do topography? "For

myself, I am free to confess that ... if the people must be taxed

for the maintenance of all that machinery to complete the geological

survey . . . the time has come when Congress ought to consider

seriously whether it ought not to abolish the whole survey."
32

Agassiz seized the opportunity. From the studies of the Com-
stock Lode "private individuals have learned nothing . . . and the

scope of the investigation on mining industries . . . are all such as

seem to me to fall within the limits of private investigation."
33 Ironi-

cally, Clarence King was at that time a partner of Agassiz's in mining
ventures.34 In general, the biologist did not see "why men of science

should ask more than other branches of knowledge, literature, fine

arts, &c. . . There is no end to that kind of interesting documents

which the heads of bureaus could get printed at Government expense,
and which few individuals or societies would print, even had they
the means at their command." Publications were extravagant and edi-

tions too large. As to paleontology, that "is just one of the things
which private individuals and learned societies can do just as well as

the Government." They will do it cheaper. "There are always in the

different universities plenty of people who will be too thankful to

do such work for the sake of doing it." And they "will manage to

get the gist of their results published before the scientific societies to

which they belong." He himself declined to have the collections he

made with the Coast Survey published by the government, putting

up some $30,000 for private editions. As to topography, he agreed
with Powell that a geologic map without it was impossible, but if

"the States are not willing to go to that expense, it seems plain that

they do not wish the Government to go to that expense for them." S5

The Mssezr-faire theories of an outstanding scientist, coinciding so

closely with those of a congressional critic, were neveretheless pro-
Coast Survey and anti-Geological Survey. The new-style bureau as

administered by Powell, rather than all government science, was

Agassiz's real target.

Powell's Rebuttal Government Research Stimulates Private

Research

John Wesley Powell met directly a challenge whose "power de-

pends upon . . . the great name of Agassiz." Referring to the many
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years his assailant had devoted "to the accumulation of a great for-

tune," Powell understood that Agassiz had a "plan to create by gigan-
tic business enterprises a great fund . . . and that it has been his

ambition to make the museum over which he presides the American
center of scientific research, and the agency which should create,

control, and diffuse the increasing knowledge of the New World."

Agassiz perhaps would have fulfilled this dream if it had been a

possibility.
"Due honor should be accorded him for the brilliancy of

his unrealized scheme . . . but a hundred millionaires could not do

the work in scientific research now done by the General Govern-
ment." Shall "scientific research and the progress of American civili-

zation wait until the contagion of his example shall inspire a hundred

millionaires to engage in like good works?" Powell's answer drew the

line between science for private groups, even learned societies, and

for the public. "Before that time comes scientific research will be well

endowed by the people of the United States in the exercise of their

wisdom and in the confident belief that knowledge is for the welfare

of all the people." Work paid for by the treasury "should be given
back to the people at large through the agencies of the public libraries

which they have established. To turn over all this material to private
societies and museums for publication would be to defraud the

people of that for which the money was expended."
36

Of course the major was quite aware that Agassiz considered the

Coast Survey in a different light from the Geological Survey, point-

ing out that the biologist's studies "were based upon materials col-

lected by the General Government, at great expense." Also "worthy
of remark" was the fact that "Mr. Agassiz's principal work in re-

search has been published by the British Government." 37 But Powell

was not interested in fencing to take advantage of inconsistencies. He
wished to examine the question, "what scientific researches should

the government endow?"

His first principle in answering this question was that "the

government should not undertake to promote research in those fields

where private enterprise may be relied on for good and exhaustive

work, especially while vast fields where private enterprise cannot

work are still unoccupied by agents of the government." Powell thus

did not believe in indiscriminate government science any more than

Agassiz did, and he had used this rule against Hayden's botany and

zoology in 1878. But his standard of judgment was private enterprise's

actual present performance, not its theoretical potentiality. "Mr.



2l6 SCIENCE IN THE FEDERAL GOVERNMENT

Agassiz seems to have adopted this principle, and then by some strange

mischance used it to exclude the work of the Geological Survey . . .

failing to understand that topographic and geologic surveying must

be carried on by governments, or be so feebly prosecuted as to be of

little value."
88

Here Powell's appreciation of the fact that for "a long term of

years the General Government has provided for general topographic
and geologic surveys" provided him with effective evidence. Esti-

mating the expenditures at $6,000,000 and those of the States at

$4,000,000, he gave some slight credit to individuals, "notably some

able college professors," but judged their contributions "very small

when compared with the great works accomplished by the official

surveys." Even in general geology and paleontology the "principal

monographic works ... are official." In surveying the literature of

geology, he found that of 120,000 pages "not more than about 6,000

are the direct and independent results of private investigation." He
also found "no instance ... of the systematic investigation of any
considerable area such, for example, as the Comstock, Eureka, or

Leadville district by any private party, corporation, or nongovern-
mental organization of any kind." 39 Since he felt the government
had historically an important share in geology, he proceeded to fur-

ther principles which might more precisely define a dividing line

from private science.

The government "should promote the welfare of the people" by
providing for "investigations in those fields most vitally affecting the

great industries in which the people engage." This was a statement of

the problem approach. Not only mining profited from the Geological

Survey, but also agriculture, as in the study of soils, forests, and irri-

gation.

"One national survey is more efficient than many state surveys,"
and "the plant for geological investigation is too expensive for private

agencies." To engage in research in geology already cost a lot of

money. Shall the "genius of only the wealthy be employed in ad-

vancing the boundaries of human knowledge, and does great wealth

invariably inspire its possessors with love for research, insight into

Nature's kws, and patience in long labor?" A reason for the increas-

ing cost of geology is implicit in a further principle. "The results of

local investigation are of general value to many districts, and a

knowledge of the geology of one locality must be derived from an
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examination of many other localities/' This statement of Mill's prin-

ciple of the centralization of knowledge required that "a survey
should be organized upon the broadest territorial base possible,"
because "one such integrated organization can accomplish far greater
results than a score could accomplish with the same amount of

money divided among them." 40

However completely he had justified the Geological Survey and

the principles on which a new scientific bureau must operate, Powell

still had to contend with Agassiz's fear that private science in America

would ultimately be destroyed by competition from the taxrich gov-
ernment. Under the motto "all governmental research stimulates,

promotes, and guides private research" Powell in one reiterative para-

graph sketched a theory of knowledge in which science, the power of

government, and democracy all found full place.

Possession of property is exclusive; possession of knowledge is not

exclusive; for the knowledge which one man has may also be the pos-
session of another. The learning of one man does not subtract from the

learning of another, as if there were a limited quantity of unknown truth.

Intellectual activity does not compete with other intellectual activity for

exclusive possession of truth; scholarship breeds scholarship, wisdom
breeds wisdom, discovery breeds discovery. Property may be divided into

exclusive ownership for utilization and preservation, but knowledge is

utilized and preserved by multiple ownership. That which one man gains

by discovery is the gain of other men. And these multiple gains become
invested capital,

the interest on which is all paid to every owner, and the

revenue of new discovery is boundless. It may be wrong to take another

man's purse, but it is always right to take another man's knowledge, and
it is the highest virtue to promote another man's investigation. The laws

of political economy do not belong to the economics of science and in-

tellectual progress. While ownership of property precludes other owner-

ship of the same, ownership of knowledge promotes other ownership of

the same, and when research is properly organized every man's work is

an aid to every other man's,41

The Investigation's Outcome

How might a congressional committee be expected to react to this

fundamental debate in a decade when Mssez-faire political theory and

the gospel of wealth were dominant currents? Powell had dis-

tinguished between the economics of scientific knowledge and the

laws of political economy. But Hilary Herbert explicitly tied his

position to the formal philosophy of laissez faire then at its height,
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quoting the historian H. T. Buckle on the dire consequences to

former civilizations of government interference. In his parting shot

at Powell, on the last page of the last voluminous report, he reiterated,

"Buckle is right. Government patronage shackles that spirit of inde-

pendent thought which is the life of science."
42 Yet no doubt shadows

the clear-cut answer. Powell won; government science won; the new-

style bureau won; the Geological Survey won; even the Coast Survey
won.

Herbert gained an important advantage by getting his bills ready
first. His legislation for the Geological Survey was a masterpiece of

consistency. It provided that "the Geological Survey shall not . . .

except for the collection, classification, and proper care of fossils and

other material, expend any money for paleontological work or pub-

lications, nor for the general discussion of geological theories, nor

shall it compose, compile, or prepare for publication monographs,
or bulletins or other books." The sole exception was an "annual re-

port, which shall embrace only the transactions of the Bureau for

the year, and the results thereof." Since current publications would

be thus abolished, all works "which have not been ordered by Con-

gress to be printed, may be published by the authors thereof at their

own expense," an arrangement quite to the taste of Alexander Agassiz.
With its empire destroyed and economy accomplished, the Survey
would not need its physical plant. The secretary of the interior would
"cause to be sold ... all such laboratories and other property now
in use ... as shall no longer be needed." 43

Herbert, who, unlike Agassiz, considered science of every sort

tainted with extravagance, did not stop at the water's edge. His bill

for the Coast Survey recommended its transfer to the Navy, because

the "real scientists on this subject of nautical maps are educated sailor-

men, naval officers," who in other countries control the coast sur-

veys. To him, the transcontinental connection was a stretch of author-

ity as evil as anything the Geological Survey had done. Indeed, the

rivalry between "these creatures of Government" showed a tendency
to make them "active legislative forces and to control Congress."
This "deserves to be carefully scrutinized, and whenever discovered

promptly repressed."
44 The traditions of fifty years in the Coast

Survey meant no more to Herbert than Powell's bright dreams for

the future. Agassiz can only have felt chagrined.

By reporting the bills first, Herbert managed to convey the idea
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that they came from the whole commission. Powell, facing disaster,

marshaled his arguments and prepared another lengthy defense, in

which many other scientists not hitherto connected with the con-

troversy joined. Science claimed that "national aid in the publication
of scientific works is absolutely necessary."

45 Even Herbert realized

that his report "immediately became the subject of much criticism."

Within a few days he had to back down, withdrawing the section

on selling off the Geological Survey's laboratories. By this time his

report clearly emerged as a minority one, speaking only for himself

and John T. Morgan, a senator also from Alabama. The majority,

consisting of a Democrat from Indiana and Republicans from Iowa,

Connecticut, and Maine, finally asserted itself, issuing a report that

disowned Herbert's and Morgan's whole approach. The two ex-

Confederates had taken the position of John C. Calhoun without a

trace of his constitutional dialectics, using arguments that reflected

the alliance of many post-Reconstruction Southern politicians with

business interests in the North.46

The majority recommended a bill that somewhat restricted Pow-
ell's use of lump-sum appropriations for publications without sub-

mitting detailed estimates beforehand. Otherwise, they left the Geo-

logical Survey intact.
47
They saw no reason to transfer the Coast

Survey to the Navy Department. By considering themselves incom-

petent "to decide upon the methods to be adopted in a survey so

highly scientific in its character and objects," they implicitly ac-

knowledged the necessity of having scientists administer the new
bureaus. They recognized on the side of the civilian Coast Survey
"the sanction of the scientists of our country, and ... of more than

two generations of experience and criticism."
48 Thus the Allison Com-

mission by its very lack of action affirmed the usefulness of science

to the nation and recognized the growth of the new bureaus as ac-

cepted parts of the government.
So furious were the passions concerning the relation of science to

government that the majority of the Allison Commission seemed to be

taking up a long-forgotten issue when they pronounced upon the

department of science. They felt that "no such duplication of work
or necessary connection of these bureaus with each other . . . makes

such an establishment essential to their efficiency." Where "one bureau

finds it necessary to utilize the work of another a request for infor-

mation and data is always complied with." **



230 SCIENCE IN THE FEDERAL GOVERNMENT

In contrast to their glorious and successful defense of the new
scientific bureaus, the experts had done a ragged job for a depart-

ment of science. The National Academy had done nothing to push
the brain child of its committee, which admitted political defeat in

advance. Powell dealt the idea of a commission a heavy blow, only to

try to make the Smithsonian bear a strain for which it was not de-

signed. Newcomb hedged at the critical point of cabinet status. In-

deed, their enthusiastic proof that each of the bureaus had a unique
mission and its own traditions undermined the main argument for

consolidation that the present system duplicated wastefully. This

performance before the commission raised a question whether a de-

partment of science was a good idea even if possible.

An unusually astute observer who was both within government
science and outside the controversies of the surveys summed up the

case against the department of science late in 1886. Dr. John Shaw

Billings of the Army Medical Corps praised the majority of the Alli-

son Commission for concluding that "the work is, on the whole, being
well done, and that the people are getting their worth for their

money." He had a realistic view of the problems of the scientific ad-

ministration, describing them in much the same way as had Powell and

Newcomb. But "as to the desirability of centralization and consolida-

tion of scientific interests and scientific work into one department
under a single head, I confess I have serious doubts." In essence, he

claimed a department organized along the lines of the branches of

science denies the problem approach. While taking advantage of

every opportunity to increase knowledge, every scientific branch of

the government should be tied to the "practical results" the legislators

are trying to achieve.50

Billings did not place his restrictions on the government's science

because he held knowledge in contempt. Rather, "we live in a fortu-

nate time and pkce in the early manhood of a mighty nation, and

in its capital city, which every year makes more beautiful, and richer

in the treasures of science, literature and art." But all government
science must have a clear purpose; "we may not rest and eat lotus; we

may not devote our lives to our own pleasures, even though it be

pleasure derived from scientific investigation. No man lives for him-

self alone; the scientific man should do so least of all." Never had the

world "more need of him, and there never was a time when more care

was needful lest his torch should prove a firebrand and destroy more
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than it illuminates."
51 The concentration of all science in the govern-

ment into one department, representing a special professional interest,

might make control by Congress and the executive harder instead of

easier. And the full potentiality of science in the government could

be achieved only if it permeated the whole structure.

Merely by taking no action at all, the Allison Commission both

affirmed the worth of government science and denied the validity of

a separate department for it.
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CONSERVATION

18651916

IN the closing two decades of the nineteenth century Americans

began to realize for the first time that geography and sky-rocketing

consumption were threatening to place a limit on the natural resources

available to the nation. Frederick Jackson Turner's emphasis on the

disappearance of the frontier in 1893 symbolized a fundamental shift

in attitudes toward the natural wealth of the nation, especially that in

the public domain. Under the assumption that the resources of the

public lands were inexhaustible, most people demanded and would

tolerate government activity only in the routine measuring and dis-

posing services of the General Land Office. However, with the in-

creasing belief that resources were not only limited but fast being ex-

hausted, the government as protector of the public's interest had a

very different role to pky in managing and regulating the preservation
and use of the nation's wealth, especially that of federally owned

public lands. In the first decade of the twentieth century the conser-

vation movement, as it came to be called, urged national management
of natural resources. The assumption that science would furnish the

data on which classification could be made was basic to all major plans

proposed. Scientists were characteristically early and ardent conser-

vationists.1

Powell's Irrigation Survey

Long before conservation became a political plank and a part of

the fighting faith of the progressives, the scientific establishment of

the government had reacted to various aspects of the problem. The

pre-Civil War explorations sometimes got close to the concept of land

classification.
2
Powell, in his Lands of the Arid Regions, had laid down

a fundamental program for land classification, irrigation, and water

rights in the West which, although a part of the National Academy's
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report, had largely lost out in the organic act of the Geological Survey,
In spite of his clear vision of the application of science to the problem,
Powell at first had to content himself with making the Geological

Survey into a purely informational scientific agency. He could com-

plete its structure as a new scientific bureau only by getting some

regulatory function, and he chose the public domain, with its pervad-

ing aridity, as the problem to attack. In 1888 he got his opportunity.
Western senators, realizing that most sites on small streams capable

of supplying irrigation water had already been utilized by private

enterprise, began to look to large dams and reservoirs on the principal
rivers. W. M. Stewart of Nevada and Henry M. Teller of Colorado

put through a joint resolution directing the secretary of the interior

to make "an examination of that portion of the United States where

agriculture is carried on by means of irrigation,
'

to determine dam
sites "together with the capacity of streams, and the cost of construc-

tion and capacity of reservoirs, and such other facts as bear on the

question."
3
Naturally referred to Powell, the resolution became in

his hands a wedge for his whole general plan for the arid regions. In-

terpreting the area covered by the resolution as every place beyond
the twenty-inch rainfall line, he took in two-fifths of the United

States, proposing a topographical survey, a hydrographic survey, and

finally a preliminary engineering survey at a cost of five to seven

million dollars.
4 To get money, the Western senators resorted to the

usual trick of tacking a rider on the sundry civil appropriations bill.

In the House, a Colorado representative, momentarily frightened by
the prospect of speculators following the surveying crews, added an

amendment reserving from sale, in addition to dam and canal sites,

"all lands made susceptible of irrigation." In conference committee a

further amendment giving the President the right to restore lands to

entry supposedly smoothed over any damage the first provision might
do. Powell got $100,000 and immediately had Dutton and Thompson
of the old Powell survey in the field both for topographic surveys of

likely reservoir sites and for training a corps of technicians in stream-

flow measurement and hydrography.
5

The effect of the casual, almost unconscious legislation which

created the irrigation survey is a perfect example of the change that

comes over a scientific enterprise when it gets the sanction of law to

put the results of research into practice. After much deky, the General

Land Office finally ordered the district offices to cancel all filings since
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the date of the legislation
that were on the "sites for reservoirs, ditches,

or canak" But until Powell completed his survey, who knew where

these would be? The attorney general ruled that until the President

had certified the land "entries should not be permitted . . . upon any

part of the arid regions which might possibly come within the opera-

tion of this act.
n 6 The President would not certify until Powell had

surveyed. Hence, in effect, all the land laws were suspended, and the

General Land Office was out of business until the major gave the

word.

In this unsought but conspicuously powerful position,
Powell still

hoped to change the pattern of Western settlement from haphazard

private selection to an over-all plan soundly based on scientific infor-

mation. But he had to hurry. Claimants of lands in the public domain

were in no mood to wait several years,
and the major's efforts to get

enough sites opened up to relieve the pressure was complicated by the

necessity of checking the titles of previous private claims at the Gen-

eral Land Office.

Meanwhile, the Westerners were appalled. They began to call

Powell the "tycoon of many tails'* and quote:

Upon what meat doth this our Caesar feed

That he is grown so great?

Senator Stewart now emerged as the major's leading antagonist, call-

ing him "the King of the lobby."
7 The Western friends of irrigation

felt that obvious sites should be opened immediately without waiting

for a scientific survey or a plan for the use of the water of a whole

river. Powell's science was simply an unnecessary delay which they

would not tolerate. In April 1890, they showed their strength by

setting up an artesian-well survey in the Department of Agriculture in

the face of a large body of Geological Survey data that already

showed this source of water to be of limited value.
8

Organic acts tucked away in appropriation bills are as vulnerable

as they are easily obtainable. In August 1890, Powell's enemies, having

failed to move the whole irrigation survey to the Department of Agri-

culture, got to him by cutting the program from a proposed $700,000

to $ 1 62,500. All powers of reserving lands from entry disappeared and

with them the possibility of shaping the pattern of settlement by scien-

tific investigation. Reference to hydrography was omitted, cutting an

essential step from Powell's program. Despite a record $719,000 for
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the Geological Survey, the irrigation work was dead, and with it

Powell's great plan of orderly settlement based on the facts of environ-

ment as determined by science.
9

The wreck did not stop with the irrigation survey. Powell, the

most brilliant scientific administrator since Bache and the personifica-

tion of the new scientific bureau, had suffered defeat. The Geological

Survey, and beyond it the rest of government science, lay exposed.

The impending change of administrations, monetary difficulties, and a

gathering business depression gave hope to the trimmers of scientific

activity who had lost out in the Allison Commission. Stewart, joined

now by Hilary Herbert, moved against pure science. Because the old

rivalry between Cope and Marsh had by this time become a cause

celebre in the pages of the New York Herald, Powell's enemies struck

hard at paleontology. Herbert claimed that "when the morning of

resurrection shall come, some paleontologist will be searching for some

previously undiscovered species of extinct beings, and some geologist

will be picking away at the rocks . . . There is no end to it."
10 In

1892, by a vote of 26 to 23, the Senate cut the Geological Survey's ap-

propriation drastically and itemized sums for salaries. The final total

was only $430,000 and, with nothing specified for his salary, Marsh

had to be dropped. The Geological Survey was reduced to topog-

raphy alone. The ax fell also on the Coast and Geodetic Survey, the

Lighthouse Commission, the Smithsonian Institution, the Naval Ob-

servatory, and the Bureau of American Ethnology.
11 Powell's preco-

cious effort to harness the water resources of the public domain to

science had resulted in a sharp setback to government science.

The major himself retreated to the safety of the Bureau of Ameri-

can Ethnology as soon as he could arrange for the directorship of the

Geological Survey to go to C. D. Walcott, his assistant with the

hardiest exterior for political
abuse. Yet the irrigation survey laid the

basis for the later conservation movement. It left a mountain of data

which would kter prove useful;
12

it left the major's vision of aridity

as the key to Western environment. But mainly it left men. Powell

bequeathed to the conservation movement a group, trained and dedi-

cated, that was ready to fill the posts and take the responsibility
when

political fortune again made a program of reclamation possible. F. H.

Newell, A. P. Davis, Walcott,W J McGee, and many others got both

their training and their inspiration from John Wesley Powell.

The Department of Agriculture provided a caretaker outfit to
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keep the irrigation problem formally under government scrutiny.

After the Powell survey collapse, an Office of Irrigation Investigations

had appeared in the Division of Experiment Stations. Under Elwood

Mead it worked for private irrigation through better water laws and

gathered data on amounts of water needed for various crops. Although
not closely related to other bureaus in the Department of Agriculture,

the Office of Irrigation Investigations was also far removed in its ap-

proach from the Geological Survey.
18

The Fish Commission

Besides the frontal assault on the water problem of the West, the

government's scientific establishment responded to the looming ex-

haustibility of material resources in other ways. Characteristically

quiet in his movements, Spencer F. Baird managed to bring research

to the fisheries of the nation and a new bureau into the government
establishment. While director of the National Museum and assistant

secretary of the Smithsonian, Baird, beginning in the i86o's, often

spent his summers along the New England coast, where he noticed

the "great diminution in the numbers of the fish which furnish the

Slimmer food supply to the Coast ... & I found the same impression
to be almost universal." Most people blamed the use of nets and "the

capturing of the fish on or near their breeding ground before they
have spawned," which led to a demand for "laws preventing or regu-

lating the employment of nets or weirs." Baird believed that laws had

to come in part, at least, from the federal government, and as a pre-

liminary step he suggested a broad research program. "We must

ascertain, among other facts, at what time the fish reach our coast,

and during what period they remain, when they spawn and where,
what is the nature of their food," and many other problems which
added up not only to the biology of each species of fish, but to the

ecology of life in the ocean.14 While his personal reputation gave him
the influence he needed in Congress, Baird was careful to keep his

brain child away from the churning waters of
politics. Envisaging a

task of only a year or two, he expressly had included in the joint
resolution of 1871 that set up the Fish Commission a clause providing
that the President appoint "from among the civil officers or employees
of the Government, one person of proved scientific and practical ac-

quaintance with the fishes of the coast to be Commissioner of Fish

and Fisheries, to serve without additional salary."
15 No money meant
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no patronage. After the first appropriation of $5000 came another of

$15,000, and Baird was in the business for the rest of his life, even
after he succeeded Henry as secretary of the Smithsonian.16

Baird, the true scientist, put his
investigations on the highest plane.

Using the same device on his assistants he used on himself, he got
students from universities to serve without pay, developing many of

the next generation of zoologists, among them C. Hart Merriam and

George Brown Goode.1T In 1881, he got $190,000 for the seagoing
vessel Albatross, especially equipped for marine biology.

18 After using
various places on the New England coast, Baird settled on Wood's
Hole, Massachusetts, as the site for a permanent station. Characteris-

tically, Baird arranged for purchase of the land by private subscribers,

among whom were Johns Hopkins University, Princeton University,
Williams College, and Alexander Agassiz. The institutions had the

right to send a
specialist to the station to carry on research. The gov-

ernment thus broke the ground for the famous research institution

that Wood's Hole became after the establishment of the private
Marine Biological Laboratory there in i888.19

Baird's broad and fun-

damental research program led an English scientist to say before the

British Association that, while there expensive royal commissions

visit the coast and question fishermen who have knowledge of only
one small area, in America "the questions are put to nature and not to

fishermen." 20

However, almost from the beginning the fish commissioner had

to concern himself with more than research. The advocates of artificial

propagation became active through the American Fish Cultural Asso-

ciation in urging federal support. In 1873, Congress appropriated

$15,000 which by 1887 had reached $161,000, as compared to a re-

search budget of $20,000. Thus, hatcheries and fish culture became in

quantity, at least, the main business of the new organization. By 1880,

statistics also began to develop as a separate activity.
21

With routine operations pressing him, Baird found himself spend-

ing six hours a day on Fish Commission business. He furnished office

space in his own home, losing about $2000 a year besides drawing no

salary. Yet when he asked for money to rent offices, the chairman of

the appropriations committee refused because "he was opposed to

anything that looked like fastening an additonal bureau upon the

Government." M

Clearly, that was just what had happened, and the agency gradu-
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ally conformed to the general administrative pattern. When Baird

died, Congress voted his widow $25,000, which was hardly straight

pay for the services rendered. The commissionership became a salaried

post, providing both Cleveland and McKinley the opportunity to pay

political debts. In 1903, the independent commission became the

Bureau of Fisheries in the Department of Commerce and Labor.23
By

1910, it had reached stability.

Wildlife Research the Biological Survey

Less directly identified with a single commercial interest than fish,

the land wildlife of the country began to get scientific attention at

about the same period.
24

Although the concept of wildlife as an ex-

haustible natural resource had scarcely begun in the decades of the

slaughter of the passenger pigeon and the buffalo, some dawning of

the importance of the mutual relations of birds to insects appeared

about 1850, when rude observations led to the disastrous introduction

of the English sparrow, supposedly to eat caterpillars an attempt to

alter the balance of nature that itself created a problem. With the

beginning of entomological work under C V. Riley,
25 "economic

ornithology" began to grow as a companion study. American scien-

tists had, of course, been studying animals in nature since colonial

times and, thanks in part to earlier government efforts, had a consider-

able start on the taxonomy of North American wildlife. With increas-

ing specialization
in scientific societies the American Ornithologists'

Union became active in 1883, studying the sparrow problem and

naming a committee to determine the distribution of each species of

bird in North America. It set up a country-wide reporting system,

including not only private collectors but the Lighthouse Board and

the Department of Marine and Fisheries of Canada.26

Soon the volume of information, national and more in scope,

swamped the committee, whose chairman, C. Hart Merriam, prepared

a memorial to Congress and got a hearing with the help of Baird and

C. V. Riley. The result was an appropriation of $5000, and a section

of economic ornithology appeared in Riley's Division of Entomology
in the Department of Agriculture. In 1886, the Division of Economic

Ornithology and Mammalogy became separate, and, when Merriam

was appointed its head, the government in effect took over the respon-

sibility for the program originated by the Ornithologists' Union.27

Almost immediately Merriam began to play down the word "eco-
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nomic" in the division's title, by 1891 dropping it altogether. At the

same time, he pushed the Union's interest in exact data of bird migra-
tion and distribution on a continental scale. In studying mammals and

the smaller vertebrates, he introduced new techniques based on the

use of the cyclone trap which quickly revealed many more species in

North America than anyone had dreamed of before.28 To know the

wildlife of the continent with the accuracy now obtainable required
a complete reexploration. By 1894, Merriam was referring to his work
as "biological investigations" and announcing comprehensive conclu-

sions on the relation of the geographic distribution of plants and

animals to temperature. The secretary of agriculture could now say
that the name of the division "is unfortunate," for it "is in effect a

biological survey, and should be so named, for its principal occupation
is the preparation of large-scale maps of North America, showing the

boundaries of the different faunas and floras, or life areas." 29 In 1896,

the appropriations were made for the Division of the Biological

Survey, and the scientists were called biologists. Out of the original

problem approach had come a comprehensive research program in

fundamental natural history only nominally held in the Department of

Agriculture. Merriam's affinities were close to the Smithsonian and

parallel to the Fish Commission, although unconnected with any
routine program.

Scientists* Early Interest in Forest Protection

The exhaustibility of resources was perhaps most evident in the

disappearance of the forests, the most striking change that man had

made in American environment up to the end of the nineteenth cen-

tury. Scattered scientists and nature lovers had noted some of the

consequences before 1850, Henry had made a report on forest trees

and their economic uses one of the first projects of the Smithsonian.

At the AAAS meeting in 1873, Dr. Franklin B. Hough spoke on "The

Duty of Governments in the Preservation of Forests," inspiring the

appointment of a committee to memorialize Congress and state legis-

latures.
30

When a House bill to set up a commissioner of forestry in the

Department of the Interior had failed, friends of the measure used the

familiar tactic of a rider to the free-seed clause of the Department of

Agriculture appropriation. Two thousand dollars could be used to pay
someone acquainted with statistics to "prosecute investigations and
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inquiries" into forest problems. No mention appeared of the public

domain or the management of its forests. After a few years of irregu-

lar activity under Hough and others, the forestry work became a

division in the Department of Agriculture in the mid-i88o's under

German-trained Bernhard E. Fernow.81

In his first annual report, Fernow eschewed all desire for regula-

tory powers, relying on "simply the example of systematic and suc-

cessful management" and on "advice and guidance" to influence

private owners. He undertook studies in forest botany, especially

nomenclature, and some research in timber physics and the properties

of wood that might aid in the utilization of forest products. Yet his

program early showed some basic limitations. In the first place, he had

no land on which to practice forestry and had bad luck in making
deals with the Department of the Interior, the Army, or private own-

ers that would give him access to forests even for research purposes.

Although nominally in the Department of Agriculture, the division

had little to do with farmers and drew no support from their organi-
zations. The old custom of distributing free seeds accomplished noth-

ing.
In 1 890, Congress pushed Femow into some rain-making experi-

ments which disturbed the neighborhood of Washington with explo-
sions and brought ridicule on both the Division of Forestry and gov-
ernment science. By 1898, the agency consisted of eleven people and

had an appropriation of }28,ooo.
32

Meanwhile, the millions of acres of forest land in the public domain

precipitated a crisis that would not wait for Fernow's cautious back-

ground research. As settlement of the West proceeded, private inter-

ests increasingly took title to tree-covered lands for grazing and lum-

bering, destroying the forest community in pursuit of immediate gains.

Nature lovers such as John Muir, decrying spoliation of the wilder-

ness, were able to get small tracts such as redwood groves set aside.

Charles Sprague Sargent, representing the botanists' interest in the

forests, made a comprehensive survey for the census of 1880, publish-

ing a "Report on the Forests of North America." An American For-

estry Congress gave organizational focus to these groups.
33 Much

emphasis fell on tree planting, which the Timber Culture Act vainly

attempted to extend to the West.84

Such activity, however, did not come to grips with the necessity
of effective regulation if the forests of the public domain were to be

saved.
35 The commission that grew out of the reorganization of the
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surveys In 1879 had pointed to a fundamental policy by suggesting
withdrawal of all timber lands from sale and control of their use.

sa

Although plenty of bills were introduced, nothing went through until

1891, when an insertion in an act concerning the public lands gave
the President power to reserve forests from sale. In two years, over

17,500,000 acres had been withdrawn, checking the passage of title to

private interests. But complete kck of any provision for managing or

protecting the reserves left them to the hazards of fire and thievery,
with unreserved forests still wide open.

37

Although the most pressing problems were
political, economic, or

administrative, scientists had long taken an interest in the forests. They
felt they had both something at stake in forest preservation and some-

thing to contribute. Botanists, led by Sargent, and naturalists such as

Muir tried to arouse interest in preserving the woods unspoiled, but

their appeal was not rooted in economic realities. Fernow was the

leader of the handful of Europeans with forest training who had

found their way here, but their attitude was largely passive.

The appearance on the scene of Gifford Pinchot, a young Ameri-

can who styled himself a "forester," added a new type of scientist-

administrator interested in action. A graduate of Yale who went to

Europe for forestry training, Pinchot decided after a year that the

thorough and intensive methods used in the Old World forests had

no relevance to American environment and that the opinion he heard

everywhere of the impossibility of forest management in the United

States was wrong. Without staying to become a technically qualified

forester or, to his later regret, getting much education in the sciences

that impinged on his problem, he came back to the United States

determined to take management directly into the woods and to learn

his methods empirically as he went.38

After getting some private land under management at Biltmore,

North Carolina, Pinchot became a free-lance forest consultant. He at

least sat in, while visiting Sargent in Brookline, Massachusetts, in

1895, on the hatching of a scheme to get some action on the problem
of forests. Old Wolcott Gibbs, at last president of the National Acad-

emy he had helped to found, suggested that the quickest way to get a

commission appointed was to arrange for someone to request it of the

Academy. In February 1896, they chose the Department of the In-

terior, getting Cleveland's secretary Hoke Smith to ask the National

Academy for a report on whether forestry on the public lands was



242 SCIENCE IN THE FEDERAL GOVERNMENT

desirable and on the effect of forests on climate, soil, and water. By
asking for specific legislation the committee had the opportunity to

set up a forestry program for the government.
39

Besides Sargent as chairman, the committee was made up of Henry
L. Abbott of the Army Engineers, Alexander Agassiz, Professor

W. H. Brewer of Yale, Wolcott Gibbs, Arnold Hague of the Geo-

logical Survey, and Pinchot. Hague, who had worked on the King
Survey and with Powell since the 1879 reorganization, brought with

him the Geological Survey approach, fitting in the forests as one ele-

ment in the control of aridity. Since Pinchot's ideas of practical forest

management harmonized with this tradition "Without the Survey,
then and later," he said, "the Commission would have been up a very
tall tree" 40 the two worked closely together to develop a plan of

action which they hoped to get into Cleveland's last annual message
in December 1896. Sargent and H. L. Abbott, on the other hand,

favored military control of the forests, pkcing most emphasis on polic-

ing and fire protection.
The commission toured the Western forests in the summer of

1896, concluding that krge additional areas should be reserved. Al-

though they missed the opportunity to get a statement in Cleveland's

annual message, they did get him to set aside some 21,000,000 acres,

more than doubling the reserves. The Western interests that had

fought Powell's Irrigation Survey now took up the cry against the

forest reform. The bitterness of the rift between the Eastern gold
Democrats such as Cleveland and the free-silver enthusiasts of the

West doubtless aggravated the issue.

Senator C. D. Clark of Wyoming immediately introduced an

amendment to the sundry civil bill throwing the reserves open again.

Although this did not pass, neither did the efforts of the friends of the

forests to set up an administration for them. A compromise provision
was finally included, which caused Cleveland in one of the last acts of

his administration to veto the whole appropriation bill, giving the

forestry problem a great deal of publicity, and insuring its immediate

consideration in the first session of the new Congress under Mc-

Kiiiley.*
1

Pinchot gave the credit for a way out of the forestry deadlock,
so reminiscent of the fight that had ruined Powell, to C. D. Walcott
of the Geological Survey, who lined up to support legislation for the

reserves a South Dakota senator who had already announced against
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them. The result was a compromise allowing the Cleveknd reserves,

except those in California, to be open for entry for nine months, then

to be closed permanently. Part of the law provided for a survey of

forest reserves by the Geological Survey and gave the secretary of the

interior power to "make such rules and regulations and establish such

service as will insure the objects of such reservations, namely, to regu-
late their occupancy and use and to preserve the forests therein from
destruction." The way was open both for full economic use of the

reserved forests the surest way to allaying Western opposition
and for the establishment of a professional forest corps within the

government.
42

The report of the National Academy committee, which came too

late to influence the legislation, was a mixture of the ideas of the older

forestry advocates and the newer principles of the professional for-

ester-Geological Survey alliance. An elaborate account of European
experience and a predilection for military control reflected the views

of Sargent and Abbott, while Pinchot and Hague managed to insert a

program of forestry management which in many ways foreshadowed

later policy.
45

Concerning the reserved lands, the report pointed out that in the

"peculiar topographical and climatic conditions of Western North
America" forests were "essential to the profitable and permanent oc-

cupation of the country." They "collect and in a measure regulate
the flow of streams, the waters of which, carefully conserved and

distributed artificially, would render possible the reclamation of

vast areas of so-called desert lands." 44 Since private investment in the

timber operations in the West could not make long-term plans, "silvi-

culture . . . will only be really successful under Government con-

trol and administration; for, dealing with crops which often do not

reach maturity until the end of one or two centuries, it can only be

made profitable by carrying out, without interruption and under

thoroughly trained officers, plans which must often be followed dur-

ing the lives of several generations of men."
45

Ultimately the program
could be self-supporting, especially since any investment in protection
from fire and overgrazing would mean huge savings of timber re-

sources. The outline for a system of forest administration, while in-

fluenced by Sargent's penchant for the Army and West Point gradu-

ates, recognized that "wise forest management calk for technical

knowledge which must be based on a liberal scientific education." 46
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The legislation of 1897 anc^ ^e National Academy report laid

down a policy for the forest reserves and opened the way for their

administration by the Department of the Interior. At best, the friends

of the forests could hope for an agency modeled on the Geological

Survey and working closely with it. At worst, they feared the reputa-
tion and practices of the General Land Office, which would put the

power in the hands of political hacks instead of trained scientists.

Gifford Pinchot, full of misgivings, took a job as confidential

forest agent for the secretary of the interior. Sargent, disgusted, wrote

that while he had expected Pinchot eventually "to take a prominent

place in National Forestry," the younger man had "gone over now to

the politicians . . . without consulting his friends in the Academy,
and his usefulness, I fear, is nearly at an end." 47 Yet Walcott and

Hague of the Geological Survey had engineered the appointment, and

Pinchot worked closely with their chief geographer, Henry Gannett,

who undertook the accurate mapping of the reserves as provided in

the 1897 legislation.
48 The Geological Survey, blocked from irriga-

tion, nevertheless kept alive the vision of scientific planning in the

West that it had inherited from Powell and here tried to extend it to

a problem he had never taken up. With luck, the Interior Department
could become the shelter for a whole group of scientific agencies
concerned with natural resources.

forestry in the Department of Agriculture

At this juncture, Fernow, whose Division of Forestry in the De-

partment of Agriculture had had no part in the reserves, decided to

resign and become head of a school of forestry at Cornell. Since his

was the only permanent position in the government dealing specifically
with forestry, Walcott suggested Pinchot, whose friends induced him
to accept a job he feared had no future.49 As chief of a division in the

Department of Agriculture, Pinchot was placed under civil service

without an examination and got a slight distinction from the title

"Forester." Tama Jim Wilson gave him a free hand to develop his

own program. Pinchot had huge contempt for Fernow's approach
that before the division "could manage a forest growth intelligently
it must know first of all the biology, or life history, of all kinds of

trees which composed it." While conceding this might be true in

Germany, "forestry in the land of the ingenious Yankee could be

built on a whole lot less information than that."
50 For Pinchot the
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object of research was what he called "Silvics" rate of growth in

height and diameter, amount of wood produced, coming of seed

years, tolerance of young trees for shade and sunlight the things a

ranger needed to know to estimate what should be done to sustain

yield in a given stand of trees. The data had t be translatable into

practical instructions for selecting from the individual trees those

eligible for lumbering.
51

His first objective was to get support for the division by making
it useful to private timber owners. Circular 21, issued only a few
months after Pinchot took office, offered the division's assistance to

anyone who wished to harvest his timber and still have a second crop.

Working plans and full practical directions were to be given by
agents on the ground. Owners of larger tracts paid the expenses but

not the salaries of the division's parties. With all this emphasis on

"getting forestry into the woods," research tended to be empirical
and picked up by the way in actual practice. But the policy had im-

portant results. Requests for aid flooded the division. By 1904, 900,000
acres of private lands were under management, and applications for

advice had come from the owners of 2,000,000 acres more.52 Within

a short time Pinchot forged an alliance between the lumbermen and

the division. Because the larger operators had a greater margin with

which to experiment on long-term methods, the Weyerhaeuser Lum-
ber Company and other giants were foremost in adopting the recom-

mendations and in praising Pinchot's work.53

Armed with more requests for aid than he could meet with the

insignificant establishment he inherited, Pinchot steadily and success-

fully multiplied his requests for appropriations. The rate of increase

between 1899 and 1905 is spectacular:
w

1899, $28,520; 1900, $48,520;

1901, $88,520; 1902, $185,440; 1903, $291,860; 1904, $350,000; 1905,

$439,873. Not since the early days of Powell had anyone built a scien-

tific agency with such speed, and Pinchot looked well to the necessary
exterior buttresses of his bureau. In 1900, he released his assistant chief,

Henry S. Graves, to Yale to head a new forestry school whose initial

endowment came from the Pinchot family. With quarters in the

former home of O. C. Marsh in New Haven, the postgraduate pro-

gram, especially designed to produce men for the forest service, set

the standard for education in the specialty throughout the country.
55

A purely advisory bureau was never Pinchot's ideal or intention.

From the beginning he worked for a transfer of the reserves from the
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Department of the Interior to the Department of Agriculture. Deplor-

ing the work of political appointees sent out by the General Land

Office to administer the reserves,
56 he managed to get the secretary

of the interior to call on the Division of Forestry for advice. Pinchot

knew this was different from controlling the reserves, but "it was on

the straight road to control." 5T In the first test, in the Black Hills, the

foresters showed their ability to produce enough rough results in a

hurry.
58

One of the offshoots of the new forestry was research in grazing.

All the natural-resource problems of the West were parts of a single

pattern. Just as irrigation implied forests on the high watersheds, pro-
tection of timber required attention to grazing, next to fire the

greatest danger to proper management. In 1897, the secretary of the

interior closed the forest reserves to grazing entirely, thus precipitating
a bitter controversy among different groups in the West. For instance,

in the Salt River Valley in Arizona, the irrigation ranchers claimed

that grazing in the mountains caused a water shortage, while wool-

growers protested the other way. Pinchot teamed up with F. V.

Coville of the Division of Agrostology of the Department of Agri-
culture to study the effects of grazing on forests and water supply,
their report suggesting regulation of grazing rather than flat prohibi-
tion.

59 Pinchot's "whole approach envisaged wise use of natural re-

sources on the reserved lands, not total exclusion from them.

The Progressive Era and Conservation

When William McKinley died in Buffalo on September 14, 1901,
the government had already developed a considerable scientific estab-

lishment oriented to natural-resources problems, especially on the

public domain. In the Department of the Interior, the Geological

Survey was a major agency and in the Department of Agriculture,
the Bureau of Forestry was well on the way. In lesser degree, the

Biological Survey, the Fish Commission, the Division of Agrostology,
and the Office of Irrigation Investigations were conservation agencies.
The heirs of Powell had a reasonably coherent body of doctrine for

dealing with the problems of the arid West; they had gathered many
data and had the techniques for gathering more. Walcott, Hague,
Gannett, and Newell of the Geological Survey andW J McGee of

the Bureau of American Ethnology were only the most prominent of

the long-time associates of Powell who stood ready in 1901. Pinchot,
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although completely unappreciative of Powell's personal influence,

had long worked with the Geological Survey, his forest program

fitting harmoniously into the general scheme. Agencies, experience,

doctrines, and men were already a part of the government, but, as yet,

there was no successful program.
The lack in 1901 was a fundamental policy on how to use these

scientific agencies, giving them legal power to carry out their plans.

Almost the whole body of law on which these agencies were based

consisted of provisions written into appropriations bills. In the back-

ground was the smarting defeat of the Powell irrigation survey and

the anomalous position of the forest reserves under a different depart-
ment from the research agency. Regardless of their growth, the scien-

tific bureaus had not won a single major test that might have given
them legal sanctions to put a conservation program into active effect

in the field.

Theodore Roosevelt's unexpected ascendancy brought into the

White House for the first time since John Quincy Adams a man with

a personal background for science. As an undergraduate at Harvard,

Roosevelt had some ambitions to become a zoologist, and his sojourns
in the West had given him direct experience with the essential factors

of the conservation program. He was, for instance, able and willing

to give his friend Hart Merriam copious advice about the direction

that biological research should take.60

The beginning of Roosevelt's presidency is also the usual line of

demarcation for the beginning of the Progressive Era, in which the

prevailing mood favored an active policy toward the problems emerg-

ing from rapid industrialization. Big business combinations caused

concern. The ethics and machinery of government on every level be-

came material for reform. In their search for ways to relieve the

weakness, inefficiency, and corruption which they conceived plagued
democratic government in the face of mounting concentrations of

economic power, the progressives had great hopes for science.

Trained, impartial experts swayed only by scientific facts could make

the decisions concerning allocation of natural resources now realized

to be scarce. A decision based on science would of itself be in the

public interest. This pattern had conspicuously appeared in the alli-

ance for the regulation of foods and drugs between the muckrakers

who investigated the packing industry and Harvey Wiley. Conserva-

tion was the broadest front on which the alliance of the progressives
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and science could operate, largely because here the government al-

ready had at hand the men, the institutions, and the clearly defined

lines of action. The progressives had only to furnish the support where

it had failed before in Congress and on the high levels of the execu-

tive branch.

Pinchot and Frederick G. Newell of the Geological Survey had

met Roosevelt while he was governor of New York. They lost no

time getting to the new President to ask him to make a strong state-

ment in his first message. When he gave them authority to prepare a

draft, they huddled with others to produce a water- and forest-policy
statement. The resulting message of December 2, 1901, proclaiming
that "the fundamental idea of forestry is the perpetuation of forests

by use," urged the consolidation of all activities, including the re-

serves, into Pinchot's bureau. In the West, where "water, not land"

measured production, "irrigation works should be built by the Na-
tional Government/* 61 The doctrines developed by the bureaus now
had a vigorous champion in the new President.

The immediate outgrowth of this executive interest was the New-
lands Act of 1902, which provided for government construction of

irrigation works, with repayment to come from the users of the water.

The reclaimed lands were to be broken up into small holdings.
62

Roosevelt, regarding "the irrigation business as one of the great
features of my administration," specified as the controlling agency
the Geological Survey, "of which Mr. Walcott is the Director and

Mr. Newell the Hydrographer. These men have been tested and tried

and we know how well they will do their work." 63 The Office of

Irrigation Investigations in the Department of Agriculture thus lost

out, the new Reclamation Service growing up within the framework
of the Geological Survey tradition.

The work from the beginning largely concerned the building of

dams and administering of projects. The mapping and surveying that

had so completely occupied Powell were now considered as only

preliminary to the main task, which had little to do with the research

of the parent agency. In 1907, the Reclamation Service became a

separate bureau in the Interior Department, with Newell as director.
64

The plan of the Service more closely resembled a construction com-

pany than a scientific organization, research playing a minimum role.

If the Geological Survey and its offspring were considered together,
the spectrum from fundamental to applied research would be fairly



CONSERVATION 249
continuous, but the Reclamation Service alone concentrated almost

exclusively on engineering.
65

Gifford Pinchot and Theodore Roosevelt

Meanwhile, Pinchot finally got control of the forest reserves in

1905, after a long and complicated campaign against the General Land
Office. Working through outside groups, he engineered an American
Forest Congress which crystallized the sentiment of lumber and busi-

ness interests as well as professional and amateur foresters in favor of

the transfer. Pinchot's objectives were in perfect accord with the

concepts of the new scientific bureau. He lined up his outside help.
He got regulatory functions with the power to make arrests for viola-

tions. He even arranged to retain income from the forests in a special
fund that he could use for the Bureau of Forestry for five years with-

out recourse to Congress for an appropriation. Although he lost this

feature later, he was here trying to get the flexibility for shifting op-
erations that Powell had had in his earlier years with the Geological

Survey. He began calHng the reserves National Forests and got the

name of the bureau changed to the Forest Service, which assisted him

in building up the esprit de corps of a professional career service.
66

Uniforms gave the rangers a status distinguished from ordinary civil

servants. Pinchot instilled not only the determination to practice
scientific forestry but also the doctrine that "all land is to be devoted

to its most productive use for the permanent good of the whole

people, and not for the temporary benefit of individuals or compa-
nies."

6T This ideal, which was social rather than scientific, was the

guide for the new service.

With the Forest Service fairly established in the Department of

Agriculture and reclamation under way in the Department of the

Interior, conservation had become a big business in the government
and an integral part of Roosevelt's program. The Forest Service ap-

propriations jumped to $1,195,218 in 1906 and $3,572,922 in I9o8.
68

Pinchot, with the responsibility of formulating policies, was closer to

the seats of power in the executive department than any scientist

before him, even Powell and Bache. Although rechiucaUy only a

bureau chief, Pinchot's personal relations with Roosevelt made him

somewhat like a cabinet member for conservation.

One example of the extension of conservation policy was the

reviving of the Geological Survey's function of "the classification of
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the public lands" which, although mentioned in the organic act of

1879, had not been practiced since the irrigation survey. In 1906,

without any additional legislation, the Geological Survey began to

segregate potential coal beds and later added water-power sites and

lands bearing oil, phosphate, potash, and various other minerals.69 On
the basis of this research a reservation policy similar to that for the

forests developed.
Power and success led to a further broadening of the program.

Pinchot fancied he started the world conservation movement while

riding in Rock Creek Park one afternoon in 1907 by conceiving all

the problems of natural resources as one connected and interrelated

whole.70 Prominent among those who joined him in making the

Conservation Movement the religion for a crusade wasW J McGee,
Powell's longtime associate in the Bureau of American Ethnology,
who had left the government service in 1903 to work on the Saint

Louis exposition and later at the Saint Louis Museum.71 Pinchot called

him the "scientific brains of the Conservation movement all through
its early stages."

T2

These zealots, who generated the ideas to which Roosevelt lent

his name and prestige, began to talk of treating the great river systems,

especially the Mississippi, as single units for which plans would em-
brace purity of water, electric power, flood control, and reclamation

of lands by irrigation and drainage.
73
Using a favorite device, Roose-

velt appointed an Inland Waterways Commission made up partly of

experts Pinchot, Newell, and the chief of Army Engineers and

partly of members of Congress. Although it worked without appro-

priation and without a staff, McGee was given a minor job in the

Department of Agriculture so that he could become a member of the

commission and its secretary.
74 The report, strongly influenced by

conservation principles, recommended a multipurpose approach to

river development which strikingly anticipated the Tennessee Valley

Authority of a quarter of a century later.
75
They even included a

specimen plan for the Ohio River system, worked out by the chief

hydrographer of the Geological Survey.
76

By investigating the lower courses of rivers and taking up flood

control and navigation, the conservationists were invading the tradi-

tional preserve to which the Army Engineers had retreated after the

reorganization of 1879. With the planning dominated by congressmen
who took care of their own localities, the Engineers confined them-
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selves to improving navigation as their sole purpose. Floods were con-

trolled by great levees such as those on the lower Mississippi. General

Alexander Mackenzie, who served on the Inland Waterways Com-
mission as chief of Engineers, sharply dissented from the conservation-

ists, questioning whether many of their purposes "are as clearly and

necessarily associated with the subject of channel improvement and

interstate commerce as is assumed in the report."
77 In the Engineers,

the General Land Office now had a rival as the chief enemy of the

conservation ideas.

Out of the Inland Waterways Commission grew the famous con-

ference of governors on conservation in 1908 and also the Newlands

Bill, which provided for multipurpose river control. A National Con-

servation Commission began an ambitious inventory of resources,

again with McGee as the leading spirit.
78

Thus, in 1909, the scientists

concerned with conservation reached a peak of power to make and

influence basic national policy. They were now the shapers as well as

the agents of executive decisions, and the very machinery of the expert

commission which Roosevelt so often appointed worked on the as-

sumption that science could furnish answers superior to those arrived

at by political negotiation. On March 2, 1909, two days before he left

the White House, Roosevelt wrote to Pinchot: "I owe to you a pecul-

iar debt of obligation for a very large part of the achievement of this

Administration."
70

The Legacy of the Conservationists of the Progressive Era

After Roosevelt went off to Africa to hunt large vertebrates for

the Smithsonian, "probably the leading scientific institution in the

world,"
* the conservationists never had quite

such enthusiastic sup-

port from the chief executive. William Howard Taft as secretary of

war had sympathized with the Army Engineers. The Newlands Bill

never became kw. The National Conservation Commission eventually

expired. Pinchot's dismissal in 1910 after his controversy with Taft

over Secretary of the Interior Richard Ballinger showed equally that

conservation had become the very stuff of politics
and that its former

high position under Roosevelt had not lasted. Now sufficiently impor-

tant as an issue to have a part in splitting
the Republican party in

1912, conservation nevertheless ceased to endow the bureau chiefs

concerned with it with extraordinary powers. Barred from direct ac-
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cess to the President, the conservationists turned to appeals to the

public.

Implicit in the conservation movement even during Roosevelt's

administration was a
split between those who urged managed use of

natural resources and the lovers of the outdoors who wished to pre-
serve nature unspoiled. From time to time, ever since the Hayden
survey had managed to get Yellowstone Park reserved, the aesthetic

conservationists had induced Congress to set aside areas of the public
domain of unusual interest. The proposal to build a dam in the Hetch

Hetchy Valley, within Yosemite Park, to provide San Francisco with

water, became the test that brought on a bitter struggle between the

aesthetic conservationists and the practical conservationists led by
Pinchot. Neither Sargent nor John Muir, the patron saint of Yosemite

Park and the Sierra Club, received a bid to the governors' confer-

ence in 1908, a snub directly traceable to Pinchot.81 The Hetch Hetchy
dam was finally built, serving notice on a future generation that the

National Parks were not above attack. Out of the activities of the

aesthetic conservationists, however, gradually came an increased

appreciation of parks and monuments.82 Since no administrative sys-

tem or central organization joined these various reservations, a move-

ment gradually took shape demanding a national park service, com-

parable to the Forest Service but distinct both in principle and prac-
tice. Because of the dominance of the idea of conservation for use in

the Forest Service and the Department of Agriculture, the nature

lovers looked to the Department of the Interior. Working closely with

the Geological Survey, Stephen T. Mather, the first director of the

National Park Service, created an efficient central agency in 1916. By
1920, the new service began to consider science education as a part of

its role, using the parks as outdoor living museums of nature.83

As conservation rose to the level of high policy, it gathered such

momentous political consequences that the scientific bureaus on which

it was based were forced ever more rigorously to relate their activities

to immediate problems. It was well enough for Fernow, who had no

power, to treat forestry as a complex science, but Pinchot had to have

results quickly. Throughout the bureaus a shift of the emphasis of

research from basic to applied accompanied the acquisition of power.
The evolution of Pinchot himself from a forester to an administrator

to a politician charts the course of this development.
Besides the Forest Service and the Bureau of Reclamation, which
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are the most obvious examples of the shift, the experience of the Bio-

logical Survey in the Roosevelt period forcefully illustrates the pres-
sures in the direction of applied research. Theodore Roosevelt's friend

Hart Merriam had exorcised almost completely the economic aspects
of wildlife study and substituted the pursuit of basic research in

North American wildlife. Yet the Lacey Act of 1900 to control the

shipment of game birds in interstate commerce started the Survey on
the road to becoming a regulatory agency. In addition, the first na-

tional bird reservation at Pelican Island, Florida, introduced respon-

sibility
for administering small but significant tracts of public land.

In 1906, the House committee on agriculture began to ask pointed

questions about the practical value of Merriam's program. Why was
most of the work being done on the Pacific Coast? Was a knowledge
of the distribution of skunks in North America of any use to agricul-
ture?

84
Although President Roosevelt sympathized with Merriam

and his basic science program,
85 the appropriation bill of 1907 ex-

pressed misgivings by calling for a report on whether the Biological

Survey duplicated the work of other agencies and on its "practical
value to the agricultural interests of the country."

88 Because of the

pressure the Survey itself changed its tune. Merriam justified his

studies in geographic distribution as background for practice. He sent

to Hawaii for Henry W. Henshaw to come back as his administrative

assistant.
87 Another of the long-time associates of Powell who shaped

so many bureaus in these years, Henshaw immediately proclaimed
that the "pursuit of science solely for its own sake, however commend-
able it may be, is not the spirit

that animates our government in its

support of scientific research. In its aims and ambitions this is a prac-
tical age."

88

From this rime on the major emphasis of the Survey was on two

lines of practical problems, the control of undesirable or harmful

wildlife, and the protection of beneficial types. Links between the

Survey and other conservation agencies increased. For instance, it

cooperated with the Forest Service on investigations of wolves within

the reserves.
89 After a decent interval Merriam, his personal research

endowed by Mrs. E. H. Harriman, turned over the bureau to Hen-

shaw.80

In 1913, after a long campaign, the Biological Survey gained an

important bit of regulatory power when the appropriation act placed

all migratory and insectivorous birds under national authority.
91 In
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1916, this power got a more stable legal sanction in a treaty with

Great Britain.
92 Such increased authority was among the forces that

made the Biological Survey, while still maintaining a program of basic

research, shift the bulk of its activities markedly in the direction of

applications.

The pressure for shifting to practical studies that permeated the

conservation agencies as they gained responsibility, had it run its full

course, might have exterminated basic research and limited applied

research to short-ran projects looking toward immediate results. But

the essential interrelation between basic knowledge and the desired

practical gains made it inevitable that the shift would produce a

countermovement. As the programs became more concerned with

regulation and administration, the lack of a steady flow of funda-

mental information always began to attract attention.

Pinchot's scorn for Fernow drove government forestry out of the

study and into the woods, only to find that effectiveness would not

increase until a great deal more was known of several sciences and of

the twilight zones between them.93 Research was needed along two

main lines, production and utilization. The latter, which dealt with

new methods of handling and using forest products, was the easier to

grasp and the first to revive. By 1907, sections devoted to timber tests

and wood chemistry were on a permanent basis in the Service. In 19 10,

these activities became the Forest Products Laboratory in Madison,

Wisconsin, which, in cooperation with the university there, grew
into an outstanding research organization.

94

Research in forest production came more slowly, partly because

the time schedule for tree crops is so long. In 1908, an experiment
station on Coconino plateau in Arizona began experiments that must

run over periods of many years before results are possible. At this

time, Pinchot decentralized the administration of the Service and re-

search became the responsibility of each of the various regions.
95

After the Arizona station other regions followed suit, establishing a

geographic pattern analogous to the agricultural experiment stations,

but not financed by the states or rigidly confined by their boundaries.

The countermovement against the shift of forestry research

toward practicality did not carry the full way to a reemphasis on basic

information only. It rather preserved and furthered a broad program
of applied research. A forest is such a complex unit and the forester

can apply controls to it so indirectly that much of his practice must
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continue to come from empirical data rather than from basic science.

For instance, improvement of trees by the intensive use of the science

of genetics as in agriculture is out of the question.
96 Pinchot con-

sidered all research conclusions as compromises between what was
best for the forests and what was practical in logging.

07 Yet through
its research the Forest Service became and remained an important
scientific agency.

Conservation, which had its roots in the changed attitude toward

resources once considered inexhaustible, added a whole new dimension

to the government's scientific establishment. Only vaguely fore-

shadowed in 1865, the new bureaus concerned with conservation were

both well developed and stable by 1916. Because of the tremendous

responsibility of the public domain, their action had more profound
and more obvious political, social, and economic repercussions than

government science had had before. They had become more involved

in the great issues of domestic politics. They had gathered more power
for both regulation and administration. Their direct participation

in the business of government meant that the ideals which animated

and sometimes divided them often had political and economic as well

as scientific roots. But they remained for the most part research insti-

tutions, representing the most ambitious attempt yet made to apply
science on a general scale to a fundamental national problem.
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MEDICINE AND PUBLIC HEALTH

18651916

ALTHOUGH the application of science to human beings made

unparalleled strides in the period from 1865 to 1916, the government
was more reluctant to impose the results of research on the citizens

themselves than on their environment or their domestic plants and

animals. Medicine was the preserve of a private profession, and public
health depended on the police powers reserved to the states. Only the

federal government's special wards led it to take an interest in health.

The Army, the Navy, and merchant seamen were the major groups
under federal medical care in 1865.

The Army Medical Library and Museum

On the surface, the Army Medical Corps suffered the same de-

cline after the war as the rest of the service. Both appointments and

promotions were frozen in 1869. Surgeon General J. K. Barnes stayed
on until 1883, and his two successors had served in the Mexican War.
Without even enough doctors to take care of routine, the corps used

many contract surgeons.
1 Under such circumstances science could

expect neither money nor equipment nor high-level policy support.
Yet medical science in the Army did not share in the decline that

beset general research in all other branches of the military. Although

larger forces may have produced this paradox, the role of a very few

outstanding individuals seems preponderant. Armed with two institu-

tions which the chance of the Civil War happened to leave behind

the Army Medical Museum and the Surgeon General's Library
2

John Shaw Billings and a few others not only kept alive the ideals of

fundamental science but managed to make significant contributions.

Billings was preeminent as organizer and administrator, but J. J.

Woodward, George M. Sternberg, Walter Reed, and others added

considerably to an atmosphere of broad learning and exciting dis-

covery.
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In 1868 the windfall of $80,000 left over from the war fell into

Assistant Surgeon Billings's hands to use for the Surgeon General's

Library, which to that point had been little different from dozens of

other collections of books gathered by various bureaus in Washing-
ton for their own immediate use and convenience.

Billings's plans in-

cluded building a general medical library equal to the national collec-

tions in other countries and the preparation of a catalogue which
would not merely identify his holdings but serve as a general bibli-

ography. In 1880 he published at government expense the volume
of the Index Catalogue for the letter "A." With the alphabet com-

plete in 1895, a second series began immediately. To provide interim

coverage, he established the periodical Index Medicus without gov-
ernment support. The library gradually became a national institution

in the fullest sense and the peer of any in the world, and the Index

Catalogue was unique in both scope and usefulness.3

Part of Billings's success with the library came from his standing
in the medical profession as a whole. A leader in America, he also had

a substantial European reputation. When the bequest of Johns Hop-
kins gave the chance for a new departure in medical education in the

United States, Billings's plans became the basis for the design of the

new hospital. His reports as adviser to the trustees on hospital con-

struction and their relation to the training of doctors and nurses had

an important effect on the institution that became the pattern for

medical education in the twentieth century.
4

The Army Medical Museum, even more than the library a child

of the Civil War, had an equally illustrious career in the three decades

following 1865. Dominated in the earlier years by the preparation of

the Medical and Surgical History of the War of the Rebellion, the

museum also became a center for experimentation in methods and

equipment for photomicrography. J. J. Woodward began this work,

with George M. Sternberg later applying the techniques to micro-

organisms. Billings added the museum to his duties in 1883, pushing

his favorite policy of creating national medical institutions with close

civilian ties and going beyond immediate military interests.
5

The Marine Hospital Service

Meanwhile, the medical service for merchant seamen, theoretically

paid for by their contributions from wages and administered by the

Treasury Department, had reached such a low level of efficiency that
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some reform was imperative. With no central direction or uniform

standards, the numerous hospitals
did not even provide adequate care

for their charges, much less advance knowledge in any way. In 1870,

the secretary of the treasury called in Billings of the Army to aid Dr.

W. D. Stewart, inspector of marine hospitals,
in preparing a plan for

reform.6
Describing each port as "a law unto itself," they recom-

mended a larger seaman's fee and an increase of expert supervision.

Acting on this report the Congress passed a law which established the

post of supervising surgeon. The first version of the bill had envisaged

a military appointee such as Billings,
but the Senate amended it to

provide the appointment of a civilian.
7

Since one of the great needs was competent personnel in a civil

service that as yet had no merit system, Billings had recommended a

commissioned corps of doctors along the lines of the Army. The first

supervising surgeon of the newly-organized Marine Hospital Service,

Dr. John M. Woodworth, who had served in the Civil War, built up

a commissioned corps, recruiting by professional
examination from

recent medical graduates and promoting only through the ranks.

Although a military system for hospital
stewards gave way in the

i88o's, the commissioned corps resisted all outside attacks and re-

ceived specific legal recognition in 1889.

The Marine Hospital Service, better able to meet its responsi-

bilities to merchant seamen after the reorganization of 1870, still had

no authority to undertake public health measures in the interest of

the entire population. However, its personnel, stationed in the larger

ports,
found themselves strategically placed to observe yellow fever

epidemics, and as early as 1874 they had orders to inspect local quaran-

tine systems and to study local laws. Since Woodworth was an active

advocate of centralized quarantine authority, the service gradually

prepared itself to take on at least supplementary duties in times of
, - o

crisis.*

The National Board of Health

The 1870*3 were years of ferment for public health movements.

Massachusetts established the first modern state board of health in

1869. The American Public Health Association, organized in 1872,

became a forum for opinion and the nucleus of a profession. A pro-

posal at its first meeting for a national bureau of health led to a bill

vainly introduced in the Senate. The American Medical Association
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also received a report on a national department of health in 1875

from a committee under Dr. Henry Ingersoll Bowditch of Massachu-

setts. While cautioning against premature action, the report outlined

a plan for a central board of information and investigation modeled

on the ideas of Jeremy Bentham. A secretary of health would have

the surgeon generals of the Army, Navy, and Marine Hospital Service

as undersecretaries. Representatives from each state would sit on a

council. Although nothing came of its comprehensive scheme, the

American Medical Association generally lent support to the American

Public Health Association. Billings and J. J. Woodward of the Army
tended to take the lead among these groups and to oppose both the

simple reliance on quarantine and the expansion of the Marine Hospi-
tal Service into a general health agency.

10

The yellow fever epidemic of 1878 gave both urgency and oppor-

tunity to the competing health groups. State and local officers,

especially
in the South, demanded drastic action. Although a quaran-

tine act of that year gave some limited powers to the Marine Hospital

Service alone, the swiftness of the crisis and the death of Surgeon
General Woodworth prevented the full exploitation of this new

authority. At the same time the meeting of the American Public

Health Association in Richmond, at which Billings was influential,

voted down a national quarantine and appointed a committee which

proposed federal aid to state boards of health and a provisional na-

tional health commission appointed by the National Academy. Clearly

these sanitarians felt that not enough was known about the diseases to

be controlled to make quarantine effective and that the only hope was

research. Their provisional commission would investigate the causes

of yellow fever and also draw up a plan for a permanent national

public health organization.
11 The reliance on the National Academy

reflected its new role in the Geological Survey crisis which was un-

folding at the same time.

Although the bills directly embodying the American Public

Health Association's proposals lost out in Congress, the rough-and-

tumble of the last day of the session gave their friends a chance to

put through a hastily drawn measure. March 3, 1879, the same day

Abram Hewitt was jamming through the consolidation of the surveys,

saw the creation of a National Board of Health.
12 The National

Academy idea having drawn too much opposition,
the President,

with the advice and consent of the Senate, was to appoint seven
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members, to be joined by officers detailed from the Army, Navy, the

Marine Hospital Service, and the Department of Justice. A temporary-

group, it was supposedly to "obtain information on all matters of

public health," and also, with the help of the National Academy,

report "a plan for a national public health organization." An appro-

priation of $500,000 was to be used as grants-in-aid to state boards of

health. The whole matter went through so haphazardly, however, that

the last provision was omitted in the version sent from the House to the

Senate, and as finally passed the only money involved was $50,000

for salaries and expenses.
13

The board appointed by Rutherford B. Hayes was in effect

chosen by the American Public Health Association, whose president,

James L. Cabell, became chairman of the new body. The members

were widely representative of the best public health authorities de-

veloping in the states, for instance Bowditch of Massachusetts. The

Army designated Billings, who became vice-chairman and the leading
member. As a group it was admirably suited to direct a research pro-

gram, which was its genuine intention.
14

It immediately sent a yellow
fever commission to Cuba, George M. Steinberg being one of the

members. Billings took personal charge of a revision of standard

nomenclature for disease, corresponding with the Royal College of

Physicians on the subject. He also organized a vital-statistics program,
in cooperation with the Tenth Census of 1880, by defining the federal

registration area of mortality. Instead of building up a staff, the board

gave grants to individual scientists, usually in the universities. Ira

Remsen of Johns Hopkins investigated organic matter in the air.

Some studied disinfectants. Others investigated sewers, soils, diseases

of food-producing animals, adulteration of food and drugs, and the

board directly carried on sanitary surveys around New York and

Memphis, Tennessee.15

Of course the yellow fever commission sent to Cuba did not hit

upon the factors that would lead to the control of the disease. (How
much harder to find the keys in 1879, before Laveran, Theobald

Smith, Sir Ronald Ross, and many who furnished negative data of

importance.) Yet clearly ten years of such research would have

markedly hastened the rate of advance in several promising lines and

altered the timetable on which results were applied to benefit the

health of the nation and the world. Although condemned in Congress
as extravagant, the actual cost of research $30,000 in all was
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small compared to that of the quarantine, and much of Its value came
from the donated services of the

investigators. Indeed, the board
boasted that it "was able to accomplish so much at so

trifling an ex-

penditure of the public funds by reason of the fact that nearly all the

eminent scientists . . . did not receive anything for their personal
services, the only charge being for the pay of assistants and for other

necessary working expenses."
16

In the face of epidemic yellow fever, the Southern seacoast states,

disappointed in a measure that held no hope for immediate results,

demanded a quarantine act in the special session of the new Congress
in the spring of 1879. Ironically, the National Board of Health con-

sisted of the very men who had recommended against such action

in the report of the committee of the American Public Health Asso-

ciation. They now again suggested federal grants-in-aid to state and

local quarantine authorities. But eight years before the Hatch Act. in

agriculture, this principle seemed even stranger and more radical

constitutionally than a national quarantine. The unwilling board thus

either had to accept the power it had advised against or see some

other agency overshadow it. In the act of June 2, 1879, Congress re-

pealed the quarantine act of 1878 for a period of four years, gave the

board authority to erect temporary stations along the coast, and

appropriated $500,000 for the first year's expenses. The Marine Hos-

pital Service was completely shut out from a function it coveted and

toward which it had worked. Although the board put its faith in

research, its destiny was to depend on its ability to administer a

quarantine that could not be based on an adequate concept of the

disease to be controlled.
17

Once the responsibility was thrust upon it, the vigor with which

the National Board attacked quarantine led it into a maze of difficulties

with state and local authorities, whose powers were in no way dimin-

ished by the addition of federal inspection. Shipowners felt they had

just one more barrier to clear. With the appearance of yellow fever

in Memphis, the board found itself imposing interstate quarantine on

the Mississippi, arousing the implacable opposition of the Louisiana

authorities. By supplying funds only to actual yellow fever areas in

the South and denying a quota to "every twopenny township," the

board engendered further opposition.
18

Against these forces a board of doctors attached to no depart-

ment, with a term of four years on their organic act, had no effec-
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tive defense. Their only recourse being the President, the board found

itself completely blocked in 1882 when Chester A. Arthur trans-

ferred its appropriation to the Marine Hospital Service cruel and

contemptuous treatment, according to Dr. Bowditch.19
Congress

refused to renew the quarantine power in 1883, allowing it to revert

to the Marine Hospital Service under the Act of 1878. When Billings

resigned, the board was really dead, although it had a shadowy exist-

ence in law until iS^.
20

The principals in this most egregious failure in the history of

government science had their explanations for the wreck. Billings

felt that the board's creation was premature. "Forced into existence

in an emergency, it was only to be expected that as soon as this

emergency had passed it would find itself without the support of an

educated public opinion."
21 Dr. Cabell blamed four forces the

Louisiana State Board, the chief of the Marine Hospital Service, the

great commercial communities whose business was delayed, and the

politicians of both great parties who found no patronage in the

appointment of scientists.
22

As the exact contemporary of the Geological Survey, the National

Board of Health may be fairly compared to the ideal new scientific

bureau. It had certain of the characteristics that enabled Powell to

succeed where it failed. An affirmative attitude toward research, a

group outside the government solicitous of its welfare, imaginative

leadership, and a thorough commitment to the problem approach all

told in its favor. Yet, fatal flaws are also evident. Billings, the potential
Powell of the outfit, was a military officer who never got rid of his

usual duties, much less his obligations to the Army and the War

Department. Neither he nor anyone else could work for the kind of

political alignment that Powell built so carefully. Further, regulatory

power attracted opposition before a research program could prove
itself, as if Powell had had to fight his losing irrigation survey battle

at the same time he built his research organization. A stable and

dedicated personnel was lacking, up to and including a full-time

permanent chief. The organic act was both clumsy and fickle in that

it gave no assurance of permanence.
Even by pioneering the device of grants-in-aid to states and to

individual investigators the board got into trouble. Both these tech-

niques had great possibilities, but without a strong central organiza-
tion to set standards the state grant ran the danger of logrolling while



MEDICINE AND PUBLIC HEALTH 263
those to individuals were limited by the

necessity of the principal
investigator's donating his services. The National Academy had the
same rule, which barred members from any but occasional advisory
services. Baird's free services to the Fish Commission had in the end
to be reimbursed, and the practice was abandoned, Powell, more
realistic, had paid O. C. Marsh a salary. The National Board of
Health was expecting a great deal in trying to found a sustained re-
search program entirely on the gifts of rime of the leading scientists.

Nevertheless, the impression persists that, with a little better luck,
a little better administrative framework, and a little more time, the
National Board of Health might have survived and, applying its

wealth of talent to its own improvement, might have emerged as a

permanent and comprehensive public health bureau for the govern-
ment. As much was being accomplished in Germany at about the same
time. The profound effects of the lack of such an emergence are

patent in the latest attempt to revise and coordinate the public health
establishment.23 While efforts to revive a central body for public
health within the government became endemic, the demise of the
National Board ensured that programs impinging on health springing
up in various agencies must develop in virtual isolation from one
another.

The Army Medical Corps's Period of Great Accomplishment

Although quarantine went back to the Marine Hospital Service,

any impulse to research that survived at all remained in the Army.
The yellow fever problem, which had touched off the crisis of 1878
and 1879, fell to the small but brilliant group of officers in which

Sternberg now became the leader. Billings's influence remained great,
his library and museum providing shelter for those who felt the

excitement of the tremendous new developments in bacteriology. But
he was personally an old-school sanitarian, and most of the remaining
chapters in his career, brilliant ones to be sure, lay outside the Army
and the government. Steinberg's service on the National Board's

yellow fever commission marked the end of more than a decade of

frontier duty and the beginning of a period of research in bacteriology
in which he matched paces with Koch and Pasteur. His work covered

most of the disease bacteria then coming to light and a great many
others to which overenthusiastic scientists attributed major maladies,

especially yellow fever.
24
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Walter Reed was another young officer who surmounted eleven

years of frontier isolation to enter the exciting new world of bac-

teriology. Assigned to recruiting duty in Baltimore in 1890, he

studied at Johns Hopkins in the great early days under William H.

Welch. In 1893, he went to Washington as curator of the Army
Medical Museum, becoming a champion of diphtheria antitoxin and

of government control of its preparation.
25

A new era in Army medicine began in 1893 when Sternberg be-

came surgeon general. By means of an administrative order from the

secretary of war he set up the Army Medical School in Washington
to give advanced and specialized training in military medicine and

public health. Walter Reed became professor of bacteriology. The

research tradition of the museum and library and the special emphasis

on bacteriology now had a means of perpetuating itself.
26

The Spanish-American War, although only a summer excursion

as a military and naval campaign, thrust the United States, so long

preoccupied with the affairs inside its own borders, into new regions

and a position of prominence among the great powers. Of all branches

of the government, none received a more severe jolt from this new
venture than the Army Medical Corps. In the face of the fact that

only 541 men died in battle while 3500 fell to disease, the protest was

vain that the regular doctors, few in numbers to begin with, had no

control over the health of the volunteers. Typhoid in the camps took

most lives, while yellow fever and malaria forced a precipitous with-

drawal of forces from Cuba. Even in glorious victory, the whole

country realized that the Army had shown up poorly in the face of

disease. The commission investigating the conduct of the war recom-

mended sweeping reforms, nearly all of which received the approval
of the surgeon general and were gradually introduced.21

The very calamities, however, that shamed the Army Medical

Corps as an operating service in the field provided unparalleled oppor-
tunities for those few who had devoted themselves to research. Stern-

berg appointed a board on typhoid headed by Walter Reed. The
data collected by these officers were the first of a series of steps which

by 1917, combined with European research, had almost removed the

disease as a military hazard.28

After this initial success Sternberg turned to the scourge that had

so long held the attention of American investigators.
29 The results of

the Yellow Fever Board in Cuba in 1900 are as famous as any episode
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in the annals of government science. The death of Dr. J. W. Lazear
and the deliberate risks run by those who submitted to experimental

mosquito bites made folk heroes. Reed's own untimely death shortly
afterward gave him a legendary aura in the eyes of the American

people. For a time these men appeared as the ultimate and eternal

conquerors of yellow jack, which could within a generation be ex-

terminated from the earth.

Their discovery was neither original nor final. Carlos Finlay had
believed in the mosquito theory for a long time, and subsequent
events have made the expectation of complete extinction seem hope-

lessly naive. The spread of sylvan yellow fever from the forests of

South America has emphasized that Reed and his brave colleagues

scarcely began to understand the disease. They did not isolate the

virus or develop a vaccine. Rather they gathered data on which they
reconstructed the life cycle of the disease with just enough accuracy
to allow them to interrupt it as the virus passed through the mosquito
now called Aedes aegypti. Their belief that this domestic species alone

was the carrier, oversimple in view of recent discoveries, gave them

a possible means of control by the administrative measures that

Colonel W. C. Gorgas promptly adopted.
Considered from the point of view of developing government

science, the yellow fever story comes into a new perspective. Stern-

berg had worked on yellow fever for years, clearing away a number

of bacteria that had been supposed to cause it. Walter Reed had

studied its pathology under Welch at Johns Hopkins, coalescing with

the Army tradition the best of the new research
spirit

then infusing

private medicine. The Army Medical School, Museum, and Library

provided a headquarters. The overseas responsibilities that gave the

surgeon general a chance to appoint a board provided an opportunity

only for a thoroughly prepared team. After Reed reached Cuba he

could and did call on other agencies for information. Henry R.

Carter of the Marine Hospital Service contributed a discovery of

great and timely importance. L. O. Howard of the Department of

Agriculture supplied entomologic data otherwise beyond the reach

of doctors of medicine.

Part of the spectacular result of the work of the Yellow Fever

Commission stemmed from the military nature of the occupation of

Cuba. Never before had a research unit of the federal government
had the local police power to impose its findings immediately on a



266 SCIENCE IN THE FEDERAL GOVERNMENT

large population. Colonel W. C. Gorgas, chief sanitary officer in

Havana, could go after mosquito breeding places by direct action.

Leonard Wood, the military governor of the island, was a doctor of

medicine who had shifted to the line only when he took command of

the Rough Riders. He backed both the research and the control

measures with a plenitude of power that would have been entirely

unavailable to the President of the United States had the infected city

been New Orleans instead of Havana.

The Panama sequel was almost entirely determined by the rela-

tion of scientific knowledge to authority. The method of control

having been worked out in the comparatively simple military govern-
ment of Cuba, Gorgas had to persuade a bewildering series of com-

missions to use then to save the Panama Canal from the disaster that

disease brought on French enterprise there. Arriving on the Isthmus in

April 1904, Gorgas brought as his quarantine officer Carter of the

Marine Hospital Service. President Roosevelt refused the pleas of

the American Medical Association to give Gorgas a seat on the com-

mission that directed the American canal effort. Cut off from direct

access to the chairman of the commission, Gorgas was for a time in

1905 in danger of losing out to doctors whom the second commission

considered more practical. Only appeals to Roosevelt from medical

authorities such as Welch saved him on the eve of his greatest accom-

plishments. As soon as his yellow fever program was underway, he

attacked malaria. By 1907, when he was appointed a commissioner,

his program was a generally acclaimed success.
30

The Army's long-continued occupation of knds in tropical cli-

mates in the years after 1 898 solidified the Medical Corps's interest and

ability in public health and preventive medicine. By the outbreak of

World War I the accomplishments were sufficient to overthrow

disease as the primary cause of death among armies. The Army Medi-

cal Corps and companion work in the Navy made the record of

1917-1918, such a contrast with the Spanish-American War, possible.

An instance of the discoveries resulting from the Army Medical

Corps's expanded horizon is Lieutenant Bailey K. Ashford's work in

Puerto Rico.31 A graduate of the Army Medical School who went in

with the American troops in 1898, Ashford demonstrated the relation

of widespread anemia to hookworm and over a period of several

years developed a practical treatment. This important bit of applied
research strongly illustrated the tendency of public health measures
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generated by Army research to escape into private hands as soon as

their applicability to the general public had become apparent. Ash-
ford's own Puerto Rican Anemia Commission gave way to his Insti-

tute of Tropical Medicine and Hygiene, which Columbia University
took over in 1926, making Ashford a professor.

32

On a larger scale, the control of hookworm, like that of yellow
fever, had world-wide possibilities, and the attack on it, also like that

on the more famous disease, soon gravitated to the new Rockefeller

Foundation.33 Charles W. Stiles was the major figure in this program,
Not only was hookworm virtually eliminated as a threat in the

Southern United States, but a wholesale attack on the great strong-
holds of the infestation in Asia went forward on a scale never ap-

proached by government action. The early twentieth century, alone

of periods in the nation's history, found private agencies with the

strength and will to embark on scientific programs involving whole

segments of the population.
The great research and public health record of the Army Medical

Corps cannot be explained in terms either of monetary support, which

was small, or of the general medical service of the Corps, which was

often inadequate and provenly not in control of its area of responsi-

bility during the Spanish-American War. Although much credit

is due the individual qualities of a small group Billings, Steinberg,

Reed, Ashford, and their less famous associates their scientific bril-

liance alone does not account for everything. Rather, they managed
with small means to develop research traditions embodied in institu-

tions within their Corps. They were fortunate in orienting their work

around problems the solutions of which were on the highroad that

the science of bacteriology was then traveling. Their great accom-

plishment was in having prepared themselves before the opportuni-
ties of 1898.

The Evolution of the Public Health Service

Meanwhile, the Marine Hospital Service was slowly developing

larger possibilities for research. As early as 1887 Dr. J. J. Kinyoun,
fresh from Europe and the influence of the great bacteriologists, set

up a laboratory at the Marine Hospital on Staten Island, After four

years without legal sanction, Kinyoun's single-handed enterprise re-

ceived mention in a congressional act and under the name of the

Hygienic Laboratory moved to Washington. In the next few years
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Kinyoun began programs of standardizing biologic preparations, ex-

amination of water supplies, modernization of quarantine equipment,
and animal experimentation.

34

Besides the Hygienic Laboratory, the Marine Hospital Service

developed other new interests in the iSpo's. Interstate control of

diseases, medical inspection of immigrants, new quarantine powers,
and new responsibilities brought on by the Spanish-American War,
broadened the service's functions beyond the care of merchant sea-

men.85 The result was mounting pressure to revise the service's scope
and organization.

88 An act of 1901 showed a marked advance by

appropriating $35,000 to erect buildings for "a laboratory for the

investigation of infectious and contagious diseases, and matters per-

taining to public health." 3T This wording gave the Hygienic Labora-

tory a specific research mission for communicable diseases and ad-

mitted a general health responsibility for the service. A Division of

Scientific Research appeared in the organization in September 1901.

In the first year of Theodore Roosevelt, the Congress that passed
the Newlands Act for the reclamation of arid lands took a favorable

view of a broadened health service. Reflecting the changed attitude,

the name became the Public Health and Marine Hospital Service. The

Hygienic Laboratory developed regular divisions of chemistry, bac-

teriology, pathology, zoology, and pharmacology.
88 While depending

largely on the commissioned service for research personnel, the sur-

geon general could if necessary appoint civilian scientists as heads of

the divisions of chemistry, zoology, and pharmacology.
39

As the Public Health and Marine Hospital Service moved toward

a broader program, it had to reckon both with the lack of coordina-

tion among governmental agencies interested in health and with the

increasing dominance of the foundations and universities. The 1902
law recognized these forces by providing for the Hygienic Labora-

tory an advisory board made up of the director, one member each

from the Army, the Navy, and the Bureau of Animal Industry, and

five others "skilled in laboratory work in its relation to public health,

and not in the regular employment of the Government." 40 The board

included such leaders of the profession as Welch, Simon Flexner, and

W, T. Sedgwick, men who had much to do with the development of

public health through private institutions.
41 A beginning of liaison

with state authorities was also included in the form of an annual con-

ference. A small but important regulatory function also came to the
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Hygienic Laboratory in 1902 with the passage of the biologies-control
act establishing tests and licensing for manufacturers of "viruses,

serums, toxins, antitoxins" and the like.
42

The progressives who came to see conservation as a unified scien-

tific management of the national wealth also began to look upon
health as a resource and a part of the general welfare in which scien-

tific research could produce dramatic results. Some of the social legis-
lation that produced the bitterest controversy and the most far-reach-

ing court decisions was enacted in the interest of health. In 1906
Professor J. P. Norton of Yale read a paper to the AAAS suggesting
a national department of health.

Significantly, Norton was an econo-

mist rather than a medical man, his appeal stressing losses from pre-
ventable illness.

43 The resulting Committee of One Hundred on
National Health of the AAAS began a crusade for the conservation

of human resources which paralleled and cooperated with those whose
main concern was environment. Irving Fisher, another Yale econo-

mist, became the chairman of the committee and the author of its

manifesto, A Report on National Vitality: Its Wastes and Conserva-

tion** Among other themes, he called on the federal government to

"remove the reproach that more pains are now being taken to protect
the health of farm animals than of human beings," and he urged the

building of "more and greater laboratories for research in preventive
medicine and public hygiene."

45

The Committee of One Hundred had no trouble rounding up dis-

tinguished endorsements from both major parties, state governors, the

Grange, and labor organizations, as well as boards of health.
46 Theo-

dore Roosevelt favored the grouping of all health services into one

bureau but did not wish to increase the size of the cabinet by adding
a new department.

47 President Taft recommended an independent
establishment.

48 In spite
of these minor organizational differences, this

peculiarly progressive scheme seemed to its advocates well on the way
to triumphant accomplishment.

Throughout Taft's administration a general expectation of some

health reorganization in the government persisted. But the task began
to seem more and more difficult. In the first pkce, the minor differ-

ences over organization tended to grow, producing the same kind of

split among friends that had so hampered the National Board of

Health. The Committee of One Hundred continued to support a

cabinet department, opposing all efforts to use the Public Health and
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Marine Hospital Service as a vehicle for expansion.
49 In the second

place, public health was now sufficiently important to draw the out-

right hostility of small but determined groups whose power of opposi-

tion medical men and health officers tended to underestimate. The

National League for Medical Freedom, representing
various sects,

the Anti-Vivisection League, and the Christian Science Church ap-

peared at hearings to protest all forms of federal health reorganiza-

tion.
50

By 1912 the progressives
had clearly failed to get their plan

through Congress. Their long campaign, however, resulted in a law

which, shortening the name of the Public Health and Marine Hospital

Service to the Public Health Service, empowered the organization to

"study and investigate
the diseases of men and conditions influencing

the propagation
and spread thereof, including sanitation and sewage

and the pollution ... of the navigable streams and lakes."
51 While

implicitly emphasizing communicable diseases and evading entirely

the issue of reorganization,
this law had the great importance of

opening the whole field of public health to research by the govern-

ment, thus recognizing it as a legitimate sphere of federal activity.

The Public Health Service began to get large dividends on its

research program when Dr. Joseph Goldberger went to work on

pellagra,
which had been first recognized in the United States in

1906. So great was the reputation of bacteriology that the early-

efforts of the Hygienic Laboratory involved the assumption that this

disease was infectious. In 1914 Goldberger became head of a team of

forty-one investigators who attacked every aspect of pellagra and

soon concluded that the cause was dietary deficiency. The way was

open not only to controlling this one disease but to attacking a wide

range of problems connected with diet rather than bacteria.
52

Compared with other scientific agencies, the research money
available to the Public Health Service was small. While total expendi-

tures had long been sizable, ranging from $414,000 in 1875 to $2,785,-

ooo in 1915, only a small fraction was available for research.
53 Both

agriculture and the great conservation agencies completely over-

shadowed it. Yet the legal and structural accomplishments of the

progressive era kid the foundation for the dominance of government

research in public health in the middle of the twentieth century.



XIV

THE COMPLETION OF THE

FEDERAL SCIENTIFIC ESTABLISHMENT

1900-1916

JjY the early twentieth century large-scale industry, the domi-
nant force in the United States, was moving toward a closer relation

with science. The first industrial research laboratories had just begun
to make headway, and the great captains of industry had begun
to favor science in their philanthropies. Unlike agriculture, whose
friends had already directly called on the government for a research

establishment, large-scale industry felt no such need. Agitation for a

Department of Industry to match the Department of Agriculture
met with no enthusiasm. However, the swelling scientific needs of

industry did not entirely ignore the government, their pressure

pumping new life into ancient functions.

The four agencies most dramatically aroused by the stimulus of

industry were the National Bureau of Standards, the Bureau of the

Census, the Bureau of Mines, and the National Advisory Committee

for Aeronautics. The first two had a history as old as the republic.

The government's concern with minerals went back at least to the

middle of the nineteenth century. The godmother of research in

aeronautics was the Smithsonian Institution. In spite of their ancient

roots, these agencies all began new careers close to industrial tech-

nology soon after 1900.

The National Bureau of Standards

The government's responsibilities for maintaining standards of

weights and measures, enshrined in the Constitution itself, had rested

in the Coast Survey since the time of Hassler. Charles Sanders Peirce,

head of the office of weights and measures, though better known to
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posterity
as a philosopher than as a civil servant, testified before the

Allison Commission that the "office of weights and measures at

present is a very slight affair, I am sorry to say."
* He emphasized that

he had authority only to make standards for the states and for agri-

cultural schools, lacking power to issue certificates of verification.

Often his office had no means to verify instruments referred to them,

an inadequacy that led to a demand for government action. Instru-

ments needing careful calibration had to be sent abroad, usually to

Germany.
Meanwhile, outside the Coast Survey, various agencies had made

piecemeal responses to demands for standards. The Treasury Depart-

ment, sometimes with the aid of the National Academy, had long in-

vestigated meters for measuring alcoholic liquors.
The Navy had

adopted a standard gauge for bolts, nuts, and screw threads. The

Army had developed a machine for testing iron and steel which, set

up at the Watertown Arsenal, was available "for all persons who may
desire to use it, upon the payment of a suitable fee for each test."

2

The Department of Agriculture was setting standards of purity for

foods and drugs. Although no coordination existed between these

activities, they early showed that, as technology became more com-

plex, other standards than simple weight and measure were called

for both inside and outside the government.

Perhaps the most dramatic development in the demand for stand-

ards accompanied the rise of the electrical industry. Congress appro-

priated $7500 for a national conference of electricians in Philadelphia

in 1884. Among the recommendations framed there was a request for

"a bureau charged with the duty of examining and verifying instru-

ments for electrical and other physical measurements." Although

nothing came of the 1884 effort, an international conference in Chi-

cago at the time of the Columbian Exposition in 1893 adopted stand-

ard units of electrical measure, among them the henry. Since no

bureau existed to work out the details, the act defining these units for

the United States called upon the National Academy. This was not,

however, a workable permanent solution, and by 1895 preliminary

steps were under way to set up electrical standards in the Office of

Weights and Measures of the Coast and Geodetic Survey.
3 With the

addition, of electricity, the rationale of combining surveying with

standard measures a union that went all the way back to Hassler

broke down completely. The Coast and Geodetic Survey had the
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resources in neither money nor trained personnel to go off on this

new line.

Henry S. Pritchett, when he became superintendent of the Coast
and Geodetic Survey in 1897, found weights and measures under the

charge of a field officer of the survey, who had two scientific assistants,

an instrument maker, and a messenger. Believing that a physicist was
needed in the job, Pritchett got $3000 from Congress, with which he
hired assistant professor S. W. Stratton away from the University of

Chicago.
4 The first duty of the new director of the Office of Weights

and Measures was to recommend a plan for enlargement.
Some of the impetus toward reorganization came from the sting

of foreign superiority. Germany, so much admired in this period for

scientific research, led in the field with the Normal-Aitchungs-Com-
mission in 1868, and the later Physikalische-Technische Reichsanstalt

provided the equivalent of a national physical laboratory, to which

many American industries had to apply for service. The Kew Observa-

tory in Great Britain began a parallel evolution in 1871 which pro-
duced the National Physical Laboratory in iSpp.

5 Pritchett had the

Reichsanstalt in mind when he asked Stratton to draw up a plan.
6

The campaign for a new bureau showed careful planning. Stratton

consulted first others in the Coast and Geodetic Survey, and then a

number of private physicists, chemists, and manufacturers. The result

was not "a copy of the Reichsanstalt, but a standardizing bureau

adapted to American science and to American manufacture." 7 Secre-

tary of the Treasury Lyman J. Gage gave his approval before the draft

of the bill went to Congress. By clearing with established bureaus

Stratton insured himself from opposition within the executive. These

consultations, adjusting the bill in advance to the pressures from in-

terested parties, rendered appropriation-rider stealth unnecessary. The

Congress wrote an organic act out in the open. After presentation, the

bill was endorsed by the National Academy, the AAAS, the American

Physical Society, the American Chemical Society, the American

Institute of Electrical Engineers, and other organizations, making it

a real scientists' proposal. When passed on March 3, 1901, the act

created a National Bureau of Standards which besides full powers
over custody, preparation, and testing of standards had as its responsi-

bilities "the solution of problems which arise in connection with

standards; the determination of physical constants and the properties

of materials, when such data are of great importance to scientific or
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manufacturing interests and are not to be obtained of sufficient ac-

curacy elsewhere." 8 The problem approach the limitation of the

new bureau to questions relating to standards was here preserved,

but even in the original wording the possibility of a coverage as broad

as the physical sciences themselves is inherent.

Besides service to the federal, state, and municipal governments,
the new bureau was to provide, for a fee, standards "for any scientific

society, educational institution, firm, corporation, or individual pur-
suits" requiring their use. The act also created a visiting committee

similar to that later provided for the Hygienic Laboratory of the

Marine Hospital and Public Health Service. Five members, "men

prominent in the various interests involved, and not in the employ of

the Government," were to report on the efficiency of the scientific

work.9 This device, -plus the smooth and straight-forward course of

the legislation through Congress, was a sign of a reviving ability of

Congress as a whole to grapple adequately with the problems of

government science and to provide administrative forms adapted to

its needs.

Since Stratton was appointed by McKinley as the first director,

preparations for the shift began before the kw went into effect. The
new bureau remained under the Treasury Department until 1903,

when it became a part of the new Department of Commerce and

Labor. Besides money for buildings, appropriations rose by 1905 to a

level slightly under fioo,ooo.
10 Several divisions appeared almost im-

mediately: electricity; weights and measures; thermometry, pyrome-

try, and heat measurement; optics; chemistry; and engineering, instru-

ments, and materials.
11 Ten years later the Division of Metallurgy and

the Division of Structural, Engineering, and Miscellaneous Materials

had been added, while appropriations advanced to $696,ooo.
12 The

problem approach was maintained since the broad aim of determining
standards prevailed in all the sciences represented.

In this apparently smooth evolution two countertendencies ap-

peared. On one hand, the work required to develop testing instru-

ments, to set standards accurately, and to determine physical constants

led directly toward basic physical and chemical research. On the other

hand, the demands of other government agencies for acceptance
standards of the supplies they bought and the requests of industry for

processes of all sorts led directly to applied research of very practical
and sometimes limited scope. For instance, to standardize govern-
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ment purchases of electric lights, the bureau investigated the relative

properties of plain and frosted bulbs, and, after conferences with

manufacturers, adopted specifications for purchase. In 1905 the chief

of the electrical division described the bureau as "the American Na-
tional Physical Laboratory, using the word physical in a liberal sense,

as its work includes both chemistry and engineering." Its function was
"to contribute something to the advancement of human knowledge
and to serve the public."

1S In general, the urge to undertake basic

research to become a national physical laboratory more than

held its own, even though the secretary of commerce and labor deleted

the word "National" from the title of the bureau in 1903. The original
name was restored in 1934.

Since the need for standards research had been felt in many parts
of the government for a long time, the bureau naturally rubbed

shoulders with others when it broadened out beyond the traditional

concern with weights and measures. The Bureau of Chemistry in the

Department of Agriculture especially reacted, both because Wiley
was trying to do chemistry for other agencies through his contracts

laboratory and because pure-food-and-drug problems usually involved

standards of purity and the like. Besides, the Bureau of Standards

began to experiment with the properties of sugar. The father of the

food-and-drugs act and of the beet-sugar industry fulminated that

the Bureau of Standards "has broken deeply into the activities already
started by the Bureau of Chemistry and some of the other Bureaus of

the Department of Agriculture, violating the fundamental principle
of ethical standards." 14

However, Wiley failed to show that the

Bureau of Standards had any serious intention of taking over enforce-

ment of the pure-food-and-drug kws or any extensive program in

agricultural chemistry.
A somewhat parallel friction arose with the Geological Survey,

which had developed several separate programs of investigating struc-

tural materials for the use of the government. Cement, lime, steel, and

ceramics had been especially stressed. In 1910, when the Bureau of

Mines was created, these activities were at first transferred to it, but

almost immediately a repeal went through which gave the Bureau of

Standards a $50,000 appropriation and both the equipment and per-

sonnel that had been under the Geological Survey.
15

In contrast to the electrical industry, for instance, the building

trades were the most completely decentralized and atomized business
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group with which the bureau had to deal. Private contractors were

seldom in a position to conduct research on either materials or

methods.16 Hence the bureau found itself doing applied research for

the building business in the same way the Department of Agriculture

helped the farmer. Requests from industry and the responsibility for

saving the government money in its own building operations forced

the expansion of applied research on a very practical level, in contrast

to the basic problems under attack elsewhere in the Bureau.

The Bureau did not always successfully invade standards activi-

ties in other departments. For instance, it did not try to get the

determination of time away from the Naval Observatory.
17

Congress
continued to place under the secretary of agriculture many standards

of particular interest to the fanner, for instance, the grading of

cotton.18 In 1908 an effort was made to transfer the iron-and-steel-

testing machine of the Army's Watertown Arsenal to the Department
of Commerce and Labor, but Congress almost immediately changed
its mind.19

Compared with the old Office of Weights and Measures, the new
Bureau of Standards was an aggressive and expansionist outfit. In

terms of its ideal of a national physical laboratory, its growth was no

more than proportional to the rapid penetration of science into tech-

nology in the United States in this period. While insistent demands

always ran ahead of the bureau's programs, it was often alert to new

opportunities. For instance, experimentation in radio communications

was attracting ever-increasing attention in widely separated agencies
of the government. In 1915 Stratton pointed out in his Annual Report
that it would "not only be more economical, but productive of more

efficient work to concentrate the laboratory work of the Government
at one place in a small laboratory especially designed for it." He had

secured agreements from the War, Navy, Treasury, Post Office, Agri-

culture, and Commerce Departments that "the location of the labora-

tory at the Bureau of Standards would prove of great benefit both as

to economical performance of the work and by its close proximity
to the scientific work of the Bureau, especially that of the electrical

division." 20 With a generosity characteristic of its treatment of the

bureau, Congress voted $50,000 for a radio laboratory the next

year.
21

The Bureau of Standards had established itself and its basic policies

firmly by 1916. It had expanded the meaning of weights and measures
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to research in physical standards of many sorts. It became a direct link

between the government and
industry, usually staying in the back-

ground but occasionally, as in building materials, ranging into applied
research. Although apparently uninterested in regulation, many of its

activities were in effect research programs for the commissions then

proliferating in both federal and state governments. For instance, re-

search in gas and electrical measurement was of direct aid in the regula-
tion of public utilities.

22
It was a new scientific bureau, but with a

difference. Its expansive tendencies grew from the pervasiveness of

the problems of physical standards themselves. Even though its di-

visions tended to approximate the lines of disciplines in science, it

never went all the way to indiscriminate physics and chemistry for

their own sakes. After 1916, the bureau began to give away research

programs it had fostered at as great a rate as it took them in.

The Census

Like weights and measures, the census had a formal place in the

Constitution. Political in its main objective, its first six decennial

enumerations markedly expanded the variety of the information it

gathered without improving its crude administration. The actual count

was in the hands of federal marshals, and the organization died com-

pletely after a spasmodic effort each decade. The census of 1850 at-

tained much higher standards, and the returns received more sophisti-
cated analysis, but the basic difficulties of the marshals and the

ephemeral organizations still dogged the census of iSyo.
23

Francis A. Walker, superintendent of the ninth census in 1870,

learned first-hand the limitations of the old arrangements. Further-

more, even at this time it was clear that an increasingly urban and in-

dustrial United States had to have more extensive statistical informa-

tion. Walker took the lead in securing new legislation which took the

tenth census away from the marshals and enabled the superintendent
to organize his own staff. During the interim years of the 1870*5,

Walker exercised only a general and gratuitous supervision over the

publications of the ninth census while teaching political economy and

history at Sheffield Scientific School24

In 1879 Walker again took active command, not only organizing

the enumerations but assembling an impressive array of scientific

talent. This was the pregnant period of the reorganization of the

surveys, the National Board of Health, and the beginning of a new
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approach in agriculture. Most of the key men of these new develop-
ments participated in the preparation of the voluminous reports. John
Shaw Billings in the Report on the Mortality and Vital Statistics of

the United States
25

virtually established vital statistics on a national

scale, an achievement that far outlasted the National Board of Health.

Powell at the Bureau of Ethnology launched an ambitious classifica-

tion of Indian languages under the cloak of an appointment from

Walker.26 C S. Sargent's Report on the Forests of North America 27

was an epochal study in plant taxonomy. Clarence King directed the

work that led to Statistics and Technology of the Precious Metals,
28

by S. F. Emmons and G. F. Becker. Raphael Pumpelly prepared a

Report on the Mining Industries of the United States
29 which ran off

into special investigations of iron resources and of the coals of the

Northwest. Other reports included ambitious studies of the technol-

ogy of petroleum, coke, and building stones.
30 The agriculture volume

contained a number of monographs, such as W. H. Brewer's on cereal

production.
31

Walker aimed at more than counting heads, demography, or even

the nascent social sciences which were his main concern. The tenth

census was a general-purpose scientific organization which placed

special emphasis on natural resources. Since statistical problems per-
vaded all the sciences and since the staff assembled by Walker was

so many-sided and illustrious, the census had an open path to many
areas later occupied by other agencies. But the policy, which appeared

stupid even at the time,
32 of setting up the organization every ten

years and then allowing it to fall into ruin without even providing a

nucleus, doomed the census to losing its opportunity. Organic legisla-

tion for a permanent bureau and the removal of the census from party

politics was beyond the Congresses of these years. Walker, a poten-

tially great scientific administrator, left in 1881 to become president
of Massachusetts Institute of Technology. The census of 1890, fol-

lowing the pattern Walker laid down, covered more subjects than

any before or several thereafter.
33

By 1900 the growth of the Department of Agriculture and con-

servation agencies limited the possibility of doing big things in those

directions. The future of the census lay in statistics. Also, an industrial

and urban society demanded more than an orgy of figures once every
ten years. Schedules once a part of the main census only were in-

creasingly turned over to experts for continuous investigation. This
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tendency only added cogency to the arguments for a permanent
organization.

Important as was permanency of organization, the friends of the

census also attempted to create a central statistical agency for the

whole government.
34 While not as inclusive as Walker's wide-ranging

investigations, the plan for such a centralized agency was suggested by
the same considerations as produced the drive for a department of

health the desire to collect organizations doing the same work into

one administrative structure.

The aim of permanency was accomplished in the first year of

Theodore Roosevelt, when Congress passed an act establishing the

Bureau of the Census in the Department of the Interior.
35 The second

aim seemed on the way to fulfilment when in 1903 the Bureau of the

Census was transferred to the newly created Department of Com-
merce and Labor, whose secretary was given power to consolidate all

statistical work. The same law gave the President power to transfer

to the Department of Commerce and Labor any office engaged in

statistics except those in the Department of Agriculture.
36 Thus the

legal
basis was complete for the coordination of most government

statistical research into one bureau. Since the need for statistics was

multiplying unprecedentedly in these years, the new bureau had a high

growth potential.

However, the Bureau of the Census failed to become a central

statistical organization serving the whole government.
37 Vital statis-

tics did remain under the Bureau of the Census until 1946, when they
were transferred to the Public Health Service. But in other great

areas, such as agriculture, cooperation became the rule,
38 and most of

the greatly expanded statistical establishment of the government grew

up in individual bureaus close to operating and regulatory functions.

Perhaps, like a general chemistry Laboratory, a central statistical or-

ganization was as quixotic as a bureau of typewriting.

Nevertheless, the establishment of the permanent Census Bureau

gave demography a stable place in the government, by implication

establishing the social sciences as well. The year 1902 thus marks the

change of an ancient activity, hallowed by the Constitution, into an

agency capable of providing the continuous flow of information nec-

essary in the Progressive Era.
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The Bureau of Mines

The mining industry increasingly felt the impulse of three forces

in the early years of the twentieth century.
39

First, the products of

mines were the basis of the new industrial dominance. In the second

place, minerals doubly attracted the attention of the conservationists

because they were nonrenewable natural resources which were being

dissipated at an appalling rate. Third, the hazards of working in the

mines made them among the most spectacular targets of that strong

urge among the progressives to improve the industrial environment

of workingmen.
Since the conservationists had one of the government's best-organ-

ized research outfits in the Geological Survey, they were the first to

tackle the problems of mining. Although Clarence King had begun
studies back in 1 880, Powell had largely concentrated on other things.

The major's successor, Walcott, after 1894 began again to publish

studies of technological processes, and in 1 899 he proposed a division

of mines and mining to make a systematic inquiry into the value of

economic minerals. In 1904 Congress finally appropriated $60,000 for

testing the coals of the United States at the Louisiana Purchase Ex-

position in Saint Louis*40

The leading member of the committee appointed to set up the

coal-testing plant was Joseph A. Holmes, conservation-minded state

geologist of North Carolina who many years before had urged to

Gifford Pinchot the need for federal forestry in the Southeast.41

N. W. Lord of Ohio State University had charge of the chemical

laboratory, bringing with him a number of graduate students.
42 As the

kw provided, all machinery and all coal tested came from various

private companies without cost to the government. After the close of

the exposition the plant continued to operate, forming the nucleus for

an organization, which, when moved to Pittsburgh in 1907, became

the Technological Branch of the Geological Survey.
43

The year 1907 also saw an unusual number of mining disasters,

the eight hundred miners who died in December alone dramatizing a

steadily worsening trend. The "people spoke through the medium of

the newspapers and demanded that the Government stop this slaugh-
ter."

44 Almost immediately an appropriation followed of $150,000 to

the Technological Branch of the Geological Survey "for the protec-
tion of lives of miners in the territories and in the District of Colum-
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bia, and for conducting investigations as to the cause of mine explo-
sions with a view to increasing safety in mining."

45
Although actual

regulation within the states was thus carefully excluded, the federal

government had here turned to scientific research as a means of meet-

ing an urgent problem.
46

An important branch of the Geological Survey had shifted its

program in the direction of applied research, and in the field of mine

safety had wandered far from the original interests of the parent or-

ganization. In a similar and parallel movement the Bureau of Reclama-
tion had separated from the Geological Survey completely, remaining
in the Department of the Interior. A Bureau of Mines now seemed
the natural and inevitable evolution. In 1908-1909 three programs
testing of fuels, testing of structural materials, and safety investiga-
tions had a total appropriation of over $500,000, all under Joseph
A. Holmes. In 1910 Congress took the final step to create the new
bureau in the Department of the Interior.

47

The organic legislation was less than ideal from the point of view

of Holmes, who became the first director. The Bureau of Standards

made away with the testing of structural materials.48 More significant,

the provisions of the act, coupled with the size of the early appropri-

ations, actually curtailed research in emphasizing mine safety.
49
Hopes

for expanding beyond the coal industry into the metal mining of the

West and for energetic studies on the conservation of mineral re-

sources seemed dim.

A new organic act in 1913 described the field of the Bureau of

Mines as "mining, metallurgy, and mineral technology." Holmes could

now describe as his purpose the conduct, "in behalf of the public wel-

fare, of such fundamental inquiries and investigations as will lead to

increasing safety, efficiency, and economy in the mining industry."

He now put prevention of waste on an equal plane with mine safety.
50

Following closely this clarification of its position, the bureau devel-

oped research programs for new fields.

The burgeoning petroleum industry had attracted some attention

even in the Geological Survey period, and in 1914 a Petroleum Divi-

sion began with limited funds to provide production research for an

industry that had in its rapid growth provided little research of its

own. From the beginning the division stood for conservation and

elimination of waste, even though it did not pretend to any direct

regulatory power.
51
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In 1915 the bureau began to reach out toward research in non-

ferrous metals, which had been the subject of some of the Geological

Survey's early studies and which carried the work into the West.

While conceivably one large Western establishment would have

sufficed, Congress provided for ten regional experiment stations, scat-

tering both the bureau and the local benefits over the face of the

West.52

As the experiment-station system emerged over the next few years,

it took on some of the characteristics of the agricultural establish-

ment. The laboratories were normally located on the campuses of uni-

versities, in close cooperation with their engineering departments. In

serving regions other than states, however, they more closely re-

sembled the Forest Service research stations, drawing on federal

rather than state funds. Instead of aiming at a general program for

each geographic area, the bureau concentrated research in appropriate

problems at each of the regional stations.

The comparison between the Bureau of Mines and the Depart-
ment of Agriculture is instructive both for the similarities and the

differences that it reveals. Joseph Holmes was aware of the essential

similarity between the mining industry and agriculture. He saw that

mining and farming were the foundation industries of the economy,
and that the producing units of both were small and local. He attrib-

uted the large growth of agricultural productivity in the early years
of the twentieth century in part to the expenditure of federal money
and suggested that the limited amount of research under the Geologi-
cal Survey and early bureau furnished "specific evidence of the larger

benefits that may be expected to result from larger expenditures for

mining investigations."
53

In spite of the parallel, the federal government had relatively

neglected mining, which was the "more difficult to understand in view

of the hazards . . . that should appeal to the humanitarian as well as

the commercial instincts of the American people." Holmes attributed

this neglect to misapprehensions concerning mining. The usual as-

sumption was that the industry was controlled by a few large corpo-
rations who demanded federal support. Actually the large companies
were few, and "at the request of the Bureau of Mines, a number of

them have expended considerable sums from their own funds for

investigations that promise to be useful not only to them but to other

less important mining developments." Most people did not appreciate
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that the large number of small enterprises depended on government
research to provide methods profitable enough to keep them from

"being helplessly transferred to a few large corporations which alone

may have the funds for developing the processes." The humanitarian

appeal was at a disadvantage because it "comes from employees work-

ing under hazardous conditions, a majority of whom are unfamiliar

with our language, our laws, or our institutions." Finally, the benefits

of conservation in mining actually went not to producers but to "the

consumers or users of mineral products who are distributed through-
out every part of the country."

54

Holmes's analysis shows that the Bureau of Mines, a generation

younger than the Department of Agriculture, was a child of the twen-

tieth century in its relation to the great corporations, to small business,

to labor, and to the consumer. It was not able to establish direct regu-

lation; the explosives it approved for mine use were marked "permis-
sible." Yet it established a true mission for itself in an age when both

the universities and industrial laboratories were already on the scene.

The career of Frederick G. Cottrell, a University of California chem-

istry professor who simultaneously worked for Holmes and the

Anaconda Smelter Smoke Commission in the years between 1911 and

1914, symbolizes the bureau's many-sided relation with other research

enterprises.
55 The Bureau of Mines was a midget among giants, but

the impartial ideal of science gave it added stature.

The Smithsonian and the National Advisory Committee for

Aeronautic?

In the midst of the bureau-building and the unprecedented appli-

cation of science that occupied the government as it entered the

twentieth century, the crowning administrative invention of pre-GvU
War American science the Smithsonian Institution not only

survived but entered dynamic new fields. The National Museum

had gained major momentum with the Centennial Exposition in Phila-

delphia in 1876, inheriting many of the collections, for which Con-

gress provided a new building.
56 Under the perceptive leadership of

George Brown Goode, the museum extended its range and functions.

More significant
for basic research, the Smithsonian's abiding concern

was the flood of material coming into the National Museum from the

Geological Survey and the Department of Agriculture. Along with

the Bureau of American Ethnology, the museum became a great re-
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search center in anthropology, zoology, and botany. The large new

building unit that rose on the Mall in the early i poo's conspicuously
indicated the continuing importance of the museum in the age of the

new scientific bureau.57

Meanwhile the Smithsonian Institution proper continued to seek

ways to serve science on an endowment that was relatively dwindling
in importance. The original endowment had been twice as large as

Yale's, larger than those of Princeton, Columbia, and the University
of Pennsylvania, and equal to Harvard's. In 1901 the secretary stated

that the "Institution's endowment has in ... fifty years increased

but from $600,000 to somewhat less than $1,000,000, but the average
endowment of the five universities named is now about $8,000,000,

indicating that in this regard the Institution's fund for scientific pur-

poses is relatively unimportant compared with what it was
fifty years

ago."
58 For such small means to make a measurable impression on the

course of scientific research required ever more difficult selectivity in

the choice of objectives.

With much depending on the personal interests of the secretary,

the regents fell into the rhythm of alternating between physical and

biological scientists. Henry had been a physicist and Baird a zoologist.

Hence the secretaryship went to Samuel Pierpont Langley, an astron-

omer and specialist
in the analysis of the spectrum of the sun. He soon

organized the Astrophysical Laboratory, which became a permanent

part of the Smithsonian. Even before Langley left the Allegheny

Observatory in Pittsburgh for the Smithsonian, however, he had de-

veloped a side interest in the theory and practice of heavier-than-air

flight which opened a significant chapter in Smithsonian history.
59

After publishing his Experiments in Aerodynamics in 1891, Lang-

ley began to construct model flying machines to test his data. These

were years of heightening interest in the possibility of
flight, as Sena-

tor Henry Cabot Lodge attested when he unsuccessfully introduced

a bill in the Senate in 1894 to offer a $100,000 prize for an aerial

machine.60 Langley lent prestige to research in an oft-ridiculed field

both by his own reputation and by that of the Institution.

During the Spanish-American War an Army-Navy board inves-

tigated his experiments to determine the possibilities "of developing a

large-size man-carrying machine for war purposes." As a result the

War Department allotted Langley $50,000, and the Smithsonian

$20,000 more, giving aeronautical research a promising start, with
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funds, a strong military motivation, and a renowned scientist. All this

talent was concentrated immediately on the finished product a

large, self-propelling "aerodrome" that would carry a man.61

Langley was ready by 1903 to stake all on the flight of his ma-
chine. An attempt in October failed with only minor damage to the

equipment, but in December the plane plunged into the Potomac

River, putting an end to Langley's career in aeronautics. The news-

paper ridicule closed his laboratory at the Smithsonian and drove the

War Department out of the field in the critical years immediately

following. The Wright brothers' successful flight had occurred just
nine days after Langley's Folly, but the government and the Smith-

sonian, after a bold start, now shied off from aeronautical proposals.
62

Langley's ghost continued to hover in the Smithsonian after his

death in 1906. The new secretary was C. D. Walcott, who had guided
the Geological Survey as Powell's chosen successor. By fostering the

programs that became the Bureau of Reclamation and the Bureau of

Mines, he made a place for himself as one of the leading architects of

government science in the era of Theodore Roosevelt. The secretary
and Alexander Graham Bell, a member of the board of regents, kept

up the Smithsonian's interest in aeronautics largely out of respect for

Langley.
63

Because of the proposals of individuals in the government who
had become interested in aviation and who realized that the lack of

fundamental information was hampering development, President Taft

appointed in 1912 a commission to study the need for a research

laboratory.
64 Walcott was a member, and the report recommended a

laboratory within the Smithsonian supported by appropriations. When

Congress did not act, the Smithsonian on its own initiative resolved

to revive Langley's laboratory to study "the problems of aerodromics,

particularly those of aero-dynamics, with such research and experi-

mentation as may be necessary to increase the safety and effectiveness

of aerial locomotion for the purposes of commerce, national defense,

and the welfare of man." The secretary was to secure the "coopera-
tion of governmental and other agencies in the development of aero-

dromical research under the direction of the Smithsonian Institu-

tion."
65 As "a private organization having governmental functions

and prerogatives," the Smithsonian hoped to coordinate the research

of the Bureau of Standards, the Weather Bureau, and the War and

Navy Departments as well as conduct the Langley Aerodynamical
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Laboratory, which it envisaged as a building on the Institution's

grounds with a flying field in nearby Potomac Park. An advisory
committee of fourteen members was organized, consisting of the

director of the laboratory, members designated by the secretaries of

the Navy, war, agriculture, and commerce, and others appointed by
the secretary of the Smithsonian who "may be acquainted with the

needs of aeronautics." 66

This experiment in coordination almost immediately ran afoul of

a ruling by the comptroller of the treasury that it was unlawful for

any government employee to serve on such an advisory committee

without authority from Congress.
67

Regardless of the legal technicali-

ties, the Smithsonian was pushing into a field requiring more aggres-
siveness than the Institution had usually shown. To provide both basic

and applied research for a whole industry, even a new and amorphous
one, was more in the tradition of the Department of Agriculture. To
add the task of coordinating several agencies with one another and the

industry with the government immensely complicated the problem
for an institution whose strength normally came from standing slightly

aloof from the government.
Walcott and Bell accordingly memorialized Congress to take over

their advisory committee. By this time the war in Europe had added

urgency to the pleas of the friends of aviation. "The United States

is the only first-class nation that does not have an advisory committee

for aeronautics and suitable research laboratories placed under its

direction." Perhaps partly a result of this lack, the outbreak of war

found the United States with 23 airplanes, while France had 1400,

Germany 1000, Russia 800, and Great Britain 4oo.
68

Nevertheless, the

legislative outlook was unfavorable, and President Woodrow Wilson

reputedly feared the effect on American neutrality.
69 To Walcott,

the heir of John Wesley Powell, the proper tactics in a tight place
involved a rider to an appropriation bill Since the House Committee

on Naval Affairs proved sympathetic, the Smithsonian's advisory
committee was attached to the naval appropriation bill. Franklin

Delano Roosevelt, acting secretary of the Navy, approved the idea

but felt that fourteen was too large a number and that the public

membership should be cut from seven to three so that "the Govern-

ment should always have a controlling interest." He feared that the

"interests of private parties must be more or less commercial and in-

fluenced by such considerations." 70
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As finally passed by Congress in 1915, the act provided for a com-

mittee of twelve, all appointed by the President of the United States.

Two members from the Army, two from the Navy, one each from
the Smithsonian, the Weather Bureau, and the Bureau of Standards,

gave the government a majority. The five public members were to be
men "acquainted with the needs of aeronautical science, either civil

or military or skilled in aeronautical engineering or its allied sciences."

The duty of the committee, which served without pay, was to "super-
vise and direct the scientific study of the problems of

flight, with a

view to their practical solution, and to determine the problems which
should be experimentally attacked, and to discuss their solution and

their application to practical questions." If laboratories were placed
under the direction of the advisory committee, it might "direct and

conduct research and experiment in aeronautics." 71 Thus the National

Advisory Committee for Aeronautics, later regularly referred to as

NACA, was in itself an independent executive body with more than

advisory power.
After a few early changes, Walcott was chairman until his death

in 1927. His invidious part in the unseemly squabble between the

Smithsonian and Orville Wright over the Langley aerodrome has

tended to overshadow his and the Institution's role in the organization
of the committee and the impress they gave to its structure. The gov-
ernment as a whole seemed unable to respond to the demands of a

new industry which had unusually strong links to national security

and a desperate need for research. The ancient and impoverished
Smithsonian provided the shelter for early experiments and the form

of the committee. Several of the first appointees had worked under

the Smithsonian, and the history of the Langley Aerodynamical Lab-

oratory merged into the activities that eventually concentrated under

NACA at Langley Field, Virginia.

Government Science and Large-Scale Industry in the Progressive Era

The Progressive Era, with a wide-ranging concern for the prob-

lems emerging from a complex society, had seen the creation of scien-

tific bureaus shaped by the relations of government and large-scale

industry. The National Bureau of Standards, the Bureau of the Cen-

sus, the Bureau of Mines, and the NACA, were all the servants of

industry as well as of the government. Although less famous and less

tied to politics than the conservation agencies which dealt with the
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public domain, these new organizations were a part of the revival of

the vigor and efficiency of the federal government, which in the late

nineteenth century had often been dwarfed by the great corporate
domains of the captains of industry. The bureaus renewed the ability

of the government to conduct its own business in a society dominated

by a complex technology that increasingly depended on research for

guidance.
The industry-oriented bureaus also did more. In the name of the

general welfare, they sought answers to those problems that industry
needed to have solved but was unable or unwilling to answer for

itself. With industrial research still in its infancy, the new bureaus

performed its functions for the building trades and mineral and petro-
leum production in the same way the Department of Agriculture
served the fanner. After the sudden birth of the aviation industry, the

government had to provide most of the research. Even in industries

that early set up their own laboratories, such as electrical manufactur-

ing, the abstruse research involved in defining and maintaining stand-

ards was left to the government. Without the efforts of these bureaus

the use of science would have penetrated more slowly into technology.
The presence of the large number of trained scientists in the civil

service, subject to a constant turnover, enriched private industrial

research indirectly by giving experts highly specialized experience
which they carried with them when they left the government.

In the first years of the twentieth century a government without

science was already unthinkable. Excepting military applications, the

government's scientific establishment was virtually complete in 1916.

The NACA set up a laboratory for the study of a subject that to

most people seemed like a problem for the future. The Bureau of

Standards was already working with cathode-ray tubes and radio-

active minerals. From the point of view of 1940, the foundations of

every important scientific institution within the government were

already in place in the last bright days of peace that the United States

enjoyed before entering the first World War.
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PATTERNS OF GOVERNMENT

RESEARCH IN MODERN AMERICA

1865-1916

1 HE bewildering multiplicity of the government's research es-

tablishment in 1916 was the result of its history. An agency, once

established, usually stayed in existence although its original purpose

might change many times. Indeed, the failures usually reappeared in

another form after a seemly retirement. Creations of the pre-Civil
War era did not vanish even in the twentieth century. The Smith-

sonian Institution, the National Museum, the Coast Survey, the Naval

Observatory, the Nautical Almanac, the Corps of Engineers, the serv-

ice academies, and the Army Medical Department were humbled

only by the size of later establishments. Many of them still performed

important research and embodied respected traditions after the geo-

graphic explorations that gave them their initial impetus had ceased

to be a major concern.

The Civil War had seen a start toward research technology in

military production, but this largely disappeared after Appomattox.

Only the National Academy and a few accidents such as the Army
Medical Museum and Library commemorated the single great war

effort in a century of peace.

A Survey of Fifty Years of Bureau Development

The creation of the Department of Agriculture and the land

grants for colleges, a result of secession but not of the war, was the

opening of the great period of bureau-building essentially unhampered

by the constitutional questionings that had shaped earlier develop-
ment. In a sense, the Department of Agriculture became a laboratory

experimenting on the nature of a scientific bureau, gradually perfect-

ing a standard form adapted to its particular problem, its position
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within the government framework, and its need for communication

with the world of science outside. As the new scientific bureau grew,
it became both a tool for research and, through regulation and persua-

sion, an instrument of power. By 1890 the department showed its

strength by taking over the Weather Bureau from the Army.
Meanwhile the wilderness beyond the frontier, which had pro-

vided the main motive for government science during the first sev-

enty-five years of the republic, was disappearing. As geographic

problems receded in importance because of the very success of ex-

ploration, the ad hoc machinery that had grown up within the Army
and Navy gradually became an anachronism and was replaced by a

new, vigorous, and permanent organization, the Geological Survey.

Although beset by enemies and doubters, Powell's bureau weathered

the Allison Commission hearings and the defeat of the irrigation

survey to become a nucleus of research in the government second

only to the Department of Agriculture.
The emergence of the United States as a world power opened new

horizons for the Army Medical Corps, which in defiance of all the

rules had been readying its research tools for just such an opportunity.

Steinberg, Walter Reed, and Leonard Wood had served for years at

frontier posts in the West. When the focus of the nation shifted

overseas, they and their colleagues went to Havana, Puerto Rico, and

Panama. Their success reflected the long preparation sculptured by
the Army Medical School, the Museum, and the Library.

With the settlement of the West and the disappearance of a fron-

tier line, the assumption that natural resources were inexhaustible gave

way to concern for their conservation. The Interior Department,

building on the Geological Survey, became the shelter for the Recla-

.mation Service and the Bureau of Mines. Meanwhile in the Depart-
ment of Agriculture Gifford Pinchot built the Forest Service into a

powerful administrative agency which increasingly applied research

to conservation problems.

By 1900 America had become both urban and industrial, generat-

ing forces that put new life into ancient scientific functions of the

government the census and standards of weights and measures. A
permanent Bureau of the Census conducting continuous studies miti-

gated the decennial orgy-and-famine cycle of the nineteenth century,

providing demographic and statistical information of increasing sub-

tlety and reliability. The Bureau of Standards, reacting to the de-
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mands of industrial technology, especially in new fields such as elec-

tricity, became at least partially a national physical laboratory. The
Bureau of Mines by 1916 had begun to furnish safety and technologic
research to the mining and petroleum industries.

Although the National Board of Health proved a false dawn of

the federal government's support of research on infectious diseases,

sanitation, and hygiene, the Public Health Service eventually filled

the gap. It evolved from the Marine Hospitals, limited to simple medi-

cal service for a particular group, into a research organization which
besides routine duties had some responsibility for the general welfare

by improving the health of the whole people. The progressives who
assisted this shift saw public health as the human side of the conserva-

tion movement.

The National Advisory Committee for Aeronautics was the cap-
stone of the federal establishment. Even it was a product of earlier

trends. The ancient Smithsonian sheltered its embryonic stages, and

the long experience of the Geological Survey provided the trick that

accomplished its creation. Yet the NACA was a new kind of organi-
zation for a new problem. It was the last product of a profoundly

peaceful and fertile period of bureau-building and also the first war-

research agency of World War I.

The galaxy of bureaus existed in kw through organic acts. In them

Congress had spoken, occasionally straightforwardly, usually by the

devious method of appropriation-bill riders. This stratagem, however,
was not wanton political immorality. Legislating scientific bureaus

into existence was a technically difficult problem with which the

machinery of Congress could not cope directly. Most of the people's

representatives in the kte nineteenth century had little background
for science or appreciation of its results. Indeed, 1865 to 1900 was not

a great period for legiskrion on any subject. Hence the appropriation-
bill rider allowed a small number of congressmen, adequately coached

by experts, to legislate in the interest of science. Theirs was a construc-

tive achievement, their circumventions detouring ignorance and

lethargy, not the rights of a vigilant people. One of the great changes
of the Progressive Era was a wider appreciation of the use of science

in the public interest. The organic act for the Bureau of Standards

and the Newknds Act showed a new ability of Congress to deal with

science directly. The difficulties encountered by the few unfortunates,

such as the Army Medical Library, that did not have organic acts
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only underline their importance. These agencies were condemned

to explaining their reason for existence over and over again without

gaining a secure position.

The handling of scientific personnel in the government underwent

great changes. The rise of the merit system in the civil service gradu-

ally took in most scientists in the government, working upward from

the bottom. As political patronage in the scientific bureaus declined

accordingly, the ideal of using trained people regardless of party
affiliation came closer to realization. The great esprit de corps of such

new bureaus as the Forest Service, comparing so favorably with the

old General Land Office, for instance, is impressive evidence that the

new way brought to the government incomparably more scientific

competence than it could possibly have achieved otherwise. Yet the

abiding and fundamental gain of the merit system was offset both by
the difficulty of applying it to higher scientific positions and by the

fact that it put a premium on seniority within the service rather than

on scientific brilliance. In 1916 the ranks of government scientists con-

tained a small number of congressmen's nephews and also no Simon

Newcombs.
A special personnel problem was the bureau chief, who most re-

flective people realized must ideally be both scientist and administra-

tor. Was he to be an expert, chosen solely for competence and on the

recommendation of scientific bodies such as the National Academy?
Or was he a policy-making administrator who should be chosen by the

President, his political advisers, and the senators of the applicant's

state? A few, such as Pinchot, were politician and scientist at the

same time. Most Presidents, especially those whose predecessor be-

longed to the opposing party, yielded at least some of the time to

political needs, appointing unqualified party men as chiefs of scien-

tific bureaus. Cleveland's appointee, Thorn of the Coast and Geodetic

Survey, turned into an acceptable administrator, as did G. M. Bowers,
to whom McKinley gave the Bureau of Fisheries in return for politi-

cal support in West Virginia. Others did not learn so easily.

By 1916 the principle of professional scientists as bureau chiefs

had gained sufficient ground for Republican nominee Charles Evans

Hughes to make an issue in his campaign of President Wilson's

appointments. He attacked two specifically, pointing out that in the

Coast and Geodetic Survey an eminent scientist "was displaced to

make room for an excellent stock breeder and veterinary surgeon."
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Science heralded the raising of the issue as a recognition of the im-

portance of science but observed on Wilson's behalf that the two

appointments "are the only ones in which the President is open to

criticism."
l

Central Scientific Organizations

As a part of her emergence as a world power, the United States

had an opportunity to create a government scientific establishment

de novo. The Bureau of Science in the Philippines, springing up
promptly after American occupation, demonstrated that research

was as much a part of a government in 1901 as a post office or a

revenue service. With its beautifully centralized organization it

dramatized by contrast that the home government's scientific estab-

lishment was the product not of logic but of history, the interplay of

institutions and their environment through many changes.

Originally called the Bureau of Government Laboratories, the

Philippine Bureau of Science was a microcosm of the home establish-

ment with most of the historical irregularities absent.
2
By 1903 re-

search already had started in public health, chemistry, biology, and

weights and measures. In the next few years the Philippine Bureau of

Mines was absorbed whole, and much research was transferred from

the Bureaus of Agriculture and Forestry. Thus when the United

States government had a tabula rasa and a simple situation, it created

the equivalent of a department of science. This is not, of course, proof
that such an organization was superior, especially since the Philippine
Bureau of Science began to decline after a few years.

At home, however, the impulse toward a centralized, rational

organization sank to a low ebb. The bureaus were too strong and too

engrossed in their own development. Spectacular progress quieted

apprehensions about coordinating the directions that science might
take. After the high point of the Allison Commission in the i88o*s,

the discussion of a cabinet department of science dwindled almost to

nothing.
The idea of a national university enjoyed only a pale revival.

After a congressional resolution placing the collections and resources

of the government in Washington at the disposal of qualified stu-

dents, several attempts were made to create a university which would

utilize the libraries, laboratories, and museums of the capital for ad-

vanced training. Great educational leaders of the day Daniel Coit
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Gilman, David Starr Jordan, William Rainey Harper, and Nicholas

Murray Butler lent at least
lip

service to the idea. Government ad-

ministrators notably C. W. Dabney and C. D. Walcott also

worked for it.
3 But the several schemes proposed never came close to

obtaining financial support, government or private. Even if a uni-

versity had emerged, the day was long past when it would have co-

ordinated government science as Joel Barlow had envisioned back in

1807. Some federal institutions did arise in the District of Columbia,

notably Howard University and St. Elizabeth's Hospital, but their

purpose was to benefit groups with special problems rather than to

become national organizations.

The National Academy of Sciences had the dignity of an hon-

orary society and a legal position as adviser to the government, but

little else. After the forest commission in 1896 it had a negligible in-

fluence on policy. Its attempts to control the appointments of bureau

chiefs accomplished only occasional successes. All the Presidents of

the period listened to the Academy's recommendations only when

they chose.
4 Simon Newcomb commented that one "hardly knows

where to look for a spectacle less befitting our civilization than that

of such a body of men searching through Washington to find a suit-

able place for their meeting . . . grateful to one of their officers

when he has a spare corner in which to keep their records; wondering
what shall be done with an invitation from a foreign organization."

5

Theodore Roosevelt, in the early days of his administration, when
scientific bureaus were coming to life all around, made a gesture
toward the problem of central organization. In 1903 he appointed to

a Committee of Organization of Government Scientific Work a

general, an admiral, and three conservationists Pinchot, Walcott,

and James R. Garfield.
6 For four months this group met, working up

a series of reports on government scientific bureaus which if it had

been published would have given a cross section of the establishment

such as the science committee of the National Resources Committee

did in 1938 and the Steelman Report in 1947. Unfortunately, the re-

ports were never published.
The aim of the committee was the avoidance of duplication. They

looked both to consolidation of bureaus doing similar work and to the

coordination of those with mutual interests even across departmental
barriers. But research agencies to them were so many indestructible

atoms to be moved around in different combinations without essen-
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tially changing their nature. As in the movement for a department of

health and a central statistical agency, coordination and consolida-

tion were popular slogans during the Progressive Era which could

always attract adherents but seldom got results. The Department of

Commerce and Labor, formed while the committee met, gave a new
administrative shelter for the Coast and Geodetic Survey, the Bureau
of Standards, the Bureau of the Census, and the Bureau of Fisheries.

7

But these transfers simply added another cluster of atoms to the

executive.

In their conclusions the committee recognized that the develop-
ment of scientific work had been enormous since 1890, that this had

largely come through the development of special bureaus to meet

special needs, and that it often broke over departmental barriers.

They estimated a total expenditure for science of over $11,000,000
in fiscal 1902. Although looking for duplication, they admitted they
found little. Rather they saw lack of efficiency and coordination, and

their remedy throws much light on their real concerns. Most of the

transfers aimed to put all conservation agencies under the Department
of Agriculture and to consolidate statistics in the Bureau of the

Census. Pinchot treated the committee largely as a move in the fight

for the forest reserves.8

Clearly these men, of whom Walcott, Pinchot,

and Garfield were bureau-builders without peer, saw even a com-

mittee to organize government scientific work as an opportunity for

furthering construction jobs already under way. In their exuberance

for science it never occurred to them to question the direction in

which government research was trending. The committee's work and

its unpublished reports soon sank into oblivion.
9

In 1908 Congress gave the National Academy a similar chance by

requesting it in an appropriation bill "to consider certain questions

relating to the scientific work under the United States Government."

The committee set up by the Academy was distinguished, including

the heads of Cornell University, the University of Wisconsin, Massa-

chusetts Institute of Technology, the Carnegie Institution, and the

Lick Observatory. This group, leaning heavily on the unpublished

reports of the 1903 committee, came to parallel conclusions.10 Actual

duplication was "relatively unimportant/' but organizations and

plants overlapped making "consolidation of some branches of work

now carried on in several organizations . . . probably advisable."

Since "anything like a rational correlation of allied branches of scien-
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tific work" did not exist, the committee recommended a permanent
board to consider "the inauguration, the continuance, and the inter-

relations of the various branches of the scientific work." u Nothing
ever came of this suggestion, which had no more to offer than the

thoroughly aired and rejected proposals of the Allison Commission

era. The National Academy committee, which managed only to get

a five-page report printed, confessed its own helplessness when it

recognized that many of the bureaus "have been so long established

as to become integral parts of the departments to which they are as-

signed." Any consolidation or redistribution "should take into account

their origin and historical development as well as their present

status."
M

The remarks of the 1903 committee as they pondered the organi-

zation of science in the government incidentally revealed prevalent

attitudes about the relation of basic to applied science. Pinchot, Wal-

cott, and their colleagues emphasized that research should be organ-
ized around a problem, and that "the individual sciences and arts

should not be segregated in the separate bureaus and offices."
13 The

problem approach had won so completely and the shift toward

applied research had proceeded so far that the committee now left

research on broad and general grounds to private institutions. Science

"on the part of the Government should be limited nearly to utilitarian

purposes evidently for the general welfare." 14
Henry, Powell, and

Alexander Agassiz had each had versions of this precept, but none

of them had dared reduce government science to such unmitigated

practicality. The sublime faith of John Quincy Adams that the govern-
ment owed humanity the support of science as a necessary element in

civilization had almost completely disappeared. To seek a reason is

to realize that private scientific institutions outside the government
were profoundly changed by the early years of the twentieth century.

The Estates of Science

In 1900 the universities, grown in one generation from colleges
with narrow courses of studies, seemed to have become the natural

homes of disinterested, pure science. The broadening of the curricu-

lum, the introduction of the German seminar and its ideal of re-

search, the creation of graduate schools, and the rapid accumulation

of endowment either created new centers of learning or remade old

ones.15 With Johns Hopkins setting the pace, such universities as
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Harvard, Cornell, Chicago, Columbia, and Michigan became the

headquarters of fundamental research in the country.
The result was a division of labor which gave rise to the assump-

tion that basic research belonged to the universities, leaving only

applied research to the government. The difference heightened
between the disinterested, cloistered seeker for pure knowledge and
the grubby civil servant chained to mundane, grinding routine inves-

tigation. Although the
split between basic research and the common

concerns of society was noticeable fairly early in the nineteenth

century,
16

after 1900 it became institutionalized in the division of

functions between government and the universities.

Yet the universities and the government did not lose all touch

with one another. The bureaus remained a maj<~** employer of men
from the scientific departments of the graduate schools 17 and wanted
more than they could get.

18 Those institutions that took some interest

in applied science Massachusetts Institute of Technology, Yale

School of Forestry, the land-grant colleges remained closely linked

to the government service throughout this period. The Smithsonian

and especially the National Museum kept the ideal of basic research

alive in Washington. The visiting committees of the Bureau of

Standards and the Hygienic Laboratory and kter the NACA brought
eminent university professors into touch with government research.

But no Bache, Henry, or Newcomb represented the government in

the ruling circles of science. Billings, Theobald Smith, and Francis A.

Walker were there, but in private institutions.

Deepening the shadow cast over government by the universities

was the dramatic rise of the foundations of men wealthy enough to

rival the government itself. Andrew Carnegie, the most reflective of

the great captains of industry, felt that "it might be reserved for me
to fulfill one of Washington's dearest wishes to establish a uni-

versity in Washington."
19 Other counsels, however, prevailed, point-

ing to competition with existing universities and the enormous sum

required. The Royal Institution of London became the model instead.

The resulting Carnegie Institution of Washington "shall in the broad-

est and most liberal manner encourage investigation, research, and

discovery."
20 To the $10,000,000 of 1902 Carnegie added $2,000,000

more in 1907 and yet another $10,000,000 in 1911. A giant com-

pared to the Smithsonian, the Institution by 1915 developed three

main lines of activity. It established departments for collaborative



298 SCIENCE IN THE FEDERAL GOVERNMENT

research, made grants to individual investigators, and provided sup-

port for publications.
21 The Department of Experimental Evolution,

for example, was doing significant work in the new science of genetics,

while the Department of Terrestrial Magnetism supported a program
that had been a particular specialty of the Coast Survey in the time

of Bache.

Many of the trustees of the Carnegie Institution were prominent

figures in the development of government science. John Shaw Billings,

Abram Hewitt, Samuel P. Langley, Henry S. Pritchett, Theobald

Smith, and C. D. Walcott helped make the policy of the purely private

organization.
22 At its outset some anxiety existed that it might com-

pete with official agencies. George M. Steinberg feared "there would

be a strong disposition to refuse or cut down appropriations for

scientific work in various departments if it was believed that the

funds of the Carnegie Institution could be made available for such

work." But, fighter that he was, Harvey Wiley pointed out that

government appropriations for science were already ten times the

income from Carnegie's original gift and that the Institution would

find "keen competition if they undertake any line of investigation

already carried on under the auspices of the Government." 23

Wiley proved correct that government science was already too big
to be challenged by an institution even of the opulence of the Carnegie
Institution. But the keen competition he envisaged did not materialize.

Because of the shift toward applied research within the government
and the care with which the Institution concentrated on fundamental

problems, no serious conflict arose. The existence of the Carnegie
Institution in the capital city did, however, emphasize the division of

labor between basic and applied research.

The great Rockefeller foundations also cast a shadow by working
in fields which, although unoccupied by the official agencies, were

directed to aiding the public welfare on a scale usually possible only
to governments. The General Education Board's early support of

Seaman A. Knapp's agricultural extension program actually led to a

new function for the Department of Agriculture. The Rockefeller

Foundation took the discoveries concerning hookworm and yellow
fever, both developed within the government, not only into the

Southern United States but to other parts of the world. In addition

the Foundation put large sums into basic research in many fields.
24

The great foundations were a monument not only to the peculiar
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distribution of wealth that produced enormous fortunes but also to

the effectiveness of science, which the donors now saw as a leading
contributor to the well-being of mankind. With the government, the

universities, and the foundations all in the field, room for fruitful in-

vestigation still remained in so many directions that they all expanded

greatly in the same years. Since communication is a component part
of science, the increased activity of public and private agencies, instead

of producing unhealthy competition, made a denser matrix of new
lines of discovery which aided all investigators. The growth of both

universities and the foundations with their emphasis on basic research

relieved the government of many responsibilities. This new partner-

ship made government science seem to lose out in what was really a

period of outstanding accomplishment,

Comparison with the Rest of the World

Science's lines of communication could not stop at national

boundaries for government bureaus any more than for any other

kind of researchers. The presence of Europe, fount of basic discov-

eries and models for scientific institutions, loomed large even as late

as 1900. Throughout the first century of the republic, colonialism

in basic discoveries had persisted, although in the forms of scientific

institutions, including government agencies, direct borrowing had

long since diminished markedly. In some fields of applied science

America even began to export men and methods. One measure of the

accomplishments of the government in science is the extent to which

its techniques became exportable. Soon after the Civil War a trickle

of agricultural missions began to China, Japan, and Latin America.

Men trained in the Geological Survey took up mining for the Chinese

government, and Bailey Willis tried to apply its concepts concerning
arid regions to Argentina.

25 After 1900 such missions went out in a

steady stream.

Another sign that America's scientific dependence on Europe was

diminishing showed itself in the large number of laments about the

New World's inferiority. The beating of breasts over a condition

long taken for granted implied a change. Carl Snyder, writing for a

general audience in the North American Review at the turn of the

century, added up the great discoveries of the nineteenth century,

stressing the preponderant role of European investigators. Admitting
the occasional appearance of a Franklin or a Henry and the large
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sums of money spent on science, he indicted the absence of both

fundamental research and any institutions to compare with the Col-

lege de France, the Royal Institution of London, the Pasteur Insti-

tute, or the German university system.
26

Simon Newcomb, while generally corroborating Snyder on the

paucity of creativeness in American science, felt that this unflattering

view was nearer the truth in 1880 or even 1890 than in 1900. In

balancing the various factors he pointed out "that no government is

more liberal than our own in enterprises for the promotion of sci-

ence." 27
Nevertheless, the government had a share in the responsi-

bility for the lack of esteem in which real research was held. It had

done nothing for the National Academy and never honored out-

standing individual scientists. This was the "natural outcome of that

gap between the world of politics and the world of learning which is

so marked a feature of society as it exists today, both in the country
at large and at the National Capital."

28

Even though the accomplishments of the Progressive Era were yet
to come when he wrote, Newcomb was unwilling to blame democracy
itself for the shortcomings he found. Another commentator, who
ranked the United States fourth in scientific attainment after Ger-

many, Great Britain, and France, also refused to blame democracy.
29

But the question of the influence of democracy looms above bootless

national comparisons as a central and fundamental dilemma.

Joseph Priestley's ardent belief in the congeniality of free institu-

tions to science had not had an easy victory. On the other hand, the

gloomy prediction that only monarchy could patronize science ade-

quately had remained unfulfilled. Every generation of Americans had

trouble adapting scientific institutions to their form of government.
The masses and their representatives often lacked both interest and

understanding for a task always delicate and complex. The absence

of explicit rules in law and custom provoked endless controversy.
Yet every generation did make the attempt, leaving its mark both on

science and on the political framework. Heroes emerged Hassler,

Bache, Powell, Billings, Pinchot to fight the battle for their time.

Whether they were radicals or conservatives politically is irrelevant

to their common belief that democracy would serve science, which
in its turn would serve the people.

In the Progressive Era the trend culminated in the belief that

science fostered democracy, that its freedom, devotion to truth, and
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objectivity were necessary ingredients of economic and political

justice.
W J McGee concluded, "America has become a nation of

science. There is no industry, from agriculture to architecture, that

is not shaped by research and its results; there is not one of our fifteen

millions of families that does not enjoy the benefits of scientific ad-

vancement; there is no law on our statutes, no motive in our conduct,

that has not been made juster by the straightforward and unselfish

habit of thought fostered by scientific methods." 30

The optimism, the sense of achievement, that reigned in both

political
and scientific circles before 1914, benefited more than most

people then realized from the ninety-nine years of peace between

Waterloo and Sarajevo. The Civil War had been a peculiarly
American interlude. Only in peace could nationalism and universal

science grow up together. After the outbreak of the war in Europe
the United States had two more years to complete her scientific

establishment designed for a peaceful world, and two years to realize

that the horror overseas concerned her deeply. Beginning in 1916,

the most pressing problems of government and science in the United

States stemmed from wars of unimagined complexity and from fear-

ful threats both to democracy and to the freedom of science.



XVI

THE IMPACT OF WORLD WAR I

WHEN the Allies and the Central Powers, in late 1914, settled

into a stalemate of trench warfare, a new age had arrived. It was a

total war of production and the attrition of the fiber of nations, a war

of seemingly* endless indecisiveness. The main factors were massed

manpower and materiel. Only dimly a few men began to see that the

way around the trenches lay in technological unconventionality in

using weapons that, although known before, had seemed fantastic.

Although no nation had accurately foreseen the nature of the con-

flict, the Germans with their background of technological efficiency

promptly introduced poison gas and the submarine. The Allies

gradually groped toward an adequate use of the tank and the machine

gun. But the United States, which in the early days of the war could

imagine the new nightmare only vicariously, reacted very slowly.
Not until the eve of our entry into hostilities did the federal govern-

ment, in a tremendous flurry, attempt to reorder the whole relation

of research to both the military and mass industry. In less than two

years the Armistice as abruptly terminated the experiment.
Two related but distinct trends reached their culmination with

America's entry into the war. The first was the tendency to large-
scale mechanized industry which geared the whole economic and

social life into a common effort of total war. The second was the

application of scientific knowledge and methods to the technology
both of weapons and of industry. Both these trends had been present
in relatively undeveloped form during the Civil War. The inter-

vening years of peace had brought them to completion even though
the military had not participated very largely either in

assisting or in

understanding them.

The Military Research Establishment in 1914

Except for some enclaves such as the Naval Observatory, the old

scientific spirit of the early nineteenth century had disappeared from
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the armed services. This loss was somewhat less serious because science

was now called on for a different job. Exploration with its require-
ments of general information had given way to the application of

science to the weapons of war themselves. The Corps of Engineers,
for instance, had little left but civil works from its earlier activities.

Hence the survivals of the old interests were of less importance than

either the first rustling of weapons research in some of the services

or the beginnings of a mechanism of evaluation by which new weapons
could be developed, selected, and adapted to actual field use.

The Army had made a start at setting up a general staff and

breaking the autonomy of the old service bureaus, thus clearing a

possible channel for the introduction of new weapons and the re-

vision of tactics and strategy to exploit the changes. In actual re-

search, however, only the Signal Corps showed much energy and

imagination. After losing the Weather Bureau to the Department of

Agriculture, this branch had established itself in the field of military

communications, and, beginning about 1907, became the repository
of Army interest in radio and aviation. Although unable to get

appropriations from Congress, the small Aviation Section had done

some testing of planes, machine guns, and bombsights when in 1914
the need for pilots required the shift of all their planes to training.

1

The concept of aviation as a part of signaling equipment was to have

important repercussions on its use and design during the war. The

Signal Corps's work on radio was also tied closely to its earlier essen-

tial reliance on telegraphy.
In general, however, the Army's attitude toward both science and

technology was far from dynamic. Even though most of the nearly

two million automobiles in the world in 1913 were in the United

States, the Quartermaster Corps was still testing mule wagons as well

as trucks.2 A Board of Ordnance and Fortifications had been more

or less active since the i88o's, spending some money for research,

but it had lost most of its control over the work of the technical

services.
3 The Springfield rifle in use by the Army had been adopted

in 1903, and no light artillery piece measured up to the French 75-

millimeter gun of 1897.*

The Navy was far behind the Army in its command structure,

the Office of Chief of Naval Operations being created only in 1915

with very modest powers. Yet by 1914 the naval revolution which

had been in its early stages during the Civil War had culminated in
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the battleship of the Dreadnought type, and the United States had

reflected the changes. The Nevada and the Oklahoma, commissioned

in 1916, compared well with any battleships in the world and com-

pletely overshadowed the ships that had fought the Spanish-American

War only eighteen years before. David W. Taylor had made a

brilliant name in ship design, and reforming officers such as William

S. Sims and Bradley Fiske had introduced changes in gunnery pro-

cedure that had increased both accuracy and rate of fire. The use of

directors and mechanical computers was beginning by 1914. The shift

from coal to oil as fuel brought important advantages.
5 The Navy had

shown an early interest in radio, and its contracts had been an en-

couragement to some of the pioneer inventors such as Lee De Forest.6

Profound as these changes were for naval warfare, they seldom pro-

ceeded directly from scientific research on the part of the Navy

Department, but rather were wholesale borrowings from abroad,

especially from the British. Sims was emphatic that his new system

of gunnery was "taken bodily from Percy Scott," the reforming

British admiral.
7 In the second place, although some of the early

development of the submarine had taken place in the United States,

the Navy had made no adequate assessment of the role of this new

craft nor had it foreseen the need of developing new means of

combating it. The main asset of the Navy was a familiarity with

technological change and, in at least some quarters, an open attitude

toward it.

Although spawned in a period of peace and directed toward

nonrnilitary problems, the civilian scientific bureaus of the govern-

ment had as much to offer in research resources for a total war as had

the military itself. Especially the new bureaus oriented to industrial

problems Standards and Mines possessed skill of high impor-

tance which was much more completely developed than in the

military. The Department of Agriculture by minor conversion had

research resources for such important military supply problems as

nitrates. The National Advisory Committee for Aeronautics, al-

though still in embryo, had obvious relevance to the military. Since

total war was to extend back to the sources of basic raw materials, the

conservation agencies such as the Geological Survey and the Forest

Service could bring their facilities to bear. The great drawback to

the civilian establishment was its orientation around peacetime prob-

lems, the difficulty of dropping its usual work, and above all the lack
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of leadership from the military in the selection and priority of prob-
lems. No adequate administrative mechanism existed to mobilize the

government's scientific establishment for war.

The Evolution of a Central Research Organization

Although the European battlefields began to teach clear lessons

in total war almost immediately, the diplomatic position of the

United States militated against quick response by increasing research.

All moves to step up military activity seemed to threaten the policy
of neutrality that Woodrow Wilson pursued. In December 1914, the

President made no recommendation for an enlarged budget for the

Army and Navy. Sentiment for "preparedness" began to appear and
when espoused by Republican leaders such as Theodore Roosevelt

and Elihu Root became a live political issue.
8

Only in 1915, after the

unrestricted submarine warfare had definitely moved the administra-

tion toward a position of enforcing strict neutrality with regard to

Germany, did Wilson become a convert to the policy of prepared-
ness.

9 As the attitude of the President and his advisers changed, the

way opened for the development of a central scientific organization

geared to the war. Because the existing bureaus were entirely inade-

quate to a task of such magnitude, a mobilization of the nation's total

scientific resources outside as well as within the government was

essential.

The government as a whole responded to the emergency by
creating a great apparatus entirely separate from existing machinery.
These temporary organizations, ill-defined in both powers and func-

tions, often went through many changes before attaining proper
balance.10 An act of August 1916 set up the Council of National

Defense, made up of the secretaries of war, Navy, interior, agricul-

ture, commerce, and labor, to "coordinate industries and resources for

the national security and welfare." u Looked upon at first as an inves-

tigating and research body preparing for a "future war of defense in-

ferentially far distant," the Council of National Defense soon found

itself plunged into an executive position for which it was not well

fitted.
12 After many mutations the War Industries Board and the

Food Administration emerged under the strong leadership of Ber-

nard Baruch and Herbert Hoover to control large segments of the

economy.
Of course, the War Industries Board often found itself pushed
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directly into research activities by its own momentum. A technical

and consulting staff gradually developed which had the full use of

the Mellon Institute in Pittsburgh.
13

Especially active in the study
of nitrates and strategic minerals, the War Industries Board sometimes

clashed with the Geological Survey and the Bureau of Mines, the

points at issue revolving around the stimulation of industries for the

domestic production of metals such as chrome and manganese.
14 But

in general the emergency organization was more interested in imme-

diate large-scale results. Research was only a last resort, and its organi-
zation was left to those with a direct interest in it.

The Navy was first in reacting to the need for a central research

organization. Secretary Josephus Daniels, whether or not he had any
conscious knowledge of it, picked up precisely where Gideon Welles

had left off in 1865. Then the Permanent Commission had done the

most effective work accomplished during the Civil War by screening
hundreds of unsolicited inventions. Now Daniels appointed a Naval

Consulting Board whose chairman, Thomas A. Edison, was the very
embodiment of the

spirit
of the inventor. On July 7, 1915, Daniels

wrote to Edison, "one of the imperative needs of the Navy ... is

machinery and facilities for utilizing the natural inventive genius of

Americans to meet the new conditions of warfare as shown abroad."

He wished to set up "a department of invention and development, to

which all ideas and suggestions, either from the service or from

civilian inventors, can be referred for determination as to whether

they contain practical suggestions for us to take up and perfect."
15

After Edison had sent an emissary to Washington indicating his

willingness to serve, Daniels went to East Orange, New Jersey, and

worked out the details of the board. Except for the chairman and

one other, the membership was chosen by the eleven largest engineer-

ing societies of the United States. The resulting list was widely rep-
resentative of engineers and inventors. Several of the pioneers of in-

dustrial research served Willis R. Whitney, Frank J. Sprague,
L. H. Baekeland, and Elmer A. Sperry, among others.16 Significantly,

no representation was given to the National Academy of Sciences,

and only a few of the men chosen had any close connection with

either university or government science.

Starting off without congressional authority or appropriation,
the Naval Consulting Board divided itself into committees on almost

the whole range of scientific and technological problems of interest
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to the military: chemistry, physics, aeronautics, internal-combustion

engines, electricity, mines and torpedoes, ordnance and explosives,
wireless and communications, transportation, production, ship con-

struction, steam engineering, life-saving appliances, aids to navigation,
food and sanitation, and public works.17

Vigorous research programs

along all these lines would have blanketed not only the Navy's but

the whole nation's research effort.

Edison's position was as crucial to the whole enterprise as his

name was to its renown. He made it clear to Daniels that he took up
the work as an inventor and not as an administrator.18 Because of his

sixty-eight years and the impairment of his hearing, his decision was

natural, but it left the board without vigorous executive leadership, a

lack that strongly influenced its subsequent career.

The members of the Naval Consulting Board early realized that

the inventors scattered through the country could not be expected to

answer the problems of a kind of warfare that even the professionals

hardly understood. They were also aware that the Navy had almost

no facilities that could be used for research. They, therefore, proposed
a naval laboratory under the command of an officer with a staff of

"civilian experimenters, chemists, physicists, etc." They believed that

"secrecy should be a governing factor." Besides the staff, an inventor

should find there facilities for developing "the idea he has presented,

provided he is a practical man." They envisaged an investment of

$5,000,000 and an annual appropriation of $3,000,000. In March 1916,

Daniels, Edison, Baekeland, and other members of the committee

testified before the House Naval Affairs Committee, securing an

authorization for the laboratory by way of the time-tested route of

an appropriation bill. The initial sum was $i,000,000.
19

This step could have placed Navy research on a new plane. Indeed,

it provided the legal basis for the establishment of the Naval Re-

search Laboratory in 1923. But in 1916 the members of the board

were unable to capitalize their splendid opportunity. They split on

whether to locate the laboratory at Annapolis, Sandy Hook, or on

the Potomac near Washington. When war broke out in April 1917,

the whole project dropped and the money remained idle.
20

The major activity of the Naval Consulting Board became then

the screening of the inventions with which the public in this as in

other wars deluged the government. This work, the province of the

Permanent Commission during the Civil War, was handled during
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World War II by the National Inventors Council of the Department
of Commerce.21

Culling 110,000 suggestions was an onerous task for

which the members of the Naval Consulting Board, busy executives of

industrial concerns, were not entirely suited. Only no inventions had

enough merit for detailed examination by the subcommittees and only
one went into actual production. No clearer proof is needed that in

time of total war random ingenuity is no alternative to the problem

approach by teams of highly trained men thoroughly aware of both

scientific theory and the needs of the services.
22

The National Academy of Sciences provided in theory a legal

vehicle for a broadly based organization of the nation's scientists. Yet

it was so unaccustomed to action of any kind that it did not enter the

field until several months after the Naval Consulting Board. Most

people had forgotten the tribulations of the Civil War period and

believed that the Academy had once been an effective war organiza-

tion for science. Everyone equally recognized that in the moribund

state which had overcome it in the early twentieth century the

National Academy could not automatically take up the burdens of a

central scientific organization. That the Academy finally was able

to do anything was largely the result of the efforts of a group of

reformers within its own ranks.

George Ellery Hale, as a friend pointed out, was an astronomer

who regarded "himself as doing his best work as an initiator and pro-
moter of scientific enterprises."

23 Director of the Mount Wilson

Observatory, he was a thoroughly competent and respected scientist.

He had shown great enterprise in raising money for expensive tele-

scopes, establishing close relations with the Carnegie Corporation and

the president of its board, Elihu Root. As early as 1910 Hale had be-

come the active leader of a movement to rehabilitate the National

Academy when he had become its foreign secretary. Looking across

the Atlantic, he wished to make it a true counterpart of the Royal

Society and the French Academy.
24

With the outbreak of war in 1914 Hale's ideas of reform merged
with an intense desire for preparedness, an enthusiasm for the Allies,

and a critical attitude toward strict neutrality. His friend Elihu Root

was, of course, one of the eminent Republicans who followed the lead

of Theodore Roosevelt in attacking Wilson on these grounds. On
July 13, 1915, Hale said in a telegram to Dr. William H. Welch, the

president of the Academy, that it "is under strong obligations to offer
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services to President [of the United States] in event of war with

Mexico or Germany." This stand was doubly bold because the Acad-

emy usually waited for its invitations and because it implied that war
was imminent. Welch, while he could "imagine no objection to the

Academy offering its services to the President in the event of war,"
considered such a thing improbable "while Wilson is president."

25

Nothing further happened until April 1916, when Hale moved a

resolution to offer the resources of the Academy to the President of

the United States "in the event of a break in diplomatic relations with

any other country."
26 The vote was unanimous in favor, and Welch

blandly fell into line, taking a committee which included Hale and

C. D. Walcott to see Wilson. After the President accepted the offer,

the Academy began the slow process of evolving a new mechanism

for dealing with the emergency. An organizing committee under Hale

as chairman was made up entirely of relatively young men, including
Robert A. Millikan, a physics professor at the University of Chicago
who had a burning belief in the cause of the Allies.

27

By common consent, membership in the National Academy was

abandoned as the basis for participation, the organizing committee

reaching out in all directions for investigators who could actually do

the work. In contrast to the Naval Consulting Board, which repre-
sented only inventors and the engineering societies, Hale tried to

include all the great estates of science in the country. The committee

recommended that "there be formed a National Research Council,

whose purpose shall be to bring into cooperation existing govern-

mental, educational, industrial, and other research organizations" in

strengthening the national defense.28 Government, the universities,

the foundations, and industry all had a genuine place. On July 25,

1916, President Wilson gave his blessing in a letter to Welch, promis-

ing cooperation from the departments and agreeing to appoint rep-

resentatives of government bureaus as members of the Council.29 The
fact that this letter was published, in effect announcing the project,

eased Hale's way considerably.
30 Both Massachusetts Institute of

Technology and the Throop College of Technology (later Cali-

fornia Institute of Technology) began expanding research facilities

in anticipation of cooperation with the Council.31 This broad base

of cooperation was the great strength and one of the great accom-

plishments of the new organization.

Although the desire for preparedness and strong pro-Allies emo-
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tions were the immediate spur to Hale and his group, they did not

abandon the long-range aim of reforming the Academy and through
it the research institutions of the country. "It was recognized from

the outset," wrote Hale, "that the activities of the committee should

not be confined to the promotion of researches bearing directly upon

military problems, but that true preparedness would best result from

the encouragement of every form of investigation, whether for mili-

tary and industrial application, or for the advancement of knowledge
without regard to its immediate practical bearing/'

32
Accordingly,

the NRC reflected some of Hale's characteristics. It relied initially on

the support of the Carnegie and Rockefeller Foundations for its

money. It tried to foster permanent research institutions. And it em-

phasized the international aspects of science.

Hale went to Europe in August of 1916 to establish liaison with

scientists in the Allied governments and laid the basis for that flow

of information from the war itself which was necessary if American

scientists were to comprehend either the magnitude or the nature of

the problems. Hale's enthusiasm for the Allies and his interest in inter-

national exchange of scientific information made this duty especially

congenial.
33

In September 1916, the National Research Council held an organi-
zation meeting in New York. Hale became permanent chairman.

Gano Dunn of J. D. White Engineering Corporation and John J.

Carty of American Telephone and Telegraph Company played a

major role, bringing an important segment of the research engineers
into line. Carty buried the hatchet between "pure and applied re-

search, pointing out that they do not differ in kind but merely in the

objects to be accomplished."
34 Columbia's Michael Pupin also stressed

the alliance between the scientists and engineers, speaking "at length
on the value of cooperation in industrial research, as evidenced by the

work of the Research Laboratory of the General Electric Company."
The Engineering Foundation, a new private organization, placed
funds at the disposal of the NRC and also the services of its secre-

tary.
35 Government scientists such as C. D. Walcott and S. W.

Stratton received prominent posts. The first list of members showed
both a breadth and a practicality that the Academy itself could

never have achieved.

The executive committee met several times in the fall of 1916,

setting up a military committee of high-ranking army and navy
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officers. A beginning was made on committees representing scientific

disciplines. Chemistry led off, followed by mathematics, astronomy,

physics, geology and paleontology, geography, botany, zoology and
animal morphology, physiology, medicine, hygiene, agriculture,

psychology, and anthropology.
36

However, a full-time working organization did not immediately
follow. Hale went back to California without providing a permanent
director for the NRC. Only in February 1917, with the severance of

diplomatic relations with Germany, did Hale and R. A. Millikan

throw up their private jobs to go to Washington. Millikan, as chair-

man of the physics committee, was already being inundated with

requests from the military committee to do something about the sub-

marine. In addition, Hale soon created for Millikan the post of

"Third Vice-Chairman, Director of Research, and Executive Officer

of the National Research Council." 37
Thus, the Chicago physicist,

not yet fifty years old, became the key man administratively while

still retaining his earlier post, which entailed active investigation in

physics. Hale had some hopes of making Millikan the permanent

counterpart of the secretary of the Royal Institution an investiga-
tor making a career for himself in the capital and controlling Ameri-

can science largely by his influence and example. Millikan himself,

however, subordinated everything to "helping in the war." 38

With the outbreak of hostilities in April 1917, the Millikan point
of view gained quick ascendancy, and Hale, whose particular talent

was getting an organization started, soon withdrew into the back-

ground. In August 1917, he left for Pasadena for several months to

see to the mounting of the telescope at Mount Wilson Observatory,
and soon his restless energy was redirected toward forming an In-

ternational Research Council.39

Meanwhile a small full-time staff gathered in Washington, and

the NRC began reaching out in many directions for the power and

support it needed to become an effective war-research agency. The
main early personnel, besides Hale and Millikan, were a public health

expert, a chemist, a second physicist, and an aeronautical engineer.
40

During several months, late in 1917, Millikan held down the office

virtually alone.
41

Only in 1918 did the NRC get an active central

office.

An early headache was money. Although the establishment of the

NRC got around the statutory prohibition against members of the
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National Academy receiving reimbursement for their services, no

government appropriation was immediately in sight. Accordingly,
the private sources most concerned with the NRC's activities came

to its rescue. The Engineering Foundation had given small but sig-

nificant support in the fall of 1916. However, the first substantial sum

came when the Carnegie Corporation, of which Hale's friend Elihu

Root was chairman of the board, made $50,000 available. An addi-

tional $100,000 followed in May 1918. The Rockefeller Foundation

gave $50,000 in February 1918 for the Division of Medicine and

Related Sciences.
42 A number of smaller gifts added to the total of

private support. While it is impossible to estimate the total amount of

government expenditures through the NRC during the war, the

private funds remained a considerable percentage of the total finan-

cial support, and without them the operations of the central office

in particular would have been drastically curtailed.
43

In February 1917, the Council of National Defense requested the

NRC to act as its department of research, responsible for "the organi-

zation of scientific investigation bearing on the national defense and

on industries affected by the war." 44 At almost the same time the

Council of National Defense appointed the Naval Consulting Board

as its board of inventions.45 Such arrangements did not fall into place

automatically. For a time the NRC feared that the Council of National

Defense would set up a scientific committee under a man generally

considered incompetent. Welch, as president of the National Acad-

emy, exerting his influence on the Council of National Defense,

secured the desired orders while resisting pressure from his own

people to appeal directly to Woodrow Wilson.46

Basically, the NRC was fortunate not only to get the blessing of

the over-all emergency body at the outset but also to have its sphere
of authority clearly marked off from that of its Navy rival. Never-

theless, money from the Council of National Defense did not appear
on the NRC's books until January 1918, when President Wilson

authorized a grant of $29,250. The total sum received during the war

through this channel was $128,650, somewhat less than the combined

private support.
47

Part of the funds from the Council of National Defense made

possible an NRC activity important out of all proportion to its cost.

The Research Information Service was a direct outgrowth of the

chilling realization that American science was profoundly dependent
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on European science in general and on Allied military research in

particular. This was apparent as early as Male's visit to Europe in

1916. A mission to the Allies under Joseph S. Ames went over in the

opening days of the war, and return missions of scientists from the

major Allies were accredited to the NRC.48
By early 1918, the funds

received from the President through the Council of National Defense

made possible a regular branch of the NRC known as the Research

Information Service. With a central committee made up of the chief

of military intelligence, the director of naval intelligence, and S. W.
Stratton for the NRC, the new organization opened offices in London
and Paris. Two leading scientists sailed in February 1918 to direct

these offices from the advantageous posts of scientific attaches to the

British and French embassies. A similar arrangement was later made
in Rome.49

This type of activity had an especial appeal to those such as Hale

who had the permanent ideals of the NRC at heart. "Properly re-

garded, this Information Service may be considered as the pioneer

corps of the Council, surveying the progress of research in various

parts of the world, selecting and reporting on the many activities of

interest and importance . . . and disseminating it to scientific and

technical men and to institutions which can use it to advantage."
50

The results of the Information Service, although by nature indeter-

minate, form a bright chapter in the annals of the NRC.
The general usefulness of the NRC had to be measured in the

final analysis by its relations with the military. If science was to take

a new place in the conduct of war, it had to do it in the field of weap-
ons research, and the armed services were jealous guardians of their

own preserves. NRC scientists such as Millikan were able to establish

cordial but informal relations with the Navy through the Military

Committee, while the existence of the Naval Consulting Board dis-

couraged too close a legal tie. But the chief signal officer took a more

aggressive attitude. General G. O. Squier was a man described by
Millikan as "a strange character who . . . was in no sense an organ-

izer nor a man of balanced judgment, but he had one great quality

much needed at that time, namely, a willingness to assume responsi-

bility and go ahead." 51 A graduate of West Point but also a Johns

Hopkins Ph. D. and an electrical engineer,
52

Squier had been so im-

pressed with the value of research for war that as early as 1916 he

"predicted that the United States will probably find it desirable to
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appoint as a Cabinet officer a Secretary of Sciences in the not distant

future." S3

At the outbreak of war, Squier began to envisage the large-scale

use of research. He wrote to Hale in July 1917 that in "the Signal

Corps questions involving the selection and organization of large

numbers of scientific men and the solution of research problems are

constantly arising." Considering the NRG "the one agency in a

position to meet the present needs," he requested "the research

council to act as the advisory agent of the Signal Corps." To accom-

plish this he resorted to a very direct and personal scheme. "I would

suggest that Dr. Robert A. Millikan, vice chairman and executive

officer . . . apply for a major's commission in the Officers Reserve

Corps, for detail in charge of this work." 54 With this beginning,

Squier put virtually the whole physics committee into uniform and

hence under orders. By capturing the executive officer himself, he

acquired a certain military control over the whole NRC. Rather

ironically, one of the most pressing needs of aviation in the Signal

Corps was a meteorological service, a development entirely unforeseen

in 1890 when the Weather Bureau was transferred to the Department
of Agriculture.

Millikan was "not keen" about going into uniform, "for I was

quite as active in connection with the Navy as with the Army, and in

addition had had thus far free access to the offices even of the Secre-

taries of both War and Navy, which men in service in general did

not have." 55 While thus recognizing at least partially the conse-

quences of this step, Millikan admitted that throughout the govern-
ment civilians chosen for large responsibilities were being taken into

the armed service. Even Dr. William H. Welch, the portly president
of the National Academy,

56
appeared on the streets of Washington in

uniform. This direct action was the World War I way of bringing
civilian resources into the service of the military. No mechanism ex-

isted for directing large funds for military purposes into civilian hands.

The only alternatives were either to work out some new procedure
or to take the civilians into uniform. In the confusion of the summer
of 1917, the latter seemed to most of those involved the only course.

Soon the practice spread to other activities of the NRC. Sound rang-

ing for artillery began under the Signal Corps when the NRC rec-

ommended Augustus Trowbridge and Theodore Lyman as scientists

to work out the procedure. The chief of ordnance then got cogni-
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zance and issued commissions to the same investigators. When they
went overseas they were transferred to the Engineers, with whom
they served at the front.57 A. A. Michelson went to work on range
finders at the behest of the NRC, but eventually the Navy's Bureau
of Ordnance took control, Michelson receiving a commission.58 Yet,
this trend made it hard for the NRC to develop a balanced program
for all the branches of the services and also rendered almost impossible
the role of impartial critic and initiator of ideas that the Office of

Scientific Research and Development during World War II so cher-

ished.

Enough has been said of the activities of the wartime NRC to in-

dicate that it was far from a tightly organized bureau, omnipotent
within its sphere, actually directing all phases of the research effort.

Millikan, commenting on the vagueness of early NRC records, em-

phasized that the "confusion was in the situation^ which never got

sharply into the records, rather than the way such records" appear.
5*

His list of organizations with which the NRC had trouble is perhaps
instructive in hinting at the actual boundaries of authority. He claimed

it took longest to "work the right relation to ... the Naval Consult-

ing Board, the National Advisory Committee for Aeronautics, the

Bureau of Standards, and the engineering societies."
60 Of these the

NACA and the Bureau of Standards were especially significant be-

cause they represented new and vigorous research enterprises which

tended to develop their own programs even though all their leaders

had places in the NRC.

The Wartime Research Effort

Any given research program was likely to be the shared responsi-

bility of several agencies with varying objectives, resources, and

levels of activity. To trace the ramifications of the major research

efforts would be impossible in a small compass even if much more

were known about them than appears in available literature.
61 All that

is possible is to indicate by example some of the major programs with

a few aspects of their scientific and administrative setting.

The position of medical research clearly reflected the stresses

of mobilization and war. A whole generation of medical accomplish-

ment made it possible to hope for unprecedentedly good results in the

care of battle wounded, in the protection of troops from disease, and

in checking epidemics through the population as a whole. Virtually
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all the wartime agencies had some relation to medicine. The Council

of National Defense had its General Medical Board which had a com-

mittee on research.
62 The NRG set up a Division of Medicine and

Related Sciences under Victor G Vaughan, an authority on public

health, with a number of committees gathering
information on medical

activities.*
13

The Army, however, quickly became and remained the dominant

force in medical research. W. C. Gorgas as surgeon general gave

commissions both to Vaughan and to Welch, who became the "liaison

man between America's medical laboratory men and the army."
64

In February 1918, the NRG reorganized its division under the chair-

manship of commissioned medical officers. "The general plan has

been to follow the advice of representatives
of the War, Navy, and

Labor Departments in determining urgent problems, and then to

find the proper workers to investigate them." 65

With the exception of its futile efforts to check the influenza

epidemic, the record of medicine in the war was so outstanding that

it introduced a new era of warfare in which the diseases that had once

ravaged armies and civilians alike were kept under control. Yet how

much of this gain was the result of research conducted during the

war is hard to determine. The accumulated discoveries of the years

since the last previous war had much to offer, and improved adminis-

tration and hospital facilities doubtless also contributed. Most

authorities point out, in addition, that much basic research was inter-

rupted.
Immediate remedies rather than knowledge of disease tended

to take precedence.
The stimulating effects of the war are to be

found in the mass clinical opportunities
and the general shaking up

of the whole profession rather than in the research program and re-

sultant discoveries from it.
66

An activity originally organized under medicine in theNRG unex-

pectedly grew into an independent science during the war. Psy-

chology was still struggling to find its own first principles when the

great masses of draftees requiring classification gave it an unprece-

dented opportunity.
As one of the scientists most responsible for

the program said, "Fortunately alike for the science of psychology

and the army, the practical
work overrode the disadvantages of its

name and ultimately converted psychology into a word to conjure

with in the United States Army."
67 Both the Alpha and Beta tests,

one of which was given to every soldier, and procedures for selecting
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men for specialized tasks convinced the most skeptical officer of the

practical value of the new science.68

Weapons research for the armed services had to contend with
two deterring factors which appeared in every program. The first

was the overwhelming necessity of producing large quantities of

materiel and the consequent desire to standardize early, usually by
borrowing battle-tested designs from the Allies. The second factor

was the relation of time lag in research to the probable end of the

war. Since weapons research did not really begin on a large scale until

1917, results that could be developed, produced, and shipped across

the Atlantic for use at the front in 1918 were not to be expected.

Only the assumption that the war, which already seemed an eternity
to the European participants, might last to 1919 or 1920 gave research

any priority at all.

Aviation was so new as a weapon that the need for more knowledge
assailed the government from all sides, quickly forcing those respon-
sible to resort to wholesale borrowing in an effort to get into large-

scale production even before the possible uses of aircraft in war were

clearly understood. Hence much effort went into groping attempts
to evolve an air doctrine on which requisitions could be based. A
series of organizational shifts involving the American Expeditionary

Force, the chief of staff, occasional technical missions, and many of

the emergency agencies eventually set in motion a massive program of

airplane building on British and French designs which was just begin-

ning to roll in the fall of 19 18.
60

As aviation mushroomed, the chief signal officer gave official en-

couragement to an increased initiative on the part of the scientists he

had taken into his outfit from the NRC. But early in 1918 the Signal

Corps lost all control of aviation, throwing its Science and Research

Division into a kind of no man's land between its former superior and

a production-minded organization called the Board of Aircraft Pro-

duction.70 Near the end of the war, with the creation of a separate

Air Corps, Millikan "was instructed that my whole physical science

group . . . was to be transferred." The only difference it made was

that "all of us ... took off Signal Corps insignia and put on the

'wings.'"
71

Nevertheless, these shifts of authority meant that the

NRC, in addition to falling under military control, had its position

within the army structure confused. Even though the research group

tagged after aviation through all these wanderings, it failed to become
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a sufficiently implanted part of the military to achieve permanence.

Within the military and production framework, the NACA and

the NRC attempted to carry on a research program. The NACA
started building its facilities at Langley Field, Virginia, but at the

end of the war its first wind tunnel was still unfinished.72 Army re-

search centered at Dayton, Ohio, where Millikan's uniformed NRC
personnel did most of their work. At the time of the Armistice the

NRC people concerned with aviation were 22 officers, 121 enlisted

men, and 16 civilian scientists.
73 The closest student of the problem

concludes that the "achievements of the United States in creative

design and experimental engineering, as contrasted to the result of

production engineering, were important only insofar as they marked

the growth of a new industry and developed a body of experience to

guide the War Department in the postwar era."
74

The need for a means to combat the submarine was the most

pressing one facing the Allies in 1917 and also the one most insistently

calling for scientific research. Since the British and French were as

baffled as anyone, borrowing designs for production was impossible.

Sir Ernest Rutherford, who came over with one of the early British

missions, described it as "a problem of physics pure and simple."
75

Of several possible approaches, detection of the submarine's position

by listening devices seemed to offer the most immediate hope of

success.

The Naval Consulting Board entered the submarine-detection

business in February 1917, when it set up a Special Problems Com-
mittee under which Willis R. Whitney of the General Electric Com-

pany had responsibility for detection by sound. He soon secured the

cooperation of the Submarine Signal Company of Boston and later of

the Western Electric Company in setting up a station for experiments
at Nahant, Massachusetts.76 At this point the NRC physics committee

under Millikan was also becoming so active that the secretary of the

Navy created a special committee with an admiral as senior member
and with civilian advisory members from the Naval Consulting Board

(Whitney), the NRC (Millikan), the Submarine Signal Company,
and the Western Electric Company. Of the group of scientists drawn

from industrial research working at Nahant, Irving Langmuir was the

most notable.

Millikan soon moved, however, to get university physicists to work
on sound detection in an independent project. He managed to get
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facilities at New London, Connecticut, for a group of men drawn
from Yale, Chicago, Rice, Cornell, Wisconsin, and later Harvard.
With the advantages of the naval base there, New London soon be-

came the main center for research, merging the university and indus-

trial teams. From these groups emerged a listening device for deter-

mining the bearing of a submarine by picking up its noise.
77

In this field as in others the first glimmerings of a workable device

led immediately to problems of development for service use. Although
Max Mason, who produced one of the more promising sound-detec-

tion devices, was part of the university group, he turned to General

Electric for development and production. By 1918, the Navy took

over the financial responsibility for the New London station which
the NRC had assumed in the early days.

78

The physicists soon found themselves enmeshed not only in the

development and production of listening devices but in the design and

production of escort vessels. By Christmas 1917, Millikan was in touch

with Henry Ford, who eventually began the mass production of

eagle boats, designed to carry, among other things, listening gear.
70

Here again the factors of time and mass production invaded research

programs and tended to dominate them.

In retrospect, the World War I research on submarine detection

seems scarcely to have dented one of the most intractable problems
of twentieth-century warfare. The depth charge, the convoy system,
the mine, and old-fashioned seamanship counted for much more dur-

ing the crucial days of 1917, while both submarines and detection

gear moved into new ranges of performance before the outbreak of

World War II. Yet the very approach to the problem as one that

could be solved only by massed and coordinated scientific resources

demonstrated clearly that a new era of warfare had arrived and that

science had an essential place in it.

No weapon of World War I shocked the world public as did

poison gas, which seemed by the very process of its generation some-

how the machination of scientists. Although gas had been in use on

the Western front for two years before 1917 and although the sub-

stances used had been well known in the laboratory, the United

States' chemical establishment, extensive as it was, had almost no

experience with the particular problem. The NRC had a committee

on the uses of gas in warfare which appears not to have been very
active as such.80 The Army had almost no experience at all. The real
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center of knowledge and the possible vehicle for swift action was the

Bureau of Mines, which had been working on gas as the cause of mine

disasters for several years. In February 1917, the Bureau of Mines,

calling attention to its abilities through the NRC, embarked on a

program of adapting oxygen-breathing apparatus used in mining for

use as a gas mask.81 The problems of offense and defense being closely

intertwined, research under the Bureau of Mines quickly burgeoned
on gases as well as masks, leading to a marked expansion of personnel

and, in the fall of 1917, the creation of a central laboratory at the

American University in Washington. Out of this effort came a new

gas, lewisite.

By this time groups interested in separate phases of gas warfare

had cropped up in the Medical Corps, the Ordnance Department, the

Signal Corps, and the Corps of Engineers. The AEF, as usual some-

what ahead in its organizational adjustments to the realities of war, set

up a separate Gas Service, and General John J. Pershing cabled in

September 1917, "Send at once chemical laboratory, complete equip-
ment and personnel, including physiological and pathological sec-

tions, for extensive investigation of gases and powders."
82

Two trends had now become quite clear, one in the direction of a

major gas-warfare command within the Army, and the other in the

direction of embracing all activities, including research and produc-
tion as well as tactical use, within the military framework. Few chem-

ical companies had any real interest in such toxic materials, and the

Bureau of Mines with its other responsibilities could hardly expect to

carry on the whole research program indefinitely. Branch laboratories

were springing up in various universities and the problems ramified

far beyond those that the Bureau of Mines had formerly cultivated.

Van H. Manning, chief of the bureau, became apprehensive that his

"gas work" would go to the Army even though he "had planned the

work and gathered the force." 83

The inevitable shift came in July 1918, with the creation of the

Chemical Warfare Service. The American University Experiment
Station went over intact to the Research Division of the new service.

Not only were the chemists hired from the universities given com-
missions in accordance with the usual World War I practice, but also

the key Bureau of Mines personnel. G. A. Burrell, who had headed

the work for Mines, became a colonel and chief of the Research Divi-

sion.
84 Production centered in Army hands at Edgewood Arsenal.85



THE IMPACT OF WORLD WAR I 32!
Great as was the impact of science on the Army in creating a

whole new service for gas warfare, chemistry played on a much
larger stage than weapons research alone. Indeed, chemical produc-
tion was one of the avenues by which military considerations merged
into economic problems and eventually penetrated deeply into the

fabric of American society. Science, caught in these ever-widening
influences, was carried into all parts of the economy. Since chemistry
was at just the proper stage to feel these impulses and to contribute

most, this was in a real sense a "chemist's war." 86

The need for helium to inflate airships and balloons touched off a

major production program of an element that had before been a rare

laboratory curiosity. As in the case of poison gas, the Bureau of Mines

possessed some background information which made BurrelFs group
there the first center of activity. F. G. Cottrell of the bureau was

already interested in processes that might make possible the separation
of helium from the natural gas of certain Oklahoma and Texas fields.

87

Meanwhile, as a result of a British mission to Washington, the Army,
Navy, and NRC became very enthusiastic about helium, and out

of a bewildering series of conferences 88
emerged two plants at Fort

Worth, Texas, and one near the Petrolia field in Texas, source of the

helium-bearing gas. All three used different processes and got into

production only in the last stages of the war, with the Navy and the

Bureau of Mines backing rival methods. When the Armistice was

signed, the first 147,000 cubic feet of the gas was awaiting shipment
in New Orleans. The failure of aviation to develop far on the lighter-

than-air principle has rendered the helium story less fascinating than

it was to a generation that saw in it great potentialities. It remains,

however, an excellent example of an industrial process in government
hands rushed in a few months from laboratory to production under

the stress of war.

The chemical problem that unfolded on the most gigantic scale

was the necessity of securing a supply of nitrates, basic to the manu-

facture of explosives. This had been a cause for concern in the Civil

War. Accustomed to depend on nitrates shipped from the natural

deposits in Chile, the United States had little experience with the

synthetic processes that had already been worked out in Europe, espe-

cially in Germany. The task, then, that faced the government and the

American chemical industry was the evaluation of various processes

and their adaptation to unprecedentedly large-scale production.
89 In
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spite of great accomplishment, including the building of the plant

and power installations at Muscle Shoals, Alabama, the American

supply during the war continued to depend on Chile. The greatest

effect of the program, then, was on the potential production capacity
of the chemical industry, plus the political problem of whether the

government should remain in the nitrate business at Muscle Shoals.

The unaccustomed demands on science by the war were in many
cases compounded by the abrupt breaking of lines of communication

with Germany. Throughout the nineteenth century the easy flow of

ideas and instruments in the international world of science had made

it easy for Americans to rely on Europe. And the much-heralded

borrowing of basic ideas was only a part of the debt. Whole technol-

ogies which supplied science with necessary services had grown up
almost without American representatives. The most obvious of these

was the manufacture of high-quality optical glass, which had before

come from Germany to the exclusion of an American industry. Even

the basic formulas on which the Germans worked were tightly held

secrets. With wartime military demands for more and better optical

instruments of all kinds, American scientists had to create an industry
while replacing German data by research.90 The two organizations

with the background and facilities to attack the problem were the

Bureau of Standards and the Geophysical Laboratory of the Carnegie
Institution.

The Bureau of Standards set up an experimental furnace in their

Pittsburgh station in the winter of 191415 to work out a system of

production from the beginning.
91
Working with the various optical

companies who undertook production, the chemists of the Geophysi-
cal Laboratory did much to determine the composition of various

kinds of optical glass and to supervise the delicate controls necessary
for its successful production. By early 1918, the American companies
were making large quantities of glass which filled military needs as

satisfactorily as the pre-war German product.
92

The impact of total war wrought a subtle change in the concept
of conservation. With great new demands on the supply of both

minerals and food, the term came to mean maximum efficiency in pro-
duction and minimum waste at the consumer's level. Conserving ma-

terial resources for future generations rapidly dropped out of sight as

a goal. The pressure for production greatly stimulated research in

metallurgy,
93 and the need for food for the Allies brought the war
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home even to those biological sciences not closely related to medicine.

The Department of Agriculture, although it had already been

doing for years the kind of research on production now called for,

entered into the food-conservation programs of the emergency agen-
cies.

94 The NRCs Division of Biology established itself as a part of

the war effort in spite of some early scoffing. One observer doubted

"if any other nation ever responded to the prospect of war with a

scheme of national defense which included a Committee on Zoology
and Animal Morphology."

95
Nevertheless, the biologists proved their

relevance to many aspects of stepped-up food production.
96

Effects on American Science

Although the entire period of the upheaval lasted no more than

three years and hostilities less than twenty months, World War I had

profound effects on every part of American science, whether sup-

ported by the government, by the universities, or by the foundations.

The first major result was the infusion of research into the economy,

especially into production, so thoroughly that industrial research as a

branch of the country's scientific establishment dates its rise to emi-

nence almost entirely from the war period.
The second major result was the use of cooperative research on a

large scale. American scientists became accustomed to working to-

gether for the quick solution of an immediate problem. Not only did

specialists learn to work with others like themselves, but they rubbed

shoulders across the lines of the accustomed disciplines, often much
to their own enlightenment. The government had pioneered in the

problem approach from 1880 onward. Now it became the common

experience of a whole generation of scientists the ones who shaped
institutions not only in the 1920*5 and 1930*5 but during the second

World War as well

The wartime NRC became a central scientific agency to an extent

never dreamed of by the National Academy. It performed a real

function as a clearinghouse of information and a focus of scientific

personnel. Most of the great research efforts of the war fell at least

nominally within its sphere. Yet it showed equally definite limitations.

It never developed an adequate full-time administration to direct all

phases of its program as a unit. Millikan, the executive oiEcer, was

deeply immersed in various special projects.

It never became the dispenser of large funds, and much of what
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money it had was from the private foundations. The only effective

way it had to get military research funds was to have its scientists

commissioned in some particular branch of the Army. As the war

went on, more and more of the NRC's program went over to military
control. It was a spawning ground of much-needed military scientific

laboratories more than an independent agency supplementing the

military programs. It became also less capable of
initiating projects,

depending increasingly on the assumption that the military knew
what to ask for. In this respect, the Office of Scientific Research and

Development of World War II started from a position immensely

stronger than that held by the NRC in 1917-1918.
Basic science, according to most observers, did not fare well dur-

ing the war years. Long-range programs suffered not only in govern-
ment bureaus but also by the absorption of investigators from the

universities. As in medicine, the need for immediate remedies took

precedence over the quest for knowledge. Frank B. Jewett, himself

prominent in war research, claimed that "in setting up the machinery
to accomplish these [recent scientific wartime] achievements we at

the same time set up the machinery for the destruction of advances

beyond a certain point." By robbing the colleges, universities, and

industries of trained scientists for "war's sweat-shop, it was inevitable

that stupendous results should be obtained," but at the expense both

of basic research and of training new men. "While I am not in a posi-
tion to know the exact situation elsewhere in the world, I do know
that we in the United States had early in the summer of 1918 arrived

at the state where scientific man-producing machinery no longer
existed."

9T This trend did not become more obvious because the

sudden arrival of the Armistice did not give it a chance to run its

course.

Indeed, World War I was a fragmentary experience for the

American people. The Armistice caught the war effort just as it was

gaining momentum. The first helium on the pier in New Orleans was
a symptom of potential results that were on the point of fruition.

Research and production programs alike had just begun to shake free

from their organizational difficulties when the Armistice stopped
them, and scientists as well as others showed great dispatch in drop-

ping their wartime tasks and getting home again. Millikan was dis-

charged from the Army on December 31, I9i8.
98

The autumn of 1918 marked more than just the cessation of hos-
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tilities. It also signaled a revulsion, a positive rejection of the war and

all its works by the American people. Wilson lost the Congress and

then the League of Nations. The structure of interallied cooperation
fell to pieces. Appropriations for the Army and Navy plummeted.
The wartime research structure, a target of emotional rejection, could

not in any event have continued long into peacetime.



XVII

TRANSITION TO A BUSINESS ERA

1919-1929

LONG before the Armistice, the necessity of transition to a

peacetime research pattern began to reassert itself. The decade 1919-

1929 was to have a peculiar flavor of its own, compounded of disrup-
tions left over from the war and new forces just beginning to become

powerful. It was not a great period for heroic action on the part of

the government. At the same time, science became a more conspicuous
force in American life than it had ever been before. The government's
research policy was a combination of these two basic conditions.

The Peacetime National Research Council

The National Research Council's main hopes for a peacetime role

were the ideals with which George Ellery Hale had begun it. Even in

the middle of the war these did not quite completely disappear, and

as peace approached the NRC leaders began to talk in terms of stimu-

lating basic research, coordinating the nation's scientific societies, and

becoming the agency for representing the United States in interna-

tional scientific affairs.

In February 1918, Robert Millikan received a letter from George
Vincent, president of the Rockefeller Foundation, asking if there

were some "device by which the scientific personnel and resources of

the country could be better organized" for national service. "Is the

National Research Council, which has been created out of the war

emergency, likely to take on permanent form?" Is the federal govern-
ment in a position to create a separate institution "on the analogy of

certain research units in the Department of Agriculture and in the

Geological Survey? Is the Bureau of Standards capable of extension

into a national research institution?
" * He then suggested the idea of a

research institution to deal with physics comparable to the Rockefeller

Institute for Medical Research.
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Millikan responded by gathering sixteen physicists and chemists

who, after discussing the proposal, voted against it by nine to seven.

Millikan himself voiced the prevailing view that too much "central-

ization, even in the pursuit of science in this country, is a dangerous

tendency." He would have preferred "not a central Institute of

Physics and Chemistry, but the stimulation of at least a dozen such

creative centers scattered all over the country ... to be associated

. . . with effective educational centers." 2 Since a private research

institute appeared too centralized, Vincent's alternative of a govern-
ment agency evidently received no serious consideration. What did

emerge from these deliberations was a group of postdoctoral fellow-

ships in physics and chemistry, administered by the NRC with funds

supplied by the Rockefeller Foundations.3

Handling fellowships was
for the NRC far from as imposing as its wartime activity, but with

the inception of this program the NRC had a solid peacetime function.

These conferences about Rockefeller Foundation plans led Hale,

Millikan, and others to bestir themselves about the permanent legal

status of the National Research Council. Hale, back in Washington
in the spring of 1918, took the lead in preparing a draft which, on the

advice of Elihu Root, was submitted to President Wilson as the basis

of an executive order. Millikan lists the participants in the preparation
of the draft besides Hale and himself as C. D. Walcott, J. C. Merriam,

A. A. Noyes, J. J. Carty, and Gano Dunn. This group, the same that

dominated the wartime NRC, was in effect an alliance of influential

scientists from government, universities, foundations, and industry.

Wilson passed the draft on to the Council of National Defense, from

which the rumor soon emerged that the plan was disapproved. John

J. Carty then went to New York to put it up to Colonel E. M. House,

Wilson's confidential adviser, who agreed to present it to the Presi-

dent. Wilson fell in with the spirit of the plan, making a few verbal

changes, which, according to Millikan, "improved upon our formula-

tion."
4

The resulting Executive Order of May 1 1, 1918 created a perma-
nent National Research Council, deriving congressional sanction from

the National Academy's Act of 1863. The new organization was thus

a part of the National Academy and a possessor of its powers to advise

the government. Yet its membership was not limited to the select few

in the Academy, and in practice most of the scientists on it were

representatives of the various learned societies. The duties listed reflect
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both the long-range ideas of the Hale group and the wartime atmos-

phere of the spring of 1918. They are:

1. In general, to stimulate research in the mathematical, physical,
and biological sciences, and in the application of these sciences to engi-

neering, agriculture, medicine, and the other useful arts, with the object
of increasing knowledge, of strengthening the national defense, and con-

tributing in other ways to the public welfare.

2. To survey the larger possibilities
of science, to formulate compre-

hensive projects of research, and to develop effective means of utilizing
the scientific and technical resources of the country for dealing with these

projects.

3. To promote cooperation in research, at home and abroad, in order

to secure concentration of effort, minimize duplication, and stimulate

progress; but in all cooperative undertakings to give encouragement to

individual initiative, as fundamentally important to the advancement of

science.

4. To serve as a means of bringing American and foreign investiga-
tion into active cooperation with the scientific and technical services of

the War and Navy Departments and with those of the civil branches of

the Government.

5. To direct the attention of scientific and technical investigators to

the present importance of military and industrial problems in connection

with the War, and to aid in the solution of these problems by organizing

specific researches.

6. To gather and collate scientific and technical information at home
and abroad, in cooperation with governmental and other agencies, and to

render such information available to duly accredited persons.
5

In addition to the many private members, the President of the

United States was to designate government representatives to the

NRC on the nomination of the president of the National Academy.
The wartime functions mentioned in points 4 and 5 thus gained firmer

legal basis along with the broader activities of points i, 2, 3, and 6.

In this order, the scientists accomplished on a small scale what the

diplomats failed to do. They secured their charter while the war was
still on and the climate of opinion favorable. Had they waited, the

NRC might well have gone the way of the League of Nations.

As soon as the Armistice was signed, the wartime NRC began to

liquidate itself as rapidly as possible while a new peacetime NRC
struggled to get itself in motion. By June 30, 1919, the NRC "passed
out from under its more direct relations to the National Government

through the Council of National Defense . . . and we may look
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forward to an early conclusion of all our more direct responsibilities
to the Government." A special division was set up in the NRC to

"continue our contacts with the Government, in the hope that they
will lose nothing of their practical value because of the change in their

external forms." 6

Despite this optimistic sentiment, nothing was done

immediately to organize the Division of Government Relations.7

Finally, in December 1919, the personnel was appointed by the

President of the United States, one representative from each bureau

of the government interested in science. The list was extensive and
often distinguished. Walcott was chairman, and among the represen-
tatives were Major General Squier for the Signal Corps, Rear Ad-
miral Taylor for the Bureau of Construction and Repair, most of the

bureau chiefs in the Department of Agriculture, ~nd Stratton for the

Bureau of Standards. However, the list was evidently too extensive

and the names too distinguished, for reports of the NRC in the 1920*8
show that meetings were few, plans were nebulous, and action was
not forthcoming.

8 This grandiose house of delegates of government
science never really convened. Instead, the effectual separation of the

NRC from the government that took place in 1919 became a settled

policy.
The active part of the new peacetime NRC came to center around

the representatives of the various scientific and engineering societies.

Members were organized into divisions roughly paralleling the lines

between scientific disciplines. By 1933 some 79 societies had named

representatives, the memberships of all divisions and the executive

board totaling 285. Salaried chairmen provided continuity in the

Washington staff. Thus, the NRC became a focus of scientific activity

which had no precise counterpart before 1916.

For money the peacetime NRC relied exclusively on private

sources, largely the great foundations. Rejecting the policy of build-

ing up an endowment, the council viewed itself as "an agency for the

exercise of the maximum stimulation of research men and research

agencies."
10
Thus, the NRC, with its wide connections in the Ameri-

can scientific public, became the dispenser of Rockefeller and Carnegie

money for a variety of projects. The fellowships and grants were the

heart of the peacetime program.
The Carnegie Corporation agreed to put up $5,000,000, of which

one-third was used for a building to house both the Academy and the

NRC. Architectural planning and raising the additional money to
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buy a site in Washington became the major preoccupation of the

officers during the early 1920'$. In 1924, President Coolidge made the

dedication speech and George Ellery Hale received a special ovation.

Some speakers considered it the opening of a temple to science

"pilot of industry, conqueror of disease, multiplier of the harvest, ex-

plorer of the universe, revealer of nature's laws, eternal guide to

truth/' 11

The main carry-over from the war period was the peacetime
NRC's position in international science. The Smithsonian had always
been a universal institution, and the National Academy had had

formal relations with its counterparts in other countries, but the war-

time alliance and the United States' new position as a world power
demanded something more. Hale was, of course, a strong advocate of

international scientific organization and set in motion a series of con-

ferences among the Allied nations which began before the Armistice.

A plan prepared by the National Academy of Sciences became the

basis for a new organization called the International Research Council.

The very name marks the extent of American influence. The NRC
became the agency designated for the nation as a member of the

International Council, and the United States led in the formation of

many of the constituent unions.12
Again the scientists took a course

different from the prevailing temper of the times, because these mem-

berships persisted unbroken through the period of the rejection of

the League of Nations. Indeed, Congress paid the small dues through-
out the i92o's by a provision in the State Department appropriation
bUL13 With the growth of the power of the constituent unions, the

name was changed in 1931 to International Council of Scientific

Unions.

The NRC weathered the postwar transition by changing its nature

and by limiting its operations to a scale set by its private sources of

money. Within its reduced sphere it did effective work and began to

gather a backlog of data on the administration of science, especially
of grants and fellowships, which would ultimately be of more general
use to public and private agencies alike. It kept alive a spark of formal

American participation in international scientific organization. But it

was not able to become a really forceful central organization for

American science. It so nearly lost touch with the government that it

was neither a coordinating center for science in the bureaus nor an

active adviser.
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The Federal Scientific Establishment

The military research agencies suffered an 'even more drastic shock

at the end of the war than the NRC. While service research did not

go all the way back to prewar innocence, the combination of whole-

sale cuts in appropriations and rapid demobilization dealt heavy
blows. The civilian scientists with commissions fled back to the

campuses, leaving few regular officers with any experience in direct-

ing research.
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more meaningful comparisons for the selected five-year intervals. [Source:

National Science Foundation, courtesy of Mrs. Mildred C. Allen.]

Besides lack of money, the services had to battle other discourag-

ing trends. In the War Department reorganization of 1920 research

was largely geared to procurement, under the direction of an assistant

secretary of war. Procurement presupposed standardization, making

the object of research a single item of equipment capable of mass

production. All specifications
tended to emanate from the General

Staff, which set tactical and strategic requirements largely without

the advice of scientists in scientific agencies. A War Department



332 SCIENCE IN THE FEDERAL GOVERNMENT
Technical Committee made of representatives from the General Staff

and the technical services had a shadowy existence until 1931, when
it was abolished.

14 A further deterrent was the huge pile of World
War I equipment, enough to supply the needs of the peacetime army
for many years. Not only did procurement itself tend to suffer, but

change in design became a luxury too expensive to be encouraged.
15

The Chemical Warfare Service offers a good example of the vicis-

situdes of the postwar period. One critic described its demobilization

as "one of the quickest operations of the war." le Personnel was

turned out wholesale and Edgewood Arsenal "came near going to

wrack and ruin." 1T Within the Army the service had to fight off

schemes to reduce it to a branch of engineers or ordnance, and in the

eyes of public opinion it had to combat the argument that even if

another war occurred gas warfare would be outlawed.18
By 1921, the

worst crises were past, the service consisting essentially of a small

cadre of officers and enlisted men, the plant at Edgewood, and a few
civilian chemists engaged in research. Appropriations for the whole

service plummeted below f i,5oo,ooo.
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In the Navy, the trend might have been much the same except for

the seed of a laboratory planted in 1916 by the Naval Consulting
Board. By 1923, the dust had settled

sufficiently for a Naval Research

Laboratory to come into existence on the basis of the former con-

gressional authorization. Here A. Hoyt Taylor and other civilians in

navy employ began a series of experiments which eventually led to

the devices known in World War II as radar.20 Although under the

command of a regular officer, the Naval Research Laboratory devel-

oped a certain esprit among its civilian scientists and a taste for funda-

mental work. This was, however, a very small exception to the general
lack of research in both Army and Navy.
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dation, courtesy of Mrs. Mildred C. Allen.]

By the early 1920*8 scientists had, in general, turned away from

warfare as a field for application of their knowledge.
21

Indeed, with

the American people deprecating military activities, the scientists be-

came rather defensive about admitting that they had been "an agent

of evil and a promoter of human capacity to do grievous things."

\
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They denied responsibility for the war itself and said that they "hope
from their hearts that they will never again" have to convert to a war

footing.
22

Significantly, the nitrate program survived in the transfer

of the Fixed Nitrogen Research Laboratory from the War Depart-
ment to the Department of Agriculture in ipzi.

23 Swords into plow-
shares in this case explosives into fertilizer was the trend of the

day.
One agency that had been a part of the wartime research estab-

lishment had an atypical development in the postwar period. Thanks to

its birth at the Smithsonian before the war began, the National Ad-

visory Committee for Aeronautics had an organizational resilience not

available to straight military outfits, and aviation had peacetime as

well as wartime applications. Although military men represented the

services on the committee, the civilian scientists were in practice pre-
dominant. Serving without pay, the members managed with the help
of a permanent office staff to set basic policy and actually to admin-

ister the ever-growing research establishment at Langley Field, Vir-

ginia. The committee served as a focal point for aeronautical research

not only of government agencies but of the private centers, especially

at Massachusetts Institute of Technology.
24 The budget was not

large approximately $200,000 in 1923 to $500,000 in 192 j.
25 But

by clinging more and more closely to its fundamental mission of the

scientific study of the problems of flight, the NACA made a distin-

guished record of achievements during the ipzo's.
26

The civilian scientific agencies of the government lived out the

decade of normalcy without major incident. A slow general rise in

funds available came largely from the fruition of programs already
started. The systems of regional laboratories of the Bureau of Mines

and the Forest Service filled out. A new act in 1928 established a

generally broader policy of forest research. The National Park Serv-

ice began to consider itself a purveyor of scientific information to the

public. The demands of the automobile led to research in public road

construction. In general, activity and expenditures increased during
the decade without essentially changing the government's research

establishments.
27

The Public Health Service offers a good example of the doldrums

of the 1920*5. Stimulated to enter research in venereal diseases during
the war by the Chamberlain-Kahn Act, the service salvaged a Division

of Venereal Diseases when Congress cut off funds.28 Numerous plans
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to reorganize and coordinate health services agitated the whole decade
without marked result.

29 In practice, the commissioned corps had

great difficulty covering its many duties. Of the 180 officers, many
were examining immigrants in the ports of Europe in 1927. Twenty
had to provide disaster relief in flood areas. Twelve had to go to Los

Angeles to deal with an outbreak of bubonic plague. The hospitals
were always in straits. Naturally, research moved slowly.

30 Neverthe-

less, accomplishments continued, such as the vaccine for Rocky Moun-
tain spotted fever.31

Some of the grand veterans of government science had trouble

keeping their places. The Smithsonian, dwarfed now both by bureaus

and by the great foundations, tried to lift itself by the only way
available in a period of tight federal budgets a drive for increased

endowments. The general prosperity of the country should spare at

least a little for an old and honored servant. "Thou shalt not muzzle

the ox when he treadeth out the corn," quoted Dwight L. Morrow at

the climax of a meeting of notables at the Institution in 1927. The
consensus of the group seemed to be that the Smithsonian had a place
"as the inspirer and coordinator of research in pure science as it had

been in the past, and that both governmental and private support
should unite in making available more adequate means." 32 The meet-

ing failed, however, to move those who had the power to help, leaving
the Smithsonian impoverished while its museum costs continued to rise.

One change during the 1920*5 affected the government's scientific

establishment out of all proportion to the money spent. The social

sciences for the first time appeared as a distinct entity animating whole

research activities. The Bureau of the Census had led the way, to be

followed by such statistical agencies as the Bureau of Labor Statistics.

More analytical bureaus also now became sufficiently effective to

claim a place in the federal hierarchy. From this time forward the

natural sciences had to reckon with a younger brother who clamored,

usually feebly and ineffectively, for attention and funds.

The clearest example of a new social-science agency was the

Bureau of Agricultural Economics, created in 1922 out of a miscel-

lany of earlier statistical and analytical activities, some of them as old

as the Department of Agriculture.
33 The new aspect after this time

was a greater interest in general economic conditions outside the

fences of the individual farm. In contrast to the prewar period, the

1920*5 found the farmers in a deep depression with an ever-lessening
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share of the nation's wealth. Increased production was less urgent
than seeking a cure for a chronic economic malaise. Great organiza-
tions of farmers sprang up shouting of parity and wielding formidable

political influence.34 In this atmosphere the Bureau of Agricultural
Economics became a key agency in the department, and economic

problems began to become a factor in other types of research as well.

The influx of men trained in university departments of economics and

sociology also tended to weaken the homogeneity of the personnel of

land-grant college origin within the department, paving the way for

markedly changed attitudes in the 1930*5.

A second effect of the rise of the social sciences on the federal

establishment was the beginning of the systematic study of that

structure as an object in itself. In the past, natural scientists closely

associated with the government had speculated in a random way
sometimes with great acuteness on research as a function of the

state and on the forms in which it might be organized. The social

scientists had begun to make their appearance among those interested

in parts of the federal research structure by the time Irving Fisher

issued his report on National Vitality in 1909. But only after World
War I did the social science of the country muster enough personnel,
technical ability, and interest to tackle the federal government as an

institution worthy of systematic study. One of the most notable at-

tempts during this decade was the series of Service Monographs of

the Institute for Government Research, later the Brookings Institu-

tion. Running to more than sixty volumes, these studies analyzed the

federal government's executive branch, bureau by bureau. Although
soon out of date as handbooks, they provided a comprehensive cross

section which displayed the research activities as well as other opera-
tions. Late in the period, President Herbert Hoover appointed a re-

search committee on social trends, under the chairmanship of Wesley
C. Mitchell, whose final report included an analysis of the growth of

governmental functions.
35 Behind the whole enterprise was a new

belief in the ability of the social sciences, which "might supply a basis

for the formulation of large national policies looking to the next phase
in the nation's development."

se

Industrial Research and the Department of Commerce

Outside the federal establishment itself, a force that affected every

phase of scientific activity in the United States came into its own
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industrial research. Appropriate to an era in which business was the

dominant and most active sector of the nation, the laboratory of the

great corporation finally completed the fusion of research and tech-

nology. In 1789, these two had been far apart, embodying separate
traditions. Beginning with the Civil War, they moved toward one
another hesitantly and intermittently. The great upheaval in science

during World War I thoroughly mixed the two. In the ipzo's the

corporation that adopted research as an integral part of its business

operations became normal where earlier it had been the rare exception.
The 300 laboratories in 1920 had become 1625 by 1930, employing a

total research personnel of over 34,ooo.
3T As the number and size of

industrial research laboratories grew, it became apparent that a new
estate of science in America had arisen, a companion to the govern-
ment, the universities, and the private foundations.

The rise of the new estate had repercussions throughout the exist-

ing fabric of science. The universities had an important outlet for

their products and a demand for the results of their research. The
Division of Engineering and Industrial Research was one of the most

active parts of the NRG38

The government itself might have taken the lead in organizing
the movement, as did that of Great Britain. One of the pioneers of

industrial research in America specifically recognized the precedent
on which it might be done, pointing out in 1913 that "through the

combined efforts of the Department of Agriculture, the Experiment

Stations, the Agricultural Colleges, and our manufacturers of agricul-

tural machinery, there is devoted to American agriculture a far greater

amount of scientific research and effort than is at the service of any
other business in the world." 39 Besides agriculture, the Bureau of

Standards, Bureau of Mines, NACA, and others had already entered

the field and pioneered the techniques of cooperative research that

were to prove so useful in private industrial laboratories. But the tide

was set the other way. The railroads were returned to private owners

in 1920, and economy and tax reductions were the desire both of

business men and of the directors of policy. Frank B. Jewett, speaking

of the need of industrial research for small business units, admitted

that it "is, of course, conceivable that this service might be rendered

by a government supported research organization with one or many
laboratories." He saw in this course, however, only hazards, "the prin-

cipal among which would be the difficulty of maintaining as high a
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standard of scientific and technical ability" as could be maintained

in a nongovernmental organization.
40 In such a climate of opinion the

government left the bulk of industrial research to the great corpora-

tions, who generally limited themselves to the application of science

that might possibly yield some profit.

With business setting the tone in the country and with industrial

research the wonder of science, the Department of Commerce was a

natural center of new activity inside the government. Also, the secre-

tary of commerce who served both Warren Harding and Calvin

Coolidge was the one major political figure of the decade with an

active appreciation of science. Herbert Hoover had begun his world-

wide career as a mining engineer whose interests ranged beyond his

immediate profession to such unusual activities as translating a six-

teenth-century treatise on metallurgy. He had emerged from the war

with a tremendous reputation as a humanitarian and an efficient ad-

ministrator.41

An indication of the vigor that Hoover brought to his new job
was his effort to confine the Department of Agriculture to production
on the farm, allowing the Department of Commerce to "take up its

activities where manufacturing, transportation, and distribution be-

gins."
42
Although not successful in that particular interpretation, he

quickly showed himself the most active of the cabinet members. The
Bureau of Standards, the Bureau of Fisheries, the Bureau of the

Census, and the Coast and Geodetic Survey already formed a hard

core of seasoned research agencies in the Department of Commerce.

In 1925, an executive order transferred both the Patent Office and

the Bureau of Mines from the Department of the Interior, further

strengthening Hoover's position as an administrator of research.

The secretary looked upon his establishment not simply as one

carrying out scientific research but as an instrument to eliminate in-

efficiency from the American economy.
43 One of the ten points in his

campaign against waste was the development "of pure and applied
scientific research as the foundation of genuine labor-saving devices,

better processes, and sounder methods." 44 The Bureau of Standards,

an object of his personal attention, launched a cooperative program
of simplified practices and commercial standardization. Part of the

task of the new division that fostered these activities was to attend the

many conferences of businessmen which Hoover called to Washing-
ton as part of his program of encouraging trade associations. The
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purpose was to stimulate requests from industry for simplified prac-
tices.

45

The trade associations in turn supported research associates at the

Bureau of Standards, the results of whose work were "published by
the bureau" and made "available to the public at large." By 1924, some

29 associates represented 23 industrial organizations, among them the

Portland Cement Association, which "has shown its appreciation of

the value of fundamental research by employing a group of investi-

gators stationed at the bureau to find out what Portland cement really
is."

46

The logic of Hoover's campaign against waste led him into fields

already staked out by others, especially conservation. "A broad na-

tional policy is needed for the orderly development of all river and

lake systems, that we may not suifer great losses through erratic de-

velopment and failure in coordination to secure the maximum eco-

nomic returns from each drainage basin."
47

Although the premises
were different, his program strikingly paralleled those of the Geolog-
ical Survey Reclamation team in the Department of the Interior and

of the Forest Service in the Department of Agriculture. The emphasis
under Hoover was on water power, which the "progress of science

and engineering" and "discoveries in transmission of electricity" now
made more significant.

48 The result was a new center of conservation

interest in the government and eventually, through Hoover's efforts

in other capacities than as secretary of commerce, the building of

Hoover Dam.49

The department was also pushed by expanding research technol-

ogy into the regulation of both aviation and radio. These activities

inherently required some kind of federal control in the same way that

steamboats had back in the 1 83o's. Also like the explosions of a century

earlier, the technical peculiarities of the new fields produced a need

for more and better scientific data. The air commerce act of 1926 gave
the Department of Commerce wide powers over aviation and led to

the setting up of an Aeronautics Branch. While not supplanting the

NACA in research, it led to an Aeronautical Division of the Bureau

of Standards to carry out programs in which it had special interest.
50

The babel caused by the broadcasting stations that sprang up
after the war quickly rendered earlier laws ineffective. To distribute

the necessarily limited number of frequencies available in the radio

spectrum, Hoover early took action by calling for self-regulation.
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But when an adverse court decision threatened the power of the secre-

tary of commerce in this field, Congress passed legislation in 1927

setting up the Federal Radio Commission. This in turn led to the

creation of a Radio Division in the Department of Commerce which

became deeply enmeshed in the technical problems that emerged from

attempts at regulation.
51

The aviation and radio agencies went through several mutations

before reaching a stable form. Although often involving research,

they did not develop extensive laboratories of their own. Their posi-

tion was analogous to that of the regulatory agencies in agriculture

and public health which in part grew out of research and which ex-

isted in close conjunction with it.

In retrospect Hoover was proud of the fact that despite its in-

creased activity the department grew little in either size or cost under

his charge.
52

It was still, in 1928, peripheral to industrial research

rather than its foundation. It hoped to encourage and stimulate proj-
ects rather than execute them as did the Department of Agriculture.

Except in its regulatory activities it depended upon the voluntary

cooperation of business to accomplish its research aims. Yet, given a

series of strong successors and a favorable business climate, Hoover
had laid the groundwork for a far-flung scientific organization. He
himself was the personification of the engineer-administrator in an

age that particularly admired technological progress. The year 1928

proved to be a peak, after which the department tended to lose its re-

search functions to other agencies. During the middle 1920^, how-

ever, it was as strategic a place as there was in the government from

which to assay the forces turned loose by the rise of industrial re-

search and the fast pace of scientific discovery.

The National Research Fund

Late in 1925, Secretary Hoover began to make numerous public

speeches on the subject of science, his interest running beyond the

Department of Commerce program and even the confines of the gov-
ernment. Underlying his speeches was the beginning of a realization

that the nation's scientific program was a single interrelated whole
and that the burgeoning industrial research was creating a dangerous
imbalance. Increasing national efficiency was laudable, but without a

continuous supply of basic discoveries applied science could not

maintain itself. In their final form Hoover's arguments followed a
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very definite logic. "Business and industry have realized the vivid

values of the application of scientific discoveries." Federal and state

governments also "support great laboratories, research departments
and experimental stations, all devoted to applications of science to the

many problems of industry and agriculture." Yet "the raw material

for these laboratories comes alone from the ranks of pure science"

supported from three sources "the rest of the world, the universi-

ties, and the foundations." Estimating that industry and government
in the United States spent $200,000,000 a year on applications, he set

"the whole sum we have available to support pure science research

at less than $10,000,000 a year, with probably less than 4000 men en-

gaged in it, most of them dividing their time between it and teaching."

How, asked Hoover, "are we to secure the much wider and more
liberal support to pure scientific research?" He saw three ways:
first, from the government; second, from business and industry; third,

from benevolence. He recommended that the federal and state gov-
ernments reverse the trend toward applied science and "accept the

fact that the enlargement of our stock is no less an obligation of the

state than its transmission," appropriating more money for basic re-

search. He deplored the failure of benevolence to answer the recent

calls of the Smithsonian, "the father of American science." But his

main object was to get support for basic research from business and

industry. "It is an appeal to self-interest, to insurance of every business

and industry of its own future." With a national output of $50 billion

annually in commodities "which could not be produced but for the

discoveries of pure science," the nation "could well afford ... to

put back a hundredth of one per cent as an assurance of further

progress."
53

To do something about this idea of channeling industrial funds

into basic research, Hoover went to New York in the first days of

1926 for conferences. Out of them emerged a kind of alliance between

the secretary of commerce and the group that had been so prominent

during World War I John J. Carty, Gano Dunn, George Ellery

Hale, and Robert A. Millikan. A committee formed under the Na-
tional Academy of Sciences included, with Hoover as chairman, all

these men plus such notables as Elihu Root, Owen D. Young, Andrew

Mellon, and Charles Evans Hughes.
54 The National Research Fund,

at first called the National Research Endowment, was to total

$20,000,000, one-tenth subscribed each year by industry
over a full
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decade. The money was not to be held as endowment but granted

directly to investigators engaged in basic research.

On April 21, 1926, the National Research Fund was front-page
news in the New York Times. The campaign was described as pro-

ceeding in "a unique manner. A few men of great prestige have made
the appeal, approaching personally a few of the outstanding leaders

of American industry." An effort was made to reassure corporations
with a statement from Root, Hughes, and John W. Davis that con-

tributions could be considered as investments in the interest of the

stockholders. The article radiated confidence that the fund was well

on the way. General Electric and American Telephone and Telegraph
seemed to be in line, with Young and Carty on the committee, and

many college presidents gave endorsements.55

The National Research Fund seemed to mark a real advance in

the structure of science in America. Under the aegis of an important

political leader, industry would support basic research in the univer-

sities with a large and continuous flow of money. Characteristic of its

period, it stressed voluntary cooperation and eschewed any form of

government control, relying on the enlightenment of business leaders.

Only a few at the time expressed any reservations about the plan.

J. M. Cattell, dubious about the inferiority of American basic research

to Europe which the advocates of the Fund stressed so insistently, sug-

gested that it would be desirable to spend a minute part of the money
"that the board proposed to collect in determining whether the first

statements that it makes are correct." 56 Hoover hinted gingerly that

some corporations refused to give "because they have not grasped
the essential differences" between applied science for immediate use

and pure science as the basis of future inventions.
57 The pronounce-

ment by the eminent lawyers of the legality of corporation gifts was
a confession of uncertainty. Some statements indicated that the sights

had been lowered to $10 million.58

None of these early shadows, however, can account for the com-

plete and immediate failure of the National Research Fund. Only
insignificant amounts for organizational purposes were deposited to it

before 1930, when $379,660 in contributions was listed.
59 In 1934,

"due to a variety of causes, most of which were influenced by the

economic depression," $356,402.48 was returned to contributors. No
mechanism was ever set up for making grants, and the records do not

show that any money ever reached the hands of investigators. They
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indicate neither the reason for the long delay of four years in receiv-

ing actual contributions nor who had the
responsibility for the de-

tailed planning of the project. Hoover doubtless lost touch with it

when he began his campaign for the Presidency. Perhaps the retire-

ment and death of John J. Carty played a part. Certainly the depres-
sion would have curtailed the project even if it had been more active

in the last years of prosperity. It is reasonable to assume that it was
dormant long before the New Deal, which Hoover later blamed for

its failure,
60 even came into existence.

The National Research Fund stands as a pioneer effort to redress

the imbalance between basic and applied science. It was also the only

large,
new effort of the 1920*5 to deal with the whole pattern of science

in the United States as a single unit. Its scale was sufficiently ample
that its full operation would have made a measurable impression on

American science. It might even have become a central organization
for basic research. Whether it would eventually have achieved this

promise is futile to ask, for it did not possess the stamina for the

storms of the 1930*8.

In the decade 1919-1929 government science accomplished its

transition to peacetime and adapted its mechanism to a social structure

in which business was dominant and industrial research a new colossus.

The existing government scientific establishment held its ground and

even expanded. Few real movements for coordinating science within

the government arose. There was a beginning of a recognition that

the estates of science government, universities, foundations, and

industry were closely interrelated and that what one did affected

the others. But the organizations that tried to deal with these inter-

relations theNRG and the National Research Fund shunned any
connection with the government.

The decade of the 1920*5 was somewhat parallel to that of the

iSyo's. The old patterns of government science seemed to have re-

emerged almost unchanged from their wartime jostling.
But deep

currents in American society itself made these progressively less well

adapted to their functions, presaging a general reorientation. In the

twentieth century, however, the wartime scars were deeper, and the

depression of 1929 proved to be in itself profoundly disturbing to the

structure of science in America.



XVIII

THE DEPRESSION AND THE NEW DEAL

1929-1939

THE depression that followed the stock-market crash of 1929

disrupted American society and with it the estates of science as had

no other catastrophe except war. Earlier economic fluctuations had

affected the federal budget somewhat and the short-run trend in ap-

propriations for scientific bureaus had dipped, as in 1892 when a

general cutback accompanied John Wesley Powell's fall from power.
But by 1929 American science in the government, industry, and the

universities was so interlaced both internally and with the whole

economy that the serious disruptions of the great depression affected

the whole research structure.

The Impact of the Great Depression

Since federal budgets are not made in a day, expenditures for

research within the government continued upward at least through

193 1.
1

By 1931 they began a precipitous decline which continued well

into the Roosevelt administration. Estimates indicate that the 1932

high was not equaled until 1937. Most bureaus felt the impact of the

depression by such deep cuts in funds that their programs were cur-

tailed and personnel had to be dropped.
The cuts for science were politically nonpartisan, beginning under

Hoover and continuing under the Democrats. Even the opponents of

curtailment recognized this; witness the anguished cries of Congress-
man Fiorello H. La Guardia in December 1932. "Science knows no

politics. Are we in this frenzy of economy, brought about by those

who control the wealth of this country, seeking to put a barrier on

science and research for the paltry sum of $39, 1 1 3 out of an appropria-
tion of $100,000,000?" He believed "the most humble research scien-

tist in the Department of Agriculture is at this time contributing more
to this country than the most useful member of Congress."

2 Even
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though Congress was ceasing to be a major opposer of scientific

projects, this view did not prevail.

The Department of Agriculture carried a total research figure in

its Annual Reports in these years that shows clearly the path of de-

pression. In the fiscal year 1932 expenditures for research, including
state payments, reached a peak of $21,500,000. This fell by $3,000,000
in 1933 and $2,000,000 more in 1934. The year 1935 showed only an

insignificant increase, to $16,600,000. Not until 1937 ^ ^ total

exceed that of I932.
3 Science reported early in 1934 that 567 workers

on scientific projects were dismissed from the department.
4

Especially
hard hit were agencies such as the Biological Survey, which combined
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regulatory functions with research. One observer charged that "the

policy appears to have been to continue the regulatory functions and

to cut out completely the fact-finding activities on which all sound

regulation policies must be based." 5

For an agency untouched by the social sciences the cuts were

even more drastic and the rebound slower. Total appropriation for

the Bureau of Standards in fiscal 1931 was $3,904,000. By 1933 it had

slipped to $2*, 3 08,000, and in 1934 it was only $1,755,000, less than

half what it had been only two years before. From that trough it

emerged only slowly, failing to regain the 1931 level before I94O.
6

For scientists in the government service, for administrators trying to

cope with mounting problems and declining revenues, the depression
was a major disruption, both officially and personally.

The other estates of science reacted very much as did the govern-
ment. Industrial research reached a peak in 1931, hit bottom in 1933,

and, rebounding somewhat earlier, was well on the way up by 1935.

Universities equaled their previous high in 1936, as did total expendi-
tures in all research in the United States.

7 Thus the Roosevelt admin-

istration found American science under pressure when it came into

office. Its efforts to shape a research policy between 1933 and 1935
took place against a background of continuing disorganization and

financial stringency.
In the closing days of the campaign of 1932, Herbert Hoover

stated, "I ... challenge the whole idea that we have ended the ad-

vance of America . . . What Governor Roosevelt has overlooked is

the fact that we are yet but on the frontiers of development of science,

and of invention." Progress in the last generation was "due to the

scientific research, the opening of new invention, new flashes of light
from the intelligence of our people." He was confident that "if we do

not destroy this American system, if we continue to stimulate scien-

tific research, if we continue to give it the impulse of initiative and

enterprise, if we continue to build voluntary cooperative action in-

stead of financial concentration . . . my children will enjoy the same

opportunities that have come to me and to the whole 120,000,000 of

my countrymen."
8

This metaphor of science, the new frontier, is a common one,

eloquently expressed by Franklin D. Roosevelt, among others.9 But
Hoover's use of it in the 1932 campaign had special connotations. He
seemed to equate scientific research with the prosperity of the 1920'$,
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the economic system then reigning, and the voluntary program he had
developed as

secretary of commerce. He was relying on research as a

long-run answer to the fall in
productivity that accompanied the

depression.

The results of the election of 1932, in which Hoover was so thor-

oughly defeated, laid his line of reasoning open to the interpretation
that research bore some

responsibility for overproduction and hence
for the depression. Many people, while perhaps admitting that re-
search would eventually benefit the economy, were in no mood for

long-range answers when the acute crisis demanded emergency
action. Unlike a war, which stimulated science as well as disrupted it,

the depression cast a cloud over the belief in its usefulness. Research

programs could wait in a period of closed banks when the hungry
unemployed trod the streets. Scattered statements appeared which
even intimated that less research would be a good thing. One suggested
"a slowing up of research in order that there may be time to discover,
not new things, but the meaning of things already discovered." The
physicist and chemist "seem to be traveling so fast as not to heed or
care where or how or why they are going. Nor do they heed or care
what misapplications are made of their discoveries." 10

Against this

background the New Deal had to shape a scientific policy.
The large sums of money that the government began to spend

during the first hundred days of the New Deal were designed to care

for the unemployed and revive the economy, not to aid the hard-

pressed scientific bureaus of the government nor to attack the depres-
sion by a long-range research program. The Democrats' promise in

1932 to make savings in government expenditures was a real policy
for the regular scientific establishment, emergency funds lying tan-

talizingly out of its reach.

The plight of the Army Medical Library in these years illustrates

the formidable barriers between the established research agencies and

emergency money. Because the daughter of Dr. Harvey Gushing, the

famous brain surgeon, had married James Roosevelt, the Army Medi-
cal Library had a spokesman with direct access to the President. In

August 1933, Gushing wrote to Roosevelt, "You of course know
all about the Surgeon-General's Library, for which John S. Billings
was originally responsible. It is the only great medical library in the

world, and the Index Medicus and the Index-Catalogue are probably
more widely used throughout the world than any other medical
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books which have ever been published since the book of Isaiah."
u

The library needed a new building so badly that its collections were in

physical danger from a leaky roof. Roosevelt, although admitting the

value of the library, was hesitant. "The question naturally arises

... as to the wisdom of asking for $2,000,000 for an expenditure of

this kind at this time. If surplus monies were available, I would have

no hesitancy in endorsing the request."
12

Some time later the President faced squarely the possibility of

using relief funds to build a library. "We are all tremendously keen

about a new building for it. However, out of Public Works funds we

must keep the District of Columbia somewhere within a reasonable

ratio of expenditures compared with the population, remembering

that these Public Works appropriations are primarily to relieve unem-

ployment." To the President the most pressing needs which took up

all available funds allotted to the District were: "a) One new build-

ing to take care of actual Government workers; b) A new sewage

disposal plant, very much needed, as my nose on River trips testifies;

c) A T. B. sanitarium . . . d) A stack room to take care of important

current documents." 13 Those interested in government science could

find small comfort in such priorities.
To Cushing's protests Roosevelt

replied, "I wish I were the dictator you assume me to be. I most

assuredly do want to get the proper housing for the Surgeon General's

Library started but it must be a monumental building and cannot be

done out of Work Relief Funds: therefore, it will require an Act of

Congress. We have had such demands for office space these two years

that all special buildings of this type have been deferred."
14 The

.

plight of the Army Medical Library was unchanged nearly twenty

years later.
15

The high official in the Roosevelt administration with the most

extensive responsibility
for science and the best background for un-

derstanding it was Henry A. Wallace, secretary of agriculture. He

administered the largest single block of scientific agencies in the

government. His family had been continuously active in the depart-

ment since the days of Tama Jim Wilson. He could appreciate at first-

hand the role that the science of genetics had played in the develop-

ment of hybrid corn. In addition, the plight of the farmer and the

glut of his products were major emergencies facing the government.

Wallace was emphatic that he did not wish a vacation from re-

search. "We might just
as well command the sun to stand still as to



DEPRESSION AND NEW DEAL 349

say that science should take a holiday. Science has turned scarcity
into plenty. Merely because it has served us well is no reason why we
should charge science with the

responsibility of our failure to appor-
tion production to need and to distribute the fruits of plenty equi-

tably."
16
He, no less than Herbert Hoover, believed in the substitute

frontier. The difference came in the kind of scientific research he en-

visaged and the object for which it was carried on. "Those who

struggle beyond the new frontier will be those who know how to

obey economic traffic lights, and drive social machines on the right-
hand side of the road." 17

The key to Wallace's concept of research lay in the raising of the

social sciences to the same level as the natural sciences. "Actually,
science has not given us the means of plenty until it has solved the

economic and social as well as the technical difficulties involved." But

he meant by social science more than statistical studies in the Bureau

of Agricultural Economics. "The field of science is social as well as

technical and includes human application as well as the discovery of

scientific facts and principles."
18

Applied social science was really

planning for a better life. He felt mankind could be freed from the

grind of toil and the terrors of economic insecurity "only if the

planning of the engineer and the scientist in their own field gives rise

to comparable planning in our social world." 19 When this "better-

controlled use of science and engineering" had achieved a higher

percentage of leisure, more of man's energy would be "left over to

enjoy the things which are nonmaterial and noneconomic, and I

would include in this not only music, painting, literature and sport

for sport's sake, but I would particularly include the idle curiosity

of the scientist himself." 20 Thus through a process of social science

and planning, research came the full circle to basic science again.

However much this cycle was blurred in actual practice, the policy-

makers for science in the New Deal period had to come to terms with

this emphasis both on the social sciences and on social planning.

Wallace feared that the scientists themselves the actual people

who sat before him at the AAAS meeting in December 1933

would be "a handicap rather than a help" in exploring beyond the

new frontiers. "They have turned loose upon the world new produc-
tive power without regard to the social implications." In the past

most "of the scientists and engineers were trained in laissez-faire,

classical economics and in natural science based on the struggle for
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existence. They felt that competition was inherent in the very order

of things, that 'dog eat dog' was almost a divine command." Wallace

estimated that before 1933 three-fourths of them believed in orthodox

economics. "Even today, I suspect that more than half of the engineers
and scientists feel that the good old days will soon be back when a

respectable engineer or scientist can be an orthodox stand-patter

without having the slightest qualm of conscience." 21 Wallace was

challenging American natural science to take some part in the social

experiments of the New Deal, and the natural scientists, regardless of

the secretary's unflattering opinion of their social and economic

vision, firmly controlled the first great effort at participation.

The Science Advisory Hoard

Karl T. Compton, physicist and president of Massachusetts In-

stitute of Technology, was on a ship from Boston headed for Bangor,

Maine, in the summer of 1933 when his assistant sent him a radio-

gram: "Word received that you have been appointed chairman of

committee to reorganize Federal Government." 22 The prospect of

a scientist taking over to set the government right was not to be

fulfilled, but the creation of a Science Advisory Board, which in fact

was the impulse behind the inaccurate message, was a potentially im-

portant milestone in the path of central scientific organization for the

government.
The inception of this new effort at coordination traced back to

a request by Secretary Wallace that the National Research Council

advise him on the reorganization of the Weather Bureau.23 The chair-

man of the NRC, the geographer Isaiah Bowman, was evidently so

imbued with the sense of the unusual crisis of the times that instead

of handling the request routinely he made a counterproposal. Dep-

recating the fact that the NRC organized its work "according to the

several fields of science rather than around the administrative and

scientific problems of the Government," he suggested that it could

work best through "a general board . . . which would then appoint
committees to deal with specific problems as they arise one by one

in the Departments of the Government." 24 Bowman's position was

analogous to that of George Ellery Hale in 1915 the leader of a

group of scientists trying to reform the National Academy from

within to secure vigorous action in an emergency. Wallace forwarded

this proposal to President Roosevelt, who on July 31, 1933, issued an
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executive order creating "a Science Advisory Board with authority,

acting through the machinery and under the jurisdiction of the

National Academy of Sciences and the National Research Council,
to appoint committees to deal with specific problems in the various

departments." Besides Compton as chairman and Bowman, the list

of nine members included W. W. Campbell, president of the Acad-

emy, and veterans of World War I science such as Millikan and
Gano Dunn.25

As with the National Academy and the NRC, the government's
interest and responsibility did not extend to financing the central

organization itself. The Science Advisory Board begged its office

space and a little expense money from the NRC. The Public Adminis-

tration Clearing House plugged the gap with $2075 f r September and
October 1933. Then the Rockefeller Foundation solved the problem
for a year by a grant of $5o,ooo.

26
Significantly, the Division of

Social Sciences of the Foundation was the source of this money. Thus
the organization of the natural sciences had now become a problem
for the social sciences, which were, however, unrepresented on the

board itself. The members served without remuneration.

From its first meeting in August 1933, the Science Advisory
Board embarked on an ambitious series of studies of government
bureaus, looking forward to specific recommendations on policy and

even personnel. This mission was the traditional one of the National

Academy, but never in seventy years had that body made such a

simultaneous attack on the problems of the government's scientific

establishment. It inquired into the objectives, personnel, duplication,

and coordination of scientific work.27

The membership of the subcommittees was drawn largely from

university and industrial scientists. Only in rare cases did any govern-
ment employee sit with a subcommittee, and none served on the

main board, which considered their absence a distinct advantage over

the National Academy or the NRC, where "many such scientists are

distinguished and valuable members." 28 While in most cases waiting

for requests from government officials, the board emphasized that

"if the need for advice seems clear its possible usefulness has, in a

number of cases, been pointed out to the head of a Department."
29

Assuming that it was a temporary organization, the board hoped that

its experience "would determine whether some such agency should

be continued, and, if so, in what form." 30 Thus the Science Advisory
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Board had within it the embryo of an independent group of scien-

tists not in the government acting as alert watchdogs of the federal

research establishment.

Besides Wallace, the secretaries of commerce and interior and the

director of the Bureau of the Budget called on the board for advice.

The major agencies examined by subcommittees were the Weather

Bureau, the Food and Drug Administration, the Bureau of Chemistry
and Soils, the National Bureau of Standards, the Geological Survey,
and the Bureau of Mines. Subcommittees also surveyed problems

cutting across bureau lines land use, mapping services, mineral

policy, patent policy, and the land-grant colleges.
31 Some of the

requests, as the director of the budget's inquiry "whether the . . .

Government received adequate return from its contributions annually
to the land-grant colleges,"

32 seemed motivated by a desire to cut

the scientific budget for the sake of economy. The Navy Depart-
ment was more guarded, but a rather cumbersome double committee

was set up as "a peacetime skeleton organization, so designed as to

facilitate continued contact with the Department." A similar, less

definite, arrangement was made with the War Department.
33

The main body of conclusions tended to dramatize the plight that

had already overtaken the bureaus and to plead eloquently for more

support. The Weather Bureau should extend the air-mass analysis

method over the whole United States.
34 The subcommittee for the

National Bureau of Standards looked forward to "the happy day
when appropriations may be increased." 35 The Bureau of Mines and

the Geological Survey should not be recombined. In the latter agency
"scientists who need books, collections, and maps about them for

effective work are given desks in crowded offices where conditions

for scientific work are intolerable. Nothing approaching these ad-

verse conditions can be found in any other research organizations
in the country, public or private."

86

One subcommittee, in examining the Bureau of Chemistry and

Soils in the Department of Agriculture, brushed against a perennial
theme of government scientific organization. Beginning in 1880 the

bureaus had pioneered in developing the problem approach and had

organized themselves around it. Having proved its practicality, the

problem approach now raised the question whether or not it was too

practical. "Where the investigation is such that a given physical
science is used merely as a tool the work should, the Committee be-
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lieves, be carried out exclusively ... in the bureau undertaking

the main problem." This principle, however, now appeared not to

apply to basic research. "Where the investigation involves the prin-

ciple of a given physical science (e.g., chemistry) as such," in dis-

tinction to using these sciences as a tool, "the work . . . should be

carried out in a bureau dewted exclusively to this field. To have

small research laboratories devoted to fundamental problems in

physical science scattered throughout several bureaus is wasteful and

inefficient."
3T In form a revival of the principle on which the

Department of Agriculture had been organized in the i86o's and

i Syo's, this observation was a token that basic research was becoming
a more distinct entity in government science and that some people

felt that it needed and deserved special handling.

The board, not content with reviving the role the National

Academy had originally aspired to fill, set its sights early on the

"great social objectives of science." 38
By September 15, 1933, Cornp-

ton had already developed a "Recovery Program of Science Prog-

ress" which was in effect a New Deal for science. Submitted to

Secretary of the Interior Harold L. Ickes, it proposed to enlist "the

scientific and engineering groups in the country in a cooperative

effort for the quick success of the National Industrial Recovery Pro-

gram." Besides solving technical problems and advancing scientific

knowledge along useful lines, the program would "provide employ-

ment and rebuild morale among the large body of scientists and

engineers, together with still larger groups indirectly involved, such

as mechanics, assistants, apparatus makers, and purveyors of equip-

ment." 39

The heart of the proposal was a fund of $16,000,000 to be ex-

pended during six years "in support of research in the natural sciences

and their applications." The emphasis was on research as a background

for the public-works program, for conservation, and as a basis for

the creation of new industries. Even though this research would

ostensibly strengthen the entire relief program, it had an additional

objective because the unemployment "among scientifically and tech-

nically trained young men has been, and is, acute."
40 To provide

research service for great public works by using unemployed scien-

tists seemed to dovetail nicely. The program could be administered

by the NRG, using university facilities as much as possible.
The

projects suggested as illustrations included meteorology, soil mechan-
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ics, sewage disposal, fog dissipation, cryogenic research, heavy hydro-

gen, long-distance transmission of electric power, mineral resources,

and social problems of mechanization. Finally, part of the fund should

be used for grants in aid of research in basic sciences.
41

When Compton submitted this proposal, Public Works Adminis-

trator Harold Ickes "said that he was 99 per cent convinced that

something of the sort should be done, but that there was unfortunately
no provision under the law whereby public works funds could be

expended for research but only for construction." 42 The program
was dropped there, but in Compton's mind the idea itself was not

dead.

During 1934, while the chairman attempted to remold his emer-

gency program, the Science Advisory Board ran into stormy weather.

In May a second executive order from President Roosevelt appointed
six new members. No mention of the jurisdiction of the National

Academy or nomination by its president appeared in the order, and

two of the men named were not members of the Academy. One of

them was Dr. Thomas Parran, state health commissioner of New
York.43 President W. W. Campbell and some of the members of the

National Academy, who felt that their organization had been

slighted,
44 formed a protest group- aligned against Compton and

Bowman. This division weakened the Science Advisory Board among
those who might have been expected to give it the most wholehearted

support. At the same time others criticized the board because it

spoke only for scientists in private institutions, not for those in gov-
ernment service. An additional source of friction was the absence of

the social scientists, who in other capacities were entering the Roose-

velt administration in considerable numbers.

Meanwhile a group reasoning from entirely different premises
was entering the field of the central organization of science. Planning
as a concept in the government's operations was related to research

in much the same way as regulation had been a generation earlier. To

plan, one must have a body of data. To plan in the interest of the

general welfare, one must be governed, as the early progressives had

considered themselves to be, by scientific objectivity rather than by

political pressure. Hence planning policy in the Roosevelt adminis-

tration had a potential relation to research policy. During 1934 the

two began to move closer together. A National Planning Board had

existed for a year, from July 20, 1933 to June 30, 1934. The members
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were Frederic A. Delano, the President's uncle, Charles E, Merriam,
and Wesley C. Mitchell. Delano had come to this position through an
interest in city and park planning, while the other two were both

distinguished social scientists. In April 1934, the National Planning
Board approached the National Academy, which was by that time

having doubts about Compton's group, requesting a report on the
role of science in national

planning.
45

In the summer of 1934 a more adequate organization, called the
National Resources Board, succeeded the first group with the same
three men serving as an advisory committee and with Charles W.

liot, 2nd, a landscape architect, as the executive officer.
46 But at the

insistence of Harold Ickes a group of cabinet officers made up a

majority of the new board.47 With a small central staff, the National
Resources Board worked through field offices in every part of the

country. In addition, it appointed technical committees on the sub-

jects of land, water, minerals, power, industry, and transportation.
It was this board that

eventually gained cognizance of Compton's
plan for science.

In the fall of 1934, the Science Advisory Board got another
chance for a new version of its program. Compton was now willing to

speak out strongly against the "striking anomalies in our national

policy" which led to the neglect of science and its power "to create

new employment when this is desperately needed!" 48 He attacked
both those who claimed that science required too much rime and
those who blamed it for unemployment. The government lagged far

behind private business in providing for research in its bureaus,

spending less than 0.5 per cent of its total budget. Yet "the displaced,
trained scientists have been thrown on the unskilled labor market,
where they frequently receive government pay in excess of that

which they were earning in their professional work under the Civil

Service!
" 49 No other great nation was squandering its research

activity in such a way. As a people, "and therefore as reflected^ our
national policies, we have been more lucky than intelligent." To
utilize our resources more effectively "means scientific work on an

increasing scale."
50

Compton's new program was much more ambitious than the 1933
version. In the first pkce, he would allocate 0.5 per cent of Public

Works emergency appropriations for scientific and engineering re-

search. Second, he called for maintenance of the scientific bureaus
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of the government with adequate personnel and appropriations. Third,

he called on the National Academy, the NRC, and a new Science

Advisory Board to formulate programs of research both in and out

of the government. But his main point was the appropriation of

$5,000,000 annually for the support of scientific and engineering re-

search outside the government. This venture in aid to science, "if

put into effect, would be a new departure for our government,

though in line with recent policy in foreign countries. If it were put
into effect wisely, I believe it would yield returns of permanent value

to the country exceeding those from almost any other comparable
federal expenditure."

51 The total appropriation for the whole four

points, embracing both government and nongovernment science,

would come to $15,000,000 per year, or $75,000,000 over a trial five-

year period.
52 At the Pittsburgh meeting of the AAAS in December

1934, Compton became president, and the scientists of the country
seemed to swing solidly behind him.53

Roosevelt wrote to Compton that if "you will have the Science

Advisory Board give consideration to the subject and submit a pro-

gram with a budget, I will be glad to see that further attention is

given to it."
54 The task of evaluating the program was delegated to

Harold L. Ickes, who besides his many other duties was moving
toward the coordination of research as chairman of the National

Resources Board. He, in turn, delegated the review of the program
to Delano, Merriam, Mitchell, and Eliot, the working members of

that board. Since they were now entering the same field, their rela-

tion to the Science Advisory Board and the fate of the program for

putting science to work were tied together.

F. A. Delano, in a reaction far from the stereotyped picture of the

spendthrift habits of a New Dealer, told Compton that "your program
is somewhat staggering in its size." He had sharp reservations about

the mechanics. Congress had no way of committing itself in advance

to $15,000,000 a year for five years. Where would this leave the

scientific institutions at the end of the fifth period? Would grants

taper off? Would they go to individuals or institutions? Should exist-

ing dispensing organizations have preference? "I feel, and I think I

may safely say that my colleagues feel, that we cannot undertake the

program for pure and applied science without considering the merits

of similar but doubtless ambitious programs of the social sciences, of

economics, and of education in general." He implied that he con-
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sidered Compton a spokesman for the natural sciences alone when he
said that lack of past progress in these other fields

a
is surely not an

argument against their study."
55

On January 21, 1935, the advisory committee of the National
Resources Board Delano, Merriam, Mitchell, and Eliot met
with Compton in New York, evidently endorsing Delano's point of

view.56 The advisory committee then shared in drafting a letter to

Roosevelt for Ickes's signature which laid down basic policy both
on the place of the Science Advisory Board and on the program for

putting science to work.

Ickes's letter of January 31, 1935, considered Compton's effort as

one of three programs, the others coming from the Social Science Re-
search Council and from education. They all stressed the need for an

advisory committee "to select and coordinate research projects in

which the Federal Government is concerned. This is a planning func-

tion planning for the full use of research resources of the country."
The logic of this was to abolish the Science Advisory Board and re-

place it with a science committee under the National Resources

Board which would coordinate not only natural science, but the

social sciences and education as well.
57

Compton's program for putting science to work fared no better.

The advisory committee "does not recommend the appropriation or

allocation of a large 'free' fund to any Science Research Committee

for unspecified projects but does urge (i) adequate Federal appro-

priations to finance specific research projects which may be devel-

oped through a committee as outlined in the previous paragraph . . .

and (2) generous support for scientific work carried on by the

several branches of the Government." 58

Roosevelt lost no time in approving Ickes's letter. He believed

that the projects it mentioned "may be attained by allotment along
definite lines from the proposed work fund." He then chose the

National Resources Board to prepare a plan, "remembering always
. . . that 90% of the amount expended must go to direct labor paid

to persons taken from the relief rolls."
5d This memorandum sealed

the doom of Compton's whole enterprise.

The Science Advisory Board did not give up immediately. In

March, it proposed a modified form of its plan to put science to work

calling for only $1,750,000 for two years, to be administered by
NRG60

It also proposed that it be succeeded by a permanent Science
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Advisory Board appointed by the President of the United States on

nomination by the National Academy. Congress would appropriate

$100,000 for the expense of the board, which would concentrate on

providing scientific advisory service to the bureaus.61 Neither of

these plans prevailed.
In July 1935, President Roosevelt extended the life of the Science

Advisory Board for six months to give the National Academy time

to provide an agency to take over its work.62 This action erfectually
returned the advisory service of scientists to the same position it had

had before World War I, killing the Science Advisory Board and

bypassing the NRC. The Academy dutifully set up a Government

Relations and Science Advisory Committee which took over the

records of the old Science Advisory Board. On December 26, 1935,

President Roosevelt recognized this body by having a circular sent

to all bureaus announcing its availability.
63 This was the end of the

Science Advisory Board except for the forms of decent burial. The
National Academy's committee carried on the advisory work for a

few years on a diminishing scale. Then it quietly disappeared. "When

government requests are received in the future they will be referred

to specially appointed committees. This was the practice followed

before the establishment of the dissolved committee." 64

As Karl Compton looked back on his two years and a half of

"extraordinary opportunity," he seemed to be one of those who,

having hurried to Washington full of
spirit and ambition in 1933,

retired later, battered and disappointed.
65 The Science Advisory

Board had tried to improve the federal scientific bureaus, to generate
an emergency program to combat the depression, and to perpetuate
itself as a permanent body. Its many successes in its first aim were

swept away by its failure in the last two. Hurt by its narrow base and

by quarrels within the National Academy, it nevertheless was an

attempt to create a central scientific organization both for the govern-
ment and for the country. Perhaps its most important contribution

was to give a broadening experience to a generation that would have

other chances before a decade had elapsed.

Research A National Resource

The National Resources Board now had a clear field to set up a

science committee of its own. Immediately after the President's

memorandum of February 12, 1935, it invited the National Academy,
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the Social Science Research Council, and the American Council on
Education to nominate members.66 The principle of representation of

existing organizations was an accepted one, but the inclusion of the

social sciences and education was a new departure, or rather a return

to the more inclusive organizational forms of the early republic.
Natural science, instead of being the whole show, was actually out-

numbered- The chairman through most of the life of the committee
was Dr. Edwin B. Wilson, a statistician who combined as completely
as anyone could the points of view of the social and the natural

sciences.

At the first meeting, in March 1935, the main discussion centered

around the channeling of relief funds into research. The committee

expressed a "preference for the census or inventory type of projects,

providing the collection of basic data that will be used by many
different scientists, as contrasted with special studies in controversial

fields." It also questioned the requirement that 90 per cent go to

people from the relief rolls, suggesting 80 per cent instead.61 Through
the summer and fall of 1935, however, the interests of the science

committee shifted away from the administration of relief.

In June 1935, the National Resources Board was abolished to be

succeeded by the National Resources Committee, with identical per-
sonnel and functions but with more support.

68 As the entire agency
became active in planning, the science committee turned more to

studies in a sphere that it defined for itself in meetings of the following
fall and winter. The theme revolved around the idea that national

resources included human as well as natural resources.69 In January

1936, at a dinner at the Cosmos Club, peace was declared among the

National Academy, the NRC, Compton, and the new committee.

That evening, some talk cropped up about "hard" and "soft" sciences

and limiting the National Academy to the natural sciences alone.

Behind such sentiments was the indication that the emphasis in the new

group was to be on the social sciences.
70

The first major studies concerned population problems and the

social consequences of invention.71 By following this line of investiga-

tion of human resources a step further, the committee arrived at the

concept that research itself was a scarce human resource worthy
of a careful study as a prelude to planning. In March 1937, the com-

mittee recommended a plan for studying the "interrelation of govern-

ment and the intellectual life of the nation, whether in research, in
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education, or in technology.*'
72 This action led to a presidential

letter of July 19, 1937, in which Roosevelt approved "a study of

Federal Aids to Research and the place of research (including natural

and social science) in the Federal Government." The President as-

serted that research "is one of the Nation's very greatest resources and

the role of the Federal Government in supporting and stimulating
it needs to be reexamined." 73

The resulting study, Research A National Resource, was the

most comprehensive examination of the federal research establish-

ment ever made up to that time. Prepared by an ad hoc technical

staff under the direction of Charles EL Judd, a psychologist from

the University of Chicago, the study probed into the legal, social,

and economic aspects of government science. Much of what they

reported had existed before only in the unwritten lore of a few ad-

ministrators. Perhaps its most significant accomplishment was showing

government science against the larger background of the total re-

search resources in America. Gifford Pinchot's group back in 1903
had treated government research as if it existed in a vacuum, the

solution of its problems lying in reshuffling the bureaus into new

patterns. The 1938 team, besides including the social sciences, looked

into research in the other estates of science, the universities and in-

dustry.
74 The logic of the broadened view of research as a national

resource led to a concept of the government's responsibility extend-

ing beyond its own establishment. The welfare of the total research

establishment of the country was a question the federal government
could not afford to ignore.

Despite its comprehensive view, the science committee did not

achieve the status of a central scientific organization either inside or

outside the government structure. It had no power to act nor even

any organic sanction from Congress. Indeed, its value as a meeting

place between the natural and social sciences might have been im-

paired by the possession of direct administrative power, since this

would have raised the question of the relative weight to be given
various branches.

The approach of war and its stern requirements quickly revealed

that the science committee had neither the position nor the broad

support from scientists necessary to organize an emergency war
effort. Although one member proposed a study of mobilization

problems,
75 the main interest of the committee seems to have been
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the protection of research in the face of disruptions.

76 The parent

agency, which became the National Resources Planning Board in

1939, itself did not survive the war.

The Later New Deal

The predicament of science in the government in 1935 was strik-

ingly analogous to its plight in 1830. An ambitious general program
had failed and the executive in power was committed against it. Parti-

san passions were bitter in the wake of a change of administrations.

Appropriations were down, the agencies tending to disorganization.
Science had failed to make a secure theoretical place for itself in a

new and popular political movement which was on the verge of

fresh triumphs at the polls. Yet, as a century earner, the government

proved itself responsive to the needs for science and ingenious in

providing practical answers to the problem of organizing its re-

search establishment.

The year 1935 marks the end of the emergency phase of the New
Deal and the beginning of a considered effort to find more basic

solutions to the social and economic problems facing the nation.

Research in the natural sciences as well as the social sciences had a

better chance in the new climate. As the first emergency agencies

gave way to more permanent bureaus, research began to make a better

showing in programs popularly considered typical of the Roosevelt

administration.

The Works Projects Administration, which emerged from the

general reorganization of relief in 1935, had as its goal providing

jobs on which people could use their skill.
77 One writer estimated

that of 6,000,000 workers tabulated on relief 80,000 were professional

and technical people.
78 This group, less some 15,000 musicians and

many others not scientists, was the pool with which the WPA re-

search program had to work.

The WPA developed a series of projects that "provided profes-

sional, technical, and, on occasion, manual workers to assist in scien-

tific and technological research and experimentation in tax-supported

universities and colleges.
"
Nearly every state university had such

projects,
which were under the supervision of faculty members.79

In a single short period in 1939-1940, approximately 50 reports in

the fields of mathematics, biology, pathology and therapy, and scien-

tific technology were registered. The fact that these reports were in
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the form of articles published in scholarly journals indicated that

their quality met accepted standards.80 To the charge of "boondog-

gling," Administrator Harry Hopkins replied that he was proud that

"we have used skilled engineers, architects, and others in research

work, in connection with universities, and I have no objection if they
want to call that 'boondoggling.'

" 81

Some WPA funds went to other agencies of the government.

Although these were not usually used for research, they helped some

bureaus the Forest Service, the National Park Service, the Bureau

of Entomology and Plant Quarantine that had scientific interests.
82

Significantly, the National Resources Committee drew its adminis-

trative expenses through the WPA. A great scientific bureau, how-

ever, did not devehp. The WPA's lease on life was too tenuous to

allow planning of projects more than a year ahead.83 The restriction

on payment of funds to persons not on the relief rolls continued to

limit scientific projects much more severely than they did general
relief. This had been apparent during the deliberations on Compton's

program in 1935. An allowance of under 10 per cent 84

might be

sufficient for building roads, but in research the creative individual

is an essential element, and even in the depths of the depression he

was not usually found on the relief rolls.

By an entirely different route the Tennessee Valley Authority
became a kind of research agency. Its point of departure, of course,

was the government's nitrate plant at Muscle Shoals, left over from

World War L But as a unified program for water control and re-

source development in the Tennessee Valley the authority faced all

the engineering and conservation problems for which the government
had earlier taken responsibility. Its multipurpose approach also raised

economic and social questions which could be answered only by
research. However, because of the questionable wisdom of building a

multipurpose government research center on a regional basis, the

TVA turned instead to existing federal, state, and local agencies.
The Department of Agriculture, the Geological Survey, and the

Bureau of the Census were the major federal agencies called upon,
while among state and local units the land-grant colleges played an

important role. The bulk of the program came under the heads of

fertilizer and munitions, agricultural resources, forest resources,

minerals, fish and game, topographic mapping, and health problems.
85

In a very loose sense the TVA was a gigantic experiment in applied
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science. Perhaps this accounts for the frequent appearance in TVA
literature of terms such as "unified development," "a controlled river,"

and "Valley resources," and the relative scarcity of references to

research as a separate activity.
The destiny of science in the later New Deal essentially depended

not on the few new agencies, but upon the health of the regular
establishment. Beginning in fiscal 1936, total expenditures for re-

search turned sharply upward. By 1938, they stood well clear of the

depression trough, and, at an estimated $75,ooo,ooo,
88

easily topped
all previous highs. They even gained on the total budget, reaching

slightly more than i per cent. While this percentage was less than in

the Progressive Era before the first World War,87 the total budget
had grown so enormously that the two periods could now be con-

sidered as comparable in their emphasis on research.

Besides the financial recovery of the federal scientific establish-

ment after 1935, important qualitative shifts in emphasis and pro-
cedure appeared which reflect the theme of "research a national

resource." The conservation movement, which was the intellectual

seedbed of this apt slogan, became again a fighting faith for the first

time since the days of Pinchot. Harold Ickes, a political if not a

scientific heir of the Progressives, conceived of his Department of

the Interior as a Department of Conservation and attempted per-

sistently to get the name changed by Congress. The Department of

Agriculture, which with some reason felt that this move would mean
the transfer of the Forest Service, had no intention of losing its role

as a great center of conservation in the government.
88

By 1935, the shape of a new conservation policy began to emerge.

Ickes, divining that the movement would now cover not only the

products of the public domain but also the soil itself, had started a

Soil Erosion Service in his department. However, with the great dust

storms of the mid-thirties and the collapse of the first Agricultural

Adjustment Administration, the Department of Agriculture took the

soil problem away from him to embark on a great conservation

program.
89

The Soil Conservation Service, established in 1935 under Hugh
H. Bennett, embraced crop control and extension service as well as

a certain amount of research. Organized around local conservation

districts, its emphasis was heavily on practical application of science to

check erosion and rehabilitate farms.00 In spite of some initial suspicion
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from the older bureaus, Bennett soon made a place for his agency in

the Department of Agriculture.
91 Bennett was a zealot in the tradition

of Harvey Wiley. As one observer put it, the department had had an

erosion program, "but was content to rest on research. Mr. Bennett,

however, was a crusader fired with an enthusiasm that could not be

dampened by the skepticism of some of his research-minded asso-

ciates."
92 The arrangement was to leave much of the research to the

established bureaus.

By 1939, Secretary Wallace was stressing the interrelated charac-

ter of the conservation program. Instead of separate problems in

forestry, wildlife, grazing, soil, and crop adjustment, "there is one

unified land use problem" of which the others are merely aspects.

"This problem involves the whole pattern of soil, climate, topog-

raphy, and social institutions; it has to do with social and economic

conditions, as well as with the physical problems of crop, livestock,

and timber production, and of soil and water conservation." 93

Thus conservation research in general and soil research in par-
ticular thrived throughout the great domain of the Department of

Agriculture and its state experiment stations. Such a remote field as

soil microbiology benefited from the interest in the new conserva-

tion, even if few dreamed that this line of research was on the verge
of brilliant achievements in the discovery of antibiotics.

94

The renewed emphasis on conservation and other qualitative

changes began to be reflected in the structure of the department dur-

ing the second New Deal. Two basic trends which marked signifi-

cant modifications in the classic mold had become evident by 1935.

The first was a reaccentuation of basic research after several decades

of shift in the other direction. The second was a drive for more

coordination of research than either the department's bureaus or

the state experiment stations provided.
The Bankhead-Jones Act of 1935 provided for appropriations

for scientific, technical, economic, and other research into laws and

principles underlying basic problems in agriculture. Beginning with

$1,000,000 for the first year, these funds were for work in addition

to the regular program, not substitutes for it. "In thus appropriat-

ing funds for basic research, in addition to funds for highly specific

problems, Congress recognized that fundamental research may often

be more practical than short-cut research." 95 To carry out the

Bankhead-Jones program, the department followed the pattern of
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the Forest Service and the Bureau of Mines in

establishing regional
laboratories located solely because of technical requirements. Each
of the laboratories, which eventually numbered nine, concentrated on
a problem particularly appropriate to its region soy beans, vege-
table breeding, grass breeding, for example. Facilities used were

normally at a land-grant college, with other institutions in the area

entering into memoranda of understanding.
96

The regional pattern was emphasized and the state pattern further

modified when the Agricultural Adjustment Act of 1938, concerned

with disposing of huge surpluses, provided $4,000,000 for establish-

ing laboratories to conduct research on industrial utilization of agri-
cultural products and $4,000,000 annually afterward. Out of this

program came the four regional research laboratories at New Orleans,

at Peoria, Illinois, at Albany, California, and at Wyndmoor, Pennsyl-
vania.

97 The Northern Regional Research Laboratory at Peoria was
soon to gain fame for its role in developing mass production of

penicillin.

Besides the superimposition of two regional systems on the older

state-by-state research, the department, beginning with a memoran-

dum of the secretary in I934,
98

built up a great central research in-

stallation at Beltsville, Maryland, near Washington. By providing
extensive field and laboratory facilities for all the scientific bureaus,

Beltsville became the hub of actual research as the old department had

never been. In achieving a kind of centralization of knowledge, and

in stressing the interwoven nature of its research activities, the depart-

ment in the late 1930*5 seemed well on the way to an over-all coordi-

nation of its research empire, a trend that was to culminate in the

Agricultural Research Administration of 1942.

Other agencies besides the Department of Agriculture responded
to the trend toward basic research and more comprehensive programs.

The Public Health Service had begun to show a broader outlook as

far back as 1930, when it moved its Hygienic Laboratory to Bethesda,

Maryland, and renamed it the National Institutes of Health. The So-

cial Security Act of 1935 pumped large funds into state and local

health agencies through the Public Health Service, making allotments

based on population, special health problems, and the financial need

of the various states.
99 Then in 1937 Congress authorized the National

Cancer Institute, a step that began a new era for research in the Public

Health Service.
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In the first place, the National Cancer Institute was a clear de-

parture into the field of noninfectious diseases and a full recognition
that health itself as a part of the public welfare was a proper subject of

study by the federal government. In the second place, the National

Cancer Institute made no attempt to conduct all its research within

its own walls on the federal payroll. Its major activities were advanced

training for specialists, fellowships within the service, and the distribu-

tion of grants-in-aid. Thus close ties were established with the medical

schools and private investigators working on cancer. Between 1938
and 1940 the Institute made thirty-three grants totaling $22O,ooo.
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When research was considered as a national resource, it could not

be walled off in the separate compartments of government, the uni-

versities, the foundations, and industry. With its fellowships and

grants, the National Cancer Institute was experimenting with means

of getting over the barriers between the estates of science. The tech-

nique was old, having been tried by the National Board of Health

back in 1880, but now there were both a new urgency and a new hope
of successful results.

Other agencies, confronted with the same situation, also experi-
mented with methods for crossing the barriers between federal and

nonfederal research. The National Advisory Committee for Aero-

nautics, even while building large research facilities of its own, had

maintained close relations with the engineering departments of several

universities. In its new and relatively well-defined field the NACA
was able to formulate some of its research program in such a way that

universities were willing to sign contracts to undertake specific proj-
ects. The fact that the committee was composed largely of scientists

aided in finding common ground for the contract provisions. In 1939,

NACA had contracts for twelve special investigations at ten univer-

sities.
101

Cumulatively, the qualitative changes in government science dur-

ing the later New Deal presaged a new era even if war had not inter-

vened. The research responsibilities of the government were now so

large, so important to its major functions, and so interwoven with

one another that important decisions of policy could not be postponed

long. For instance, the old assumption that the universities could be

trusted to handle all basic research unaided was open to increasing

question. Some new move for a central scientific organization appeared
called for which would not only coordinate the federal research estab-

lishment, but also adjust the total program of the nation in all the
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estates of science. The prosperity of the federal establishment in 1938
resembled that of 1916, but the shift to applied science had now been
at least partially reversed and the interrelatedness of the whole re-

search effort was rapidly coming to the fore as the most pressing

problem.

The Shadow of War
The accomplishments of government science during the later

New Deal, geared to recovery from an economic depression, gave
little sign that they occurred in a period of heightening international

tension. Even more ominous, the dictatorships threatening democ-

racy and the freedom of science benefited from the claim that a free

government could not efficiently organize its research for war. In the

face of this challenge the government reacted only very slowly before

1939. The radar programs of both the Navy and the Army Signal

Corps came to fruition in operational equipment by the later thirties,
102

but these achievements neither cost much money nor indicated activ-

ity in other areas.

A better measure of the military research program is the over-all

experience of the Army. In 1932, little research was going on, with

the average expenditure from 1924 to 1933 only $4,000,000. In 1934, a

board headed by former Secretary of War Newton D. Baker recom-

mended that "more definite and continuing appropriations should be

available for research and development programs."
103 The usual

budget for research and development then went up to $9,000,000,

divided into $5,000,000 for the Air Corps and $4,000,000 for all other

branches a slight gain which reflected the heightening international

tension. By 1936, storm clouds were more obvious, forcing the Army
General Staff to take a new look at research. But its conclusion in the

face of danger was that "the Army needs large quantities of excellent

equipment that has already been developed. The amount of funds

allocated to Research and Development in former years is in excess of

the proper proportion for the item in consideration of the rearmament

program."
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Hence, the research outlay should be cut to the

$5,ooo,ooo-$7,ooo,ooo bracket. This "1936 paradox" was not unlike

the early reaction to the depression; the crisis was much too serious to

wait for research. This understandable response reflected clearly the

assumption that the coming war would not be dominated by techno-

logical change based on scientific research.

As war broke in 1939, the military research program proved too
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small to bear the burden when the realization dawned that the course

of the war would be affected and even determined by weapons as yet

completely undeveloped. The depression-oriented observers who
coined the phrase "research a national resource" now found that

their slogan had a deadly new meaning. Research had become a key

military resource involving the nation's total research establishment,

not just the few laboratories within the armed forces. The question

facing the country in 1939 was not how to expand the Army and

Navy research facilities, but how to bring the nation's whole scientific

ability to bear on research applicable to the war.

The decade 1929-1939, viewed for itself and not as a prelude to

what was to follow, was one of increasing use of research in the gov-
ernment. Much energy during the decade went to combating the

effects of the depression. But this effort itself combined with the cas-

cading scientific discoveries to give the government a more stable and

more flexible establishment.

The Roosevelt administration, like nearly all its predecessors, de-

veloped no over-all policy for or against science. The essentials of the

New Deal rested on other bases than research and its results. Yet, on a

pragmatic level, the government in the New Deal years threw off the

blight of the depression and raised the scientific establishment to un-

precedented opulence. The more consistent inclusion of the social

sciences added a new dimension to the government's research effort,

while the coupling of science with planning increased its effectiveness.

Viewed as the last stepping stone to World War II, the decade of

the depression and the New Deal made definite contributions. The

concept of research as a national resource served well in the crisis.

The techniques such as the use of contracts for joining federal and

nonfederal research were valuable in setting up an emergency organi-
zation.

Even the failure to erect an adequate central scientific organization
was a bequest to the future. A whole generation of leaders had toiled

and worried over the problem, whether in the National Academy, the

National Research Council, the Science Advisory Board, or the Na-
tional Resources Committee. No earlier period had seen so much ques-

tioning of the relation of science to the government and to society.
The generation that wrestled with its problems unsuccessfully in the

1930*5 was to have within another decade unprecedented opportunity
and responsibility.



XIX

PROSPECT AND RETROSPECT

AT THE BEGINNING OF A NEW ERA

i 940

I HE year 1940 marked the beginning of a new era in the rela-

tions of the federal government and science. So far as a line can be
drawn across the continuous path of history, this date separates the

first century and a half of American experience in the field from what
has come after. As the scale of operations changed completly, science

moved dramatically to the center of the stage. By the time the bombs
fell on Hiroshima and Nagasaki, the entire country was aware that

science was a political, economic, and social force of the first magni-
tude. Most thoughtful people also realized, although vaguely and with

foreboding, that democracy had to reconcile itself with this new

power, whose seemingly sudden intrusion into the structure of the

state was a challenge to the resiliency of our institutions. This new
realization was clear by the end of the war and dominated the delib-

erations of the decade after 1945.

World War 11 and the Postwar Readjustment

The men who put together the wartime research empire were

conscious that they were operating in huge new ways.
1

They tended

to stress the inadequacy of older institutions, rejecting all thought of

getting along solely with the National Academy or the National Re-

search Council. Yet even while making new departures, they used

more of the accumulated experience of the nation than they perhaps
were aware.

The establishment of the National Defense Research Committee

in 1940 had many overtones from past ventures in organizing science.

It emerged from conferences between President Roosevelt and four

key scientists. Of these, Vannevar Bush as president of the Carnegie
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Institution of Washington and James B. Conant as president of Har-

vard represented the foundations and the universities. Frank B. Jewett
was president of the National Academy and a leader of industrial

research. Karl T. Compton, president of Massachusetts Institute of

Technology, was no stranger to the councils of the government
science. These four made a de facto committee which stood for all the

great estates of science. Their aim was to bring the whole scientific

resource of the country to bear on weapons research.

Although the new NDRC bypassed the National Academy and

the National Research Council, it relied for its authority on the old

Council of National Defense of 1916. Of the eight men on the NDRC,
the president of the National Academy and the commissioner of

patents served ex officio, two additional members being appointed by
the secretaries of war and the Navy. The rest were appointed without

respect to other offices. Once set up as a government agency, the

NDRC lost no time calling on the National Academy and the NRC
for cooperation, thus getting full use of the services they were pre-

pared to render.

An important precedent for the NDRC was the National Ad-

visory Committee for Aeronautics, of which Bush was at this time

both chairman and an admirer. The committee form, the military

representatives, and the predominance of independent members, were

all NACA characteristics. More significant, the field of aeronautics

was explicitly excluded from the jurisdiction of the NDRC, an ad-

mission that the NACA was the one research outfit in the government

already organized for the emergency.
While taking the bulk of its projects from lists submitted by the

armed services, the NDRC insisted on the right of independent judg-
ment concerning what to undertake as well as how to carry it on.

Deciding at the outset not to build laboratories or to engage directly
in research of its own, it developed contracts by which universities

and industrial firms could take on the work. It placed contracts with

the institution best fitted for each project without regard to any
state or geographic pattern. While adopting the rule that no one

should make a profit out of research, it equally undertook to pay its

own way, including indirect costs.

These decisions taken together revolutionized the relation of the

federal government to the other estates of science. Yet each decision

taken singly was the culmination of a long line of experimentation in
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governmental forms. The right of independent judgment had been an

ideal since the days of the National Institute. The procedure of con-

tract research had been gradually taking shape for a long time, and
the abandonment of the geographic pattern had already begun even
in its stronghold, the Department of Agriculture. The principle of no

profit from research was enshrined in the organic act of the National

Academy, while the NRC and the Science Advisory Board had each

in its day moved a step in the direction of paying full compensation
for research services. Even the exclusion of the evaluation of inven-

tions from the research set-up reflected a judgment on the govern-
ment's experience in both the Civil War and World War I.

Although the NDRC moved ahead rapidly during its first year,
it soon proved too narrow an organization for the emergency be-

cause its field was limited to weapons research. In June 1941, President

Roosevelt by an executive order established the Office of Scientific

Research and Development in response to shortcomings that the sci-

entists, especially Vannevar Bush, had observed. In the first place, a

wide gap existed between the weapons produced by NDRC research

and the battlefield. The omitted step, which corresponded to engineer-

ing development, was emphasized in the change of title. Research and

development were here coupled in a union that was to become stand-

ard in government terminology. In the second place, the NDRC had

little machinery for correlating its own research with that carried on

directly by the Army, the Navy, and the NACA. In the third place,

some satisfactory arrangement had to be made to bring military medi-

cine into the general organization. The NDRC continued as a branch

of the OSRD.
One of the provisions in the executive order creating the OSRD

defined its relation to American science as a whole. It was to "serve

as a center for mobilization of the scientific personnel and resources

of the Nation in order to assure maximum utilization of such person-
nel and resources in developing and applying the results of scientific

research to defense purposes." In the degree that the coming war was

to engulf the whole life of the nation, the OSRD became a central

organization for all the estates of science. Another provision em-

powered it to "coordinate, aid, where desirable, supplement the ex-

perimental and other scientific and medical research activities relating

to national defense carried on by the Departments of War and Navy
and other departments and agencies of the Federal Government." 2
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Again insofar as the war was to become total, the OSRD became a

central organization for the entire government.

Abandoning the committee form for the agency itself, Bush be-

came director, responsible to the President. This line of authority
avoided the difficulty that had appeared at least as early as the

National Institute and the Smithsonian of entrusting public money to

a private or semiprivate organization.
Even in a field as spectacularly new as nuclear fission, the building

blocks of the emergency organization had a long history.
3
President

Roosevelt in appointing the first Advisory Committee on Uranium in

1939 called on the director of the National Bureau of Standards,

Lyman J. Briggs, to be its chairman. In early 1941, after this group
had been reconstituted under NDRC, Briggs felt the need of an im-

partial review of the problem, which resulted in the appointment of a

committee by the National Academy. Thus, the ancient government

advisory organization, whose shortcomings had been the point of

origin for so many of its successors, still had a role to play on this

newest of weapons. The National Academy committee, under the

chairmanship of A. H. Compton, submitted a report in December

1941, which figured in the decision to go into the uranium program
on a larger scale.

The pressing problem of secrecy arose in the early days of the

uranium program because of the possibility that the basic data of

physics might bear directly on a weapon of crucial military impor-
tance. After the attempt to stop publication by international volun-

tary agreement had failed, the Division of Physical Sciences of the

National Research Council was the body that took up the matter. It

eventually established a reference committee to control publication in

all fields of military interest.

This voluntary program, unfortunately, only scratched the surface

of the problem of secrecy and security, for it did not cover the war

work itself or the research done under direct government auspices.

As the OSRD operations proliferated, scientists came up against all

the inconveniences that went with secrecy classified documents,

loyalty checks, and compartmentalization of research. In this difficult

field alone the balancing of the military need for secrecy with

science's need for a free flow of information was past experience
in the government lacking. Despite the oath question at the time of

the Civil War and certain restrictions during the first World War,
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experience could not help because it did not exist. In contrast to the

problems of central organization, neither government officials nor
scientists had given the conflict of security and science any serious

thought. Indeed, the past policy of the government had always been
at one with the traditions of science in fostering wide publication and
free exchange of information. The troublous history of the security

problem during the war and after is a measure of its novelty in the

relation of government to science.

Rising to a great climax in 1945, the war-research effort exceeded

by many fold both the World War I program and the level of activity
of the immediate prewar period. In terms of money, expenditures
reached a high of $1.6 billion as compared to only f 100 million in

I940.
4 So ready were the President and Congress to support military

research that money was not the limiting factor on the size of the

research effort. Long before the point had been reached at which the

government ceased to be willing to spend, the shortage of trained

manpower began to govern the size of the programs. This confidence,

this willingness to gamble the critical resources of the country on the

prognoses of scientists, is one of the measures of Franklin D. Roose-

velt's stature as commander-in-chief, and the success of radar and

nuclear fission and many other programs were impressive vindication

of his judgment.

Many of the characteristics of the wartime research effort were

in fact permanent changes in the government's relation to science,

more so than even the leaders at the time expected. Expenditures of

the order of f i billion or more became established. The predominance
of weapons research and wide resort to the contract were also promi-
nent features which not only changed the shape of government science

but also deeply affected the universities as well. As all the estates of

science were drawn into a single great effort of applied science, the

interests of basic science suffered not only in the government, but in

their accustomed home in the private institutions. In the inheritance

of these patterns, postwar science was more akin to the war period

than to any previous era of peace.

Despite its great accomplishments, the OSRD was not an answer

to the perennial questions of central scientific organization in the

government and the country. Vannevar Bush, the director, never

meant it to be a permanent structure. In this he differed from George

Ellery Hale, who, in 1918, saw his wartime NRC as a permanent
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agency temporarily diverted from its long-range program. As the end

of the war approached, Bush advanced compelling reasons against the

indefinite continuance of OSRD. The scale was much too large for

peacetime military research. OSRD had tended toward development
as the war proceeded, approaching the programs carried on within

the military services. At the end of the war with Germany many
trained men would be needed on reconversion problems, making it

impossible for OSRD to hold its staff. By the summer of 1944, the

OSRD leaders were thinking actively about the demobilization of

their agency.

Along one line the dismantlement of the OSRD meant a shift of

weapons research from the emergency agency to the armed services.
5

Projects were divided into those which should be terminated and

those which were of continuing interest to the military. At the same

time the War and Navy Departments began to seek a means of ad-

ministering the research they would receive. Unlike their reaction

after World War I, the services recognized that research would re-

main an important factor and attempted to adjust their organization
to it. Even before the establishment of the Department of Defense in

1947, a Research and Development Board undertook to coordinate the

military research and to adjust its relations with civilian scientists.

This, in turn, gave way in 1953 to the office of Assistant Secretary of

Defense (Research and Development). The Office of Naval Research,

established in 1946, not only provided for its own service but became

an agency that gave great emphasis to basic research.

The atomic-energy program, important to the military but pos-

sessing many other aspects as well, followed a different course. Having
outgrown the OSRD by 1943, it had completed the war as a part of

the Corps of Engineers of the Army. But in 1946, the Congress, pick-

ing up the tradition of civilian control that had developed after the

Civil War, created the Atomic Energy Commission. Combining re-

search and production, the AEC relied heavily on the use of contracts.

Among its new departures were the National Laboratories, created by
contracts with corporations formed specifically to carry on the re-

search. Almost immediately the AECs expenditures made it the larg-
est civilian scientific outfit in the government, overshadowing the size

of the Department of Agriculture by more than three times.

A third line leading from the OSRD was the federal government's
concern for basic research. This need, which had clearly appeared
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before the war, was of deep concern to Bush, who believed that

OSRD's programs in basic research should be turned over to perma-
nent organizations while the war was still on. Out of this desire came
President Roosevelt's letter of November 17, 1944, which set in mo-
tion the investigation leading to the report, Science, The Endless

Frontier, with its suggestion of a National Research Foundation. The
discussion of this idea and the attempt to draft and pass a suitable law

took five years. Finally, in 1950, the National Science Foundation

took its place among the agencies of the government.

Although the changes brought by these successors of the OSRD
have been so profound that much attention has been focused on them
in the postwar period, the government's scientific establishment which
had taken shape before 1916 was still a living part of the government.
Indeed, some of the older agencies have had great bursts of splendor.
In 1938, the Public Health Service spent only a little more for re-

search than the Bureau of Entomology and Plant Quarantine. In 1953,

its $56,000,000 almost precisely matched the expenditures of the

whole Department of Agriculture. As had occurred so often in the

past, the effect of the new efforts was superimposed on the existing

structures. The old agencies still had their usefulness, and the old

problems still had to be solved. The mighty edifice of government
science dominated the scene in the middle of the twentieth century as

a Gothic cathedral dominated a thirteenth-century landscape. The
work of many hands over many years, it universally inspired admira-

tion, wonder, and fear.

The First Century and a Half

A look backward over the republic's first 150 years of experience
with science shows a coherent pattern on two distinct levels. On the

pragmatic plane of science responding to the needs of society, the

story is one of accomplishment. On the higher plane of the attempt to

create a comprehensive organization of science as a fundamental in-

stitution within the state, the record is fraught with yearning.

From the beginning the government proved able and willing to

use the science of the day not only for its own internal needs but as a

boon to its citizens. The Lewis and Clark expedition and the Coast

Survey were early examples of what became after 1830 the systematic

use of science in all phases of exploration, both of the westward

reaches of the continent and of the sea knes that carried American
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No generation has been satisfied that pragmatic response to needs

was the whole of the relation between the government and science.

In the first place, the necessity always appeared of arranging the

piecemeal responses of science into a coherent pattern. In the second

place, the conviction persisted that the government had a responsi-

bility for science independent of its practical usefulness. This duty
emphasized the basic discoveries that made science an integral part of

civilization.

The welding of these two basic attitudes produced a long series of

experiments with central scientific organization. No period in the

history of the republic is altogether devoid of specific proposals to

meet this combined aspiration. The American Philosophical Society,
the American Academy of Arts and Sciences, and a National Univer-

sity were the candidates in the first era. Then the National Institute,

the Smithsonian Institution, and finally the National Academy of

Sciences arose from a generation of lively debate after 1830. A depart-
ment of science in the executive branch of the government loomed

briefly in the r88o's. The National Research Council emerged from

World War I. The peculiar character of the decade of the 1920*8 was

reflected in the National Research Fund. The Science Advisory
Board and the science committee of the National Resources Commit-
tee were products of the depression and the New Deal The OSRD
was the crowning effort of World War II. With all their variation in

approach, support, and membership, these organizations aimed to

coordinate the government establishment and at the same time to

stand for science as an ideal and knowledge as an aspect of civilization.

Along the way, other more specialized institutions edged into the

stream of central scientific organization. The Coast Survey dominated

the pre-Civil War era. The Geological Survey had immense influence

in the i88o's. The Forest Service grew up in the Progressive Era to

stand for the whole conservation point of view. The Carnegie Institu-

tion of Washington was the private foundations' effort to make the

capital city a true scientific metropolis. In the 1940*5, weapons research

under the armed forces seemed to many to become the whole of gov-
ernment science, basic as well as applied. In the long run, however,

these agencies were only seasonal mushrooms, depending on special

circumstances and often on unusually gifted individual administrators.

The names of Bache, Powell, and Pinchot come first to mind. The in-

creasing scarcity of the phenomenon after 1900 indicates that only
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cataclysmic events such as World War II could give a specialized

group any color of a central organization.

None of the candidates for the position
has successfully achieved

a truly dominant position either in the country or in government

science. All have sooner or later missed their mark. In the course of

this history of frustration some general phenomena have emerged. In

the first place, an institution that had to depend on endowment had

too little elasticity to fill the role, witness the Smithsonian's experience

during and after the Civil War, In the second place, the public func-

tions inherent in the role made its fulfilment impossible for a purely

private institution. The National Institute, the Smithsonian, the Na-

tional Academy, and the National Research Council never surmounted

the difficulty that arose when they asked Congress to turn over public

money. Could Congress give over control to a private body, even one

made up of experts or one in which congressmen as individuals sat?

That this question never received a clear-cut affirmative is evident in

the Smithsonian's inability to keep the NACA and in the lack of fed-

eral support of the National Academy, the peacetime NRC, and the

Science Advisory Board.

In the third place,
the executive branch of the government never

saw its way clear to yielding its right to reject the advice of an outside

body. The National Academy never gained the right to name scien-

tists for appointment or to limit the President's selection to a panel

named by them. By the executive orders creating the National Re-

search Council, the Science Advisory Board, and the OSRD, the

President asserted his general authority in the field. Thus, a channel

of responsibility between the organization and the federal executive

emerges as a requirement for success.

Finally, an institution had to have not only a legal authority within

the government, but a moral authority with all the estates of science

in the country and a position of honor among the great scientific

societies of the world. This broader dimension was a concern of the

earliest organizations as well as the later ones. But in the twentieth

century, government research became so colossal that by its use of

funds and personnel it could control the dynamics of the other estates

of science. With this dominant position, the approbation of all science

became an absolute necessity. To be truly representative of the varied

interests of the professional
natural scientists, engineers, and social

scientists who demand a voice, implies a certain amount of independ-



PROSPECT AND RETROSPECT 379
ence in the face of the government's interests. The need for reconcili-

ation of the government's legitimate demand for responsibility and
the scientists' essential stake in independence is-one way of stating the

unsolved dilemma of all attempts at central scientific organization.
The failure of these many groups to become a central organiza-

tion does not mean that they strove entirely in vain. Although
they did not successfully solve the basic problem, most of them not

only survived but made illustrious records in which their friends and

members take justifiable pride. The Smithsonian has entered its second

century still holding to the ideal of pure research and the universality
of its scope that Joseph Henry set for it. The National Academy still

had a role to fill as an administrative framework for certain types of

advice even when the age of nuclear fission dawned. The National

Research Council has proved highly useful to both the OSRD and

the National Science Foundation, even though they were its suc-

cessors as central organizations. Hence the very efforts to solve the

problem have, while failing to reach their goal, immeasurably en-

riched the scientific life of the nation.

Science in a Democracy

From the beginning of the republic, men had two attitudes toward

science. On the one hand, seeing its freedom and the withering of

superstition and blind authority under its examination, they con-

cluded that it was cut of the same pattern as democracy. On the other

hand, observing the inaccessibility of its lore to the untutored masses

and the support it traditionally received from aristocratic sources,

they feared that inconstant democracy could never have the discrimi-

nation to foster science on the same plane with authoritarian states.

In the twentieth century, this second mistrustful attitude took two

forms. One fear saw dictatorships using science with horribly efficient

purpose to destroy a free world that had the research but could not

mobilize it. The other fear saw science itself becoming so powerful
and so complex that the people could not understand it and their

representative institutions could not control it. Against these extremes

stands the long experience of American democracy.
In a narrowly partisan sense, science has seldom been a political

issue. No party has ever been consistently pro-science and the other

anti-science. From the day of Thomas Jefferson and John Adams to

that of Herbert Hoover and FranMin D. Roosevelt, a friendliness to
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science has been common ground for those who differed on other

issues and whose parties professed to stand at opposite poles. The

turning points in policy have seldom coincided with changes in party
control of the government. The scientists themselves have held every
shade of opinion. Some ages have condemned them as dangerous radi-

cals; others have mistrusted them as standpatters.

In a broader way, however, politics has been a factor in govern-
ment science from the time the Constitutional Convention puzzled
about the powers of the federal government over internal improve-
ments. The shift of political center of gravity in the Union that

accompanied the Civil War was necessary to the opening of new

possibilities. In the Progressive Era, the power to gather data and the

power to regulate moved close together. Beginning with the first

World War, science became a recognized part of the military the

most direct power available to the state. By the 1930*5, research was

recognized as a national resource; during World War II it proved
its right to the title.

The Congress as the representatives of the people and the con-

troller of the purse had to come to a working relation with science

from the time of its First Session when patent applications began to

arrive. On occasion it tried to administer science directly through
its own committees, as in the case of the Wilkes expedition collections.

But by the Civil War, it had retired from this pretension. Throughout
most of the nineteenth century, Congress was a major check on the

growth of government science. Only by such techniques as the

organic act buried in an appropriation bill was the federal establish-

ment built. However, in the twentieth century, the Congress, in spite

of misgivings about its role in providing for research, has ceased to be

a negatively limiting factor on the use of science in the government.
Given adequate preparation and presentation of programs, Congress
has shown itself able and willing to support research.6 As popular
indifference to science has given way to admiration for its more

spectacukr accomplishments, Congress has reflected the change in its

attitude toward such activities as public health.

The executive control of science was in the first years centered

largely in the President himself. Jefferson had marked interest in

science, but his whole civil service scarcely contained another to

equal him. After sifting down through the cabinet, effective control

of science reached the level of the bureau chief during the Civil War,
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notably in Alexander Dallas Bache, Charles Henry Davis, and Joseph

Henry. As the establishment grew, the bureau chief became more

firmly entrenched, although after the Powell period the incumbents
seemed a little less like statesmen. During the early twentieth century
the effective administration of research remained low in the pyramid
of authority, even though Gifford Pinchot momentarily carried

conservation issues into the upper reaches of Theodore Roosevelt's

administration, only to metamorphose himself into a politician. By the

time of the great depression, science began to press decisions on

higher officials, pushing up to the President for the crucial choices

concerning the manufacturing of an atomic bomb. Although the

machinery of advice by which decisions are made in higher echelons

is a major problem, the executive has a firm base for control and an

extensive body of experience on the lower level.

How the government can keep science in bounds is only one side

of the relation. The controlling structure itself is the product of an

experience profoundly affected by science. Democracy as measured

by twentieth century practice in the United States has had the benefit

of a long partnership with science, not a long record of hostility. The
conservationists of the Progressive Era profoundly believed that only
a government informed by science could rule justly in the public in-

terest. If their belief was too simple, the experience of the nation has

nevertheless been in their favor. A democracy that has in fact enjoyed
the results of science has been more tolerable, more humane, and

more able to fulfill its responsibilities to its people. After the industry
of the country and the military forces of the world came to draw

their power from research technology, a government without consid-

erable scientific competence could not have governed at all. During
a century and a half, science has not only contributed to the power
of the government but to the ability of the people to maintain their

freedom.
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BIBLIOGRAPHIC NOTE
Few people have written

directly on the subject of this book, yet so

many have touched it that the literature from which it is drawn is im-
mense. Because the path runs at a sharp angle to the established lines of

bibliography, many works of history, science, and government refer to it

for a moment, then go off on their divergent courses. Although the notes

cite but a portion of the material consulted, they serve as the detailed

bibliography which the organization of the text arranges automatically by
subject in a roughly chronological pattern. The following remarks contain

only a few general reflections on the sources.

This study's one true predecessor is the series of papers by George
Brown Goode, most conveniently available in A Memorial of George
Broivn Goode (Smithsonian Institution, Annual Report -for /#py, Part II,

Washington, 1901). Besides being a scientist and a distinguished public

servant, Goode had the gift of historical understanding and a sense for

the structure of living institutions. Studies have become more elaborate

since his day, notably Research A National Resource (Washington,
1938-1940), Vannevar Bush, Science, the Endless Frontier (Washington,

1945), and the President's Scientific Research Board, Science and Public

Policy (5 vols., Washington, 1947). But these uneven cross sections only
hint at the long lines of historical development.

The period after 1940 is already better served than any other period.

James P. Baxter, 3rd, Scientists Against Tme (Boston, 1946); Henry D.

Smyth, Atomic Energy for Military Purposes (Princeton, 1945);
and Irvin Stewart, Organizing Scientific Research for War (Office of

Scientific Research and Development, Science in World War //, Boston,

1948), cover important aspects of the relation of the government and

science in World War IL Don K. Price, Government and Science (New
York, 1954), emphasizes postwar developments. The presence of this body
of literature played a part in the selection of 1940 as the terminal date for

the present study.

BIBLIOGRAPHIES

A recent list bearing directly
on this study is Kathrine O. Murra and

Helen D. Jones, "The Administration of Research: A Selective Bibliog-

raphy," in President's Scientific Research Board, Science and Public Policy

(Washington, 1947), III, 253-324. For a segment of science before 1865,

Max Meisel, A Bibliography of American Natural History: The Pioneer

Century, 2769-1865 (3 vols., Brooklyn, 1924-1929), is a masterwork of

the bibliographer's art.
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Entry into the world of government documents may be made through
Anne M. Boyd and Rae E. Rips, United States Government Publications

(3rd ed., New York, 1949), and Laurence F. Schmeckebier, Government
Publications and Their Use (Washington, 1939).

On general American historical literature, Oscar Handlin, et al., Har-

vard Guide to American History (Cambridge, Mass., 1954), nas been

available for the latter part of this study. Also useful are H. P. Beers,

Bibliographies in American History: Guide to Materials for Research

(New York, 1942), and Writings on American History (1902- ). The
relative paucity of items bearing on science in these splendid works is a

commentary on the backward state of this field of historical study. For

the history of science, the "Critical Bibliographies" appearing in Isis are

indispensable.
The greatest body of bibliographic information is scattered through

hundreds of works primarily devoted to something else. For example, the

Institute for Government Research, Service Monographs of the United

States Government (62 vols., Baltimore and Washington, 1918-1930),
contain bibliographies on the history of most of the government's bureaus.

MANUSCRIPTS

Since this study is largely based on printed sources, it can only in-

directly serve as a guide to subjects that would benefit from information

derived from manuscripts. The greatest collection of unpublished material

bearing on this subject is in the National Archives, which stands as a

challenge to the present generation of historians. National Archives,

Guide to the Records in the National Archives (Washington, 1948), pro-
vides a general orientation, while specifically useful is Nathan Reingold,
"The National Archives and the History of Science in America," Isis,

46:22-28 (1955). For particular subjects the National Archives, Pre-

liminary Inventories, are valuable.

For certain topics of great importance on which printed material failed,

manuscripts in the extensive and little-used private papers of American

scientists have been consulted on an occasional basis. The most important
of these were the Benjamin Peirce papers in the Harvard University

Archives, the historic letter file of the Gray Herbarium of Harvard Uni-

versity, and the Pinchot papers at the Library of Congress.

PRINTED PRIMARY SOURCES

Government Documents

Official papers play a prominent part in this study. American State

Papers: Documents, Legislative and Executive, 1789-1837 (38 vols.,
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Washington, 1832-1861) is a collection arranged by subject matter for

which there is no counterpart in later periods. The congressional series

may be entered by the Check List of United States Public Documents

17$9-1909 (Washington, 1911), and Tables of and Annotated Index to

the Congressional Series of United States Public Documents 1817-1893

(Washington, 1902). Proceedings of Congress appear in Annals of Con-

gress 1789-1824 (42 vok, Washington, 1834-1856), Congressional De-
bates 1825-1837 (29 vok, Washington, 1825-1837), Congressional Globe

(109 vok, Washington, 1834-1873), and Congressional Record (Wash-

ington, 1873- ). Presidential papers appear in J. D. Richardson, comp.,
Compilation of the Messages and Papers of the Presidents, 1789-1897 (10

vols., Nashville, 1905).
In the twentieth century, the flood of government publications has

been so great that the congressional series has been substantially outgrown.
Annual Reports, both of the cabinet secretaries and of bureau chiefs, are

an extensive source, uneven in quality but often very significant.

Other Printed Primary Sources

The publications of some nongovernmental institutions have been im-

portant to this study, especially the Annual Reports and Proceedings of

the National Academy of Sciences. The Smithsonian Institution has a

literature of its own. Besides the Annual Reports, the early history is

covered by three great collections of documents edited by W. J. Rhees.

Collected papers of scientists seldom include much material that sheds

light on the organization of science, although L. H. Butterfieid, ed.,

Letters of Benjamin Rush (2 vols., Princeton, 1951), is an exception.

Among the papers of the few major statesmen actively concerned

with the administration of science, occasional relevant material appears.
Some of the more useful are Roy P. Easier, ed., The Collected Works of

Abraham Lincoln (8 vols., New Brunswick, N. J., 1953); Paul L. Ford,

ed., The Works of Thomas Jefferson (12 vols., New York, 1904); and

Elting E. Morison, ed., The Letters of Theodore Roosevelt (8 vols.,

Cambridge, Mass., 1951-1954).
A few of the standard published document collections of American

history contain material of interest. Among them are Max Farrand, ed.,

The Records of the Federal Convention of 1787 (4 vols., New Haven,

1911-1937); and A. P. Nasatir, ed., Before Le*wis and Clark (Saint Louis,

1952).

Periodicals are often primary sources, although many scientific journals

reveal almost nothing of the relations of science to the government. For the

middle nineteenth century the American Journal of Science and Arts

( 1 8 1 8- ) had wide coverage and general interest. Since 1 883, the maga-
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zine Science forms a continuous series of scientific news items, editorial

comment, and articles which often provide sources of both fact and

opinion.

AUTOBIOGRAPHIES AND BIOGRAPHIES

Autobiographies and biographies have played such an important role

that they deserve a separate listing. The overemphasis on the individual

hero in science may account in part for this situation. But more funda-

mental is the fact that biographers have stalked in whatever fields their

quarry has led them into. Hence, they have often penetrated deep into

the brambles of the relation of science to the government during the

same years that the historians concerned with impersonal trends ignored
the subject,

Autobiographics

Autobiographies have sometimes provided the most specific accounts

of the inner workings of government science. Among these may be

mentioned especially Charles F. Adams, ed., Memoirs of John Quincy
Adams (12 vols., Philadelphia, 1875-1876); Bailey K. Ashford, A Soldier

in Science (New York, 1934); David Fairchild, The World Was My
Garden (New York, 1938); Herbert Hoover, Memoirs (3 vols., New
York, 1951-1952); Leland O. Howard, Fighting the Insects (New York,

1933); Robert A. Millikan, Autobiography (New York, 1950); Simon

Newcomb, The Reminiscences of an Astronomer (Boston, 1903); GifTord

Pinchot, Breaking New Ground (New York, 1947); Harvey W. Wiley,
An Autobiography (Indianapolis, 1930).

Biographies

Among collective biographical works, Allen Johnson and Dumas
Malone, eds., Dictionary of American Biography (22 vols., New York,

1928-1944), is preeminent. For this study the National Academy of

Sciences, Biographical Memoirs (1877- ) is also important.

Biographies of political leaders sometimes brush the relation of science

to the government, for example, Irving Brant, James Madison (4 vols.,

Indianapolis, 1941-1950); and Dumas Malone, Jefferson and His Time

(2 vols. to date, Boston, 1948-1952).
The most directly relevant of the biographies of scientists and ad-

ministrators are Florian Cajori, The Chequered Career of Ferdinand

Rudolph Hassler, First Superintendent of the United States Coast Survey
(Boston, 1929); Thomas Coulson, Joseph Henry: His Life and Work
(Princeton, 1950); William H. Dall, Spencer Futterton Baird (Phila-

delphia, 1915); William C. Darrah, Powell of the Colorado (Princeton,
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1951); Charles H. Davis, Life of Charles Henry Dams, Rear Admiral,

2807-1871 (Boston, 1899); Merle M. Odgers, Alexander Dallas Bache:
Scientist and Educator, 1806-2867 (Philadlphia, 1947); Charles Schuchert
and Clara M. Le Vene, O. C. Marsh: Pioneer in Paleontology (New
Haven, 1940); Wallace Stegner, Beyond the Hundredth Meridian:

John Wesley Powell and the Second Opening of the West (Boston, 1954).

Others, though less useful or less directly applicable because their

subjects were not so closely associated with the government, contain

much valuable material Among them are Frank Cameron, Cottrell:

Samaritan of Science (Garden City, New York, 1952); John F. Fulton,

Harvey Gushing, A Biography (Springfield, III, 1946); Fielding H. Gar-

rison, John Shaw Billings: A Memoir (New York, 1915); Charles L.

Lewis, Matthew Fontaine Maury: The Pathfinder of the Seas (Annapolis,

1927); James P. Munro, A Life of Francis Amasa Walker (New York,

1923); Jesse S. Myer, Life and Letters of Dr. William Beaumont (Saint

Louis, 1939); Andrew D. Rogers, III, Erwin Frink Smith: A Story

of North American Plant Pathology (Philadelphia, 1952); Andrew D.

Rodgers, III, John Torrey: A Story of North American Botany (Prince-

ton, 1942); Charles C Sellers, Charles Willson Peale (z vok, Phila-

delphia, 1947); Robert Shankland, Steve Mather of the National Parks

(New York, 1 95 1 ) .

OTHER SECONDARY WORKS

In a perfectly ordered world the author of a synthesis such as this one

would eschew primary sources entirely. Monographs of uniform quality
stacked neatly along the path of his story would serve him well enough.

Unfortunately, the primary sources listed above are testimony that no
such simple situation exists in this field. While secondary works have been

used as much as possible, their varying quality and chaotic arrangement
have left many gaps unexplored and many important questions un-

answered. Prepared by men with a wide range of qualifications for the

task and with many different aims, these secondary materials neveretheless

provide much relevant information. For convenience, they may be di-

vided roughly into four groups.
The first category contains those publications produced by the

government's efforts to understand itself. Some government documents

are really monographs. Among these are Esther C. Brunauer, International

Councils of Scientific Unions, Brussels and Cambridge (Department of

State, Publication 2413, Washington, 1945); Department of Agriculture,

Yearbook for 1899 (Washington, 1900); Lloyd N. Scott, Naval Con-

sulting Board of the United States (Washington, 1920); A. C. True, A
History of Agricultural Experimentation and Research in the United
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States, 1607-1925 (Department of Agriculture, Miscellaneous Publication

No. 2$ i, Washington, 1937); A. C. True, A History of Agricultural

Education in the United States , /7^j~/^2j (Department of Agriculture,
Miscellaneous Publication No. 36, Washington, 1929); Mark S. Watson,

Chief of Staff: Prewar Plans and Preparations (United States Army in

World War 11. The War Department, Washington, 1950).

The second major category contains books written by scientists and

other active participants. Among these are I. W. Bailey and H. A. Spoehr,
The Role of Research in the Development of Forestry in America (New
York, 1929); Vannevar Bush, Modern Arms and free Men (New York,

1949); Grosvenor B. Clarkson, Industrial America in the World War:
The Strategy Behind the Line, 1917-1918 (Boston, 1923); A. A. Fries and

C. J. West, Chemical Warfare (New York, 1921); George W. Gray,
Frontiers of Flight: The Story of NACA Research (New York, 1948);

T. Swann Harding, Two Blades of Grass: A History of Scientific Devel-

opment in the U. S. Department of Agriculture (Norman, Okla., 1947);

Edgar E. Hume, Victories of Army Medicine (Philadelphia, 1943);

George P. Merrill, Contributions to the History of American Geology

(National Museum, Annual Report for 1904, Washington, 1906); Paul H.

Oehser, Sons of Science: The Story of the Smithsonian Institution and Its

Leaders (New York, 1949); Frederick W. True, A History of the First

Half-Century of the National Academy of Sciences, 1863-1913 (Wash-

ington, 1913); R. C. Williams, The United States Public Health Service,

if$8~i$50 (Washington, 1951); R. M. Yerkes, ed., The New World of

Science: Its Development During the War (New York, 1920).

The third category contains books primarily directed to the problems
of public administration. The Institute for Government Research, Service

Monographs of the United States Government (62 vols., Baltimore and

Washington, 1918-1930), is the core of this literature and a source of

great importance. Other studies stimulated by professional interest in

pubHc administration are Richard G. Axt, The Federal Government and

Financing Higher Education (New York, 1952); CarletonR. Ball, Federal,

State, and Local Administrative Relationships in Agriculture (2 vols.,

Berkeley, 1938); Robert H. Connery, Government Problems in Wild-

life Conservation (New York, 1935); John M. Gaus and Leon O.

Wolcott, Public Administration and the United States Department of

Agriculture (Chicago, 1940); Richard Hofstadter and C. D. Hardy,
The Development and Scope of Higher Education in the United States

(New York, 1952); V. O. Key, Jr., The Administration of Federal Grants

to States (Chicago, 1937); R. D. Leigh, Federal Health Administration

in the United States (New York, 1927); A. W. MacMahon and J. D.

Millett, Federal Administrators: A Biographical Approach to the Problem
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of Departmental Management (New York, 1939); Lloyd M. Short, The
Development of National Administrative Organization in the United
States (Baltimore, 1923). Belonging to the public administration group
but having a broader historical scope as well are Leonard D. White's three

volumes, The Federalists (New York, 1948), The Jeffersonians (New
York, 1951), and The Jacksonians (New York, 1954).

The fourth category contains the works of authors whose primary
interest is historical. Some of these books center around science, such as

George W. Adams, Doctors in Blue: The Medical History of the Union

Army in the Civil War (New York, 1952); Ralph S. Bates, Scientific
Societies in the United States (New York, 1945); Richard H. Shryock,
American Medical Research, Past and Present (New York, 1947); Dirk

J. Struik, Yankee Science in the Making (Boston, 1948). Some general
works on a whole period are useful, notably Geo-ge Dangerfield, The
Era of Good Feelings (New York, 1952); Frederic L. Paxson, American

Democracy and the World War (3 vols., Boston, 1936-1948). Some of

the newer studies of technology by economic historians are relevant.

Among them are O. E. Anderson, Jr., Refrigeration in America: A History

of a New Technology and Its Impact (Princeton, 1953); Louis C.

Hunter, Steamboats on the Western Rivers: An Economic and Techno-

logical History (Cambridge, Mass., 1949). Special studies occasionally
have had larger implications than their own limited subjects. Among these

key monographs are James P. Baxter, 3rd, The Introduction of the

Iron Clad Warship (Cambridge, Mass., 1933); I. B. Holiey, Jr., Ideas

and Weapons: Exploitation of the Aerial Weapon by the United States

during World War I: A Study in the Relationship of Technological Ad-

vance^ Military Doctrine^ and the Development of Weapons (New
Haven, 1953); Gerstle Mack, The Land Divided: A History of the

Panama Canal and Other Isthmian Canal Projects (New York, 1944).

Monographs on subjects other than science are often useful. Examples
of the most significant are Sidney Forman, West Point: A History of the

United States Military Academy (New York, 1950); F. Stansbury Hay-
don, Aeronautics in the Union and Confederate Armies (Baltimore,

1941); W. Turrentine Jackson, Wagon Roads West (Berkeley, 1952);

Jeannette Mirsky, To the Arctic! The Story of Northern Explora-

tion from Earliest Times to the Present (New York, 1948); F. Paul

Prucha, Broadax and Bayonet: The Role of the United States Army in the

Development of the Northwest, 1815-1860 (Madison, Wis., 1953); F. A.

Shannon, The Organization and Administration of the Union Army,

1861-1865 (2 vols., Cleveland, 1928); Richard J. Storr, The Beginnings

of Graduate Education in America (Chicago, 1953).

Of the four categories,
the second and third can have only a limited
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expansion in covering the period 1789-1940. Direct participants and

students of public administration will naturally tend to focus upon the

current scene. Only by a great increase in the quality and quantity of his-

torical studies can the true significance of the first century and a half of

the government's experience with science gradually emerge.
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as first president of National Academy,
139, 142, 144, 146, I47-Z48* 2l6

Bacteriology, early research work and

development of, 263-267
Baekeland, L.HM 306, 307

Bailey, Jacob Whitman, 46, 87, 104

Baird, Spencer Fullerton, 93, 116, 139,

213, 218, 220, 284; Director of Nation-

al Museum, and Assistant Secretary of

Smithsonian, 83, 85, 236; work on Fish

Commission, 236-258

Baker, Newton IX, 367

Ballinger, Richard, 251
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Balloons, use during Civil War, 127128
Bankhead-Jones Act (1935), 364-365

Banks, Sir Joseph, 10, 1 1

Barlow, Joel, 23, 294; plan for a national

university, 23, 67

Barnard, J. G., Coast Survey secret com-
mission, 133; on Navy's Permanent

Commission, 137;

Barnes, J. K., 256

Bartram, William, 8

Bamch, Bernard, 305

Beagle, surveys, 57

Becher, G. F., 278

Bell, Alexander Graham, 285, 286

Beltsville Research center (Maryland),

*7*i 365

Bennett, Hugh H., 363, 364
Bentham, Jeremy, 259

Benton, Thomas Hart, 49; and Smithson

bequest controversy, 69, 79

Bigelow, John M^ 94

Billings, John Shaw, 154, 263, 267, 297,

298, 300, 347; work on Army Medical

Library, 129, 256-257; against a de-

partment of science, 230-231; on Na-
tional Board of Health, 259, 260, 262;

Report on the Mortality and Vital Sta-

tistics of the United States, 278

Biltmore, N. C, Pinchot's forestry work,

241

Biological Survey, 169, 238-239; basic re-

search policy questioned and redi-

rected, 253; regulatory power, 253-

254; effect of depression on, 345-346
Blunt's Coast Pilot, 108

Bomford, George, 123

Bond, George P., 139

Bond, William Cranch, 61

Boondoggling, 362
Boston (Massachusetts), cultural influ-

ence in early republic, 8

Botany, Division of, 167, 177

Boudinot, Elias, 18

Bougainville, L. A. de, 56

Bowditch, Henry Ingersoll, report on
national department of health, 259;
on National Board of Health, 260, 262

Bowditch, Nathaniel, Practical Naviga-
tor, 108

Bowers, G. M., 292

Bowman, Isaiah, 350, 351, 354
Brewer, W. H., 242, 278

Briggs, Lyman J., 372

Brookings Institution, 336
Browne, Daniel J., 112

Buchanan, James, 113

Buckle, H. T., 228

Budget, Bureau of the, 352

Building trades, aid from Bureau of

Standards, 276
Bureau chief, effective control of science

by, 380-381

Bureaus, development of, 157-158, 289-

293; proposed reorganization 217-231,

impact of depression, 344-350. See also

individual bureaus by name

Burrell, G. A., 320

Bush, Vannevar, 369, 370, 371, 372, 373,

374 375

Business, setting the tone of the country,

338; Hoover's Conference, 338-339.
See also Industrial research

Bussey Institution (Harvard), 158

Butler, Nicholas Murray, 294

Cabell, James L., chairman of National

Board of Health, 260, 262

Calhoun, John C., 229; on Smithson be-

quest, 67, 69, 70
California Institute of Technology, 309

Cambridge (Massachusetts), activities of

Lazzaroni, 136

Campbell, W. W., 351, 354

Canada, boundary Hne ascertained, 33

Capron, Horace, 154, 155

Carnegie, Andrew, gifts for research,

297-298, 308, 310, 312, 329

Carnegie Institution (Washington), 297-

298, 322, 377

Carter, Henry R., 265, 266

Carty, John J., 310, 327, 34'-343

Cass, Lewis, 49

Cattell, J. M., 342

Census, Bureau of the, 290, 295, 338, 362;

postwar, 335; influence of industrial

growth on, 271; development of, 277-

279; vital-statistics program, 260

Centennial Exposition (Philadelphia), 283
Central Pacific Railroad, 195

Central research organization, evolution

of, 293-296, 305-3^5
Central scientific organ, later New Deal
need for, 366-367; retrospect of 150

years of effort, 375-379
Chamberlain-Kahn Act, 334

Chandler, William .,219

Chemistry, Bureau of, 169, 176-181; work
on standards, 275

Chemistry and Soils, Bureau of, 352
Chesapeake, 24, 31

Chicago, University of, 297, 319
Chief of Engineers, Office of, 36
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Chief of Naval Operations, Office of, 303
Chile, nitrates for explosives from, 321,

322

Chipman, John, 78

Choate, Rufus, 76-77, 84
Christian Science Church, 270

Churchman, John, sought subsidy from

Congress, 9-1 1

Churchman, Magnetic Atlas, 1 1

Civil engineering, 37
Civil service merit system, 173, 174, 376
Civil War, technological problems and

research, 120-148, 289, 376, 378, 380

Clark, Alvan, and Sons, 186

Clark, C. D., 242

Clark, George Rogers, 25

Clayton, H. Helm, 192

Cleveland, Grover, 222, 223, 238, 242, 292
Coast and Geodetic Survey, 203, 209, 289,

292, 295, 338, 375, 377; Allison pro-

posed reorganization and Commission

investigation, 215-229; relations of

Agassiz family with, 220; appropria-
tions cut, 235; office of weights and
measures in, 271-273

Coast and Interior Survey, unsuccessful

proposal, 216-217
Coast Survey, 43, 86, 100; plans for, 29-

33; responded to urgent needs, 52, 53;

set off chains of scientific demands, 64-

65; under Bache, 100-105; appropria-
tions for, 104; services during war,

132; under Peirce, 202-203; name

changed to Coast and Geodetic Sur-

vey, 203

College de France, 300

Colleges, shelter for research, 44
Colorado Rockies, 199-200
Columbia University^ 284, 297; Institute

of Tropical Medicine and Hygiene,

267
Columbia River, United States claim to,

25

Columbian Exposition, 272

Columbian Institute, 34, 71

Commerce, Department of, 192, 352; en-

couragment of industrial research, 336-

34
Commerce and Labor, Department of,

295; National Bureau of Standards

under, 274; Census Bureau under, 279

Committee of Organization of Govern-

ment Scientific Work, 294-295, 206

Compton, Arthur H., 372

Compton, Karl T., 370; work on Science

Advisory Board, 250-262

Comstock, Cyrus, 216

Comstock Lode, 224, 226

Conant, James B., 370

Congress, United States, patronage dur-

ing first decade, o-ii; reluctance to
aid science, 14, 38-39, 41-42; sets up
Joint (Allison) Commission to study
scientific bureaus, 215; control of sci-

ence through appropriation bilk, 216,

217; new attitude toward bureaus, 291-
292; current willingness to support re-

search, 380

Conservation, 377, 381; activities 1865-
1916, 232-255; World War I impact on

concepts, 322-323; Hoover's activities

as Secretary of Commerce, 339; during
the later New Deal, 363-364

Constitution, United States, position of

science in, 5-6
Constitutional Convention, 380; position

of science considered, 3-5
Construction and Repair, Bureau of

(Navy), 329

Consumption, heavy drain on natural re-

sources, 232
Contract research, growth of, 371, 374
Contributions to Knowledge (Smith-
sonian Institution), 86

Cook, Captain James, 25, 56

CooHdge, Calvin, 330, 338

Cooper, Thomas, 68, 70

Cope, Edward Drinker, 208, 222, 235
Cornell University, 297, 319; forestry

school established, 244

Cornell, Frederick G., 283, 321

Coues, Elliott, 131
Council of National Defense, 305, 312-

313, 3i<5i 3*7, 3*8, 370

Coville, F. V^ 246
Cow Colleges, 160

Craven, T. A-, 96
Crawford, William H., 32

Cuba, yellow fever commission sent to,

260; disease during Spanish-American
War, 264; yellow fever research, 265-
266

Curtice, Cooper, 166

Cushing, Harvey, 347, 348

Cutbush, Edward, 34, 71

Dabney, Charles W., 173, 174, 294

Dahlgren, John A., ordnance experi-

ments, 123-124; Chief, Bureau of Ord-

nance, 124-125; and National Acade-

my, i39> H3
Dalks, Alexander J., 80
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Dallas, George MifHin, 80

Dampier, William, 27

Dana, James Dwight, 142, 205; Reynolds
expedition, 58; editor American Jour-
nal of Science, 107; Scientific Lazzaro-

ni, 118

Daniels, Josephus, 306, 307

Darwin, Charles, Origin of Species, 165

Davis, Arthur Powell, 212, 235

Davis, Charles Henry, 381

Davis, Charles Henry, head of Nautical

Almanac, 107-108; American Academy
activity, 116; Warship Study Board,

126; Coast Survey Secret Commission,

133; head of Bureau of Navigation,

133; Office of Detail, 134; the profes-
sional scientist in government service,

135, 136; on Navy Department Perma-
nent Commission, 137; plan for Nation-

al Academy, 138-139; Isthmian Canal

problem, 186; bureau chief, 381

Davis, E. H., and E. G. Squire, Ancient

Monuments of the Mississippi Valley,

8?

Davis, Jefferson, 49, 113, 131; railroad

surveys, 94-95

Davis, John, on accepting Smithson's be-

quest, 67-68

Davis, John W., 342

Davis, W. M., 212

Defense, Department of, 374

DeForest, Lee, 304

Delano, Frederick A., 355, 356, 357

DeLong, G. W., 193

Democracy, science in, 300-301, 379-381

Democrats, 347

Depot of Charts and Instruments, 61, 62,

65, 105

Depression and New Deal, effect on gov-
ernment science, 344-368, 381

Detail, Office of, 134

Dickerson, Mahlon, 58, 59

Dictatorships, use of science, 379

Diller, Isaac R., 125

Douglas, Stephen A., 84

Draper, John W^ 139, 141

Dreadnought type of battleship, 304

Dudley Observatory (Albany), 119

Dunbar, William, 28

Dunn, Gano, 310, 327, 341, 351

Du Ponceau, Peter S., 57
Du Pont, Samuel F., 133

D'Urville, Dumont, 57

Dutton, Clarence E., 201, 212, 233

Economic Ornithology and Mammalogy,
Division of, 238

Edison, Thomas A., 306, 307

Edgewood Arsenal, 320, 332

Education, an internal improvement, 22,

23; included in planning for research,

359
Electric telegraph, discovery, 48
Electrical standards, work on, 272

Eliot, Charles William, 185

Eliot, Charles W., 2nd, 355, 356, 357
Ellesmere Island, 193

Ellsworth, Henry L., commissioner of

patents, 47, 73; custodian of govern-
ment collection, 74; agricultural ac-

tivities, IIO-III

Ellsworth, Chief Justice Oliver, 47

Emmons, S. F., 278

Emory, W. H., 93, 94

Engineering and Research, Division of
'

(National Research Council), 337

Engineering Foundation, 310, 312

Engineering societies, 315, 329

Entomology, problem approach, 161

Entomology, Division of (Department of

Agriculture), 161, 162, 163, 238

Entomology and Plant Quarantine, Bu-
reau of (Department of Agriculture),

3^2, 375
Era of Good Feelings, scientific activi-

ties during, 33-34
Ericsson, John, 122; designed Monitor,

126

Erie Canal, 41

Erni, Henri, 152-153

Espy, James F., 69, 70, 109

Ethnology, Bureau of, 2 1 1

Ethnology, research in, 207

Europe, Age of Enlightenment, 6, 7; ad-

vance of science, 40-41; question of

inferiority to, 342-343

Evans, John, 96

Evans, Oliver, 13

Experiment-station system, in Bureau of

Mines, 282

Experiment stations, aided by federal

land grants, 169, 170, 171

Experiment Stations, Office of (Depart-
ment of Agriculture), 171, 337

Experimental Evolution, Department of

(Carnegie Institution), 298

Exploration, recognized part of activity
of government, 24-29; trans-Mississippi

by Army, 35; expeditions, 56-61; scien-

tific demands caused by, 64-65; over-

seas, 95-100, 184-187; polar, 192-193
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Exploring Expedition, 56-61
Extension Service (Department of Agri-

culture), 181-183

Faraday, Michael, 80

Featherstonhaugh, G. W., 63
Federal funds, Jefferson's plan for use,

22-23
Federal Quarantine Act, 163

Federal Radio Commission, 340
Federal regulation, law of 1838 intro-

duces, 50

Federalists, attitude toward science, 21-22

Felch, Cheever, 32

Fellowships in science, 327, 330

Felton, C. C., 118

Femow, Bernhard E., 240-241, 244

Ferrel, William, 190; Recent Advances
in Meteorology, 189

Financial aid for research, early petitions

rejected, 14

Finlay, Carlos, 265
Fish Commission, 217, 236-238

Fisher, Irving, National Vitality, 269, 336

Fisheries, Bureau of (Department of

Commerce and Labor), 238, 292, 295,

338

Fiske, Bradley, 304
Fixed Nitrogen Research Laboratory, 334

Fleischmann, Charles Lewis, 68

Flexner, Simon, 268

Food Administration, 305
Food and Drug Administration, 352

Food production, World War I, 323

Food Research Laboratory, 181

Ford, Henry, 319
Ford's Theatre (Washington), 129

Forest Products Laboratory (Madison,

Wisconsin), 254
Forest protection, early interest in, 239-

244
Forest Service (Department of Agricul-

ture), 169, 290, 334, 339, 362, 363, 365,

377; established, 249; applied research,

252-255; decentralization and experi-
ment stations, 254; esprit de corps, 292;

research for war, 304

Forestry, Bureau of, name changed to

Forest Service, 249

Forestry, Division of, 177; early ridicule

of, 240; work of Pinchot as head, 244-

246
Foundations, an estate of science, 297-

299; aid to peacetime National Re-

search Council, 329

France, government science in, 23, 221;

airplane development, 286

Franklin, Benjamin, 3, 4, 7, 8

Franklin Institute (Philadelphia), 50, 88

Franklin, Sir John, 98, 193

Frazer, John Fn 119
Fremont, John Charles, 64, 92-93
French Academy, 221, 308
Fulton, Robert, Demologus, 122

Gage, Lyman J., 273

Gallatin, Albert, 22, 30, 31, 68

Galloway, Beverly T., 167

Gamgee, John, 154

Gannett, Henry, 212, 244
Gardens and Grounds, Division of, 168

Garfield, James A., 200, 210

Garfield, James R., 294, 295
Gas mask, development of, 320

Gedney, T. R., 54
General Education Board, 298
General Electric Company, 310, 319, 342
General Land Office, 197, 198, 199, 232,

246, 292; Powell's attack on, 206; shut

down for irrigation survey, 233-234;
bad reputation, 244; lost control of

forest reserves, 249
General Survey Act, repealed, 64
Genet, Edmund (Citizen), 26

Geographic Society of New York, 99

Geographical and Geological Survey of

the Rocky Mountain Region, 201

Geographical and Topographical Survey
of the Colorado River, 200-201

Geological and Geographical Survey of

the Territories, 198

Geological Survey, 177, 326, 339, 352,

362, 377; creation, 208-211-, policies of

Powell as director, 211-212; Allison

Committee to study, 215; proposed
bureau, 217; attacks on, 222-224, 226,

228-229; Powell's defense, 226-227; ir-

rigation survey, 233-234; restricted in

scope, 235; survey of forest reserves,

243; attempts to keep alive scientific

planning, 244; to control Newlands
Act reclamation, 248; function of land

classification revived, 249-250; com-

parison with National Board of Health,

262; friction with Bureau of Standards,

275; early mining research, 280-281,

282; growth of, 290-291; foreign mis-

sion to China, 299; research for war,

304; Geological Survey of the Fortieth

Parallel, 195

Geologists, early an organized group, 46
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Geology, opposition to government ac-

tivity in, 224; Powell's defense of, 226-

227

Geophysical Laboratory (Carnegie Insti-

tution), 322

Germany, government science in, 221;

airplane development, 286; university

system, 300; our dependence on tech-

nology, 322

Gibbs, Wolcott, 119, 129, 136, 142, 241,

242

Gilbert, G. K., 201, 212

Gilliss, James M., 61, 62, 65, 97, 105, 133,

*39

Gilman, Daniel Coit, 293-294
Girard College, 79, 80

Glover, Townend, 112, 153, 161

Goldberger, Joseph, 270

Goldsborough, L. M., 62

Goode, George Brown, 237, 283

Gorgas, W. C., work on yellow fever

control, 265, 266

Gould, Benjamin Apthorp, 103, 108, 119,

129, 136, 142

Government Relations, Division of (Na-
tional Research Council), 329

Government Relations and Science, Ad-

visory Committee on (National Acade-

my), 358
Government research and science, early

activities, 9, 33, 48-49, 51; aid to private
research, 50, 224-227; laissez-faire pol-

icy, 220-224; and industry, 287-288; pat-
terns of, 289-301; one of the estates of

science, 297; retrospect of 150 years,

375-379; an<l democracy, 379-381
Grand Canyon, 200

Grange movement, 169

Grant, Ulysses S., 186, 199; on scandal of

surveys, 203

Graves, Henry S., 245

Gray, Asa, 58, 61, 87, 88, 139, 141, 144,

198

Gray, Robert, 25

Grazing, research in, 246
Great Britain, precedent for patronage

of science, 10, n; trading interest in

Canada, 25; airplane production, 286;

government organization of industrial

research, 337
Great depression, impact of, 344-350
Great Lakes Survey, 134

Greely, A. W., 192, 193

Greenwich Observatory (Great Britain),

69

Gregory, F. H., 126

Guyer, Frederick, 14

Hague, Arnold, 242, 243, 244

Hale, George Ellery, 341, 350, 373;
National Research Council activities,

308-314, 326, 327, 328, 330

Hall, Charles F., 99, 193

Halley, Edmund, 10

Hammond, William A., 129

Harding, Warren, 338

Hare, Robert, 80

Harper, William Rainey, 294

Harriman, Mrs. E. H., 253

Harrington, Mark W., 192

Harrison, William Henry, 192

Harvard College, 108, 284, 297, 319
Harvard Museum of Comparative Zo-

ology, 215, 220

Harvard Observatory, 62, 103

Harvey, W. H., 87

Hassler, Ferdinand Rudolph, 300; Coast

Survey plan, 29-33; activity in field of

weights and measures, 52; activities in

Coast Survey, 52-55, 100; on role of

Smithsonian, 70

Hatch, William H., 170
Hatch Act, 170

Haupt, Herman, 120-121

Hayden, Ferdinand V., 94, 201, 252; Bul-

letin, 198; survey of Nebraska, 198-

199; and Wheeler investigation, 204;

struggle with Powell, 221, 222, 225

Hayes, I. L, 99, 193

Hayes, Rutherford B., 210, 260

Hazen, William B., 189-191, 192

Health, Department of, unsuccessful pro-
posals, 258-259, 269

Health laws, early action to enforce, 16-

17

Helium, research and production (World
War i), 321

Henderson, L. J., 46

Henry, Joseph, 155, 187, 218, 220, 221,

237, 284, 296, 297, 379, 381; research

into electricity, 45; discoveries, 48, 49;
first Secretary of Smithsonian, 70-82,

88, 109-110; American Academy ac-

tivity, 1 1 6; Scientific Lazzaroni, 118;

approved of balloons, 128; Civil War
efforts, 131, 132; ideal government sci-

entist, 135; objections to a national

academy, 136; on Navy Department
Permanent Commission, 137; activities

as President of National Academy, 139,

140, 147-148, 204-205; assistance to
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Powell, 200, 201

; report on forest trees,

239; electrical unit named for, 272

Henry Mountains (Utah), 201

Henshaw, Henry W., 253

Herbert, Hilary, 191; attacks on Powell
and the Geological Survey, 222, 223,

228-229, 235; laissez-faire policy for

science, 227-228
Herndon, W. L., 96
Hetch Hetchy Valley, 252

Hewitt, Abram S., 205, 259, 298

Hilgard, E. W., 171

Hilgard, J. E., consultant for Permanent

Commission, 137; superintendent of

Coast Survey, 222; forced to resign,

222-223

Hill, G. W., 185

Hiroshima, 369
Holden, E. S., 184

Holmes, Joseph A., Coal Testing Com-
mission, 280; Director of Bureau of

Mines, 281, 282; analysis of functions,

282-283
Homestead Act, 150, 158, 197, 202

Hooker, Sir Joseph, 198

Hookworm, research on control of, 266,

267

Hoover, Herbert, 336, 379; as Food Ad-

ministrator, 305; as Secretary of Com-
merce, 338-340; efforts to stimulate

basic research, 340-343; as President,

344, 346-347, 349
Hoover Dam, 339

Hopkins, Harry, 362

Hopkins, John, bequest for hospital,

257

Hough, Franklin B., 239, 240

Hough, W. J., 78

House, E. M., 327

Houston, D. F., 182

Howard, Leland O., 162, 173-174, 265

Howard University (Washington), 294

Hubbell, Horatio, 68

Hudson, William L., 59

Hughes, Charles Evans, 292, 341, 342

Humboldt, Alexander, 95-96

Humphreys, A. A., 128, 208

Hydrographic Office of the Navy De-

partment, 184, 187; Joint Commission

to study, 215; aided by Powell, 223

Hygienic Laboratory, 297; established,

267-268; function; 268-269, 270; moved

to Bethesda (Maryland), 365

Ickes, Harold L., 353~357i 3<$3

Illinois Natural History Society, 199

Index Catalogue (of Medical Library),
*57 347

Index Medicus, 257, 347
Indians, of trans-Mississippi West, 200;

Powell's interest, 201-202; need for

study oft 207
Industrial League of Illinois, 1 1 3

Industrial research, beginnings, 271, 288;
as an estate of science, 309-310, 337;
and Department of Commerce, 336-340;
efforts to direct into basic science, 340-
343; effect of depression, 346

Inland Waterways Commission, 250-251
Institute for Government Research, Serv-

ice Monographs, 336
Institute of Tropical Medicine and Hy-

giene, 267

Interior, Department of the, 338, 339,

352, 363; shift of Patent Office to, 112;

forest reserve administration and other

conservation activities, 244, 246; Cen-
sus Bureau under, 279; Bureau of Mines

established, 281; growth, 290
Internal improvements, 36; Jefferson's

state-administered program, 22-23;
Adams's program, 40-43; uncertain con-

stitutional position of, 49
International Council of Scientific

Unions, 330
International Polar Conference (Ham-

burg), 193
International Research Council, 311, 330
Interoceanic Commission, Isthmian Canal

program, 186

Irrigation Investigations, Office of, 236,

248

Irrigation Survey, Powell's, 232-236

Isherwood, B. F., Experimental Researches

in Steam Engineering, 125
Isthmian Canal problem, 186

Jackson, Andrew, 44

Jackson, Charles T., 92

Jacobin societies, 21

James, Edwin, 35

Jefferson, Thomas, 7, 379, 380; adminis-

trator of patent law of 1790, 12; Presi-

dent American Philosophical Society,

19, 21 ; a great exponent of science,

20-24; position on Constitution's re-

lation to science, 22; plan for a Philo-

sophical Society, 24;
_
organizer of

Lewis and Clark expedition, 25-27

Jewett, Charles C, 83

Jewett, Frank B., 324, 337, 370

Johnson, Andrew, 78, 83, 89
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Johnson, Walter R., 50, 69

Johns Hopkins University, 157, 237, 296

Joint Commission, to study work of sci-

entific bureaus, 215. See also Allison

Commission

Jones, G.
\(V., 78

Jones, Thomas ap Catesby, 59

Jordan, David Starr, 294

Judd, Charles H., 360

Kane, Elisha Kent, 99
Kendall, Amos, 53

Kennedy, John P., 97-98
Kennicott, Robert, 131

Kentucky Resolutions, 22

Kew Observatory (Great Britain), 273

Kilborne, F. L., 166

King, Clarence, 205, 224; head of Geo-

logical Survey, 196, 210; work on Sta-

tistics and Technology of the Precious

Metals, 278; mining conservation re-

search, 280

King, Henry, 72, 73

Kinyoun, J. J., 267-268

Knapp, Seaman A., 181, 298

Knowledge, Powell's theory of, 227

Koch, Robert, 165, 263

Labor Statistics, Bureau of (Department
of Labor), 335

Lacey Act, wildlife control, 253
La Guardia, Fiorello H., 344
Laissez-faire theory in government sci-

ence, 220-224, 227

Lamar, Lucius Quintus Cincinnatus, 220

Lambert, William, 34-35

Lamson-Scribner, Frank, 167
Land classification, 91-92; aim of govern-
ment science in West, 206

Land-grant colleges, 149, 150-151, 160,

169, 172, 297, 362

Langley, Samuel Pierpont, 298; Secretary
of Smithsonian, 284; Experiments in

Aerodynamics, 284; work on aero-

nautical research, 284-285

Langley Aerodynamical Laboratory, es-

tablished, 285-286; merged with NACA
activities at Langley Field, 287

Langley Field (Virginia), NACA activi-

ties at, 287, 318, 334

Langley's Folly, 285

Langmuir, Irving, 318

Lapham, Increase A., 187

Laveran, C. L. A., 165

Law, Thomas, 71

Lawrence Scientific School (Harvard),

157

Lazear, J. W., 265
Lazzaroni. See Scientific Lazzaroni

League of Nations, 325, 328, 330

Leavenworth, M. K., 63

Ledyard, John, 25

Lee, Daniel, 112

Leopard, 24

Lesley, J. P, 143

Lewis, Captain Meriwether, 27
Lewis and Clark Expedition, 375; ap-

propriation grant, 26-27; precedents

arising from, 27-28, 43, 57
Lewisite gas, 320

Library of Congress, 84, 85
Lick Observatory (University of Cali-

fornia), 184

Liebig, Justus, Chemistry in Its Applica-
tions to Agriculture and Physiology,
III-II2

Lighthouse Commission, 235

"Light-houses of the skies," 69-70
Lincoln, Abraham, 124, 125

Lincoln, Robert Todd, 191, 193

Livingston, Robert R., 22

Lodge, Henry Cabot, 284

Logan, John A., 190

Long, Stephen H., 35, 37

Loomis, Elias, 187

Lord, N. W., 280

Loring, George, 164
Louisiana Purchase, 25

Louisiana Purchase Exposition (Saint

Louis), 280

Louisiana State Board of Health, 261, 262

Lovell, Joseph, 37

Lowe, Thaddeus S. C., 128

Lyman, Theodore, 190, 191, 314; work
on Allison Commission, 215; defeated,

222

Lynch, W. F., 96

McCallum, D. C., 120-121

McClellan, George B., 134

Macedonian, Reynolds expedition, 58

McGee, W J, 235; work for conserva-

tion, 250, 251; on America as a nation

of science, 301

Machine gun, Allied development, 302

Mackenzie, Alexander, 251

McKinley, William, 175, 238, 242, 246,

274, 292

McNeill, William G., 37
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Madison, James, 31; plan to encourage

the sciences, 4, 5, 10; interest in a

national university, 15, 33

Manning, Van H., 320

Mapping, duplication in, 215
Marine Biological Laboratory (Wood's
Hole), 237

Marine Hospital Service, 257-258; expan-
sion into a public health agency, 259,

267-268; and quarantine, 261-263
Markoe, Francis, 70, 72

Marsh, G. P., 77

Marsh, Othniel C, 212-213, 245; head of

National Academy, 205; inquiry on

policies by Joint Commission, 215-216;

dropped from Geological Survey, 235

Mason, Max, 319
Massachusetts, first state board of health,

258
Massachusetts Institute of Technology,

278, 297, 309, 334

Mather, Stephen T., 252

Maury, Matthew Fontaine, 96, 136, 184;

at Naval Observatory, 105-107; Wind
and Current Charts, 105; Sailing Direc-

tions, 106

Mead, Elwood, 236

Meade, George Gordon, 106, 134
Medical and Surgical History of the War

of the Rebellion, 129, 257
Medical research, Civil War, 128-130;

1865-1916, 256-270; World War I,

315-316
Mellon, Andrew, 341

Mellon Institute (Pittsburgh), 306
Merchant seamen, federal medical care,

16-17, 256, 257-258

Merriam, Charles E., 355, 356, 357

Merriam, C Hart, 237; head Division of

Economic Ornithology and Mammal-

ogy, 238-239; close relations with The-

odore Roosevelt, 247; basic wildlife re-

search, 253; research endowed by Mrs.

Harriman, 253

Merriam, J. C., 327

Merrill, E. D., 175

Meteorology, part of Smithsonian pro-

gram, 88; activities in, 109; under the

army, 187-192; issue of place in the

Signal Service, 215, 314; proposed bu-

reau, 217
Mexican Boundary Survey, 94

Michaux, Andre, 7, 25-26

Michelson, A. A., 184-185, 315

Michigan, University of, 297

Michler, Nathaniel, 96

Microscopy, Division of (Department of

Agriculture), 167, 168

Military Academy (West Point), estab-

lished, 29; Calhoun's reorganization, 36;
source of competent engineers, 37; em-

ployment of specialists, 46

Military research, status before World
War I, 302-305; postwar setback and
cuts, 331-334; lack of readiness before
World War II, 367-368

Military services, explorations and sur-

veys, 32, 43; science introduced into its

education, 43; aeronautics during Civil

War, 127-128; decline of science in,

184-194. See also Army and Navy
Mill, John Stuart, 160; principle of cen-

tralization of knowledge, 227

Millikan, Robert A., 341, 351; World War
I, 309, 323, 324; head of National Re-
search Council, 311, 313-315; Army
commission, 314, 317, 318-319; peace-
time scientific activities, 326, 327

Mines, Bureau of (Department of Com-
merce), 275, 290, 291, 334, 337, 352,

365; influence of industrial growth up-
on, 271; development of, 280-283; re-

search for war, 304; poison-gas re-

search, 320; development of helium,

321; transfer from Department of In-

terior to Department of Commerce, 338

Mint, setting up, 17-18

Missouri River, exploration, 26

Mitchell, S, Weir, Gunshot Wounds and
Other Injuries of Nerves, 130

Mitchell, Wesley C., 336, 355-357

Mitchill, Samuel Latham, 28, 35

Monitor, 126

Monroe, James, 32

Morgan, John T., 229

Mormons, 202

Morrill, Justin S., backed land-grant col-

lege act, 113, 149-150

Morrill Act, 169, 170

Morris, Gouverneur, 5

Morrow, Dwight L., 335

Morse, Samuel F. B., 48, 89

Mount Wilson Observatory, 186, 308, 311

Muir, John, conservation activities, 240,

241, 252

Muscle Shoals (Alabama), 362; synthetic

nitrates production, 322

Museum of Comparative Zoology (Har-

vard), 215, 220

Myer, Albert Jn 128, i8S-i89
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Nagasaki, 369
Nahant (Massachusetts), submarine de-

tection experiments, 318

Nation^ 161

National Academy of Sciences, 263, 289,

341, 350-359, 3<58, 369, 370-372, 377-379;

genesis of, 135-141; scientific adviser to

the government, 141-146; fight for sur-

vival, 146-148; active role in survey

controversy, 205, 207-208; Committee's

proposals for reorganization of bureaus,

216-217; proposals for a department of

science, 217, 230; forest conservation

efforts, 241-244; for a national public
health organization, 259-260; work on

standards, 272, 273; advisory nature of,

294; committee for central scientific or-

ganization, 295-296; failure of govern-
ment to aid, 300; no representation on
Naval Consulting Board, 306; part of

World War I research, 308-310, 312;

and peacetime National Research Coun-

cil, 3 27-33o
National Advisory Committee for Aero-

nautics, 291, 297, 315, 337, 339, 370, 371,

378; influence of industrial growth up-
on, 271; development of, 283-287; re-

search for World War 1, 304, 318; post-
war activities, 334; New Deal activities,

366
National Board of Health, 366, 376; com-

plete failure of, 258-263, 269, 291

National Bureau of Standards, 281, 352;
influence of industrial growth upon,
271; development of, 271-277. See also

Standards, Bureau of

National Cancer Institute, 365-366
National Conservation Commission, 251
National Defense Research Committee,

369-371, 372; becomes branch of OSRD,
371

National Forests, 249
National Health, Committee of One
Hundred on, 269

National Herbarium, 155, 156, 168

National Industrial Recovery Program,
353-354

National Institute, 216, 371, 372, 377, 378;
drive to obtain collections, 72; care of

Wilkes collections, 72-73; question of

legal right to collections, 73-74; failure

of, 74-76
National Institute for the Promotion of

Science, 60; established, 70-71; name

changed, 72
National Institutes of Health, 365

National Inventors Council, 308
National Laboratories (AEC), 374
National League for Medical Freedom,

270
National Museum, 289, 297; inclusion in

Smithsonian, 85-86; proposed bureau

for, 217; continued growth and value,

283-284
National Observatory, proposed bureau,

217
National Park Service (Department of in-

terior), 252, 334, 362
National Physical Laboratory (Great

Britain), 273
National Planning Board, 354-355
National Research Committee, 377
National Research Council, 350-359, 368-

373, 377-379; World War I activities,

309-315, 316, 317-324; shift to peacetime
activities, 326-330; separation from

government, 343
National Research Endowment, 341
National Research Foundation, 375
National Research Fund, 340-343, 377
National Resources Board, activities, 355-

357; science committee, 358-359
National Resources Committee, 294, 359,

362, 368
National Resources Planning Board, 361
National Science Foundation, 375, 379;

graphs by, 331, 332, 333
National university, idea of, 14-15, 33,

216, 377; Joel Barlow's plan, 23-24;
Adams' approval of, 40; unpopularity,
42; question of constitutionality, 67-68;

reappearance of idea, 220; Alexander

Agassiz on, 221; failure to materialize,
293

Natural history, early dabbling in, 7-8
Natural philosophy, early dabbling in,

7-8
Natural resources, emphasis on conserva-

tion of, 232-255
Natural sciences, 2 and passim
Nautical Almanac, 87, 107-108, 114, 133,

185, 289
Naval Academy (Annapolis), Adams's
recommendation for, 39, 41

Naval Astronomical Expeditidn to Chile,

97
Naval Consulting Board, 306-308, 309,

312, 313, 315, 3i8,333
Naval Observatory, 62, 114, 133, 289, 302;

surreptitious creation, 62-63; history
of, 105-106; program of fundamental
research in astronomy, 184; proposed
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transfer to Coast Survey, 218; cut in

appropriations, 235; retained functions

after establishment of Bureau of Stand-

ards, 276
Naval Research Laboratory, 307, 333

Navigation, Bureau of (Navy Depart-
ment), 133; Isthmian Canal problem,
1 86

Navy, United States, role in overseas

explorations, 95, 186-187; technological

changes during Civil War, 122-126; re-

organization of, 125; application of sci-

ence to technological problems, 133-

134; federal medical care, 256; work on
standards, 272; research for war, 303-

304, 306; helium gas process, 321; post-
war cut in appropriations, 325, 333;
World War II research, 371; postwar,

374

Navy Department, 352; Coast Survey
switched to, 53; attempt to mount an

expedition, 56, 57; reorganization, 124;

Permanent Commission, 137; proposed
change in scientific bureaus, 218

Nevada, 304
New Deal, Hoover blamed failure of

National Research Fund on, 343; ef-

fects on government science, 344-368;

shaping of scientific policy, 347
New London (Connecticut), submarine

research, 319
New York Herald, 235
New York Lyceum of Natural History,

44
New York Times, 342

Newberry, J. S., 129, 205, 212

Newcomb, Simon, 205, 216, 292, 297;

head of Nautical Almanac, 185; views

on reorganization of scientific bureaus,

218-219; hedged on a Department of

Science, 230; on the importance of the

National Academy, 294; defense of

American government science, 300

Newell, Frederick H., 235; director of

Reclamation Service, 248; on Inland

Water Ways Commission, 250
Newlands Act (1902), 248, 291

Newlands Bill (1908), 251

Newton, Sir Isaac, 6

Newton, Isaac, first commissioner of agri-

culture in Patent Office, 152

Nicholas, John, 15

Nicollet, Joseph N., 64

Nitrates, development of, 321-322, 334

Normad-Aitchungs-Commission (Ger-

many), 273

North American Review, 299
North Pacific Exploring Expedition, 98
Northern Regional Research Laboratory

(Peoria, Illinois), 365

Northwest, Adams's plan for naval ex-

pedition, 42
Northwest Boundary Survey, 94
Northwest Passage, 25

Norton, J. P., 269

Noyes, A. A., 327
Nuclear fission, 372

Oath question, Civil War, 372

Observatory, National, Adams's recom-
mendation of, 39, 41, 69; hostility
toward construction of, 52-53

Office of Naval Research, 374
Office of Scientific Research and De-

velopment, 315, 377-379; differences

from National Research Council, 324;

activities, 371-375; demobilization prob-
lem, 374

Oklahoma, 304
Ordnance, technological problems of,

123, 127

Ordnance, Bureau of (Navy Depart-
ment), 124

Ordnance Department (Army), 320

Owen, David Dale, survey of mineral

lands, 63; geological reconnaissance, 72,

91-92; and Smithson bequest contro-

versy, 77-78
Owen, Robert Dale, 45, 77; and Smithson

bequest controversy, 77; plan of or-

ganization for Smithsonian, 81; criti-

cism of Smithsonian, 83

Pacific Ocean, voyage of exploration, 56-
60

Page, Charles G., 49

Page, John, 10-11, 13

Page, Thomas J., 96

Paine, E. H., 187, 188

Paleontology, opposition to government

activity, 224; defended by Powell, 226

Panama, yellow fever research, 266

Parran, Thomas, 354
Parrott, Robert P., 127

Parry, C C, 94, 155

Pasteur, Louis, 154, 165, 263

Pasteur Institute, 300
Patent clause, significance of, 9-1 1

Patent laws, administrative machinery set

up by, 12-14
Patent office, 43; Adams recommends, 40;

reorganization and expansion of, 46-47;
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agricultural program, 111, 113; trans-

ferred to Commerce Department, 338

Pathology, Division of (Department of

Agriculture), 168

Patronage, decline in scientific bureaus,

292

Patterson, Robert, 29, 31

Paulding, Hiram, 126

Peabody, George, 99
Peace, benefits to science from, 301

Peale, Charles Willson, 9, 21-22

Peale, Titian, 35

Peirce, Benjamin, 49, 115, 222; Coast Sur-

vey's consultant, 103, 107, 108; con-

sultant on Nautical Almanac, 116; Sci-

entific Lazzaroni, 118, 136; consultant

for Permanent Commission, 137; officer

of National Academy, 141; director of

Coast Survey, 202-203

Peirce, Charles Sanders, 271-272
Pelican Island (Florida), bird reserva-

tion, 253
Pendleton Act, 173

Pennsylvania, University of, 12, 50, 284

Pennsylvania Assembly, early assistance

to science, 9
Permanent Commission (Navy), 306, 307

Perrine, Henry, no, 168

Perry, Matthew C., 97, 122

Petroleum Division (Geological Survey),
281

Philadelphia (Pennsylvania), cultural cen-

ter of new republic, 8; capital shifted

from, 20

Philippine
Bureau of Science, 293

Physical observatory, a proposed bureau,

217

Physical Sciences, Division of (National

Research Council), secrecy problem,

37 2

Physikalische-Technische Reichsanstalt

(Germany), 273

Pickering, Charles, 58, 60, 73, 74
Pike, Zebulon M., 28

Pinchot, Gifford, 290, 292, 294, 300, 360,

363, 377, 38*; early forestry training,

241-244; confidential forest agent, 244;

head of Division of Forestry, 244-247;
conservation efforts with Theodore

Roosevelt, 248, 249-251; dismissed by
Taft, 251; managed use of natural re-

sources, 252; decentralization of Forest

Service, 254; compromise between re-

search and practice, 255; efforts toward
central organization, 295, 296

Pinckney, Charles, 4, 5, 10

Planning, relation to research, 354-355,

357. 359
Plant Industry, Bureau of (Department

of Agriculture) ,
1 67-1 69, 1 8 1

Pleuropneumonia, 164, 165

Poinsett, Joel Roberts, 65, 72, 74; Rey-
nolds expedition, 59; on use of Smith-

son bequest, 69-71

Poinsettia, 70
Point Barrow (Alaska), Signal Service

station, 193

Poison gas, German development of, 302;

World War I research, 319-321
Polar explorations, 192-193
Politics as factor in government science,

379-3^0

Polytechnic School (France), 36-37, 69

Pomology, Division of (Department of

Agriculture), 168

Populist Party, 175
Portland Cement Association, 339
Postwar readjustment, in science and re-

search, 360-375
Potomac, 57
Potomac River, 40

Powell, John Wesley, 290, 296, 300, 344,

377, 381; survey by, 199-202; Report
on the Lands of the Arid Region, 202,

204, 232; sided with Hayden in Investi-

gation, 204; Survey controversy, 204-

206; ideas on nature of government
science, 206-207; work on ethnology,

210; formative policies, 211-214; in-

quiry on policies by Joint Commission,

215; on proposed reorganization of

bureaus, 217-218; for moderate cen-

tralization, 221; attacked by Agassiz
and Herbert, 223-224, 227-228; govern-
ment research stimulates private, 224-

227, 229; irrigation survey, 232-236;

analysis of his success, 262-263; classi-

fication of Indian languages, 278; re-

search in mining conservation, 280

President, final authority over bureaus,

378
Preston, W. C., 67

Priestley, Joseph, 9; belief in congeniality
of free institutions to science, 300

Princeton, 122

Princeton University, 237, 284

Pritchett, Henry S., 273, 298
Private research, stimulated by govern-
ment research, 224-227

Problem approach, used by scientific

bureaus, 158-163, 206-207, 230, 262, 296,

3*3> 352-353
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Progressive Era, 380; conservation during,

246-249; legacy of conservationists, 251-

255; government science and large-
scale industry during, 287-288

Promote the general welfare clause, 12

Psychology, success in World War I,

316-317
Public Administration Clearing House,

35i
Public health, early attempts, 38-39; from

1865 to 1916, 256-270
Public Health and A4arine Hospital Serv-

ice, established, 268, 260-270; name

changed to Public Health Service, 270
Public Health Service, 291, 375; evolution

of, 267-270; vital statistics under, 279;

postwar activities, 334-335; New Deal

activities, 365
Public Works Administration, 354, 355
Puerto Rican Anemia Commission, 267
Puerto Rico, medical research in, 266-267

Pumpelly, Raphael, Report on the Mining
Industries of the United States, 278

Pupin, Michael, 310
Pure food and drug laws, enforcement

of, 275
Pure food and drug program, 177-181

Quarantine system, question of, 258, 259,

261, 262

Quetelet, L. A. J., 106

Radar, development of, 333, 367

Radio, work on standards for, 276; in-

dustrial research, 339-340
Radio Division (Department of Com-
merce), 340

Railroad surveys, 94-95
Reclamation, Bureau of (Department of

Interior), 281

Reclamation Service, 290, 339; separate
bureau in Interior Department, 248-249;

applied research, 252-253

Recovery Program of Science Progress,

353
Red Cross, 129

Reed, Walter, 290; medical research, 256,

264, 267; death, 265
Referee Board, 180

Relief funds, question
of use for re-

search and science, 348, 359, 362

Remsen, Ira, 180, 260

Republican government, favorable to

science, 9

Republican Party, conservation as issue,

251

Research, early petitions for aid rejected,
14; sharp increase in expenditures, 363.
See also Science

Research A National Resource, 35$-
361, 363, 366, 368

Research and Development, Assistant

Secretary of Defense for, 374
Research and Development Board, 374
Research Information Service, 312-313
Research organization, evolution of, 305-

3i5

Reynolds, Jeremiah N., 42, 56-57
Rice University, 319

Riley, C. V., 173; Department of Agri-
culture entomologist, 161, 162; head of

Division of Entomology, 238

Rittenhouse, David, observatory of, 8;

President of American Philosophical

Society, 17; Master of the Mint, 17-18;
leader in Jacobin societies, 21

Robbins, Asher, 68-69, 7

Rockefeller Foundation, 181, 310, 312;
aid to medical research, 267; established,

298; fellowships, 327; aid to National

Research Council, 329; aid to Science

Advisory Board, 351
Rockefeller Institute for Medical Re-

search, 326

Rodman, Thomas J., 123, 127

Rogers, Fairman, 142

Rogers, Henry Darwin, 115

Rogers, William Barton, 205; National

Academy incorporator, 139; M. I. T.

founder, 143

Roosevelt, Franklin Delano, 379; as act-

ing Secretary of Navy, 286; attitude

on science and research as president,

344-375 passim
Roosevelt, James, 347

Roosevelt, Theodore, 179, 180, 266, 279,

308, 381; personal background for sci-

ence, 247; champion of* conservation,

248; relations with Pinchot, 249-251;

encouragement of basic research, 253;

for grouping of health services, 269; at-

tempt at central scientific organization.

294; for preparedness, 305

Root, Elihu, 305, 308, 312, 327, 341, 342

Ross, Sir James Clark, 57

Royal College of Physicians (Great

Britain), 260

Royal Institution of London, 69, 300;

model for Carnegie Institution, 297

Royal Society (Great Britain), 308

Rush, Benjamin, 17; ardent patriot, 7;

leader in Jacobin societies, 21
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Rush, Richard, 41; claimed Smithson

legacy, 68; views on role of Smith-

sonian, 68-69

Russia, airplane production, 286

Rutherford, Sir Ernest, 318

St. Elizabeth's Hospital, 294
Saint Louis, Exposition, 250

Salmon, D. E., 164, 165

Sanitary Commission (Army), 129

Sargent, Charles Sprague, Report on the

Forest of North America, 240, 278; con-

servation efforts, 240-244, 252

Saunders, William, 153, 167

Say, Thomas, 35-36
School of Mines, 69
Schoolcraft, H. R., 63

Science, 6-7 and passim; diffusion and

amateurishness in early Republic, 7-8,

9; utilitarian aspect, 8; environment

favorable to, 9; reluctance of govern-
ment to become active in, 13-14; am-

biguous position of institutions in the

government, 33, 151; contributions of

first forty years, 43; i8th century norm
and the new trends, 44-46, 64; prob-
lem of getting and training personnel,

54; need for coordinated effort, 115-
ii 8; application to technological prob-
lems, 120-127, 148; quest for central or-

ganization, 1 16-1 1 8, 215-221, 229-230,

293-206; the estates of, 296-299, 376;
center of the stage by end of World
War II, 369; retrospect of 150 years,

375-379; in a democracy, 379-381

Science, Department of, proposals, 215-
220, 377; Agassiz not opposed to idea,

221; Allison Committee found unneces-

sary, 229-230; failure to materialize, 293

Science, journal in Department of Agri-
culture, 156, 171, 190; views on re-

organization of scientific bureaus, 220;
on attacks on Coast Survey, 222; de-

fense of Powell's position, 229; on
Woodrow Wilson's appointees, 293; on

depression, 345

Science, The Endless Frontier, 375
Science Advisory Board, 350-358, 368,

37* 377 378
Scientific Lazzaroni, 118; activities of,

135-136, 138; in National Academy,
142

Scientific Research, Division of (Marine

Hospital Service), 268

Scientists, trend from amateurish status

to specialization, 44, 45, 46

Schumacher, 115

Schurz, Carl, 204, 210

Scott, Percy, 304

Secrecy and security problem, 372-373

Sedgwick, W. T., 268

Seed-distribution scandal, 168

Service academies, 289

Shaeffer, George CM 141

Shaler, N. S., 212

Sheffield Scientific School (Yale), 157,

277

Sheridan, Philip, 191

Sherman, John, 164

Sherman, Roger, 4, 5

Sherman, William Tecumseh, 208

Shufeldt, R. W., 186

Shufeldt, R. W. (the younger), 219-220

Sibley, John, 28

Sierra Club, 252

Signal Service (Department of Agricul-
ture), 1 88, 189; question of civilian

versus military control, 190. See also

Army Signal Service

Silliman, Benjamin, 49, 80; American

Journal of Science and the Arts, 46,

87; supporter for Reynolds expedition,

57; officer of National Academy, 142

Sims, William S., 304

Sinclair, Upton, The Jungle, 167

Smith, Caleb, 149

Smith, Erwin Frink, 167

Smith, F. O. J., 48

Smith, Hoke, 241

Smith, James, 38

Smith, Joseph, 126

Smith, Theobald, 166, 175, 297, 298

Smithson, James, bequest and controversy
over, 66-70

Smithsonian Institution (Washington),
221, 289, 291, 297, 341, 372, 377-379;
establishment, 66, 76-79; Contributions
to Knowledge, 82, 86; early policies
and activities, 83-90; services during
Civil War and effect of war on, 130-

131; proposed control over scientific

bureaus, 216, 218, 220; cut in appropria-
tions, 235; Baird director of, 237; report
on forest trees, 239; Theodore Roose-
velt's tribute to, 251; godmother of

aeronautical research, 271; continuing

growth and value, 283-284; and Nation-
al Advisory Committee for Aeronau-

tics, 283-287; a universal institution,

330; postwar doldrums, 335

Snyder, Carl, 299-300



Social Science Research Council, 357,

359
Social sciences, 2; growing research ac-

tivities, 335-336; Wallace's aid to, 349-

350; growing impact, 351-360, 368
Social Sciences, Division of (Rockefeller

Foundation), 351
Social Security Act of 1935, 365
Soil Conservation Service (Department

of Agriculture), 363-364
Soil Erosion Service (Department of In-

terior), 363

Soils, Bureau of (Department of Agri-
culture), 177

Southard, Samuel L., 42, 57, 67

Spanish-American War, effect on Army
medical corps, 264-267; on medicine,

268; Army-Navy aeronautical research,

284

Specialization, 45

Sperry, Elmer A., 306

Sprague, Frank J., 306

Springfield rifle, 303

Squier, E. G., and E. H. Davis, Ancient

Monuments of the Mississippi Valley,

87

Squier, G. O., 313-314, 329

Standards, development of, 17-18, 271-

277
Standards, Bureau of, 200-291, 295, 297,

315, 326, 329, 337, 338; research for

war, 304, 322; business research asso-

ciates at, 339; effect of depression, 346.

See also National Bureau of Standards

Statistics, early development of, 278-279
Steam engine, science's debt to, 46
Steam Engineering, Bureau of (Navy),

I25
Steelman Report, 294

Sternberg, George MM 200, 298; medical

research, 256-257, 260, 263-267; Army
Medical Corps work on yellow fever,

263, 266; Army Surgeon General, 264

Stevens, Robert ,.,123

Stewart, W. D., 258

Stewart, W. M., 233-235

Stiles, Charles W., 267

Stockton, Robert F., 122

Stratton, S. W., 310, 313, 329; director of

Office of Weights and Measures, 273-

274; director of National Bureau of

Standards, 274; on establishing a radio

laboratory, 276

Submarine, German development of, 302;

World War I, research, 318-319

Submarine Signal Company, 318

INDEX 457
Subsidies for scientific research, prece-

dents for granting, 10; granted by Con-

gress under patent clause, io 1 1

Sumner, William Graham, 157

Surgeon General's Library, 256-257, 347-
348. See also Army Medical Library

Survey, revived in 1832, 52-55. See also

Coast and Geodetic Survey and Geo-
logical Survey

Survey Act (1824), 36

Survey controversy, issue of military
versus civilian control, 203-205

Symmes, John Qeves, 41, 56

Taft, William Howard, 251; for inde-

pendent health department, 269; in-

terest in aeronautical research, 285

Tanks, Allied de- slopment of, 302

Tappan Bill, 76^,7, 78

Taylor, A. Hoyt, 333

Taylor, David W., 304, 329

Technological Branch (Geological Sur-

vey), mining research, 280-281

Technological change, government un-

prepared with basic policy, 46-51

Technology of weapons and industry,

application of science to, 302

Teller, Henry M., 233
Tennessee Valley Authority, anticipated

by Inland Waterways Commission,

250; research activity, 362-363
Terrestrial Magnetism, Department of

(Carnegie Institution), 298
Texas fever, 164, 165-166

Thayer, Sylvanus, 36

Thompson, Almon, 201, 233

Thorn, F. M., 292; attacked Coast Sur-

vey, 222; made Superintendent, 223

Thornton, William, 13

Throop College of Technology, 309

Tick Eradication, Division of (Depart-
ment of Agriculture), 166

Timber Culture Act, 240

Topographical Bureau, 64

Topographical Engineers, Corps of

(Army), 36, 65; scientific corps for

Army, 63, 64; for Western exj>editions,

92-93; war activities and abolition of,

*34

Topography, opposition to government

activity in, 224; Powell's defense, 226

Torrey, John, 36, 46, 139

Totten, Joseph G-, member of National

Institute, 70; Smithson bequest contro-

versy, 79
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Trans-Mississippi West, 195; government
efforts in, 63; Army in, 92-95
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Treasury Department, 209; inclusion of

Coast Survey in, 30, 52, 53-55; work
on standards, 272; National Bureau of

Standards in, 274

Trowbridge, Augustus, 314

Trowbridge, W. P., 205
Trumbull, Lyman, 200

Turner, Frederick Jackson, 232

Turner, Jonathan B., 113
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Typhoid, Army efforts to conquer, 264

United States Agricultural Society, 149,

152
United States Botanic Garden, 61

United States Entomological Commission,
161

United States Military Philosophical So-

ciety, 29

Universities, an estate of science, 296-
297

Uranium, Advisory Committee on, 372

Vaccine institution, national episode of,

38
Van Buren, Martin, 58, 59, 68, 70

Vancouver, George, 25

Vasey, George, 156, 167

Vaughan, Victor C., 316

Vegetable Physiology and Pathology, Di-

vision of (Department of Agriculture),
l67

Venereal Diseases, Division of (Public

Health Service), 334

Veterinary Division (Department of

Agriculture), 164

Vincent, George, 326, 327

Virginia, University of, 41

Virginia, 126

Virginia Resolutions, 22

Wadsworth, James W., 159

Walcott, C. D., 248, 309, 310, 327, 329;

director of Geological Survey, 235;
aid to forestry conservation, 242-243,

244; mining research, 280; Secretary of

Smithsonian, 285; on Taft Committee
for Aeronautical research laboratory,

285, 286; efforts to establish NACA,
286-287; efforts at central organization,

294-296
Walker, Francis A., 297; superintendent
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Walker, Robert J., 67-68, 80

Walker, Sears C., 87

Wallace, Henry A., aid to science and
research as Secretary of Agriculture,

348-350, 352, 364
War Department, 352; reorganization,

35-37; aid to science, 36-38; allotment

for aeronautical research, 284-285. See
also Army, United States

War Department Technical Committee,

33 I~33 2

War Industries Board, 305-306
War of 1812, 31

Ward, Lester, Dynamic Sociology , 212

Warren, G. K., 93
Wartime research, World War I, 315-

323; World War II, 370-374

Washington, George, encouraged pro-

gress in science, n; advocated national

university, 14-15

Waterhouse, Benjamin, 22

Watertown Arsenal (Massachusetts),

272, 276

Watts, Frederick, 155

Wayland, Francis, 68

Weapons research, 377; new emphasis on,

302-304; World War I, 317; World
War II, 370-374

Weather Bureau, 169, 177, 314, 350, 352;
taken by Agriculture Department from

Army, 192, 290, 303

Weights and measures, standards for, 17-

18; Adams's report on, 39; government
policy for, 52

Weights and Measures, Office of (Coast

Survey), 271, 272-273

Welch, William H., 264-268, 308, 309,
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West Point (New York), United States
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Western Electric Company, 318

Wetherill, C. M., 152

Weyerhaeuser Lumber Company, 245
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Whistler, G. W., 37

White, J. D., Engineering Corporation,
310

Whitney, Eli, 13, 126

Whitney, J, D., 196, 197

Whitney, Milton, 177

Whitney, Willis R., 306, 318
Wildlife research, 238-239
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Wiley, Harvey WM 298, 364; work in

Bureau of Chemistry, 176-180; work
on pure food and drug laws, 247; work
on standards, 275

Wilkes, Charles, 62; preparation for na-

val expedition, 22; commander of Rey-
nolds Expedition, 58-61; collections,

70, 72, 74, 86, 380
Wilkinson, James, 28

Williams College, 237

Willis, Bailey, 212, 299
Willits, Edwin, 173

Wilson, Edwin B., 359

Wilson, Henry, 138-141

Wilson, Tama Jim, 348; Secretary of

Agriculture, 175, 199; gave free hand
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Wilson, Woodrow, 308, 309, 312, 325;
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pointees, 292-293; neutrality policy
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lished permanent National Research

Council, 327
Wisconsin, University of, 319

Wood, Leonard, 266, 290

Woodbury, Levi, 76

Wood's Hole (Massachusetts), Marine
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Woodward, J. J., 256-257, 259

Woodworth, John M., 258-259
Works Projects Administration, use of
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World War I, 376, 377, 380; impact on

science, 302-325
World War II, 377, 378, 380; effect on

scientific research, 367, 368, 369-375

Wright, Charles, 94

Wright, Frances, 45

Wright, Orville, squabble with Smith-

sonian, 287

Wright brothers, 285

Wyman, Jeffries, 139

Yale College, 284, 319
Yale School of Forestry, 245, 297
Yellow fever, efforts to conquer, 258-261 ;

Army Medical Corps success in, 263-266
Yellow Fever Board, work in Cuba, 264-
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Yellowstone Park, 252
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Yosemite Park, 252

Young, Owen D., 341, 342
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