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FREFACE

The Nasional Survey of Historic Sitez and Buildings is
a resumption of the Historic Sites Survey begur in 1937, under
the auvihority of the Historic Sites Act of 1935. During World
War II, and the emergency following, it was necessary to suspend
these studies. The Survey has now been resuwed as vart of the

The purpose of the Survey, as outlined in the Histeric
Sites Act, is to "make e survey of historic and archeolegic sites,
tuildings, and objects for the purpose of determinipg which possess
exceptional value as commemoraling or illustrating the history of
the United States." In carrying out this basic directive, each
site and building considered in the Swrvey is evalunted in terms
of the Criteria for Clessification, which are listed in the
appendix of this reporrt.

When completed the Survey will zake recommendations to
the TMrector of the Hationel Park Service and the Secretary of the
Interior as to the sites of "exceptional value." This will assist
the Hational Park Ssrvyice in preparing the National Recreation
Flan, including sites wkich may be administered by the National
Ferk Service to £ill in gaps ir the histeoricel erd archeclogicsl
representation within the National Park System. It will also
revcormend and encourage programs of historieel and archeolegical
preservation being earried out by state and local apgencies,

This study is a Jjodnt product. The narrative section
was written under contract by Dr. Benjamin . Gilbert, Prcfessor
of Histocry at San Jose State College, Califormia. Histerian
Cherles W. Snell, Western Region, San rrancisce, cocrdineted the
theme study. Historians RBey H. Mattlscn, Midwest Regicn, Cmaha;
William Brown, Souttwest Region, Santa Fe; Horace J. Sheely, Jr.,
Scutheast Region, Riclmend; and 8. Sydney Bradford, Fortheast
Region, Philadelphia, contributed the material on the individual
sites in their respective yegions that appears in this study.

After completion, thz study was presented to the Con-
sultting Cemmittee for the Fationel Survey of Historic Sites and
Buildings. The Committes counsists of Dr. Walda G, Leland, Directar
of the Americzn Council of Learned Scocietvies; Dr. 5. K. Stevens,
Executive Director of the Pennsylyaniz Historiecal end Museuwm
Commission; Dr. Louis B, Wright, Director Folger-Shakespearean
Library; Mr, Earl H. Reed, Chairman Eseritus forerican Institute
of Architects; Dr, Hichard H. Howland, Head Curator, Civilt Histary,






Smitinsonien Institution; Mr, Eric Gugler, Member lLoard of
Directors, American Scenic and Historiecal Freservation Docliety;

Ir, J, 0. Brew, Peabody Fuseun of Archeclogy, Hervard University;
Mr. Frederick Johnson, Curaior, fobert 3. Peabody Foundation for
American Archeology, Phillips Acadery; Mr. Robert R. Garvey, Jr.,
Executive Director of the Naticnal Trust for Historic Preservaetion;
and Dr. Ralph H., Gabriel, Sterling Frofessor of History Emeritus,
Yale University, and Professor of American Studies, American
University,

The over-zll Burvey, &s well es the theme study which
follows, is under the general direction of John Q. Littieten,
Chief, Mational Survey of Historie Bites and Buildings, who works
under the general supervision of Herbert E. Kabler, Chief,
Division of Mistory and Archeology Studies, of the Nsticnal Fark
Bervice,

George B. Hartieog, Jr.
Director






FPART I

A HISTORY CF SCIENTIFIC DISCCVERIES

T. COLONIAL PERIOD, 1600-1TT5

Evolution of nauticel end geogrephic science and the discovery

of America.

The revivael of applied science was an importent aspect of
the Renaissance opening the Age of Exploretion and causing the
expansion of Western Civilizetion. The Arabs and the Crusaders
hed transmitied the compass to Europe from China, The compass,

s device for determining directions by mean: of & magnetized
needle s¥inging on & free pivot and pointing to the magnetic
north, was used by the Siliclans during Marcc Polo's time. By
the beginning of the fourteenth century the compass was generally
used by sailing vessels in the Mediterranean. The discovery of
America by Columbus was & result of the developmwent of the meri-
ner's compass. Although Columbus had not acquired knowledge of
the methods of astronomicel navigation, he could plot his courses
by use of the compess and by relying on desd reckoning. L

The astrolabe, an instrument for determining latitude, was
in use by Puropeans &s early as the thirteenoth end [ourteenth
centuries, Tables of solar declinmetion published by Jean de
Koenigsberg in 1473 aided in the use of the astrolabe, By im-
proving the instrument meriners were enabled to sail at night
by the light of the stars., In the Iberian Peninsula the Portuguese
were the first to use the astrolabe, and it was Introduced into
Spein by Amerigo Yespucci.

The quadrent, z simplification of the astrolsbe, was another
instrument that assisted navigation. Although latitude could be
determined, the problem of flguring longltude remained unsolved
until about *the widdle of the seventeenth century, when the chrono-
meter was invented, The seientific views of Columbus and his con-
temporaries were those of the Middle Ages and ln &ctuality ships
out of sight of land never ¥new their exact east-and-west position.
Hence they sailed by dead reckoning, caleulating their position by
the estimated speed of the ship.

1 Frederia C, lans, “The Econcmic Meaning of the Invention
of the Compass,” American Historical Review, LXVWITT {april,
1563), p. 605.







Teslides the improvement of navigational ingtruments, ex-
wlorers wero assisted by sdvancemenss in the svvdy of geograrhy
an’ astroncny. A large number of comet charts, ealled portolani,
were wade, These plotted the coast ines of Durope mnd North
Africa with a considerable degree of acouracy. Inm 140G a Latin
transletion of Ptolemy, the great geographer of the Fomsn Fmpire,
appeared. His belilef that the esrth was round was nccepled again

by mawy Europeans,

In the fourteenth end fifteenth centuriss the science of
cartography centered in Italy and Portugal. In 1419 Prince Henry
the Wevigatar, governor of the southermmost provinee of Fortugal,
Pullt & residence, navel school gnd arsenal, library, and obsers
vatory on the Hock of Gegres. Here trained meriners, some of
whom were Italimsns, studied geography and navigation and sent
out expeditions down the African coast. The use of movable type
made for more rapid printing causing sclentific end geographieal
dizscoveries to be widely disseminated. Hore mape were printed
grnd a5 a reault mwap making becare 8 scisnce esnd o professlon.

At Prinece Henry's naval school mepe were studied and corrected,
Navigational tables were Improved, noutical Iinstruments were
advanced, and new tyoes of sailing shivs were devised by naval
architects at the school, With larger ships meriners could verr-
ture into the uncharted Aflantic.

The discovery of Amarica in 1432 wae no isolated event, but the
culmination of & series of meritire developments. The study of
estronomy, gecgrarhy, end cartography, the improvement of naviga-
tional instrumentz, and the edvencement of shipbullding wvere all
factors in leading to the discovery of Americe. While Spain and
Fortugal were the piloneers in ocean exploretion and In New World
colonizaticn, because of their earlier acquisition of sclentific
gnd technicnl knowledge, the lateccomsrs &s colonizers were BOOH
te learn. Shortly after Spein and Portugal attempted to divide
the new lands between themselves, John Cebot sailed on his ex-
pedition for the King af Englend in 1497, However, successful
Ergzlish colonization of Horth America was delayed until 1607.

bmerica's discovery as g stimnlus Lo science.

Voile the discovery of America was mede possible because
of geientific advances, the discovery of nevw lands in turn stimu-
Ylated s¢ientific Iinterest in Puroee a8 date concerning the strange
plants ahd animals and the Indians came to the sttention of Euro-
pean scholars, America was colonized when a sclentif'lec awakening
was aetlr in Eurcope, Ocientists cems to the New World and sciea-
tific ideas wore to eross and resross the Atlantic. Europemhi
science had long lesrned lesgeons from the Ordent and was now
ready to learn from Americe,






In the spring of 1585, 5ir Valter Raleigh sent out a fleef
of sever ships commanded by Sir Bichard Grenville to “discover,
search, find out, and viev such remote, heathen, and barbarous
lands, countries, and territories not actually possessed by any
Chrietian prince, nor inhabited by Christian pecople." Raleigh
selected Thomas Harrio:, a young and brilliant sclentist, to
survey the new lend, to serve as historian and geographer, and
to prerare an account of the natives, minerel resources, and
flore snd fauna of the area.

The expedition landed at Roancke Island in the waters between
Palmico and Albemarle Sounds. At this site of the first English
settlement in Liorth America Harriot began to map the area and fto
take pnotes. He collected specimens of animals and birds. Peszides
mammala such as the raccoon, otter, marten, and shunk, Harriot
brovght strange birds to England. Among The plants he parried back
to England were corn end tobacco.* John White, the artist of the
expedition, painted pictures of the Indians az well as of the
plants end the animals.

The next year the first colony wes forced to return o
ngland because of hupger and warfare with the Indians. Harriot
never returned to America, but his scientific cbgservations were
published in A Priefe and True Report of the Wew Found Land of
Virginia (1588).  In Enrland he continued his sclentific reaearch
and became England's leading astronomer as well as en eminent
rathematician., His greet work, Artis Analybicge Praxis ad
fequatlones Algebraicas Regolvenda, publisned posthumously 1n
1531, had inventions that geve algebra its modern form.:Z

By the time Jamestown wes settled, furopean scholars were
avare of the wonders of the lands overseas. Interest in the flora
ard fauna, in minerel specimens, in fossils, and in Indian artifacus
of America was Widespremd. The origin snd religion of the notives
were studied. The anthropology, botany, climetoleogy, mineralogy,
and zoology of America were studies that interested the explorers
and settlers. Astronomiesl caleulstions based upor cohservations
wade in foperica were to be of walue to Eurcvesn scientists.

In coloniel times science was not specialized nor separated
into compartments. It was generalized into two broad Tields,

natural philosophy erd natural history. The former ccompriesd physics,

chemlstry, and mathematics and the latter ccmprised geology, botany,
snd zoology. Actuslly most colonial scientists investigeted in
both fields mnd an individual! scientist might be a physician, a
botanist, a rathematician, and an anthropeloglist.

*  nars A, Dickson, Paracea or Frecious Bane, Tobaeco in 1bth Century

Tlitcrature (New York, 19-4), 132, proves thai tobacco was introdiced
Th tnpland prior te 1570, coming by woy of Cpain.

lRerrard Jaffe, Men of fHcienee in Ameries (Mew York, 1ghb), 1-10
3
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Field maturalists wers the pioneers in the development of
American sclence. They discovered, described, and classified
the mumerous animels and plents of the virgia land. The naturallsts
included physicians, clergymen, lavyers, wealthy planters, colliege
professors, and scoe non-professional veople, They collected
botanicel and zoological specimens and were intrepld explorers.
They traveled primitive and dangerous roeds often at thelir own
expense when funde were limited. Although these American natu-
rallsts did not edvance new hyDotheses, they contributed kaowledge
1o support the theoriss of fellow scientists in Burope. The early
collectors were Tield naturelists, but onee learned societies
were estmblished in America, they were joined Wy museum curators,
whi clasgified the material collected in the field,

Moted colonial scientista:

The John Winthrops

John Wintkrow, Jr., £ldest son of the Temous First governor
of Hessachugeits an Colony, and himself a governor of Connecti-
cut, was the first noteble szcientist to sppeer in Americe. He
callected o scientific librery of & thousand books and his bome
begcame & sclentific center. He owned what wms probably the first
Lelescope in the English colonies. He subsegquently presented it
to Herverd in 1672 end it was the first scientific instmment
poEsezsed by the eollege,

Jobn Winthrop, Jr. was & siudent of astronomy, chemistry,
pedicine, and witcheraft, e is believed to be the first American
nember of the Boyal Society of London. He studied eelestial
todies with his three-foot refractor telescope and in 2 letter
zent teo the Boyal Seclety predicted the discovery of Jupiter's
fiftk setellite. In 15635 he organized a "chymist's" plant,- the
first in the colonies, where he produced chemleals needed by the
eolonists. He aleo set up s glassworks as well es a2 seltworks to ald
the fishing indwstry. ¥oreover, in 1641 he orgaenized the first iron-
warks in the New England colonies at Saugus {Iynn} in Massschuseiis.
Although he prospected for iron, lead, %in, and copper in the New
England hills, he failed to solve the shOrtage of metals. Winthrop
has been ralled, "the ploneer indusirisl chemist in the New World,"3

*I. Bernard Cohen, Some Early Togls of American Science: An
Acecount of the Zarlir Sc1ﬂnt1f1¢ Instruments end Mincralcgicel End
Jiclogical Collections in Harverd University (Cambridge, 1950), 1.9,

2Phe ultimate disqovery of this satellite by the esironcmer,
Edwerd E. Barnerd, was made in 1916.

3John ¥. Oliver, History of American Technnlop? (New York, 19%6),
n. &6: for a sketch of Vinthrop see Smmuel 5. Morison, Bullders of the
Bay Lolonv (Boston, 1930}.







John Winthrop, ITT (1714-T0) was & noted astroncmer and
physielst, who neld the Hollis professorship of mathematics and
natural philesophy at Rarvard. HBe observed the neture of sun
gspots in 173%9. The Massachusetts provincisl legislature mssisted
in financing his estronomicsl expedition to Hova Secotia in 1761
to obeerve the transit of Venus across the sun. In 1750 the
Pennsylvenia Asgewbly fihenced the tonstruction of telescorpes
and observatories for another study he made of the transit of
Venuz. In additien te vwo scientific pepers on the trensit of
Venus, Winthrop also authored kis Two Lectures on Comets {Boston,

1759 ).

John Wnthrop III was the first Arerican seismologist; he
explained earthquakes in terms of natural causes rather then
divine punishments. He resd A Lecture on Earthguekes in the
college chapel st Harverd on November 26, 1755. In thiz lecture
he described the earthguake of Novemter 18:ik that "so lately
spread terror, and threstened desoletion throughout New Englend.”
Actually this carthqueke had been harmless, but VWinthrop also
studied Lthe desiructive Lishon earthguake of Nowember 1, 1755,
in which 15,000 pereons lost their lives.t

Thomas DPretile

Thomas Brattle {1655-1713), = vrominent Boston merchent and
trustee of Harverd, mede significant lunar and soiar observetions
with the telescope that Jonn Winthrep, Jr., had dopated to Harverd.
He was the first colenial to observe the variations of the megnetic
needle. In hisz lelsure hours he elso compiled an almanee of celes-
tial moticns. His studies assisted in determining the exact longi-
tude of Boston. He is wost noted for his odbservation of Halley's
Comet in 1680, which he reported to the Royel Society of London.
The data was ciled by Tir Isosc Fewton in his Principia. In 1692
Erattle condemned the Salem witcherafi proceedings and he was an
orgatiizer of the Brattile Street Church of liberal Poritan dissi-
dents in 16909,

lFﬂr o piblicgraphicel listing of letters and papers of the
tweo Winthrops gee Whitfield J. Bell, Jr., Early fmerican Science
(Williemsburg, 1955}, mp. 78-79.







JARES LOGAN

Cne of the founders of American colonial seience Iin the Middle
Colonies was James Logen [26Th-1751), boianist and mathematician.
Born in Ireland, Logan arrived in Philadelphia in 1609 ss William
Penn's secretary. Logan, during the next 50 years, occupied a Key
rosition in the affairs of Pennsylvenia, coniributing mich to the
repid develorment of this colony.

Logen's stremous public career &id not yrevent him from pursuing
hig interest in science, FHe asgepbled the ocutstanding scientifie
library in the English Colonies, his near 400 scientific and mzathe-
matlcal works even surpassing Harvard Coliege's library in 1735.
lie pubiished numercus papers dealing with subjectia such as the
motion of the moon, suggested improvements of the quadrant, and
improvements in lenses. His grestest eccompliskment, however, was
made in botany.

In 1727, in & carefully controlled experiment, Logan wroved the
vitel rels of the male elament, pollen, in the fertilization of corn.
He repeated the experiment in 1728, Sut delayed making his findings
public until 1735-36.

The ammouncement of Logen’s experiwent excited scientists in
Europe. In 1733 Linnaeus, the great Dutch botanist, wrote to Logan ;
siating that Logan should be placed "among the demigeds of science, '™
Logan's discovery remained influeniial for several decades afier 1800.

Legan mlso asgisted and stimulated the interest of young bBotanists

such as John Bertrewm., On his death in 1791, Logan left his great
scientific liorary to the City of Fhiladelphia.

Imvrid Rittenbouse

An exeellent example of & self-tasuphit colonial seieptist iz
geen in the cereer of David Rittenhouse {lT3E~1T96), a Pennsyivania
Terr boy, vwho made himself master of Wewbkos's Principia. In an
erlogiun 2elivered before the Americen Failosorhicel Saciety on
December 17, 1796, Dr. Benjamin Rush simted: "Without literary
friends or socleiy, and with but two or three books, he became,
hefore he had reached his four and twentieth year. the rival of the
two great mathematiciens in Burope!"Z

Irrederisk B. Tolles, "Fhiladelpkia®s First Seientist, James
Lagan," ISIS, 47 (19505), 28.

EEenJamin Rush, An Pulegium, Intended <o Perpetuste the
Memory of David Riiienhouse...(Philadelthin, 179&}, p. 9.
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Az 82 boy Bitteniouse .inkered with tools znd studied rmathe
matics, He bhecere a suceessful clock and instriment moker. In
ITST he began consiruction of an orrery (a model gimuleiing
nlanetary motion), wiaich was purchased by the College of Hew
Jersey (Frinceton), This was described as a "master-viece aof
ingenucus mecherniss.” Ritteohouse made = second orrery, after
the model of the firs:t, for the College of Philadelphia. Hush
in his eulogium renarked: " EKis matheraticel instruments have
ween esteemed by gpocod judmges to be superdes in eccuracy and work-
menship to any of Lhe same kind that have been imported from
Furope. e

In making kis obgervation of the transit of Venus in 1769 for
the American Philoczophical Society, Rittenhouse bullt an dbzervatory
and a transit telescops: the telescope wes said to be the first made
in America. He made a Tairly eccurate egtlmate off the distance of
the sun from the esrty as well pg a discovery of the atmosphere
surrounding Venue., In 1775 Rittenhouse delivered the annusl oration
before the Ameriemn FPhiloscphical Society, spesking on the history
of astronarmy, In 1785 he invented & collimaiing telescope which was
one af the firsi fte have spider webe in a telegscone's eyepiece., In
1793 he discovered a comet.

on zevern] oceaslons Rittenhouse's engireering telents were
called upon and he surveved the bounderies azong various colonies
when territorisl disputes arose. He served as treasurer of
Pennsylvania from 1777 to 1TH9 and Tresident Seorge Washington
appointed him first director of the United Stetes Mint {1792-9%5).
Littephouse's discoveries were published in the Transsctions of
the Americern FPhilosorhiral Zociety gnd he succeeded Benjsmin
Franklin as president of the gociety upon the latter's death in
1731, RERitienhouse was also reciplont of many honorary degrees
end he was elected io meghership of the American Academy of Arts
and Sciences in 1782 and of the Hoyal Soclety of London in 1795,2

John prnd William Bariram

In 1728 John Bariran {2539-.1777) laid out a botanical garden
of five acres on itbe west bark of the Schuylkill River, al Kingseszing,
neer Gray's Ferry, and he tuilt & house of hewn stone with his owvr
kands. The grounds are now a part of the Philadelphis park system.
Bartram wis encouraged in his systematic studies by Jamez Logan.
Hence he leerned Latin in order to read the works of the Swedizh

i1p1a., ». 1C.

Zpn early account of his iire is Williasm Eariocn, Memo:ips of the
Life of David Rittenhouse {Philadelphia, 1813). A recent biography

iz Edwnrd Ford, David Rittenhouse, Astronomer-Pabtript, 1737-1796
{Philadelphia, 2045).







botarist, Carl Linneeus. On various collecting expeditions

Bariram trzveled from the Grezt Lakes to Florida., In his gerdens

he cultivated and studied the specimens collected on ois journeys.
He experimented in nybridizing and sent specimens to Furopean
gcientists and horticulturalists. Fe corresponded with many English
scientists and with Linnasus who cailed him the "greatest natural
botanist in the world." Another correspondent was Peter Collinson,
0 Cuaker merchant in England, who was Intercsted in hortieculture.
Bartram and Collinson corresponded For nearly Tifty yesrs and
Collinson located patrons in ingland for Hariran‘s expeditions.

Vken the Swedlsh botanist and student of Linnecus, Peter Halas,
treveled in Worth Aperica on a natural history survey from 1748 to
1751, he was assisted in his studies by Bartram. In 1765 George III
eppointed Bariram as hls Americen botanist. Bartram contributed tao
the Transactions of the Royel Society of London and he was one of tha
ocriginel foumders of the American Philosophieal Society., On April 25,
1769, the Royal Acadeny of Sciences at Stockholm elected him to
mermhership. Many scieantiste gethered at Dartrem's gardens which were
a fevorite regori of Benjemin Franklin end Georpge Washington.

Tha elder Barwram trained his son, Williem {1739-1823), who
varticipated in his work emd continmied it efter his father's death.
William Baytrsm became & Lobanist in his own righi as well as an
criithologist. Like his father he published an account of his travels.
ilsc he prervared a list of Aperican birds, which wes the first ex.
Eensive study on Americen ornithoelepy.t

Cadwgllader Colden

Dr, Cadwallader Colden (16B8-1776) was a versatile practicing
physician who wrole medical treatises end studied nathematics,
rhysics, astronomy, snthropology, erd botany. Borm in Ireland, he
graduated from the University of Edinburgh, thsno the hest medical
college,in 1705, He served a=s lieuternant governor of Hew York frorw
176 to 1775 and was a loyalist,

flis Principles of Actiong in Matter published in its definitive
edition in 1751 at London was his most significant work., iIn this
chscure and technical study he attempted fo exylein the force of
gravitation and dared to grapple with the larger preoblems of Newlonian-
ism. He explained the universe in materiailstic terms end virtuslly
ruled out supernaturalism in his bellef thet sl} existence depended
on metter and moetion. Pesides grevitastion he also studied the petirs
i Llight.

lHElen G, Cruickshkank, ed., John ond Williem Bariram's America:
Selections from the Writiags of the Early American Neturalists [Geirden

City: The Hatural History Library edition, Anchor Books, 1861}, This
volume contains a bicgraphical cketch of Jokn and Wiliiase Zariram froop
17iarm J, Yovmans, ed., Fioneers of Sclerce in Anerics (Nevw York,
15957, ) R
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Despite his theoretical aprnromch, he meiniained an utilitarian
attitude toward science which was probabvly most evident in his medieal
treatlses. Fe authored s Treatise on “ounds and Fevers, contributing
to rateria medica.

In the Field of pethematics he wrote An Introduction to The
Doctrine of Fluxicns. A5 an Americen botenist he was considered

second only to Pariram. He classified zle~is in the vicinity of his
hore, Coldengham, and supplied Lintasus with deseriptions of the
flora of Zew York for publicciion in the Transactions of the Rowal
Zoclety of Upsala. In the field of anthropology he is remembered Tor
hiz gbjiective treatment of the Indians In his History of the Tive
Indian Nations, the firsi wolume of which appeered in 17e7.1

John HMorgan
Dr. John Morgan (1735-39) served his apprenticeship under 2
Furopean-trained physicisn, Dy, John Redmen, in FPhiladelphia. To gain
further trsining from British doctors he became a medicel lieutenant
in the Pennsylvania mililia during the French-Indian ier. Cnee Lhe
learned a1l he couid Trow the sarey he attended the medical schioel at
the Imivereity of Edinburgn.

Horpan objected to the apprentice system of tratning dectore and
developed a plan to reform Americen medicine. He persunided the Lrustees
of the College of Philadelphia {later University of Fennsylvenie} to
esteblish the firsi medical schaol in Coleoniel America. In argulng for
his plar Dr. Morgan stated:2'Qh! let is never be gaid in this city, or
in this province, so bappy in its climate, and its soil, vhere coumerce
has long flourished and plenty =smiled, that science, the amiabvle
daughter of liberty and sister of opulenre, droops her languid heed, or
Tollows oehind with a slow uneousl pace, T pronounce with confidence
thiz skall not be the case, but, undsr your prolecuion, every useful
kind of learning shall here rix a favorite seat, and shine Torth in
meridiaen splendor,”

The medical school was founded in 1765.  Morgen lectured in
materia medica and Dr. Willism Shipren, Jr., lectured in anatomy
and surgEery. Morgan wvas the greatest medical teacher of the colonial
period and he urged his situvdents to experiment and specialize. In
1765 he organized the Philadelzthia Medleal Society. Fram 1775 to 1777
he cerved as éirector-general of hospitals and physicien-inechiel of
of the American Army until removed by Congrezs. He was chearged with

neglect and wrongdoing, but later exonerated by ‘asbinglon and by Congres

ifor an excellent summarizetion of Colden's scicnbific Interests
and contributicns see Max Savelle, Seeds of Literiy: The CGencsis ol the
Pmericen Mind {Few York, 1948), o, UL-%5, C3-1C0, 108-09, 117, 221-2E.

Z2as guoted in ibid., p. Bh.

ITames T, ¥lexner, notiors oa Horsebach {Hew York: Fireh Uollies

.






Jaret Eliot

The Rev. Jaret Eliot {1&83-1763), = craduste and later trustee
of Yale College, was a minister, physician, botanist, end agri-
culturael scieptist, He is particularly noted for his experiments
in agriculture and mineralogy. He also introduced sericulture inmo
Commecticut. He authored the first agricultural treatise in Ameries.
The first of his six essays entitled, Esseys Upon Fisld-Husbandry
in Nev Englend, was published in lThB The €ssEyS Were campleted in
T76T end appeared in one volume with an index. He described the
drainege of swamps, crop diverasificaticn, sheep breeding, disesses of
wheat, snd asgriculiural lmplexents.

vhen Eliot convineed himeell that black particles in ses sand
were magnetic iron, he had s workman at his son's iron worlts smelt
some send into e ber of iron. He wrote about this successful
experiment in his Fssay on the Invention, or Ari of making very goed,
if nov the best iron, irom black Gea-fand. For the eseay he earned
a gold mewel from the London Gociety for the Encovregement of Arts,
Venulfnctures and Cammerce. Elilot also trained sbout fifty medical
students and hes bLeern called the "Father of regular medicel practice
in Conneeticut,” 1

Benjemin FPrenkllin

thile Benjamin Franklin (1706-90) was less of an exact and
mathematical scientist than either Winthrop, Colden, or Rittenhouse,
he grined & grester reputation as o practical secleniist and inventor.
It 38 true that his politicel and diplomatic careers were Importaent,
but science dominaced his thinking, Mis scientific interests pervadsd
his long life from the time he was a young Trinter in FPhiledelphisz until
he was & venerable sage. Franklin wes the first American to gain Inver-
national fame. Contemporaries called him "the Newton of Electricity” end
and his two greatest achievements were his electrical kite exwperiment
grnd his inveniion of the lightning rod, Although he was primarily
far:ors as an electrieien, this natural philosopher was alse interested
in mgriculture, astronomy, seronautics, botany, chemistry, ethnolegy,
geology, mathematics, medicine, metecrology, navigation, end peleon-
tology. For example, Franklin wes the first meteorologist in ‘merica.
He wrote on this subject froa the time of his return trip from Londca
to Fhiladelphia in 1726 until his long-range forecasts in 17856, He
studied wind currents, eclipses, and the causes of storms.

1Herbert Thoma, The Doctors of Yale College, 1702-1815 and the
Fourding of the MedicEl Institucion (Hamden Conn., 1960), pp. 17-27.

P

Eﬂleveland Abbe, 'Denjewin Franklin es Meteorologist,” FProceedi-ins
of the American Phllosophlcal Society, XI¥ (May-Sept., 1905] Tp. L1lT- =

10






When Freniklir witneszed scme electrical demonstrationy performed
by Dr. Adem Svencer in Hoston in 1743, he irmediately meguired e deep
irterest in electricity. The next year Spencer repeated his perforrances
in Philedelphia with the delighted Franklin acting as his agent. Then
Frenklin bought Dr. Spencer's mpparatus and cbtained other egquipment.
In 1747 he began & series of experiments in Philadelphia that were to
engross hls atiention for several years,

Franklin built s labtoratory in his home, meking improvemenis in
condensers and batteries. In 1748 he retired frow his printing buginezs
sc he could devote more time to his studies. He made mn apalyeis of the
newly invented Leyden jer. EHe discovered thet the cherge in a Leyden
Jar is negaiive on the inside and positive oo the cutside and he denon-
strated that the two charres balance each ather, Until Frankiin's
experiments, & theory of two dilfferen®t kinds of elecziricity had been
acceptied, Franklin asserted that there was only cone Xind of eleciriciiy
and he cantrituted the concepts of plus and mimus charge. Although Fis
one-fluid electrical theory was not entirely correct, Franklin approsched
the modern ccmeeption of the electrical nature of matter. Moreaver, ho
originzted words like battery, condenser, conductor, armature, electri-
cian, snd positive and negative elect rlclty

Frenklin reporied his findings to Peter Collinson in IEngland and
these were printed in 1751, as Ewperiments and Ubservations on Flectricity.
made at Philedelphia in &merica, Hy Mr. Beniemin Fronklin, and COmmuLnd .-
cated in several Latters fo Mr. P. . Collinson, of London, F.R.Z. The book
¥ags the most significent one produced in America during the eighteenth
century; it asppeared in five English editions and in three French
aeditions, one Italimn, and one German, The climex of Frapklin's studies
with electricity was his femous kite experiment of 1752 in which he
demonstrated that lightning was eleciricity. He was socon awarded many
hongrary degrees by colleges and upiversities at bome and ebroad and
the Roval Society in London swarded hizm the Copley Medsl., Franklin's
axperiments had great urilitarian value, His studiles of Lest and
ventilation slso hed practicel use; for oxemple, he ipvented the
Franklin stove and made useful sugpestions in regerd to ulothing.l

Alexmnder Garden

Dr. Alexender Garden {2730-91) of Charlesten, Seouth Carolina was
e physicien and botanist who hed setfled in Amerlca shortly aftier
earning his medical degree in 2753 from Marischel College (later

lThe Jiterature on Franklin is voluminous. For a classic study
see Carl Van Doren, Benjamin Frenklin {New York, 1938). ilso see
Verner W. Crane, BEEJEan wranklin znd B Rising Peowle {Boston, 1954)
and Roper Eur]ingame Benjenin Franklin, The First Mr, American { tewr
York, 1955).
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Aberieen Uriversity) in Sestland. e corresponded and exchanged
rotanicel notes with Colden and Jobwn Partram., Yhile gore exact than
Bartram in Wis sclentific method, Garden was obscure in comparison.
He alse corresponded with Linnseus, Colldnson, and Johnmn Gronovius,
the Dutch boignist, who muthored Flore Virpinica {1739-43),

Garden classified the flora sad fauna of Caroline and hed an
interest in the oedicinel properties of plants. He contributed &
paper on the electric eel to the proceedings of the Royal Soclety
of London, In 17563 he was elected a mewber of the Royal Society
of Upsala end in 1773 & fellow of the Royal Soriety of London, As
a Tory he rmoved to Englend, after the American Revelution broke out.
John Ellis, the English naturelist, ramed the "gardcnia" in recognition
of his botanlcal work,i

Seientific Sorcieties

Frokably the firet scientific society organized in Faglish
America was lhe Eoston Philosophical Society. Formed in 1683, it lacted
only briefly gnd was headed by Tncresse Mather, Members met to discuss
ratural philosophy. Tt has been said thet Wolferdus Senpuerdius, a
Dutell seholar, utilized data gathered by ihis scciety in his Philosowhia
Heturalis,©

The earliest permanent scientific soeiety was the American
Prilosophical Sccizty proposed by Benjamin Franklin in 1743, In the
form of a circular letter Franklin issued a "Propcsal for promoting
useful knowvledge mpong the British plantations in America." Among
the princtral feeltures of the "Proposal” were the follewing:s

"That one Soclely be Formed of Virtuoesi or ingenlous Een
residing in the several Colonies, to be ecalled 'The Americen
Fhilosophical Sociefly who are to mainisin & constant Correspondence,

"That Philadelphin being the City nearest the Centre of
the Continent-Colenies...be the Centre of the Society.

"That at Fhiladelphia there be always at least seven
Hembers, viz. a Fhysician, & Botanist, a Mathematician, a
Cliemisv, e Mechanicien, s Cecgrapher, and a gereral Natural
Fhilosopher, hesides a President, Tregssurer and Secretery,”

ltouie B, vrighl, The Culiural Life of the smerican Colonies (Mew
York: Harper Torchboohe edition, 1952), pp. 230-31. For ihe very few
references on Jarden see Dell, Carly fmerican Sciencc, pp. 58-99,

2

Oliver, History of Americem Tectnology, b, 32,

3Eﬂmin G. Conklir, "A Bricfl History of the American Philosophicel
Society,” {Reprint from Year Bock of tlie American Fhiloscphical Socirty

for 135G}, p, 36,
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The Arerican Philoggophical Society was actually preceded by
& Junto esteblished by Franklin in lTET}- Hence the chenge of the
local Fhiladelphia Junto, consisting of Franklin and his friends
interested in science, intc en inter-colonisl society was a broadeniny
of its purpose.

The Ameriesn Philosophical Society was inactive between 1TLh
and 1768. In 1768 it was united with s rival orgenization called
the Arerican Soclety whose origin was traceabls to Franklin's
original Junto. At the election on Januery 2, 1769, Franklin was
made president. Upon his death in 1790, he was gucceeded by Tevid
Rittenhouse., Among the sarliest members were John Bartram, Cadwallader
Colden, and Benjamin Rugh. The Transactions of the Soclety is the
is the oldest scientific perdiodicel in the United Stetes, being Issued
eince 1TTY. Owver helf of its firet weolume wes devoted to papers on
the transit of Venus in 3769. The Sociely was the Tirst organized
group o consider agriculiure as & science snd it made date available
to farmers. However, mention should be mede of the Wew York Society
for Promoting Arts which was organized in 1766 to advance agriculture.

In 1780 the Americen Academy of Arts and Sciences was founded in
Boston. John Adems waz one of its sponsor:s and James Poudoin served
ag first president. Similor in struecture to the fmerican Phileosophical
Scoicty 1ts mexberg included scholers end noteble citizens of Boston
and Cambridge.

The Rowyal Society of Lendon, arganized in 1662, was the scientifie
cernter for both Englond and the colonies, Severel Americen scientists
were elected fellows snd kthey snd others published their discoveries
in its publication. John Wintkrop, Jr., was the first fellow elected
from the colonies. Another was Williem Eyrd J1 of Virginis, who had
sccumelated hisz scientific library at Westover.

A2 related earlier the FPhiladelphis Medical Society had besn
organized in 1768 by Ir. Jobn Moraen. A Massachusetts Mediecal
Society was established in 1781, Another early sclentific group was
the Salem Marine Socieiy which had been organized in 176G.3

lgee Peter 8. Du Ponceau, An Historical Account of the Origin
and Formation of the American Fhiloscphical Soeiety {[Fhiladelphia, 191Lk].

€Rodney H. True, "The Early Develomment of Agriculturml Societizs
in the United 3tates,"” Amnnual Report of the American Historicaml Asso-

cigtion for the Year 1970 {Washington, D. L., 2925], p. 29&,

3A brief summerization of scisntiiic orgenizations eppeers in
0iver, History of Aperican Technolomy, pp. H92-87.
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Fole of eolonial colleges

The colonial colleges were all amall and their primery purpese |
was to train ministers of various religlons. Nonetheless, the
colleges offered study in science. In organizing the curriculum
at Harvard College during the 1640's President Henry Dunster in-
cluded courses in mathewatics, yhysics, asironomy, and boteny.
4t Tirst Aristotelian vhysice and Plotemsic astronomy were taught,
tut graduelly the way was prepared for the teaching of Copernican
arnd Fewconian scisnce. In 1636 a significant change occurred ab
Hervard, when Charies Morton's naturel sciemce textbook, Compendium
Physicae, wns adopted. This text helped to spreed the scientific
diecoveries of the Frilightenment in Wew England.

As wentioned previously Governor John Winthrop had donated e
telescope to Herverd in 15872. In the early eighteenth century the
college acguired sufficient scientific apparatus to open m special
room 85 2 "Philosophy Chamber."” In 1727 Thores Hollis endowed a
chair in mathematics and natural philosophy. The first incumbent
was Isaac Oreenwood, who Introduced new courses in mathemetics and
taught Newtonien physics. He was succeeded by John Winthrop IV,
who held the chair for over forty years and teught the most advoanced
seientific idems in the colonies, A fire in 176k destroved nll of
Harvard's scientific apparatus, tut It was replaced within Tifteen
yeare by auperior equivment,

Other 2olleges did not pursue scientific endeavors as vigorously
as Harvard. Aristotelian theorles prevailed at ¥Yale until well into
the eighteenth ceptury. Fresident Thomas Clap of Yele studied comets
and meteors, but when he resipgned in 1766, science at the college
capme £o0 & virtuel standstill, Then in 1770 Yale finally established
a chair of mathemeiics end netural philosovhy.

As early as 1711, Wiliiem and HMary College hed appointed a
professor natural philoscphy and matheamsties, but he was not
successful. By the 1T60's Willism and Mary acquired an able secientist
end stimulating professoer in the person of Williem Small, who hed =
profound influence on bis young student, Thomas Jefferson. In leter
years Jefferson stated that Zmall "probably Pixed the destinies of my
life." 1In 1755 & medical school was orgenized at the Collepe of
Prhiladelphia, leying the foundation for the Untversily of Pennsyivania's
later eminence in medicine. Within & few yenrs ¥ing's College also
founded a medical school.

Afre first chapter of Cohken, Scwme DLarly Tools of American

Scisnee, is entitled, "The History of Sclence at Harvard."

Louis Y. McKeehan, Yale Science: The Firsgt Wundred Yesars, 1701-1901
{New York, 13%7). Theodore Hornberger, Scientific Thought in the
American Colleges, 1£38-1800 {Austin, 19457,
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Topularizetion of selence and the impact of Wewtonianism.

Almenacs, magazipes, and newspapers conveyed knowledge of
gcience to the compmon people in colonial Americe. PRenjamin
Frenklin's Poor Richard's Almanack and Pathaniel Ames's Astro-
noical Dlary were papularizg§§“3f science; both spread ideas
of Copernican snd Wetrbtonien science. The Americen Magezine
(1757-58) devoted space to originel problems ir the study of
mathematics. At least one book, Mark Catesby's The lmtural

History of Ceroline (Ionden, 1?31 43) was widely read. *

n coccasion colonial newspapcrs presented scientific ideas
and controversies. DTuring the Boston smallpox epidemic of 1721 a
newspaper war raged over the wvelue of inoculation. FPeradoxicelly,
Cotton Mather, the Congregational clergyman who haed combined a
strange mixture of rationalism and superstitich, favored iroculation.
Mether, an advocate of Newtonlan science, had been elected a follow
of the Royal Society of London in 1713, He persvaded DTr. Zabdiel
Boylston to inoculate patients against amellpox, Jawes Franoklin
end his young brother, Benjamin, opposed Cotton and Increase Mather.
Bepjamin Franklin at the time was only fifteen end he lafer admitted
his error. 1

Tn the Boston Gazette of June 17-2h, 173k, e Harverd College
ingtrictor advertised thet during his summer vacation he would
offer lectures on astronamy, using "the Orrery, and all such
Mechires, instruments snd Schemes as sre used by Astronomers, ...
except only that it wants only of Sir Iszaac Newton's hHeilecting
Telescopes, which New England has not, as yet, been honowred with."
Ae an enticement to fewales the instructor edded: "If the Curdosity
and Desire of Knowledge, justly edmired in the Fair Dex should exeite
any of Them; there will be some Expedient found out that They may be
gratified twice a week in the Afternoon, with their usual Tea and a
Femiliar Astronomicel Dialogue.”

Hewbonian science profoundly appealed to the Americen peaple in
the eighteenth century, and it affected nll aspects of intellectusl life
and reached all eclmsses. It Tfostered rationelism, forcing religiom to
edapt itzelf to science, In colonisl America the new sciapce of ob-
servation and controlled experiments helped to free men's minds,
bringing sbout an exthange =f ldees that encoursged mutusl erjiticism.
It led to 8 degree of cultural unity as evidenced in the formation of
the American Fhillosophical Sovlety. Although American sclence was nos
es advanced as Buropean selience, the colonists endeavored to xeep -

¥Flors Caroliniane by the South Carolina botanist Thomas Walter {1T40-
1789), was @iso much admired by Jefferson.

Ipne newspeper controversy between the I'ranklins end the Mathers
over inoculation is described in Frederie fudson, Journalisw in the
United States (New York, 1873}, pp. €7-T1 and in James M. Len, Hisbtory
af fmerican Journalism {Garden City, FRev. Ed., 1923}, pp. 29-31.

< ps guoted in Willard G. Bleyer, Main Cwrrents in ibe Dictory ¥
fmerdcon Jouraglism (Taston, 1927), vp. 73-1F.
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abreast and their scientists contributed some data to the body of
knowledge. From Its colenisl beginnings Azerican sclence has been
utiliterian in secproach. Hence it was not swrprising that Zenjaomin
Franklin, a signifilcant scientist of the world wms also America's
greatest colenial! inventor,

II. AMERTCAN REVOLUTICH ERA, 1776-1789

Msruptlon of science,

The Hevolutlonzwy iar hed an edvercse effect on geience, In
fact sgeientific progress begen to deecline even earlier because of
the tensions in 1774 and 1775. The demends of war puzhed science
intg the background ss many scientlsts entered wer activities.
Seientific journals suspended publication and many libraries were
destroyed. GSeveral importent stientlsts became Loyelists and left
the colonies,

Scientific ectivities had been primarily urban and the lovger
eitiea, Boston, Metr York, Wewpert, Fhiladelphia, and Charleston were
temporerily otcupied b- the British. The war c¢losed the normal channsls
of eommunication betveen American and Buropesn zcientists whe found it
diffieult to exchange idess, Shortly efier the outbresk of the Revo-
lution, Cadwalleder Colden end John Bartram dled. Alexender Garden,
a8 Leyalist, moved to Engleand. Hence natural history in Americs suffersd
with ihe loss of these botenists.

Many of the colleges were closed during the wmr. FProvincial
troops used Harvard College tuildings as barracks and the library
gnd seientific egquipment were removed to the ccuntryside for sefely.
At the College of Philedelphis American iLroops occupled the buildings
a8 barracks; leter the British used them &2 & hospitel., King's College
was occcupied by American froops and then by British Trocps. AL the
College of Williem and Mary 1t appesred st first thet science might
benefit when Tories were removed from the feculty, The Rev. Jumes
Medizon becemse president and he wes enxlious to imnrove the sciences,
In 1779 Thomas Jefferson mtterpted to cultivete science in reforming
the unlversity, but as wer ceme to the ares the college mlso became
e hoepltael.

The work of sclentifle socleties was also disrunted by the
T:olitical tuwzmoil preceding the war and then by the conflick ftself,
For exasmple, the Americsn Fhilosophlcsl Society failed fo hold meetirgs
for nine months in 1774 because of a precccupation of merbers with the
Coercive Actg. Meetings were not held between Jamuary 1770 and March 1775
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becpuge of the Pritich oceupetion of Fhiladelphia and becasuse of disputies
between Whig and Tory members, The Hew Jersey Medleal Soclety was sus-
pended during the entire period of the war. Medical schools also suffersd,

Stimuleting influencss.

Despite the disruption in science ceaused by tne Hevolution, improve-
mente were made Iin mediecdlne as Americans learnsd from British, Frezxch,
end Hessian doctors. Several medical handbooks were published to 23id
dostors serving with the Continental Army. Dr. John Jenes published
hig Flein, Concise, gnd Fractizal Kemerks on the Treatment of Woundg
end Fractures (New York, 17{3}. bDr. william Brovm, pnysiclan general
of the Middle Department, published his Pharmacopogis Simpliciorum et
Efficaciorum (Fhiladelphia, 1773). American doctors observed Eritish
surgeons operating upen the wvounded and learned about hospital admin-
istration from the French. Valuable lessons in dentigtry were also
learned from the French during the war.

A mumber of scientists came witch the invaders. Johann Devid Schepl,

a Heseian physicisn, wrote ahout Americen geclegy, climate, and fauns

66 well as wmateris medica wupon kls return to Germany. The Rev. Frederlck
¥. Melgheimer, A Germen acholar serving as chaplain of a reglment of
Prunswiek dregoons, stayed in America after the war; he later hecame a
professor at Freanldin College and the first American entomologist.”

Seientific organlzations.

As releted In the previous chapter, the American Acedemy ol Acks
and Sclences had been organized at Boston in 1780, Its purpose was %o
"cultivete every ert and science which tends to advance the honor, dignity,
end happiness of a free, independent virtuous people.” Harvard faeulty
mexbers held many of the offices in the organizeiion. A mwmwber of dis-
tinguiehed European scientlsts were elected as nonresident mewbers, ine-
cluding the English chemist, Joseph Friestly, the Swiss mathewatiecian
and physiclst, Leonard Euler, and the French astronomer, Joseph Jercme Lo
Francels de [alande, In 1785 the Acaderyy published the first volumwe of
ites Memoirs with seciions on astroncmy, netural phllosophy and natural
history, and medicine.

The Magsachusetts Medical Society was founded in 1T81. TI¢ was
granted power "to examine All Cendidates for the Practice of Physic and
Surgery.” Eesides regulating the medical profession the society elsc
furthered medical knowledge hy exchanging information with other medical

*Poth the disrupting and the beneficinl influences of the Revoluticon
upon fmerican sciepce is described in Srogke Hindle, The Pursuit of
Science in Tevelutionary Americn, 1735-1789 (Chapel Hill, 1956),TP.239- 379

25 guoted In Oliver, History of Americen Technolozy, b. 8%,
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socistizr tota 4% home and sbooad. I 1790 the soolsiy oublished iis
first volume of Mediczl Papers. An cerlier medical crganizetion wes

the Medice) Society of Sharon organized in 1779 by physiciansg from
Connecticut, Messachusetts, and Mew Tork. In 1751 the Medicel Socicty
of Wew Jerzey was revived and encouraged s clinical approach to medicine.

Noted scientiets.

Tr. Benjemin Rush {1T46-1513) has been called both the father
and the "vampire" of American medicel prectice. A pupil of Dr John
Morgan end an apprentice of Dr  Jobn Redman, he studisd st Edirburgh
A Thysician more than a2 scieantist, Rush was sometimee an unscientific
rhysician. In mctualiiy he never experimented, but relled upon theoraziie
remediez. Although he prescribed bleeding and purging, he becanpe the
most influentinl American physician of his time. He was a professor of
chemistry at the College of Philadelphia from 1769 to 1791, After its
merger into the University of Pennsylvania, he continued his lectures
before prospectlve doctors until 1812,

Rush served as & wilitary doctor in 1777 end 1775. In thia capacii:
he wns quite able, publishing his pamphlet, Directions for Pregerving
the Health of Soldlers (Lancmster, 1778). He blawed the meny desths of
Americen boldiers on the officers who neglected enforcement of hygienic
regulaticons.

Dr. Fush wms also an importert political lesder. He had signed
the Declearation of Independence and became a member of the Continental
Congress. From 1797 to 1913 ke wee Treasurer of the United States Mint.
He wrs B member of the Pennsylvenia ratifying conventlon, and in ihe vear
of the Constivution wes ratified he wrote: A1l the doors and windovws
of the temple of natures have besan thrown open by the convulsions of the
late Revolution., This is the tice therefore to press in upon her
altars.”

Fush worked diligently, though unscientifically, during the
Thiladelphia yellow fever epidemics of 1793 and 1797. He was an ardsnt
reformer. who opposed slavery and fevored temperence. He suthored an
influential temperance tracl entitled Inquiry inve the Effects of
Spiritucus Liouwors upon the Human Zody.

Through his lecturing and writings Rusk probably influenced
nore mrospectlve doctors Lhen eny other medicel educaior of his day.
He was the author of Medical Inguiries and Observations published in
Tive volumes from 1790 fo 1790  Ferhaps his most significant contributic
was hls Medical Inguiries snd Chserveiions upon the Diseases of the Mingd
(1812}  This wes the first systematic study on mental diseases He
urged humane trestment of the ingane and proposed thet the insane be
treated by coccupational therapy. _Some of hisz ideas foreshadowed the
retheds of modern psycheoanalysis.

1Flexner, Doctors on Horscbeck, pp. OG7-110. The stendard biography
is ¥aihar G, Goodwan. Benjamin Kugsh, Thysicign ard Citizen {vhiladerphia,

2955 A
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Among the American scientlsts erxiling themselves from the
colonies hecause of Loyallist sympathies wers Dr. John Jeffries
(177h-1818) and Benjerin Thommson {1753-1814). Jeffrics wos e
Hoston physician vho imd gredusted from the University of Aberdesn.
He studied meteorology in Hew England. Wher the British evacunted
Boeton, he accompaznied the Redeoats to Halifax, Then he served
briefly as a surgeon major of the Dritish 4roops in the colonies
After the Revolutionary Yar, he settled in Iondon and nrocticed
medicine., In the 17HG & Jeffries becama interested in “aerostation”
g5 balloonirg was calied at the time.}

Gn Hovember 30, 173k, Dr Jeffries and Jemn Pierre Dlanchard,
a French aeronmvi, wade 1n England the first scienbific observatlons
from a belloon.© In the mscent Jeffries obteined specimens of the
urper pir which were mnalyzed by Henry Cavendish, the Englieh
chemist and physicist, whe determined that their chemicsl compozsition
did not Aiffer very much frem that of air at ground level 3

On Janunawy 7, 1785, Jeffries and Blanchard made the first crossing
of ihe Eaglisli Channel by air. In 1790 Jeffries reiurned to his native
Bogton precticing there untll his death.

fenjamin Thompson or Count Sumfard, & physicist and adventurer,
waes born in Woburn, Mazsachusetts in 1753. As a Tory he spied for the
British during the Revolution. In 177G he went to Landon and boeame
Undersecretery in the Ministry for Carolina and Georgis. e recurned
Lo Americd "as a' cavelry officer wiih the Beitish Arey, ravsicipating
in the dcvestation of Long Ysland. Alter the Americen Devolution he
returned to Curope and began one of the most remarkeble ceresrs in the
history of acience, entering the service of the Elscior of Bavaria,
who made him Count Ruwford of the Holy Roman Dppire in 1792, Count
Rumford mede significant studies in belligtics and invented a device

to weasure bhe power of gunpowier.

Count fumford also invented many heating deviees such as pous,
kettlesz, pane, and stovee. A4 heating engineer, he designed the
modern Tireplsce and Tlye. He develoned 3 calorimebter and a pholto-
meter, meking improvements in lighting Hiz preatest contribution,
hewever, was in physics. ard thile discovery sz that beat iz g form
of energy

1pirk J. Struik, Yankes Science in the Meking (Boston. 1948},
pp. 54=35

20, M. Gibbs-Smith, Balloonine {London, 1948), »n. 33.

jﬂ. Holfl, A Hisvory of Science, Techneolory, & Philosophyr din
the 19th Century (New York: Herper Torchbook Edition, 1961),

Tol. 11, 1. 5A0.
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Fumford was also s founder and patron of scientific soclevies.
He founded the Royal Institutiocn in London in 1800 end plarnned the
organizeticn of the DBavarisn Acedery of Ats and Sciences st Munich
in 1801, He donnted $5,000 1o the Reyel Society in London ernd a
like amouni to the smeriecsn Academy of Arts and Sciences. The latier
orgenization has awarded ihe Furford Medal for regearch 1n heat and
light. Count Fumford also esteblished a professorship at Hervard "of
the application of science to the art of living;" Jacob Bigelow ue-
came the first incumbent. Dr. Bigelow was 8 botanist and professor
of wateria medica. Runford hed learned uis first lessone in science
froo Professer Johm “inkthrop at Harvard., Althevgh Count Rumford, 17
the opinion of many contemporaries, wes considered to be somethling
of & rogue, Americans heve tended to remember only his genjus us a
pcientist.1

TIT. EARLY REPUBLIC, 1790-1829

Scientific socicties and education.

In spile of their nellonsl names the Amerlcan FPhilosoprical
Society ard the American Academy of Arls and Sciences were not
nationsl institutions in their early history. Although they attempiod
to petiern themselves after the greal Europesn scientific socielles,
they were more local in charpcter. Yet Philsdelphnie gnd Doston were ithe
scientiTic and cultursl centers of the sarly Republic  The colleges

otffered no advanced treining in science and the federml and szate gorori-

mensg offered few inducements to scientific advance. Thoupl: faciiitles
for srieniific and technological research and iraining were lergely
undeveloped, ihe new govermment was anxicus Lo fosler scientific
discovcries and inventiems. TFresident Washingion in his first annuel
message to Congress, January 8, 1790, stated:®

lstruik, Yankee Science in the Making, pp. 55-53; Cohen,
Some Farly Tools of Amsricsn Science, pp. 72, 29, 37, 00, 129:
Thtchell Wilson, émerican Science and Tnvention: & FPictoriel
History (Hew fork, 1954}, mp. 2L-31. T

] . q - - w1
2Jares D, Dickardson. A Conwilation of the Vesszocs end Tarsres

of whe Presidents, 1759-159?_rﬁggﬁfhgtcn, T.C., 18597, vol., £, 7 o
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"“he advancement of egriculture, commerce, and menufactures
by all proper means will not, T trust, need recommerdation; bur
I can not forbear intimating to you the exvediency of giving
effectunal encouragement as well to the intreduction of new and
useful inventions from abroad as to the exerlions of skill and
gentug in producing them nt home, and of facilitating the inter-
equrse between the distant parts of cur country by s due sttention
te the post-office mnd post-romds.

"Nor mm T less percueded that you will agree with me in
opinion shev there is nothing which can betier deserve your
petronage thean the rmromotion of =zcience and literature.”

In 1792 Dr. Jazes Woodhouse end oither chemists orgenized the
Cremical Society of Philadelphism. It has been asgerted that it was
the first chemiesl sgciety in the world. Ancther chemical society
was estebliched at Philadelpnie in 1811 with James Cuibush as
nresident

Through the efforts of Dr. Blward Cuibush ard Thawas Law, the
Columbian Institute was orgenized at Washington, . C 1in 1716 as a
national scientifie group. Lecal business and professional oen, some
eivil servanis and ammy snd nevel officers, many Cohgressmen, and six
Ceabire. members hecame members Amonp the scieptists and stetesmen
enrolling were Henry Clay, Charles Wilkes, Ricuerd Rush, Joel R.
Poinsett, and former Presidents John Adams, Thomas Jefferson, and
Jemes Madison.

The objectives of Lhe Instituie were to foster practical arts
and sciences, Lo study egriculture, %o encourage mechanicsl apd
gelentific discoveries, and to offer ita findings Lo the Tederal
governmen Congress iscued a charter to the Institute in 1828 and
granted it Tive acres of lend for & botanical garden near the Capitol
Althouph the Institute was fairly ective in the 1820's, it never
received financiasl ascistance from Congrecs which it had sought,

The techniesl papers on meithemetics erd astronary read before the
Institute by Williem Lemberw, & pension ox'fice clerk, pointed out
thie need for a pabtionel observetlory.

Tre Connecticui Acmdemy of Apts and Sciences was establighed in
1792 ae the first siate zcoademy of zclences., The first of mamy city
arganizaticons io foster technical educetion was the Mechanics Instliute
established ai Boston in 1795, At Fhiledelphia the TFrenklin Institute
wes founded in 20824, In 1826 this orgarizabion begen publishing the
dournal of ihe Fraaelin Tnstitute under the editorship of Thowes P.
JOnes, professar of meehanics at the University of Pennsylwania The
Jchﬂal disseminated mechanical, scientific, ornd techniesl data. T
became the officigl orgen of the UniZed S*aies Fatent Office and frca
1828 untli) 1843 it recorded American patents. ©

loliver. History of American Techinglory. o 352,
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The fTirst substential natural history museus in the United Gtmies
was established in 1912 ac the Academy of Natural Sciences of Phil-
adelphia. This institution wmede Philadeliphin arcady Ynown as the
nation's scientific capital, "the Mecce of American biclogists."

Anong the Tirst egriculiural societies formed in the early
Nepublic wers the South Carolina Agriculture Soclely {1735, the
New York Society for Agriculture., Arts, and Manufactures {1792},
and the Massachusetts Society for Promoting Agriculture {(1796)
By menns of their publicaticns these societies encouraged seientific
agriculture.© 71n 1519 the Wew York State Apriculturzl Socioly wes
esteblished through the efforts of Governor De Hitt Clinton. Shephen
Ven Runsselner, the Society's president, ergaged Amos Eaton 1o meke 2
realogical survey of Albeny and Rensselser Counties, DBaton flsc made
a survey of the Erie Canel route {rom Albany to Puffalo end these
surveys Wwon him fame ms the "Father of Americen Geology.

In 1812 a groun st Yale College interested in geology formad
the Americen Geology Society. Among the Tounders were Frofessor
Benjemin 3illiman of Yele and Willlam Maclure, the Scattish peoleogist
and picneer scholur of American geology. Maclure's Doservazions on the
feology of the United States (1809) sigralized the beginning of Amerion:
menloglcel writing of a scientific nature. The next year Archibald
Bruce began to publish the American Mineralosical Journel, the first
zeology publicetion in the United States. Williem Meclure sorved ag |
president of the Americen Geclogicel Society until his death in 15k0.
The socjety then declined in influence and disappeared.’

At the opening of the nineteenth century colleges and vniversities
btegen Lo glve more emphasis to science and technology. In 1802 Yale
Collepe appointed a youmg lawyer, Fenjemin Silliman 11779-186k), as
its first nrofessor of chemistry and natural history. He at oncc went
to Philadelphie ond attended the lectures of Benjemin Push, Benjamin
Barton, ond Caspar Wistar. Sillimen did not give his fiTst lecture
uptil 1804, 1In the fall of that year the Yale Corporetion appropristed
$2,000 to prchase books end apparatus Tor use in teaching chemistry
and physics. In Aprdl 1805 Sillimson salled for Burove to spend the
appropriation. Besides buying equipment he alsg studied in London
and in Bdinburgh. Upon his return to Yele in 1006 he decided to
gpecislize in geology. J¥n 1803 be began delivering public lectures on
chemistTy and peolopy. These popular lectures were well recelved o0
many years by audiences in the larger cities in the country. Tn 1318

IR 7. Young, Biology in Americe {Bosion, 1922}, op. 58-53.

BTrue, "The Farly Tevelopment of Agriculturul Sccieties in the
United Sistes,” pp. 298-99.

30liver, History of Americsn Techmology, » 151

LLI-I:,re, rfulbural LiTe of the New Mation, p. 91: Carrcll L. end
wildrcd A. Fenton, Gianls of Geolopy [Garden City, 1952), » 134
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8i1limar established the American Journal of Sciences sng Arts, later
renamed the pmerican Jouwrnel of Science  &illiman Lrained & nomber
of students = Amcng thege were his son, Benjamin. Jr and hi= son-in-
lew, James Dwight Tiana_

As mentioned in the previous chapter, Jacob Bigelov occupled the
Sumford c¢hair at Harverd from 1816 to 1820. His lectures, which were
started in 1815, hecame vopular both with Harvard students and with
Bostonians. EHe discussed such subjects as architecture, chemistry,
engineering, mechanics, and mineralomy.

Tn 1825 the Berneelser Polytechnic Institute opened at Troy.
Hew York It was founded Ly Stephen Van Rensszelaer "for the purrose
of instrvcting persons who mey chogse to eorply themselves in the
application of science to the common purposes of life "  Professor
imos Eaton, & lewyer and brilliant scientist, was the heart snd soul
of Lhis first institute of practical siudy Courses were offered in
astronomy, Lotany, chemistry. civil engineering. and geology  Laboru-
tory work was siressed ir instruction The earliest_school of agri-
sulture ir the pation was established at Hensesclaer

Hoted scientists

In 1792, vhen Ir  James Woodhouse, Dr Benjamin Pushk. and others
hed founded the Chemical Seoriety of Philadelphia. & revolution was
etirring within tke world of chemistry  Antoine L. Lavoisier, lLhe
French chemist and feaiher of meodern chemlsiry. in the Tresiise on
Tlementary Chemistry (1780) explained that the reml basis of combustion
wBs oxygen  He exploded the "Phlegislon" theory snd reformzd the
romenclature of chewristry Dr Samuel L #Mitchell introduced the new
theory to Columbia College in 1792 and in ihe vages of his Journal.
dedicg) Reposmitory. Lavoisier's theories were debsted Ir Jawes Yood-
house, who had been treined in wmwedicine by Rush, popularized the
doctrine of Laveisier in bhis stvdente' leboratory manual, The Young
Chemist's Pocket Companion {1797). Woodhouse taught chemistry at the
Univergity of Fennsylvenie and atiocked the phlogiston theory, which
most chemists, including Joseph Priestley, had mccepted.

Dr. Thomes Cooper (1759-1839), an English physiclan, came to
ile United Stetes in 1T92. Az & teacher he helped to spread the new
concepts of Laveisier's chemiesiry in Amerieca. On April 5, 1811, ke
wag aprpointed professor of chemisiry and mineralogy at Carlisle Collcoges
(later Dickinson). He favored the practical mpplication of chemistry

lThcr:sJ Te Doctors of Yale College, pn. 123-86; Strull, Yarkew
Seience in the Making, pp. 160-G2.

2
Oliver, Hisztory of American Techmolozy., vp. 150-51.
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and alsa believed that chemistry should be releted cleosely o other
cultural subjects. He taught for five years at Carlisle where he

mede chemical experimenis and wrote A Practical Treatise on Dyeling

and Calico Printing, Following teaching positions &% the Lniversity
of Fennsylvanis srd at the University of Virginia, he became professcr
of chemistry at the Callege of South Cerelina in 1319, The nexk ye=ar
ne was appointed president of the college where he evolved into m
lemder in education as well as a leader in Southern politics.”

Ceorge Washington {1732-99) and Thomas Jefferson {1Th3-1826)
hed mutual interests in seientific agricuiture. Both kept diaries -
and gerden books in which they described the egricultural and horiil-
cultural practices at Mount Vernon end Monticelle. “Washington's five
farms st Mount Vernon were comparsble in gome respects to agriculiurel -
experiment stations. He tested seeds, practicecd soil conservation, ecn-
gaged In selective breeding of sheep, raised exceptional wheat crops,
and tested new machinery. He corresponded with the Epglish agricul-
turelists, Arthur Young end Zir John Sincleir. Washington was asso-
ecinted with the Philedeiphia Society for Promoting Agriculture founded
in 1785, 1In his last annual message to Congress, December 7, 1796,
President Washington proposed boards of esgriculture to collect ond

diffuse informetion and to encourage 'a soirit of discovery and Improve-

ment.” However, thE government dld not creste a commissloner of egri-
culture until 16627

Jefferseon was more of a scientist +<han Weshington. Zesides agri-
culture, Joefferson was interestsd in archaeclogy, astronomy, lLoteny,
chemistry, =thnology, exploration, geology, medicine, paleontology, and

inventions. Although his kacwledge was not alvays complete nor entirely

corresect, he did a great dea) o advance the status of science In the
Inited States In a letier of appreciation be President Willard of
Harvard College for his veceipt of an honerary Doctorate of Lews,
Jefferson wrote:

"The botany of Americs iz far from exbwusied. its
mineralogy is untouched, and its zoology toially mistiaken.
We have spent the prime of our lives in procuring your stu-
dents +the precious blessing of liberty. ILet them epend
theirs in showlng that it is vhe great parent of selence
and of virtue, snd that m nation will be great in both
vays in proportion as it is free."

lfaffe, Men of Science in America, pp. TH-103,

EﬂichardSGH, Megsepes and Papers of the Presidentz, Vol. I,
o, 202; Ulysses T, Bedrick, & Hegtory of Horticultbure in dmerica
to 1860 (New York, 1950),Tp. 169-75.
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3as guoted in Jeffe. Men of Science in Aweries, p. 09,
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Jefferson's reputation as & scientiet wes due promarily toc his
liotes on the Ztate of Virginie which he bad prepered in 1781, Ue

described in detail-EHE-zapograyhy, natural history, snd natural
resources of Virpinias, The book was First printed privaiely by
Jefferson in TParis in 1789. An Tnglish edition was published st
Tondon in 1788, The first fnerivcan edition wvms putlished in Phile-
delphia in 2788 and the nex®t year a German translation was prinled
in Leipeig.

Beglinning in 1705 Jefferson served ac president of the Americen
Philosophical Zgeciety for eighteen years fle negisted in writing toe
first Americen paper on paleontology for the Society In 1T79T. AL his
farms in Monticello Jeflerson practiced scientific agriculsure and
invented wew machines. Wkile on his diplometic migsion to France he
carried out scientific investigations in Europe. As Iresident of the
United States he used his high office to encourage scientific advance.
Ee wes Torced to yeslricht his personel scientific pursuits to a ceriain
degree, but he had once eaid that nature had intended him "for the
tranguil pursuits of science” and that "science is my pession; pelitics
ig my duty.”

Jefferson like Franklin geined en internstional reputsation as a
selentist end inventor. He alszo hed an utilitarisn attitude toward
gcience. Although Jefferson made no basic convributlon to science
such as Fretklin had in electricity, he possessed wider Iinterests
“han Franklin., Jefferson had s greater eppreciation than any of his
countrymen of the wvglue of scietice In promoting the general welfare of
ithe young Republie.

Joseph Priestley [1733-18CL), the English clergyman end chemist,
found psylum in the United States after his house and personal effects
had been burned beceuse of his sympethy with the French Revolution.

In 1794 ke and his wife setiled in Northumberland, Pemmsylvania where
they regided in the same house with the Thomas Cooper family. Priestiloy
taught his experimental techniaques in chemistry to Cooper, Ir. Jamas
Woodhouse, and Dr, John MacLean, who beceme vrofessor of chemistry at
Princeton. Uhen Priestley died in 180h, Coeoper continued to use
Friestley's chemical laboretory and epperatus. TFPriestley’s greatest
work had already been completed before his coming to America, yeft the
discoverer of oxygen was influential ig American scientific cireles
during the lesst ten years of his life.

Constantine Zamuel Rafinesque (1783-18L0) wes en imporiant holenist
end neturalist in the Uniicd Biztes vho had ©een born in Jonstantinople

For details see Dawin T. Martin, "hamas Jefferson: Scientiat
(Hew York, 1952).

SwWilson, American Science and Invention, pp. 32-35
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of Frenck parentare. He treveled throughout the United 5taftes on
cellecting expediticons end described many new species of plants and
fighes., Consldersd an eveveniric, ne fouwnd it difficuli to wake a
livelihood in the United States. After beinpg refused a number of

eocllege positions, he wer Tinally avpointed professor of Tbotany,

naturel history, and moderr lenguages at Transylvania College in Kentueky
in 1819. He taught there for seven years. Among his major works were
1522-30] . }ﬁs greatest contribucion was than he h helped draW-EEE_ErEJnLlR
of Eurcpean naturelists to the natural seientific treasurez of Americs —

Wathaniel Bowditch {1773-1838), & self-educated mslronomer and
mathemgtician, was born in Salem, Massachuseuls, lie cade five sea
voyazes in the Chine snd Fast Indisn trade hetween 1?95 and 1803. In
1792 he prepared the first American edition of J. U Mpore's The
Pracftical Hevipator, which he expanded mnd published in 1502 as The Hew
fmerican Praccicsl Navigator. In compiling %his work, Bowditch used ile
mamuscript logs that had been eollected by the East Inul& Marine Sociaty
of Salem. IHe transleted and made commentaries on rour out of the five
volumes of Plerre Simor leplece's Celeptial Mechanics, A% his own ex-
pense he made this walushle work mveileble to the Tnelish-spesking
world. Bowditch elso wrote on camets, meteors, and solar eclipses.

The "arithmetic sailor’ assisted in making seesranship a science
and hiz grestest work, The New imericen Fractical HMavigator. has gone
through geores of editions. For over a century and o half mariners
tave relied on Bewditch., Since the 1860's the book has been published
by the United Stetes Hydrorrephic Office and is Known as F.0. Ho. 9,"
meaning the ninth publicetion of the EBydrographic Office,

Famous naturallists

Alexander Wilson [1766-1813}, the ornithalogist, wes born in
Scotland. A weaver and peddler he came %o the Unitcd States in 170%.
He became a teachker in rural schools in New Jerseyr aad emstern Fenne
sylvenia, Kls nelghbor, Williem Bartram, interested him in ornitholegy.
Aezisted by Alexander Lawson, who prepared plates of ihe birds described,
ne tegen publishing his American Ornithclogmy in 130%.  In nls travels ke
Journeyed through the easiern siates, down the Miesissippl, ard to the
borders of the Southwest., Wilson has been called the father of Americen
arnichalogyr.

liaffe, Men of Seierce in fMuerice, pp. 10h-25,

ZRobert T. Berry, Imnkes Ztargorer: The Life of Hathaniel Bowdi+oh
{Hew York, 1941i). For g shorier peconmt zee Dol B, Aink,  Hachaniel
RBowditek: The Practieal Havigator,” Amerdicen Herizape, XI {Aug.. 196D3),
o, 56-60, 55-91.
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Wilgon' s successor, John James fudubon {1768-1851), was born in
Santo Domingo. As = boy he studied art in Parls. Waen ne was 15,
ho betame mansger of his father's farm nt ill Grove, Pennsylvaria.
As a hobby he zketched birds. Tn the forests of Kentucky end Ohio
he hunted rare birds., For a short period he was e taxidermist in
the Westerr Museum et Cincianati. In 1826 he went to Englend o
look for & publisher and brough®: out the volumes of his Birds of
America from 18027 to 1838, This work was nalled as a classic. " His

Crnithclogical Dlograply {1832) Bnd Synopais of the Birds of Korth

Arerica (1039} next added to his fame,l

Thomas Nuttall (1?85-1859], ar Enpglish botenist and ornitholegist,
ceme Lo the United Stotes in 1808, His interests in plante wes en-
couraged by Benjemin Barton, the Fhiladelphism betanisi. Nuttall
traveled in 1810-1! eleng the Kansas, Dlatie, and Missouri Pivers.
From 1818 to 1820 he traveled in the interior of Arkansas. From 1827
4o 1B3% he was curator of ilie botarical gardens ot Harvard. In 1832
he published A Fanual of tie Ornitholomy of the United States and
Caneda.

In 1934 Kuttall journeyed meross the Rockies io the Celumbis
River. lle sailed io Hawali and then to California. %t Sen Diego
PFicherd Henry [ana was surprised to see Buitall; in Twe Years Beforc
the ¥gst, Dana wrote: I had left him quictly seated in the chair of
Totany end Ornithology in Harvard University, and the next I sawv of him.
he was strolling about Sen Diego Lemch, in a seilor’s pee-jackei, writh
a wide strew ket and berefoot, with his trousers rolled up ..o his kncus,
picking up stones and shells. ™

Nultall returned to the East around the Horn wiilh Dana eboard the
Mert. UYe resided in Philadelphia until his return to Fngland in 1842
Althoueh his writings were not as gignificent as Those of llsen or
Auduton, he did classily many new genera and species. His explerations

n the wilderness and to distent lands were surely an indication of
regl acientific interest as well es personal courags.

Seiertific contributions of exploring expeditions.

While Jefferson's interest in exploration was primarily expensicn-
izt, it had a strong seienlific bent. When Jefferson was Amhassader
o France, he mnd John TEul Jones conversed with Jonn Ledyevd, "the
American Marco Folo," who plenned en expedition to the ¥orthwest cciai
Jefferson suggested to Ledyard that he treverse Dussig and Siteria, and

1Young, Biolomy in America, po. 19-32.

23truik, Yankee Zeience in the Making, pp. £66-65,
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from Kamchetke cross to Alaska where he might find passage to Footkn.
Then he could journey eestward intc bthe unknown Interdior of Horth
Mmerice. Ledyard faziled in en atiempt to sein the putronage of

Empress Catherine of Russia, but ke succeeded in ¢blaining the suppor.
of Sir Jogeph Bonkc, presidsni of the Royal Soclety of Lordon, as a
sponzor. By the fall of 786 Ledyard vrote to Jerfferson Lhat he

was preparing Lo cross Siberie. Ledyard reached Irkutsk and was ready
to =ail with Capiain Billings of the Pussian navy, when he was arresicsa
on February 24 1788, by two Cossack police snd hroughi beck to Meagon.
Ledyard' s romentic dveam ended. and the next year he died in Ceire.”

In 1792 JeffTerson persuaded the American Philosophiecal Soclety
to Pinarce an expedition ty the French scientist, aAndre ¥icheux, who
intended to "azecend the Missouri River, c¢ross the Stony Hountains, Al
Aescend down the nearest river to the Pacifiec." Jefferson drafter
Fickmsux's insiructions to "teke noftice of the country you pzss through,
its general face, so0il, rivers, mountaing, its yroductions--animel,
vegetable, and mineral.” He alsc instructed him to make astronomical
chservaticons, to study the aborigines, and ‘o szearch for fossils.

On January 13, 1803, Jefferson asked for an appropriation of
#2,500 Lo finance the Lewls and Clark Expedition. He siated:2 "The

interests of commerce place the principel ohbject within the eonstitutiona
pawers and care of Coagress, and that it showld incidentally advanco the
geopraphical krowvledge of our own continent cen not but be an additionsl
gratification." ‘hen Congress epproved, it esteblished e new preceder:
of appropriating money on basis of the commerce elsuse for & sclentific
exploration, Moreover, the Army was to sponsor the erpedition and it

was to explore foreign =oil.

Captaln Meriwether Lewisz spent several weeks at the American
Ihilcscpihical Society in Philedelphin for a scientifie briefing.  He
learned how fo make celesliel observations, to collect flora and faunz.
pnd to study the Indians.

The Lewis and Clark Expedition of 1804-13C0 made significant dis-
coveries in bLatany, ethmology. geogravhy, geolomy, and zoolasy. A vast
mine of pecpraphicel informetion and considersble dala conceruing the
Indiauns, particularly those of the Ilains, were accunmulated. Dried
plants, fossils, rock gpecimens, and Indian wieonsils, weapons, end itam:
of clothing were colloetcd, ke journels keph on Lhe expedition were
gradually publisked, bub now in a satisfacltory manner.

1iﬂr0thy . Johanszen and Charles ®. Gates, Empire of the Cclunmig;
A Pistory of the Pacific Horthwest {Few York, 129%5G), pp. 79-53.

EHicharﬂson, Wessages mnd Fepers of the Presidents, Vel, I, p. 3554,

3ﬁ Iunter Tupree, 3cience in the Federal Covernment, & History ﬂ{
Pclicies and Activities to 1940 {Cembridge, 19%7). Tp. ~0-28.
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After the Louisisne Purchase, Jefferson planred suprlemental
expeditions ur the Red and Arkansee Rivers. On April 1%, 180%,
Congress appropriabed 3,000 for this purpose. In thre winler of
180k-0% sir Villien Dunbar and R, George Hunter made & scientific
expedition up the Cunchite Eiver ir Iouvisiana. In Mey 1800 the
Freeman expedition of Civilians snd soldiers set out Lo explore
the source of the Hed River, but it failed because of Spenish resistencc.

Kext Jelfferson sent oub an Army exupedition in 1806 under Lieutcr:znb
Febulon Hontpotery Pike in mn atterpt to diseover the source of the
Mississippi. Although the expedition d1d not succeed in its purpeses,
it was deemed & success and Tike wms sent on a second expedition in 1307
to the Soutmrcst. Pike was irprisoned by the Spaniards end his meps
and papers were confiseated. ie vmsz taken to and detained in Chihusine
and eventually releazed on the Louvisiene border. From memory he made
his valueble report in 1810_which asdded to the geographical and scientilZ
knowrledre of the Southwest.

Curing the “ar of 1812 further western expeditions were deleyed.
With the reiturn of peace in 1815 interest in these was revived., Jeokn <.
Calhoun in his capeeity as Secreiery of War organized the expeditions
of Maior Stephen H. lLong of the topogrephical engineers., In 1817 Tong
selected siies for forts on the Arkansas River and then on the Missicsipp

As part of an oversll military ples the Yellowstore Expedition cf
18192, commanded Ty Jong, was sent out to discover the source of tha
TFlatte, Ted, end Arkansas Rivers and the prionclpal tributaries of the
Missouri. Among the scientists in the party were Theomas Zay, a zoologizt.
fugust E, Jessup, a gecloglst, end Dr. Edwin Jemes, a botanist. For over
a year these scientists collected mineral specimense, plants, insecls,
and skins of enimals, and stvdied geology arnd weather conditions. Thomes
Say studied ihe severe! Indian iriles and ilkeir vocebularies. Althcugh
the expediftion was lergely s Tailure, since it had not discovered tie
pources of either the Flatte Hiver or the Red River, the scieniiflic
results were g decided improvemenl over those of the Lewisz and Clark
Expeditior.. The colleciione were elassified and studies were pub-
listed, James, Say, and Long wrote an Account of the Expedition Trom
Fittsburgh to bhe Focky Mountpins which was publisned i 1823, Thonas
Sny L1T07-1030k1 alsc wrohe varicus zoolopical papers and Dr. Joan Torrey
ztudied the Aried plants that hed been colleeted by Dr. James.

In 15323 Calhoun sen: out another expedition keaded by Long.
Thomas fay served as zoologist and votanist and Professor Tilliem
Keating of the Universiiy of Fennsylvanian served ss geclogist. The
rarty ascended the Mississippi ard reached the source of 5t. Peter's
ver., In 1885 at Lendon the Harrative of Ar Dxgpedition to the Spurce
of the Bt. Peter’s Hiver was publislied in W0 volumes. Oné hondred
pages were acvoLed Lo say's notes on insecis. Say's odllection of plants
and Flowers were studied Ly Lewie David vor Schweinitz, a botanisiy, wh»

1Ieroy R. Eafen emd Cerl C. Bister, Wwestern fmericn {Enzlevond
Clifts, iG50%, 1w, 182 3G,
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suthored a Synnpsis nf Horth Awerican FunFl in which over 1,200 new
apecies ond seven new genere were included. -

Wegt Point, Cosst Burvey, and Office of Chief of Engineers.,

In 1802 during the Jefferson edministration the Corps of Fnginezrs
of' ten cedets and seven officers wees created snd constituted the M{1-
lipry Acedemy at West Foint. A tredition of French methemptics and
an Iinterest in sclence existed frem the bheginning. In 1815 Croret,
one OF' Napoleon's engireers, hecame heed of the engineering departeant.
In 181& and 1817, Sylvenus Thayer (1785-1872), n gradunte of the fzof-
ecy cless of 1808, atudied the theory mud practice of fortifications
in Frence. From 1817 to 1833 Tugyer as superintendent of West Point
improved the seience and engineering departments. French textbooks
were used ond the efucaiionnl concepts of the Ecole Polytechnic were
introduced, West Point engineering gredumtes bacame the most skilled
engineers In the country. Thelr gkills were oslled upon to perform
engineering work for Eavilian projects end on the reilrogds in the
twenties snd thirties.

Tn 180T President Jefferson agreed to allow a geodetic survay -
of the cocast Dy the Swiss geodist, Ferdinend Rudolph Hessler. How-
ever, diplomatic problems ardsing from the Wapoleonic Wer caused
the Copast Survey ta be suependcd. Hassler then taught wathematics
et West Polnt for fwe yesrs pnd at Union College for another two
years, Despite tihe war, Hassler wes in England fram 1811 to 1815
purchesing inetruments for the govermment for its proposed survey
of the Atlantiec coast, Flpelly in 1816 and 1817 he begen his field
work, but in 1818 Congresas pessed an act stating that only ermy or
neval officers ccould be employed in the Coast Survey. For the next
twelve years the Navy mede locel surveys, but they were of oo resnl
scientific velue,

After the establishment of the O0ffice of the Chief of Bngi-
neeres, the Corps of Topogrephical Fnginecers becare importznt in
various surveys. By provisions of the Survey Act of 1024 the
Corps developed a plan for western and for Atlaniic comst canals
and for & rosd Trom Washington to New Orleans. Ey 1825 army
engineers were improving the navigetion of internel waterwnys end
working on the netional rosd.

lJaffE, Men of Seience in America, pp. 138-42; Dupree, Science
in the Federel Government, pp. 29-29, 3536,

cAmerican Militery Fistory, 160" 1953 {Uashingua-L D.C., 19593,
p. 119; Struik. Iankee Science im the Faklnp, E. 245

3Duprea, bolence in the Federel Governmeqi, - 29n33,36.
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I¥. FRE-CIVIL WAR FERIOD, 1830-1850

Seientific surveys.

The United States Coeet Survey wes revived in 1832 and
Ferdinand R. Hzegslier hacame superiniendent for the second time,
Hassler fought for civilian control and gcod pay for scientiflc
personnel. Most of his aseistants were Arper and Navy officers whem
he had to give additionel treining. Hessler worked north and south
from New York, and by the time of hls deeth in 1843 the Coast Survey
hed covered an areas from Poini Judith in Rhode Islend to Foint Hinloper
in Delaware,

Alexender Dalles Bache succeeded Hassler as superintengent, hold-
ing the position from 1843 ta 1867. Beche continued the survey of the
Atlentic comst and the Gulf of Moxico. Among the meny studies he
arganized were one of the Gulf Stream, one of the megnetic forece of
the earth, end studies on the depth of the otesns and forms of animel
life. In 1851 at Bache's suggestion Louis Agessiz studled the corel
reefs of Flovrida for a ten-week pericd while eboard e Comst Survey
schooner. Exwracts from his study were printed in the snnuel renoit
of lhe Coast Survey in 1852, 3Bache gleo introduced & greater use of
scientific inglruments; foy example. the electric telegreph was used
in determining longitudes.”

The Horth Caroline geologiecal survey of 1824-1828 was the first
of & series of importent state surveys. It wee mede %y Dennison {ln-
sted, who verforwed the entire task slone and received no compensat-ion
except for traveling expenses. The results of the purvey were pub-
lighed.

In 1830 Massachusetts authorized e survey by Edward Hitchcock
25 geologicsl surveyor and Samuel Borden ss trigonometrical surveyer.
Hitcheock published the final report of his survey as early as 1633,
it classified minerals, described mruntaios, cetglogued enimals and-
Plents, and the part on "Seilentific Geolmgy" has beem called a text-
vook on geology.

The Meesachusetts survey mede the netion awere of its resources
snd the need for exploring them. In 1837 Hiteheock made & ercond
survey and published his final report in 1831, By that year eighéeen
owher stetes had underteken geclogicel surveys. The New York geo-
logicel survey, begun in 1030, was of specipl importence becsuse it
ineluded e Etratﬂgrnphic record made by the eminent paleontologist,
James Hell,

' mE r————————

1 e . . ) -
Struik, Tankee Seience in the Making, pp. 196, 282, 52L-2%,

_ 2Ibid,, mp. 183-80; Merle Curti, The Growth of American Theught
iMew York, 1943}, p. 327.
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Seieptific contribg&égﬂg el axnloring expedltions.

Benry Fowe Schooleraft {lT?S-lBSh], con of the director of the
femous Van Rensselaer glessworks, explored the minersl deposits of
gouthern Missouri end Arkanses in 1817 end 1818. In 1820 he wms
with the Lewis Cass Exploring Expedition to the Lake Superior
reglon.  Schooleralt gerved as Indien agent in the Luke Supericr
aren from 1822 until 1836, and then served as superintendent of
Tndien affeirs in Michigen until 18L1. He mede studies of Indimn
customs and foiklare. Although he gained a reputation as an
ethnologist, his informetion wms not entirely correct. Schoolerali's
most noteworthy trip was his goverrment sponsored expedition of 18-
to the upper Greet Lakes. ,The perty discovered Leke Itasce, the
gource of the Miseissippl.™

1A
2

The Topographical Engineerz of the Army made Important surveys
and estronomicsl observations while mapping the West, The most fomcuas
of the military explorers was John ., Fremont, who served his appren-
ticeship with the French scientiet and mathematician Joseph Nicolas
Mieollet, vho commended an exploration of the Minnesots River in 1%33.
¥rement learned mapmeking and was treined in explering by Nicollet.

Fremont's Expeditions are best remembered for popularizing the
Weat and for palning him the unmerited title of “the pethrfinder. --
The reporte of the first two expeditions were published by the gov-
ermment in large editiens and in a privete printing. While the
expeditions were-geientific in charsever, they were utilized oy
Fremont for self-agprandizement and the third expedition beceme
invalved in the congquest of California. Vonetheless, scientific
reports were preversd, flora end feune were collected, and excellent
maps were dreffed by Charles Prewes. FReports of the second and thirs
expeditions had the first accurate mccounte of the erystalline rocks,
granitic, metamorphic, and voleanie et the care of the Sierra Nevagdz,
These reportes were widely read mnd considered vealusble by geologists. Z

IRcbert E. Riegel, Americe Moves West {New York, Rev. -=d. 19h?}.
p. 327: Cardinal Goodwin, The Trens-Mississippi West (18073- 18531
A HMistory of the Acquisition and Settlement (New York, 1922),Tp, 09-50,

ZCerdinel Goodwin, John Cherles Fremont: fn Fxplanetion of. -

His Career (Stanford Un{veTsyty Procs, 1030, pp. D7e£9, 35-36,91-92
Frank 4. Anderson "Pigneers in the Geclogy of California,” in Bib-

Liogrephy of the Geology and Minersl Hesources of Callfornia to

Decemter 31, 1930 Dy Soloh SAeud | Cacramento:  [Hvielon of Fines

Fulletin o, 106, 1933}, tm, 2-3.
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On Avgust 11, 1838, Secretery of Wavy Jemes K. Paulding ordered
Lisutenant Cbarlec Wilkes Lo command the Mkited Sigptes Exploring
Expedition. Wilkes with ftalents in astronumy, navigation, and
terrain deseripiion waes 8 logical cholce. 4 week lpter gix nowvel
ships comprising six hundred of ficers and men, including a corps
of scientists, set s@il Trom Hempton Reads., dmong the eivilian
seientlsts vwere minerslcegist Jemes Dwight Dmna, botanist Willimm
Rich, horticultureliszt William D. Breckenridge, philologist Horetie
Hele, neturalists Titian R, Feele and Charles Pickering, and con-
chalogist Jonn P. Couthony. The expedition spent almost four years
in exploring the Antarctic replone, *the islande of the Central Pe-
¢ific, and the coast of Western fmericam. Wilkes had speciael in-
structione to devote six months to euploring the Facific slope, and
to survey San Francisco Sey.

the expedition remped many szcientlific treasures, gollecting dala
on anthropology, ethnology, zovlogy, geology, meheorology, boteny,
kydvrography, snd physicg, Many charts were made based upon the
surveys and these were used by the Wavy even ae late ag YWorld War IT,
The netural history ccllectione were arranged and described by the
Natlonal Tnstitute. The seeds and plants collected by the expedition
forwed the basis for the United Staies Potenie Gardens. In 1844 the
Nerrative of the United States Exploring Expedition Luring the Yesrs
1338, 163, 1850 "!:HI“ 1342 wee published in five volumes with aml
etlac of five maps. An etlas of fifty~five cnarts wee published in
1828, By 1876 a total of nineteen volumes had been wublished.

In & =2ense the expedition served as a training ground for young
Americen scientisgts who gained needed field experience. Tor example,
Jemes Iwight Tmome, the eminent American peologist, wrote on the
geology of the Hawsilan Islends end of Vashington, Oregon, and
California.

In 1851 the Wavy sent out the De Haven Expedition to the
Aretic to search for Sir John Franklin of the Britisk Pavy, o
1853 to 18355 Elishe Kent Kene headed a second expedition into the
#Aretic., The (eomrephic Soclely of New York, the Americen Philo-
ecphicel CSociety, the Sriihsonien Institution, the Coast Burvey, =and
the Haval Observatory aassisted wilh the scientific aepeeis of the
expedition. 1In 1{56 Kene outhored Arcilc Explorations.

The Worth Pacifie Baxploring Expediticn of 1853-55 surveyed
end mapped the North Pacifile Ocean and bhad the assislance of leading
scientists and selientific societies. In the fiTiies the Naval
Astropomical Hrpediilion io Chile was made Wy Lieutenant James W,
Gilliss. The Preific Railroad surveys of the TiTties dispatched
by Becretary of War Jefferzon Devie elso hed impertent seientific

1lDanial Herdzrzson, Tne Hidden Ccests: A Blography of Admiral
Tharles Wilkes {New Ycrk 1953}; Anderson, 'FPioheers in the Geology
of CaliFornia," p. &; Dmpree Science in the FPederal Goverrmord,
Fo. G0-G1. T T
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asnects, cantributin§ Lo the wnoviedso of the flora, Taure, and
geolory of the Hest.

Farly Antrropologists and E<hnologlists

The infant sciences of Antbropology anéd Ethnolopy began to develdn
in the lUnited States prior to 1860, Among the first in these finlda
was Celeb Atwater (1778-1867). Atweter wos btorn &t Morth Adams, kiuf-
sachusetts, snd gredunted from Williars Colleme in 180k, After re-
siding in Wew York City, he settled at Cirecleville, Ohio in 1819,
Here he procticed 1aw and devoted hisz spere time to ihe study of
the earthworks end othzr antiguities in the state of Chis. His
first paper on this smubject was putlished in 1820, in the Arerican
Antiquarium Socizty's Archoeclogiam Americane, Volume I. twater
continued his efforts in this field ard also published mcecounvs of
kis visits with variops Indian tribes of the Middle West in 1829
snd the emrly 1830's.

The pioneering work of henry Rowe Schaoleraft (1793-186k) es an
ethnologist making stndies of Indien custome end folklore hes already
been mentioned {see pREe 32}: but Lhe generally recognized "fatler
of American Anthropology" wes Lewis Henry Worgar {3818-1851). Morgan
was born tenr Aurcora, Mew York end gradusted from Unlon College at
Schenectzdy, New York in 1850, He wes admitted to the ber in 1844
and settled at Rochester, W, Y, in 1891, where he resided for the
rempainder of his 1ife.

vhen Morgan returned to Aurors frcm college in 1840, he jJoined
8 scorch society called the “Sordien Knot," which wns petterned alter
the Iroguois Confederacy. ter making a study of ithe Irvguois Indians
the society became known ms "The Grand Order of the Iroguols,” with
Morgan as its directing spirit, and its chief purposes to study enc
rreserve Indian lore, to educaic the Indiens, end to reconcile thom
to the conditions imposed by ecivilisetion. Morgen's caszusl interest
in Indian matters was thus transforred into & eericus investigesicn of
Troouois insiitutions and customs, which in turn led him to further
reszenrch emong other Americen Indien tribes and finelly in the field
of torld Anthropology.

Ag a result of his service Lo the Indians, Morgan was adopted -
into the Hewk clen of the Seneca tribe in 28Lk7., This induction ed-
mitted Morgen into the innermost councils of the tribe and gave hin
every fmeility for pursuing his sfudies. Morgen began publishing Ene
results of his studics in 1846, In 18%9 the University of the State
of New York mede en approprietion for the enlargement of its Indien
collection end placed Morgan in charge of this project. WHis bogk, -
Lengue of the Ho-de-ng-gau-nee, or Ircouois (18591}, althoughk a picnatr-
ing work, has beea called” the first sciemtific account of a Indian
tribe." Py 2862 Morgan had extended his studies 4o the Indian tripec

lDupree, Sielence in the Feders] Government, pp. G4-99.
EDictinnary of Americar. Bicgrsphy I, Lhig.15.

3t






of the middle West, ultimntely recording notes on the kinship systems
of scme TO tribes, His melor wvork, Anclent Society or HRegearches in-
the Lines of Human Progress, was published in IHT7-TH. In it he pro-
rounded the doctrine of the common origin end psyvhic unity of =211
races of men and asserted that they possed through successive stages
of savagery, berbarism, and civilization. Fie theory that the family
kad evolved from a state of promiscuity and his interpretetion of
kinship terms brought about ruch acrimonicus debete. Although anthre-
pologists today find Morgan’s evolubicnary scheme mnd methods, as
apptisd to primitive society, extremely tenucus, hig conclusions had
far-reaching Influence in his day,

By 1869 Morgen hes elso extended his interest to Indians of the
Southwest. Visiting that esree in 1878, he played s rale in launching
the first steps to preserve the ruins of the Pueblo Indians.

Finally, Morgan wns instrumeptal in orgenizing the secticn of
inthropology of the American Assccimtion for the Advancement of
Selence in 1975 snd was its first cheirmen. In 1579 he was alzo

4
"

plected president of this assoclaetion. t

Smithsonian Tnstitution.

By 1832, when the original charter of the Columbian Institute
for the Premotilon of Arts and Sciences expired, the organization had
derlined ip influence, Two years later 1t wes superrseded by the
#ational Institute for the Prowotion of Seclences, which had been
organized bty Secretary of War Joel K. Polnsett, The new organization
cared for the specimens collected by scientists of the Wilses Expedi-
+tion. The National Institute tried to contrel Smithson's beguest, but
in 18L& Congress created the Smithsenisn Institution. The National
Tnstitute and the Smithsonian Institution functicned side by side
until 1861. 1In thet yeer the ITnciiiute ceased and its collections
Tvecams part of the Smithsonian,

Although the Smiihsowmien Inatitution teceme known es the -
"imerican Tressure House of Science,” it was much more then a re-
pository for collections. TUnder the capeble leedership of its first
secretary, Joseph Henry {1797-1878), the Smithsenisn engaged in re-
seereh in pure science with utiliterian goals. In his first annual
report to the Board of Regenis of December 8, 1547, Henry annourced
thet the first publicetion of the Smithsonien Institution would be
an ethnologlea) study. He algo related thet preparstions had been
made "for instituting various lines of physical reaearch. " As an
example, he umentioned the subject of terrestrial megnetisn which
besides its thecretierl interest hed a "direct reference to nevigotion
gnd the various peodeticnl operstions of civil and militery life.”

1B. J. Stern, Lewls Henry Morgmn, Scclml Evolutionist

fChieago, 1931).
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As another subject of rescerch Henry mentioned "an extensive system
of meteorologlcal Dbservatiﬂnf, Tarticulerly with reference to the

rhencmena of American storms. 5n his second snnual report, dated

December 1%, 1849, Herry stated:

"The first volume of the Smithsonlan Coniritutions to
Knowledge has been published and partially distributed. It
cotigists of & single memcdir on the Ancient Monuments of the
Misgissippi Valley, comprising the results of extensive ori-
ginal surveys and explorations by E. G. Squier, A M., snd
E.H. Davis, M.D, Tt iz illustreted by forty.eight litho-
graghis pletes, and by twoe hundred and eeven woeod engravings.

The mechanical execution of the woliwe will bepr comparison
with that of sny publication ever issgued from the American press.’

The Spithgonien Institution ineressed and diffused scientifie knowl-
edge In implementing the purposes of Smithson's begquest, Tt was the
firet organizetion in the United States to perform general scientific
work with e reguler staff, It organized sclentific studies in the
nation, verticularly in the field of anthropology and metezorology.

In fact Henry started the weather report system by organizing a

corpe of cbeervers and by using the telegraph for simultenecus
reports. 3

Heury Inaugurated a series of publications. Annual reports were
issued, Smithsonien Contributions to Knowledge were published, and

in 1852 the series known as Miscellaneols Collections was begun-

The publiications were distrlbuted free to the more importent de-
rositories throughout the world. A museum snd en exhibit ball were
raintairned. Populer lectures on Scicnce were presented in Washington.
D,.C. Grents were made fﬂg origimel sclentific investigations, stim-
wlsting privete rescarch.

Havral Observatory.

Complementing though conflicting with Henry's meleorclogical
vork, ves that of Mnithev Fontmine Maury {1B06.73), the "Fathfinder
ot the Seas," In 1830 the Secretnry of Navy orgenized the Depot
cf Charte end Tnstruments. Twelve yeare leter il became the Favsl

1"Firset Report of the Secretary" in Eighih Anpusl Report of the -
Regents of the Emithsonisn Tnstitution (Washington, T.C., 1354),pp. Lhkba,

2Thid., pp. 156-57.

IThe best account of the Smithsonian is Peul E, Oehser, Sgns of
Science {New York, 19k2}; for a brief accoun: sea The Smithsonian
Thatitution {Washington, D, C., 1961},
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Obzervatory with Maury serving as superintendent from 1842 to 1861.
Moury was more interested in oceenography then estronomy. He cone
ducted researches on gcean winds end currents, moking wird and
current charts of the Allentic, Pecific, and Indien ocesns. Mawry
studied the 0ld loge of ehkips and used merchant ship and naval
vapteing as observers. He eollected his dnta throughout the world,
end he issued s seriee of Wind and Current Charts and pubiished
Saiting Directiong, Meury's directions weve £ greant edvantage to
commerciel shipping interests in thet they reduced the time of
mssage from port to port.

Maury developed r gystem of universal meteorological cheers
vallona, Through his influence sn internetional ¢ongress met ef
Brussels in 1853, -attended by scientists of ten commerciml nations.
He mchieved world-wide cooperation in hie work. In 1855 Maury
authored hie Phyeical Geggrephy of the Sea which wes the first
textbaak of wodern oceanography. L

The conquest of pain.

The demonstration of the effectiveness of either as mn anea-
theeia was o great American sclentiFfic discovery made -in 1846 by
the Boston dentist, William Thomas Green Morton (1319-68). This
triuwmph was to revolutionize surgery., At the supeestion of
Ir, Charles T. Jeckson {1805-1873}, n physicien and professor
of chemlstry, Morton tested ether on enimals and hirmgelf. In
1845 Dr. John Collinms VWarren, = surgeon, mpde the First public
demonstrotion of ether as s surgical enesthesie in an operetion
rerformed on Cctober 16, et the Massechusetts Ceneral Hospital.
Ir. Morton edministered the ether to Gilbert Abbot, the patient.
The next month Mortom end Jeckson received n prtent for the use
of "letheon." From 1842 to 1846, Dr. Cravford W. Long {1815.73),
a Georgiag surgeon, hed sleo used ether es an anesthesia in per-
forming elght privete ogperestions, but he d1d not publish an account
of hiz work until December 1844, Morton's efforts to profit fram
his discovery brought conflieting cleims from Jackson snd Long,
and algo Ir. Horece Wells, & former partner of Morton who had
privetely experimented with ether in 1B44, As s result Morton
became involved in controversy and litigetion, Wtimptely
Morton's clelm was recognized, when he was elected to the
Americen Hell of Feme in 1920, Shortly efter Morton's successful
demonstretion of 1846, the English mediesl journal, Laencet, stated:?

lﬁ stendard biogrephy is C. L. Lewis, Mattheow Fontaine Maury:
The Pathfinder of the Seas {/innepclise, 1927].

Pha quoted in Jaffe, Men of-Science in America, p. 167, who
has & chapter on Morton, pp. 154-7%; also see Flexner, Doctors on

Horseback, pp. ET3-32h for a chanter on long and.ﬂcrtﬂn
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“The digcovery of Dr. Morton will undoubtaediy be placed
high emong the blessings of humnn Enowledge and discovery.
That its discoverer should be en American is & high honor
to pur trensetlentic brethren; next to the disecovery of
Frenklin, it is the second and greatest comtribution of the
Wewr World to seience.™

Seientific meetings, orpenivetions, &nd publicetions.

In 1831 aboui five hundred chemists end menufacturers attended
the first chemicoe]l convention in the netion held at New York Cify,
In 1844 an important precedent was established when the firsti
Scientific Congress was held at Washlngion, D. €. Scientists of
such gtature se Matthew Pontmine Maury snd Alexpnder Tallze Pache
read papers end vericus meetings were held on astronomy, chemistry,
geclogy, meteorology, paleontology, physiology, and other subjects.

In 1842 the Aszociation of Americen Geclogists and Noturalists,
the Tirst permmnent sclentific orgenlzetion of national scope, wes
organized at Fhiledelphia, Tn 1848 it beceme B general professicnal
society, bheing renemed the American Association for the Advancement
of Science, One of the purposes of the Associstion was ~to hold
pericdice]l meetings, and to premote intercourse between those who
are cultiveting science in different parte of the United States.”
The AAAS also published its Procesedings.

After 1840 the number of seientific journale snd magazines
increesed. Among these was the popular end permanent journal,
Scientific Americsn, first published #n 1845, Science fextbooks
Blso began to appear in this pericd.  In 1846 Jemes and Robert
Hopgers authored a chemistry teitbook which ensbled colleges o
introduce courses in thet subject. Jemes Dwight Dena, while &
professor netwsal history et ¥ale, wrote hls dHanuel of Geplogy
{1862) and his Textbook of Geology {156k), o

Seientific schools.

Althovgh collepe education was bpsed primerily uron olassi-
cnl studiee in the decades before the Civil War, colleges and
universities were beginning to offer degrees in sclence and
engineering. The School =2 Arplied Chemistiry wes established at
Yale College in 1847 with John Pitkin NMorton end Renjamin Sillimen,
Jr., se professors. Nine years later en effort was nede to reise a
permanent endowment for the Yale Seientific Sehool. Jozeph E,
Sheffield, a railrond promoter, provided s bulilding and gave gifts
to the scheal. In 1861 the school wes named the Shefficeld Scientifie
School end its primary intercst beceme the Lesching of chemistry.

Tn 134T a seientific sehool wes crgenized et Hapvard, Ten
yegrs Jater it was endoved by Abbott Lawrznce, The primary objec-
tive of' the Lawrence Scientlfie School was engineering, but i3
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did nov heve an engineering lsboratory until 1892, In 1051 the
Chandler School of Sciences and Arte wvas established in Dnrtmouth,
The Massachusetts Inatiture of Technology wme granted a charter
by the Massachusetts lepielature in 1861, Four years later this
Boston school wes opened with William B, Rogers as president 1

Seience in Lthe Cld South,

Despite the agrarian outlook of the ante-bellum South, its
colleges and universities offered a certain emount of seientific
instrection. In 1827 nn astronomicel observatory wes built at
the University of North Carolina. In 185k this institution opened
g "School for the Applicetiion of Science to the Arte" and offered
8 bachelor of science degree, By 1852 South Caroling College had
an astroncmical observetory in opermtion. Among the science teschers
at this college before the Civil War wers John end Joseph Le Conte.
In Lexington, Henmtucky at Transylvania University Constentine Semuch
REefinesque taught netural history and B. H. Dishap taught natural
philogophy. Dr. Eugene Milgard in his Report on the Geolupv and
Agriculture of the State of Mississivpi (1300) acknowiedged his in-
debtednesz to Frofessor “Hllicm D. Moore of the Univereity of Mis.
glgsippl for aseistance in the syelemntic arrengement of the survey's
collections. While the Southern collcges as a whole were probably
ol ag adwenced in their geieniific curriculs as those of the HNorth,
they demonstraled s grest interest in the natural sclences.

Among the Bcuthern people there existed g populer interest in
seience,  Erientifie leciures found recepbive sudiences in the
South. The people reed scientific articles in their newvspapers and
magezines. Mony stiempts were mmde to establlsh ecientific muzeuns -
ot thaese were generally uvnsuccessful; en exception wzs the Charlec-
ton Museym which becrme sn a&dmirnile scientifie orgenizetion.

fmong the significant scientists of the 013 Scuth was the
¥Yirginia planter, Edmmnd Ruffin, who conducted experiments for
restoring the fertility of Virginie soil. In hie Essay on Caleareous

Manures {1%32) he reported that marl, a clay deposit mixed with cal-

cium ¢arbonate, corrected exhnusted soclle to sn extent that they
could assimilate fertilizers. In 1860 he authored his Notes on the
Cerc-Brake lands of Alsbama end in 1861 he wrote his Agricultural,

Geoleopical, and Descriptive Sketches of Lower North Cerolina aend
the Simiiar Adjmeent Lands. As a result of his resesrch end

writings Ruffin hns been concidered "the father of goil chemlstry
in fmerica."

Dllver Hlstcrg_of Mmerican Technelogy, pp. 237-38, 2hz-ho;
Lrulx, “arkee Science in the Meging., pp. 337-C7.
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Moses Ashley Curtis, the North Carclinas botenist, published
many important papers in the Americen Journal of Science, the
Journal of the Acrdermy of Natural Sciences of Thiladelphle, and

the Journal of the Tinnmean Socicty oo London. In 1860 his Yeody
Plants o North Caroling eppeared ne Part III of the Geolegical
and Hatural History Survey of North Caralinm.

A brilliant geoleogist of the 01d South was Oscer Monvgomery
Lieber, who had worked on geclogicel surveys in Mississippi and
Alabema. In 185 be becawe State Geologist of South Carolina and
publicked the Hﬁuorts Df the Geo~nogtic Survyey of Sguih Ca“ollna
{1857-60). In the surmer of 1860 he accomperied rrofessor r Charles
8, Venable on an astronomical expedition to Labrador,

Seientizts of the 0ld South made contributions to the national
scientific societies. Many Southerners Were active in tne work of
the American Philosophical Seciety and of tire Smithsonian Institu-
tion. Willimm B. Reopers of the University of Virginia served as a
president of the American Associntion for the Advancement of
Seienee, and on the eve of the Civil War, Frecerick A. P. Earnarﬂ
presigent of the University of MlEElEulei TRE 15 presldeﬁt.

v. CIVIL WAR ERA, 1861-1865

Morrill et of 1862,

The Morrill Tand Bill was first inbroduced into Congress in
1857, It Tirst passed in 1859, but was vetoed by Fresident Buchanan.
With the opposition of Southern Congressmen and Senatore removed by
the “ivil War, the act passed and was signed by President Lincoln
on July 2, 1862, The sot granted some 13,000,000 acres of She publics
demein for the support of industrial and agricultural education.
Entitled, "An Act donating Public Lands to the Severel States and
Territories which mey provide Colleges for the Denefit of Agri-
eulture and the Mechanie Arts,” the measure gave a great impetus
to the movement for state univerﬁitles

I’hile the ecause of agricultural education benefited, sclienti-
Fic and engineering education glso benefited. The Morrili Aect hed
toeen written so that both established colleges and new ones mighs

1Thoras C. Johneon, Jr., Selentific Interests in the 0id
South {Wew York, 1936},
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use the funpd, ALecording to tee get, "the leading objfect shall be,
without excluding other scientific and classical studies, and in-
cluding military taciics, to teach such branches of learning as
are related to agricultuvre and mechanic arts.” Senator Justio 5.
Morrill kad not intended that the echools anly benefit the farmers,
but he expected thep to be sgcientific in purpose. Connecticut was
one of the first stotes to accept the land scrip and it wsed the
money entirely for the Sheffield Scientific Schoal at Yale College.

As a result of the Morrill Act new colleges such as Zornell
and Furdue ghd state universities such as thoze of Chio and Illinols
were establlished. VWhile some stofes 5014 their lands unwisely om
the market, others were more careful. The clessic example ie
pornell University in Dew York which benefited tremendously f{rom
the Morrill Act., 4 bill providing sdditlonal funds to the land-
graunt colleges was finally passed in 1890, Ey that time over fifty
eolleges had been established under provisions of the historic
measure introduced by Justin 3. Horrill, who "lighted candles of
wisdom."

The Netional Academy of Sciences.

The North was greaftly sided in the ftask of winning the Civil
tar by the possession of superior scientific and technieal skills,
Fresident Lincoln recognized the value of seientifiec ressarch when
e sigred the act on March 3, 1863, crenting the Fational Academy
o Beiences. VWhile the fcedemy did not significeantly contribute
to victory in the Civil War, ifts creatlion established en important
precedent for twentieth century military conflicts. The article of
incorporation stated:

“Ihe academy shall, whenever called upon by any depart-
ment of the Govermment, investigate, exemine, experiment,
and report upon any subject of ascience or art, the actugl
gxpense of guch investipations, examinations, experiments,
and reports to be paid from eporopriatlons which may be
rede for the purpose; but the academy shall receive no cow-
rensation vhatever for any services to the Government of
the United States.”

The first mesting of the National Acedemy of Sceiences wes
held en April 22, 1863, and Alexender Dmllasz Bache was elected
rresident, The membership at first was restricted fo fifly, bus
tue limit vas removed in 1870, Among the preminent mecbers were
Louis Agassiz, VWoleoit Gibbs, Ase Gray, Joseph Henry, and Benjemin
Silliman, Sr., and his soin. Fache appointed five mumbered commit-

lHEnr? S. Commafger, ed., Qocuments of fmerican History { Mew
York, £th ed,, 1058), ¥ol, I, pp. BIE-13; PFabian Irarklin, Tre
Life of Denicl Coil Gilmen (HWew York, 1920}, pp. TO-T3.

Zhe quoted in Richardson, Messages and Papert of the Pregiden®s,
¥, . Lo,
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tees which studied: (1) weights, messures, and coinage, (2] ways
to protect the bottoms of irom ships from salt, {3) the magnetic
devigtion of the corpess in iron vessels, (k) the hydrcmeter in-
vented by Joseph Saxton, and (5] the question pf continuing
Yeury's current charts and seailing directions.™

United States Ceeast Surver.,

In mddition to being president of the Nationel Academy of
Sciences during the war, Bache was also superintendent of the
Coast Survey. In May 1861 he propeosed a commission to devise
rlans for naval cperations against the South. The commission as
arganized included Captain Semuel F. Du Ponbt as president, Commander
Charles H. Davis as secretary, Major John G. Barnard of the Corps
of Engineers, and Bache, The commplssion gathered date uwseful for
o blockede end selected objectives for amphibicus operations. The
commission planned the successful aszault on Port Royel in South
Cerolina, After the Port Royel victory, D[u Font was able to ex-
tend the blockade of the South.?

Smivhsonian Institution,

The wnr curtailed mary of the scientific sctivities of the
Smithscnisn Institution, For example, its weather reporting system
was disrupted by the secession of the Southern stabtes and by re-
strictions placed on the use of the telegraph. Howsver, the museum
continued te syonsor expeditions such as those of Dr. Flliott Coues,
an frmy surgeon and eminent ornithologist, In Ardizone and Hew Mexico
and of Robert Kepnieobtt in the ecentral pert of Canada. Kennicoti
Journeyed from Chicago to Fort Tukor and beek during the pericc
from May 19, 1859 to February 11, 1862. He studied faune and
ceclogy of the region under the Jodint sponsorship of the Smithscordan
Institution and the fudubon Club of Crhicago., Turing the winter of
1861-62 Kemmicoit catelogueed his A»ctic collection at the Smithsoninn.
In the June 1863 issue of its Collectigne, he muthored "Descriptions
of Four New Speciles of Spermophilus,” In March 1865 Kemnicoti ace
pepted the position of Chied of Explerations of the Western Union
Telegraph Expedition to Alaske with the stipulation thet he counld
aproint a corps of assistance, who would collect specimens for beoth
the Chicago Acadenmy of Sciences and the Smithsonian Institution,

IDupree, Sclence in the Federal Government, pp. 141-46;
Oliver, Histoxry of American Technology, pPp. ehh-27.

“Tupree, pp. 132-33; H. A. Du Pont, Repr-idmiral Sapuel Prancis
Du Font, United States Navy, A Biography (llew York, 1546}, pp. 10513

3Dupree Science In the Federnl Government, po. 13L 32; Renjamin
F Gilhert “arts and Eciences in Alaska: ¢TEF 1910," Journel of th=







Apnlicetion of seience to the wools of var,

AL the Vhite House, on June 11, 1861, Joseph Henry, Secretary
of the Smithsonlen Institution, introduced a young balloonist
naced Professor Thedéeus 5. C. Lowe to President Lincoln. Lowe
infermed Linceln of his plan for a militer: “elloon reconnaissance
which included a telegrarhic sir-ground communication. On June LS,
Professor Lowe demonstrated the practicability of hils balloon for
military observation. He took up a telegrarh wire and sent Lincoln
the "First Balloon Dispatch,” readinz as follows! 1

"o President United States

This point of observation commends an area nearly rifTty
miles In diameter--The city with its girdle of encaspments
presents e superb scenc--I heve plessure in sending you this
Tirst dispateh ever telegraphed Trae an merisl stetion end
in acknowledging indebtedness to your encouregemen® for the
cpportunity of demeastrating the aveilability of the science
of aeronesuties in the pilitary service of the country,

T.5.C. LOWE"

Followlng the demonstroticn, Lincoln gave Lowe e letter of
introduction to Generel Winfield Scott, but vhe Genersal of che
Army digpleyed no interest at their meeting. On July 2%, Lincoln
wrote 2 note to Scott, stating:® "Will Tieut. Genl. Scott nlesse
see Frofessor Lowe, once more ebout his balloon?” When Scott re.
fused wo see Lowe, the professor returned to the White House and
informed the President about his inability o obtamin the appoint-
ment. Lincoln then took Lowe in person to the Winder Building
where General Scobt finally listened and agreed o accept the
idea of a balloon corps.

Lowe was eppointed Chief of the Aeronavtic Section and the
next year seven balloons were put into operation. Lowe alsc
designed a barge, the Coeur de Leon, on the Potomsc as the "first
gircrafl carrier in history" to nﬂke aszcensions from water,

Lowe's telegrephic reports in several militery maneuvers were

of value to the Union A-my. However, Lowe being a civiliar never
gainzd proper support for his reconnaissance plans; he resigned
and the balloon corps was soon abendoned. 3

lis quoted in Robert ¥. Brure, Lincoln and the Tools of War
(Indianapolis, 1956}, p. B6.

LHDy P, Basler, ed., The Collected Works of Abrahsm Lincoln
(Mew Brunswick, 1953} Vol, IV, b. W&O.

3Bruce, Lincoln and the Tonls of Yar. Tp. 85-28: Patricie

Jahns, Hatthew Fontaire Maury & Josevh Henry: Scientistis of he
Civil Var ! Hew York, 10481 i, PD. 1TOo-T9.
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In sddition to »elleoons the Civil War sleo witnessed the uee
of ironclads, Sclentific and technologlcal lessons were lewrned
from the engagements between the Virginia and the Monltor as the |
Battle of Hempton Reoeds. Among other naval innovations were the
efforts of the Cunfederate States Navy to produce “submarines”
end Torpedoes.

mericen military medicine improved as & result of the Civil
War, The Medical Department of the Arwy which had been in ¢ con-
dition of confusion end incompetence in 1861 was well-orgenized
by 1865, An embulance corps, base hospitals, and field services
were establizhed and maes medical examinetions were given. The
Medicel Depsrtment was required to maintain vest records which
were later used for resesrch. The Army Medical Museum and
Librery grew out of the war end became & great center of medical
bibliography. A few dostors engaged in research during the war.
For example, S5, Weir Mitchell studied neurclogy end wrote Gunshot
Wounds and Other Injuries of Nerves (1864)

American physiciens for the first time orgenized and operetaed
large general hospitals. They lsarned the velue of training and
discipline in nursing. Many country doctors were forced to be-
come surgeons. The senitery lessome of the Civll Var helped o
Trepare the nation for the public health movement which developed
in the last third of the nineteenth century.

1Jemes P. Baxter, The Introduction of the Ironclad Warchip
(Cembridge, 1933); E. F. Potter end J. R. Fredland, eds., The United
States snd Vorld Sea Power [Engleweood Cliffs, 195=3 Ch. 18

2Dupree, Sclence in the Federsl Covernment, pp. 128-30;
George W. Adsms, Doctors in DBlue: The Medicel History of the
Unign Army in thc Civil War {Wew York: Lollier Baoks Edition,

1961},
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vI., INDUSTRIAL AGR, 1886-1913

Inmect of Dnrvindso.

Imrmrinizm had 8 tremerdous ixpact upon scienec, religion,
2rnd industry in Yhe United States. The Darwinian controversy,
which raged afler 1559, beeame part of Che alresdy existing
conflict between science mnd orthodox interpretaticon of Lhe Dible,

Lowis fgasaiz {1B07-73) was the most voesl eritic end antag-
enist of bhe Darwinian theories, He opoosed the theory that new
epecies originate and survive by the process of maturel seleciion;
instead he held to the generally accepted belief that all specles
were immiteble sinece Crestion.

The 2wiss naturalist had gained international recognition
before his migration to America in 1846, He had become famous
Geeeuse of his placial tkeory whieck had broten new ground in
geoloms.  He had published The Fishes of Brazil (1829) and the
Fistory of the Fresh Water Fiches of Central Furope (1039-L2}.
From 3808 until his death hec wes m rrefessor of natural history
a2t Harvard's Lewrence Heientific 3chenl, e introduced the
lahoratory method in zoology, end cncourapged Averican nafuralists
to exemine the irternal funcetions of aonimals instead of concentrat-
Inp on ¢lassification. Apassiz made zcolopical explormtions to
Brezil in 1865, to Cubsn weters in 1849, end just belfore his death
he traveled sround the Horn %o Californie. Fis collections becanc
rart of thke Harverd Museum of Comparative Zoolopy.

Apassiz's colleamue at Harvard, asa Gray {1910-88), wos ihe
pussterding seientifle proponent of Tervinisrm, A distinguished
Lotariet, Gray had collzborsted with John Torrey in preparing the
Flora of Horth fmerics {1838-%k3), Az a professor of natural hissory
at Harvard he rade cambridge the center of Mmerican Totanica *Lu-
dies, He wrote fextbooks, menuals, and other btooks on bolany.©

Tarvin had ecrrecponded witlh Gray before his Oripmin of Species
had eypesred and Gray was the first imerican scienlist to defend the
new theory. In & review of On the Origin of Speciez Ty Mearne of
Metural Selection {18359}, appearing in the March 1300 iscue of

IThe heat biogrephy of Agsssic is ®dward Lurie, Leouls fgessiz:
A Life in Science {Chicagn, 136G0). in earlier one is Charles F.
Holder, Leuls Apacsiz, His Life end Work Lﬁtw York, 1093).

Eén nutstanding biograpky is A. Hunter [urrce, fea Gray,
1810-1488 (Cembridee, 1960), -
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ihe American Journal of @cience, Gray explained both the views of
Darwin end &gassiz. He summarized their differences in one sen-
tence ag folleows: "The theery of Agassiz fegerds the arlgin of
species end their present gemersl distributlion over the world as
eguelly primerdisl, equelly superneiurel; thet of Darwin, as
eqgually derivative, equally natural."

Gray attempted *o remove the ¢bvipus materielism from Dervwin's
theory bty asserting that natural selection did not exclude the hand
of Ged from neture., Groy's crgoument in Darwinisn controversy Wes
that Darwin's theory hed ne special relation 4o religion and that
oe could believe in God eftcer accepting evolution., Gray's many
erticles on the subject were published in 1875 under the title of
Darwiniens.

Agassierta rejection of Darwinism impeded its accepiance among
Hew Fnpland scientists. Croy defended Darvioism only after recon-
eiling it with religion. Jeffries Wyman {191b-T4}, a distinguished
professor of anatomy in the Lawrence Seientilic School and curetor
of Lhe Pesbody Museum at Harverd from 1ts organizetion in 1866,
wointained = neutral position. He stated:l We arrive at no resson-
able theory wkich takes a position intermedizte between the itwo ex-
tremes.” Vyren nede this statement in 1863, In e letter of 1871 be
stated: <

"It is a cuwricus Ffact that the opponents of eveluliom
hove gz yet started no theory except the prepesterous one
of Immedinte creation of eech species. They simpiy deny.
iter meny trials I zove never bBeen gble to pet Agassiz <o
eormit himsell to even the most generel statement of a con-
cenption. He wes just the mren who ought to heve taken up
the evolutior theory and vorked it into & good shape, which
his knowledge of embryolomy and salasontology would heve
ergbled him to do. He tas lost & golden opportunity, but
there iz ne use in talking of thet.”

Wyman's researck on the anthropodd spe contribuled to the
digcusaion on evolution. In 130T he wrote the first scientific
description of the gorilla &5 & sevzrate species of ape, Just
prior to his death Wyman noted that man “must heve gone throush
fa period vhen he wes passing out of lhe ecimel infto the husn
gtete, when he was not yet provided with tools of any sort, and
vhen he lived the life of a brute.” In prepering his Descent of
Han {1871), Derwin used the meterial collected by Wyien.

las guonted in Druik, Yapkee Seience in the Making, ». 312,
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James Dwight Dana (1813.95), the geologist, remeined publicly
Eilent on the Carwinien coniroversy between Agessiz and Cray, Dut
when the for th edition of Tana's Menusl of Ceclcnv an“eaTEd in
JEQS, he escecepted most of Derwin's concept of men's ris

Luring the Civil VWar Yele's ShefTicld Secientific Schopl sent
a premising young graduate, Othniel Charles Marsk (1831-99)}, io
Hirope to study vertebrate paleontolorny. KNarsh improved his own
gcholarship, and elso obisined Tor Yale College the Peabody Museoum
of Maturgl History by maneuvering the philarthropic insitincets of
his wealthy unecle, Gecrge Peebedy., During four sumrers, beginning
in 1870, Marsh led parties of Yale students and graduates inta the
Western prairies and Pockies in searck for bone Tossils, Marsh's
[irst mejor monograph was Odentornithes: A Monopraph on Ixtinch
Birds of Norlk Arerica,

[alid

Thomeas Henry Huxley, the Englisk biclogist, credited Marsh with
bridaing the gap between *he reptiles and the birds. Huxiey said:
"The discovery of the toothed birds by Marsh completed the series
of trensitional forms between birds and reptiles and removed
Mr. Dorwin's proposition that "many anrimal forcs have been utterly
lost" from the reglon of hypothesis to that of demonsirable Tact.”
On August 31, 1880, Derwin wrose & letter to tarsh, stating in rart
&g follows: "Your work on these old birds and on the meny fossil
snipals of N, Americe kes alTforded the best support to the theory
of evolution, which has appesred within the last 20 years..."

Farsh alsc collected horse foseils and exploded the theory that
the horse had originabed in the 01ld Yorld by demconstrating that
the horse vas indigencus to Americs,

In 1252 Marsh was mppointed Vericbratce Paleoatologist of the
United States Ceologiecel Survey and in 1887 Spencer F. Paird ep-
reinted hip Honorary Curator of the lDepertrmernt of Vertebrote
Faleontology in the United States Wationel Museum, Fram 1883 4o
1895 ¥arsh was slso mresidernt of the ¥etionnl Acedery of Sciences.
Thile with the Geclogicel Survey from 1862 to 1852, larsh ecolleched
a mase of metertals. The Survey published his Dingzaurs of Morth

fmerica and his Vertebrate Fossils of the Deaver Basin in 1895.T

e Morld of Chemistry.

Josiak Willerd Gibbhs (1£39-19C3), 2 Yale professor of mathe-
matical physics, in hie studies of themodynnmics revolutionized
accepted concents of Lhe Lehavior of matber and enerpy in its
appiication to several scientilTic fields when he published his
raper, Or the Fouilibrium of Heterogeneous Substsnees, in the
*TBHSBCuICﬂS ol the Connecticut Academy aof Aris and Sc1ence* in

;p grm_jg

1875, His "phase rule' was & pgrest Arericon contribution *a ure

lokarles Schuchert and Clers ¥, le Vene, CO.C. Marsh: Ploneer
in Faleontclomy {Mew Haven, 19L0). Jaffe, tan of Science in Arerica,
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chemisiry, but fmerican scientisis difd not reslize the gigniticance
of his generalization uniil yveors later. It developed the funde-
mental nrinciples underlying ehemtsal equilibrium, HRis highly eb-
stract "phase rule" hed a mumber of importent indusirial applicetions
in the field of allovs and in <he marufacture of Portland ccuent.

The Gerwpan chemist, Wilkelm Ostwald, celied Gibbe "the Tounder of
chemicgl erergetics.”

Gitbs perforred wvuch of the ground work Tor the science of
thyzienl chemiztry., Ile did pioneer work in vector asneliysis, in
statistics? mechanics, end in the measurement of crergy. From hie
studies develormeots were made in radicsctivity, the theory of
relotivity, eleclrochemistry, colloid chemistry, and modern synthefice.

Although Gibbs was elected to the Fational Academy of Sciences
in 1877, end was avarded the Runford iHedel of the American Acaderry
of Arts and Sciences in 1879, he was not well known in American
intellectusl circles. In his blographical sketech of Gibbs, Bernard
Jaffc has stated:l  (ibbs was a grest scientiet who sirave to bring
arder out of the heterogenous mixtures of metals and selbs in scludion.
He was also a symbol of America strupgling to bring system and law cul
of the chaos of an expanding irdustrialism,”

Taward “illisms Morley (1835-1923%) was a great Arericarn chemist
and pliysicist, who is best remembered for his serles of experiments
with &lbert A. Michelson. The two men made the Michelson-Morley
ether-drift exveriment at the Cese Schocl of gApplied Science in
Pleveland in 1887, Tue neture and significence of this experiment
will be subsequently expiained irn this chapter under physics. In
1502-0% ¥orley elso made experiments with Dayton C. Miller on the
cther-drif..

Tn 1868 lorley sceepted an offer from Western Reserve University
to a professorship in naturel philesovhy end chemistry. In additicon to
hig researches in the ether-drift, Morley alzo astudied fthe wvariations
of atmospheric oxygen content, thermel expansion of gaszes, and the
densities of ewygen and hydragen,©

Hew Astroncmy.

Tn the Indusirial Age a new science of esbronomy srose which
wes named astrophysics. Yhereas the earlier aslronomy attempted

1Jaffe, Mer ol Scienee in America, p. 228; Jaffe's full skekeh
ENTCATS On TP. S0 -30. Alse sees Floyd T vovrowr, The 86 dwr of
Chenistry {¥ew Yorlk, 1930), op. T7-78.

2

Jeffe, Men of Seience in dmerice, p, 356,
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to find out how the heavenly bodies move, the new astronomy ettempted
"to determine ile present constitution and the evolution-history of
the stars, the comets, *he sun, the plarets." Spectrum analysis,
celestinl photometry, and celestinl photography beceme the three
major lines of research. Astrophysics, the daughter of astronomy,
was directly related to chemlstry, iechnicz, and physics.l Improved
telescopes and lareer cohservatories were built, The cbhservetories
were supported by universities and staffed by distinguished scientiets,
Research in the newv astronory was costly, and philaathropists such as
James Lick and Charles T. Yerkes gave the necessary financisl sssist-
Rnce,

Among the =minent sstroncmers of {his age was Maria Miichell
(1815-89), the first wopan to be admitted to the Amcrican Academy
of Artsz and Sciences. Ag n younhg girl she hed helped her Tather,
¥illism, a Nentucket nstronomer, with his obzervations, On October 1,
1357, ¥erie Mitchell discovered a comet. As o resuli she gained
international recopnition ard was awarded the gold medal of the
Kirg of Denmark. In 1865 she was enpolnted to the chelr of ostronomy
end director of the ohservatory st the newly tounded Vassar Collepe
vrere she studied the sun, Jupifer, and Saturn, Eer brother, Henry
Mitchell (1830-1902}, became the leading Aperican hydrographer. He
served with the United Stetos Coast Survey from 1849 until 1888 and
authored sueh works as hizs Tides and Tidal Fhenamens {1358}, After
her death an observatory was dedicated to her memory at Mantucket
and her ngme wes enrplled in the Americen Hall of Fame in 1922.2

Benjemin Peirce {1809-80) was m professor of mnthewatice and
astrenomy &t Hervard from 1833 until his death. He was also con-
sulting astronomer for the Nautical Almarnme from 1845 to 1857, end
FPeirce succeedsd Alexander D. Eache as superintendent of the Coast
Survey Trom 1867 until 187,

Peirece wns noted Tor hiz accurate ceowpuiation of the general
prerturbstions of Uranus and Meptune and for his research on the
*ings of Saturn. He wrote papers in a new mathematicel field,
Lineer Associative Algebra, first lithographed In 1870, and then
printed in 1901, in the ifmerican Journal of Mathewatics.

lradward 8. Holder, Hand-Beok of the Lick Cbservatory (fan
Franciseo, 1%88), p. 817z,

SHelen Wright, Sweeper in the cky: The Life of barie Mitchell,
First Veoman Astroncmer in Ameritca |Wew rors, 19H9).

3struik, Yankee Science in the Meling, pp. 330-35.
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Fenjamin Apthorp Gould {182L-9G) was the Tirst American
astroncmer to be trained in Furope. Ee founded the fAstronomical
Jovrnal in 18409, From 18535 to 18%% he was dirsetor of the Dudley

{bservatory in Albany, Hew Yorli. He was gssociated with Teirce In

tke lonpitude derartment of the Coast Survey from 1852 to 2867,

He amdepted thLe telegraphic method to oblain the longiiude difference
between Washington and Greemwich by using the first trens-atlanilc
ceble,

Beginning in 1665, Gould studied ihe southern celestial henisphere.
In 1370 he organized the Cordoba Cbservatory in Argentina, and in 1872
he established meteorolopical siations south Lo Tierre del TFuego. Heo
determined magnitudes of southern sters which were published ir Urang-
metria Arpenting in 1879, lHe also prepered zone cetelogues of the
sonihern stare which were publiched -in Resultados del Chservatorio
Havionel Argentino en Cordeba [18972-05).T1

Samuel Plerpont Langley {1834-1905) was hoth a famous sstronomer
and an aeronautical pioneer. As an essistant astronower aiv Harvard
Chservetory he discovered two Taint stars in she great neubals in
Segittarius, For a year he taught mathenmatics et the Faval Academy
and directed its astroncmical olbservaiory.

From 1367 to 1BBT Lanpley was professor of astronomy end phiysics
at the Universivy of Pittsburgl: and &irector of its Allegheny {bser-
vatory. Ho invented the bolometer ard wvsed it in 1878 to make spectral
rensurements of solar ard lunar radialion. His paper on The EBolapeter
and Radians Fnerrmy (1881} becare a scientific classie, In 1881 Tengley
organized an eaxpedifion to Mount thitney in order to gstudy the quancityr
and guality af the sur's radietion to ihe earth,

¥hile at the University of Fittsburgh, Langley first developed
his intersst in the theory and practice of heavier-than-air fliphl,
In 1837 he became Secretary of the Smithsonian Institubion and began
tn conpentrete his studies on emerorautics. Duriap Langley's tenure
as Secretary the Astrophysicgl Coscrvatory was established at the
Smithsonian. Mis writings were collected and published as The Mow
Astronomy in 1838, Langley received many honors, being elected Lo
the Royel Sociely of london, Royal Socdety of Edinburph, and che
Accademia dei Lincei of Tome.2

13truik, Yariee Science irn the Meking, p. 330: the index of chis

tack grd its reviged 1907 editicn Both erronecusly give CGould s life
svan as 1707-19800, inziead of 1824-GG.

£ . 3 ) -

“Jefie, Men of Selence ir America, po. 331-%%; Faul H. Oehser,
Done of Seience: The Cteey of ‘he Zmithsonian Institulion and Tis
Ieaders, {Few York, 1949), pp 110-1.0.







Sinon Hewoont (1535-19093, a professor of mathematics ot ihe
Haval Observetory, was a leading astroncmer of the nation. In 1875
he was offered the direciorship of the Harvard Ohservatory, but
derided to rempin in goverumeni service. From 1877 to 1897 he was
superintendent of the Hauitical Almanac, The Maval Chbeervatory and
Houtical Alsanae enjoyed their goldern ape during lNewcomb's incum-

Lbency. Assisting Fewcomb, was the epinent astroromer George Y. MilL,
who studied the theory of the moflons of Jupiter and Saturn and who
devised & new method to caleulate the moon®s motion., From 1884 to
1794 nnd from 1898 to 1900, Wewcomb was a professor of mathemetics
and astroncmy et Johns Hopkins University. Throughous his career

he comtributed to scientific tournels and authored such bocks as
Popular Ascronomy (1878), The Stars (1901), ard fstronomy Tor [very-
body (1902, 1 -

George Tavidson {1825-1911), the as“ronomer and geogravher, bad
a long career wich ¥he Coash Survey an the Pacific Coasti. He arriwved
in California in 1850 as head of an astronomicel end trienpulation
rarty, In 1857 Davidson erected e small observatory on Rincon Hill

in Zgn Franciscr, He later built & temporary observatory at UWashington

Souare in San Francisco where he interchanged time sigrels with the
Horvard Observatory using the telepraph. On Farch 18, 1863, Super-
intendent Benjamin Peirce inTcrmed Tmvidson that the success of hls
telegraph work aad "attracted the sttention generally of the public
on ke Atlantie ™

Devidson worked to establish a lerpe observetory on the Facific
Conet. His proposal eventually materiglized through the heneficience
of James Lick. However, Davidson Tavored a Sierra Heveda site. TVhen
Lick fdecided on a site in the Coast DNange, Davidegon ended his reole as
an adviser to Lick. In 1979 Devidson Built a small observatory at
lafeyette Park in San Frencisce where he performed his Coast and Geo-
detie Survey work until ithe 1906 earithquale,

Fdward Singleion Holden {18M&.291h), a West Point gradvuete, was
gh Aastroncmer ot the Haval Chservatory ib Washington, DL C. from 173
urtil 1#79. In 1851 he becerme director of the Washburn Chservatory
of the Universlty of Wisconsln, Alter serving g Tresident of the
University of California, he became the first director of the Lick
Ohservatory or Mt., Hemilton From 1988 until 1897. In 1989 ielden
founded the Astronomisal Sccietly of the Pacific+3

1Eupreo, Seience in the Federal Govermment, p. 18%: Struik,
Yankee Science in the Making, p. 330.

EGEDTEE Davidson, 'Letters and Reporis to Benjamin Poirce,
Superintendent of United States Coast Survey, 1B866-1075," (Manu-
scripts, The Hetional Archives, ifeshington, D.C.}. Osear Lewis,
Ceorre Davideon: FPleneer Ves: Coast Ceisntdst (Lerkeley, 1954},

3Dupree, Seience in the Federel Governmeni, p. 17%; Holder,
Hand-Taalk of the Lick Observotory, tassim.
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Ldward imerson Darnard flﬁ??-1923} was on vhe stalf at Lick
Observatory for elght years asnd in 1293 he becare an estroncmer ai
Yerkes Observavory. le discovered five salellites of Jupiver and
Lthe nebulous ring arcund Hova Aurigae. Vhile st Lick Ohservatory
he berar to photosgraph fhe Hilky iayr.

Tdward Cherles Pickering [18k6-1019) was dircctor of the
Parvard Observatory from 1375 to 1919. He wes famous for his
work in stellar spectroscopy and in stellar photography. In W39l
he establisned an obgervaticon stauion ot areguipa in Feru wich the
pgeistance of his brother, TWilliam Henry Fickerieg {(1858-1932), an
sstroncuer who had discovered FPhoebe, tie 9th satellite of Saturn.

Ir. Geurge Ellery Hale {18¢53-193%) wag the organizer and director
of the Yerkes Cbservatory of the University of Cnicage., Eale hed
persuaded Charles T. Yerkes, a wealthy Chicagosn, to donate the funds
for a2 telescope, Hole was also the orpanizer and direcior of the Mound
Wilzon Solar Ohscrvatory fram i904 uniil 1923,

About 1891 Hgle invented tae spectroheliograph simmitanecgsly
with the Trenech astrovhysicist, Heonrd Alexarndre Teglandres, Hale
did significant research in sclar gnd stellar spectroscopy. He also
performed editeorial work Tor Astronomy ard Astrgphysice in ihe ecarly
1890's end later for the Aztrophyoica! gournal.

Taservatories.

Tre Allegherny Observatory of the University of Tilusbhurgh was
Tounded in 1860, Itz prirncipal instrument was & 13-inch Fiir res
tractor., YWhen Langley was director, il became the leesding coservetory
on ratiers relsiing Lo solar physics. The lilersl gifis of A1liem
Thaw of Pitbshurgh was the source of meir support.

Harvard Ubservatory,which began opermtions in 1547, had a disiirne
guisied history under such directors as William Crouch Bond, George
Falllipe Eoend, Joseph ¥Winlock, and Edward Clieples Pickering., Tis
rrincipal instrument was a i5-inch dere refracior with which (eorpe
TMiillips Pond discovered & new satcllite of Seturn in 1848 ard made
his extensive studies on Saturn in 1850, on the nebula of Orion, and
an the great comet of 1858, ‘hen Tickering became director in A877,
te emphasized resesrch in mutroplysics.

Ithe Lick Chservatory (Berkelew: L12th ed., 1951}, p. 20,

2Holder, Hend-Boock of ihe Lick Ohservatory, o, 11,

3lavid €. Voodbury, The flass Gianu of Palcmer {Mow York,
1984, e T-18.
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The Lick Chservatery aten i, Handilmom was the Tirst rosearch
gbservatory in ihe Far Yeab., The Lick Trusiees provided & 30-inch
equatorial refracior, a 12-inchk equatorial refracvor, &nd & 6 }-inch
meridan cirele instiriment, Vhen the Uriversity of Calilfornia acquirod
the observatory in 1383, it was considered its "crowming posscesion.’
For elever yenrs the 3J6-inch telesecope al Lick Observalory was che
largest in bhe world., Edward ©, Barneard discovered the faint flfth
satellite of Jupiter in 1092 at the new observaiory. An etlas of
the roon wag prepared b the Lick gtaff based upon phoiographs made
with its great plass. The estroncmers at Lick performed ploneer worlk
iz itlke study of sunspets erd double star systams.

The University of Southern Czliforniaza planned a telescope to
putdo the Lick Observatory, but the regents could not obtain the
money o pay leas-maker Alvan G. Clark of Cembridgeport for the fwo
ige glass disks that he had ordered from an optical firm in Paris.
A5 B result the University of Chicage was pble to acquire the leng
for 2 UD-inch telescope at iis Yerkes Observatory which opened av
Williams Bay, Wisconsin in 1897,

The decision of the Carnegie Institutien of Washingten, D. <.
to build the Mount Wilson Colar Observatory in $he 3an Gabriel
Mountains was made upon & recommendation of Jamuel T, Langley in 1502,
Twe years later Dr. Ceorge Zllery Hale was appointed director. Itz
principal irstrument st first was & ©0-ineh reflecting teleszcope.
The obszervabtory steff concentreted upon the study of the sun. The
comprehensive studies of sunspots ot Hound ilson resulied in the
annourcement of a general theory of sunapots, Tn 1908 John D Hooker
of Los Angeles gave Mount ilsen Observatory tle money to seguire a
telescope mirror of 100-inch aperiure,

Aerponautics,

As related Lefore, when Jemuel F. langley becamns Gecretery of
the Smitlsonizn, he emphasized serorausics. In 1291 he authored his
Experiments in Aercdynmanics. In 1893 Albert ¥, Zalw and Cctave
Chanute argaETzed an international conference abt Chicspo on aerial
navigation. Among vhe scientisis attending werc Lanpley and Fobert
B, Tiursten, director of the Cibley Zchool of Mechanieaml BEnpginsering
at Cornell Uniwversity. Parers rresenled at the meeling inciluded those
by Dr. Zamm on "Stabilicy of Aeroplanes and Flying Fechines," Langlew
on 'The Internal Uigrk of %the Wind,"” end Lewrence Hergrave on "Flying
¥achine Motors and Cellular Kites."

lHolden, Hand-Book of the Lick CThservatory, wp. 113-17; Villiam &,
Campbell, "A Brief iistory of Asironomy in California,” in Zoeth 3.
Eldredpe, e=d., History of Colifornis {Hew York, 1215}, Vol. V, op. 231-
Tl; George E. Hale, Ten Years' llork of a2 Mouatain Chservatory: A Briel
Account of the Mouni ihison Solar Cbssrvaiory of the Caorneple Institu-
Tian ol Uashinmson {*mshington, D.C., 1915). - )
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Ir the early nineties Iswgley buils his aerodrcmes.  Co Coteo-
ber 2k, 1294 he launched an aercdrere for a Tlight of ahout two and
a balf seconds. Cn Novewber 28, 1595, Aercdrome Mo, & Tlew three-
ouarters of B mile, - T

Dvuring the Spanish-fmerican War Lanpley was asked to build &
Flying maching that cou?d be used in aserisl reconraissance. Tangley
sccepted and engaped Charles M. Manly, =zn engioeer, o build an
engine in the shops of the Smitksonian Insiitution. The completed
flyirg machine, designed to carry a pilot, failed in fwo trials on
Cetober § and Docember 8, 1003, Fine doys after Langley's second
Tailure, the Wright brothers succeeded in conguerins the gir.  Al-
though Langley was ridiculed by the press for bis failure, he was
on the right path and Le is considered a pjoneer in the tueory and
consiruction of heavier-than-air machires.™

fmonm other American ploneers in aeronsuiics were John Joseph
¥ontgowery and Octave Chanute. Az a student at Zt, Ipnatius Collese
{University ol San Francisco} Vontpomery Tirsc studied ihe mreblems
of flipht and earned his bachel or and mester af science degrees,  In
18353 he studied the flignt of gulls in the San Diego area and built
nis first g*ider. He made controlled winged 'lights nesr Otay.
Montporery's report at the Chicago conference in 1293 impressed
Cetave Chamate, who elso bepan to experiment with gliders near UYan
Diego., In 1390 Monigomery becare & physics professor at Hanta Clars
Collepe. He continped his experiments with gliders wuntil his fatel
wishap on Cetoper 31, 1911, near Evergreen in the Sants Clara Vaolley.

Coteve Chenete (1832-1910) in his Progress in Flying Machines
{1094) brought topether much informelion acquired by bolh Tureopean
and fierican flying machinz experimenters. He had also antlored
Aerigl Favipation {1891), Chanute designed a number of gliders.
Fiz reatest contribetion was that he designed wmovable control sur-
faces and Iis gliders had good stebililby in flight. The Uright
brothers later ackinowledged the value of Chanute's exveripents and
designe.

lJeremiah tdlbank, Jr., The Firet Contury of Flishi in America
(Frinceten, 1943}, pp. 180-92. Taevid G. Cooke, The Ghory ol Avialion
{Hew York, 10503}, pp. 37.41.

EKenneth M, Jobneon, Aerial Califcrnis: An Acgount of Eerly
Eripht in Morthern & Southern Californis, 1049 4o Uorld Var 1 {Los
Engelas, 15E17, p. 11-20; 'John J, FHertgomery, Fioneer Airman,”
Union Title-Trust Topics IV [Sepi.-Cct., 19%0), p. 12
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Medern Fhysics,

President Daniel Ceit Gilman ir lsunching the new Johns
Hopkinsg miversity In lBTﬁ, selected Henry Aumushius Rowland {1B8-
1901) as the first professer of physics upon the recommendation of
Generasl Michie of West Point end of Professor James Clark Mexwell
of Corbridge University. DTuring a conversalion at West Foint
Cileen became ascgquainted with Rowlsnd's intellectusl powers and
unusugl aptitude Ffor experimentel secisnce, At the tiwe Rowland
was an assistant instructor at bis alme water, Rensselaer Foly-
technic institute in Troy, HPew York., Gilwan later said that
Rowland hed told him his dreams for science and that he had told
Rowland his dreams for higher education. ATter Gilman reported
the interview to the Johns Hopkins Trustees, they replied: 'Engage
that younz wan and take him with yeu to Furope, where he wmey follow
the leaders in his science and Be resdy for s protessorship.”

Trus Towland began his twenty-six yesrs® career with Johne
Hopkins University. He invented concave gratings uged in cbserv-
ing the solar spectrum. In 1872 he made an zccuraete determination
of the mechanicel equivalent of heat, In 1888 he completed a large
Fhovorraphic Map of the Selar Spectium. He prepared a Lable of
solar spectrum wvave-lengths which appeared in the Astrgphysical
Journal in 1895-927. Rowlend slso discguered the magnetlie effect
of electrie convection, and he Investigated altcrrating currents.

Alvert Abraham Wichelson [1552-1931), the firsi American
seientist to receive s Nobel Frize, was born on December 19, 1852,
in the Polish tewn of Strelno in German tervitosy. TIn 18Sk the
Yichelsons moved from Poland to Hew York City. In 1850 Micheison's
father orpened a dAry-goods store at Murphy's in Calaveras County,
{alifornia. When Albert Michelson was thirtcen, he was senc to
San Francisco Lo attend Beys High School.  He 1lived in the home
of the school's scholarly principal, Theodore Bradley, The school's
curriculum stressed mathematles, nalural sciences, and languages.
Frincipal Bradley encouraged Michelson's secienbtific interests,
and put him in cherge of the scientific aspparatus at the school
then located on Powell Street.

After his graduation in 1869 from Boys HMigh School, Michelson
returhed to his home which was now loceted in ¥irginis City, Hevada.
Mickelscn decided to apply for an aprpointment to the Haval Academy
at Ammapclis. On June 10, 1869, he passed a written examination,
but failed ic win an appoiniment. Armed with letters from his
Congressran and From Theadore Bradley, younp Michelson decided Lo
appeel directly to President CGrant. He journeyed to Washington
by ile new trenscontinental railroad. Michelson's personal plea
with Fresident Grant on the Yhite House steps asaisted him in

1Fabian Frenklin, The Life of Dapniel Coii Gilman (ew York,

1910}, pp. 197-99; Florian Cajori, & Hiﬁfory_ﬂf_?hysips_(ﬁuw ol
Dover edition, 1962), pm. 177-78, 205, fal, da3.-64, #ad, 325, 328.
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winning the appointrment to Annapolis.

Following his graduation and two years of duty at sea, Enelgn
Michelsen was appointed instructor of physics and chemistry at the
¥aval pcademy, He bepan to experiment with the measurement of the
speed of light. In 1879 he atiended the 5%. Louls meeting of lhe
American association for the Advarcement of Science and preseanted
B paper entitled, “"Experimentsl Determination of the Velgeity of
Light,"™ which sppeared in the April 1573 issue of the American
Journal of Science. GSimon Newcomb, the retiring president of the
American Association far the Advancemeni of Science, was greaily
impressed by Michelson's crperiments and zupported further experi-
ments, Hewecemb was sble to get Michelszon transferred to the Hauti-
¢al Algenac Office. Howewver, Michelson shortly left Wewcomb and

took leeve from the Navy for further training in German and French
universities, VYhen Michelson completed his Ewropean training, he
endeavored to dbimin a professorship of mathematics at the faval
Academy. #hen he Tailed in ilhis attemot, he resipgned his commis-
sion in the Hevy on September 30, 1851. Almost immedistely Wichel-
son was appointed professor of physics ai the Case Schoeol of Applicd
Seience in Clevelsand and slven a leave for the academic year 188182
to continee his resenrch in Eurgpe.

In 1389 Michelson resigned from the Case School and becare a
professor abt Clark University in Yorcester, Massachusetts, Uhile
there the Roval Societly of London awarded him ite fumford Medal,
Because of a conf'lict over money with Fresident G, Stenley Hall of
Clark University, Michelson accepted the oft'er of President William
R. Farper to head the department of physics ai the new University
of Chicego., EHere he carried out research prolects In his effort
to make Chicego m center of ppectroscopic activity. Michelson's
fame grew and he wes ewarded many honorery degrees. He receiwved
a degree from the University of Pariz in 1995 snd the scarlet robe
of Cambridge University in 1899. - Poth Michslson and Mark Twain--
two Calaveras County celebrities--were bestowed honorary doctors
of law degrees at Yale Undversity in 1901, From 1901 to 1903
Michelson served as president of the American Physiecal Society,
and in 1923 he was elected president of the Maticnal Acadewy of
Selences.

Michelson's entire life was copncerned with the problem of
the speed of light. He was the First to defermine the speed of
light. He ipvented several scientifically valueble optical instrus
menks,  Tor exomple, ke invented an ivproved interfercmeter for
mezsuring distances by means of the length of light waves, A=
mentioned earlier, he perforred the famous ether-drift experiment
with Morley in 1887, Thls experiment demonstrated that the abso-
lute motien of the earth through ether is not measursble. Michel-
son's revelations in physics bocame & starting point in the develop-
mews of the theory of relativity.
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The slgnificance of Michelson's great seientific work ras
renlired in his 1life €time, In 1907 he was awarded the MNobel Price
for Thysics, receiving 1t for his experimem:s in reasuring the
speed off light. Thirteen years affer hiz death the Michelzon
Laboratory of the United States Naval Ordnance. Test Ctation at
Chira Ialke, Californie was ramed in his honor.

Mickael Idvorsky Pupin [1858.1933), professor of electro-
pecharics at Columbia University from 1901 to 1931, was born in
Yuzcelavia and cage to the United States in 1374, Ye was both a
gtientist and inventor, He did research in theoreticel science
ard utilized the results on practicnl problems. MHis inventiors
are discussed in whe history of inventions seclion, but his major
writings ore mentioned here. In 1895 ne authored Electro-Mamnetic
Theory ard in 2923 he wrote bis autcbiography erntitled, From Immigrant
to Inventor, waich won the 1924 Pulitzer Priee for Diograpby or Auto-

iorranir. &
biagraphy.

Focbert Andrevs Millikarn was born in Morrison, Iillinois in 1868,
He teught at the University of Chicago from 18996 te 1921, In 1921
he Pecace director of the Worman Eridge Leboratory of Fhysics ai Lhe
California Institute of Technology. Millikan was ¢rcdited with being
the first to ismlate the electron ard to measure ils charge, Mosi of
his writings aprpeared after 1913, and are beyond the scope of fhis
study: however, it should be mentioned that e received the Hobel Prize
in Plersics dn 19230 Millikan was the second American io he so honored,
Michelson teing <he first.

¥edicine,

American medicine mede tremendous strides in the Industrisl Age.
In 1869 President, Charles W, Eliot of llervard University initiated
reforms in Lhe wedical school. FPeansylwvania, Columbia, and other olde:
universities Aid likewise, Jokas Hopking University hegan insvruciion
in medicive in 1386 and opened a medicel school in 1993, Itz medical
faculty under the brilliant lemdership of D, “illiem Henry Welch
attrocied sble srudents throughout the nation.

1
Bernerd Jatfe, Mickelson and tle Speed of Liehi (Garden City:
Loubledny Anchor Criginal, 19860); Cajord, A Historv of Physics, vp 150,

17h-78, 100, 322-25; Archibeld J. Cloud, Lowell High Gehool. San Tranciseo,

1856-19%% {Fale Alto, 1958), pp 17-18.
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Miectmel Pupin, Trom Inmiprant wo inventor {(Hew York: Hew
Edition, 1025},

3Cajari, A History of Fnysies, pp. 389-31, 335, 340, 30h, 36369,
371: Robert &, billikan, éutohio;ramhy_{ﬁeu Torlk, 19507 1. A, ¥41%ikan.

e Tmst FifMaen Yo of Povedes " Troceedings of the Amorican TPhilo-
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The American Medical Association had beea founded s early 8s
1847, but 1L did not have a scientific jourmal until 1583, In 1890
the Association of American Medical Colleges was Tounded. In co-
oreration with this new organization and the ziate redical licensing
beards, the Americen Medleal hssoclaiion reformed medical cducation.
tTn 1985 the Association of Americsn Physicimns was creanized, and in
1601 ihe Americen Assoelation of Fatlhologists and Pactericlogists was
arpanized.

One result of the wany American wedical discoveries of this
pericd was the eredication of yellow Tever. [Ir. Walter Eeed {1851
19021, an Army surgeon, in 1900 headed a commission, including Jazmee
Cerrcll, Jesse V. Lazear, and Aristides Agramonie, which invesiigated
the iransmissicr of yellow fever. Dr. Cerlps Finiay of Havara had
recopnized that the sedes Aemmbi mosquito could transmit the dlsemse
from yellow fever péfientﬁ 10 non-iT@mune persons. Iy controlled ex-
periments the cormissicon proved Finlay's views. Unloriunately, lazear
died from the bite of an infected mosguito, and Carrecll acquired lhe
disemse in non-fatal form., The researches of these medieal heross im-
rroved sanitation in the tropics.

or. lliam Opswford Gorgas (1894-192C) as chief seapnitery officer
freed Havena from ohe scourpe of yellow fever st the turn of the cconlury.
Acting as chief sanitary officer for the Panara Ceral Commission, Trom
190h until 1913, he eradicated yellaw fever at Farama, snd made the
building of the canal possitle,

The worl of Dr. Howerd Tarlor Bicketts {1471-1910) =serves as
an exemple of how the discovery of & civilian pathologist aided puklic
healzk. Following his studies in dermetologicsl pailelogy and tlastomy-
cosis at the Upiversity of Chiwcago, Ricketts proved the theory fthat wood
ticks transmitted Rocky Mountain spotted fever. Ee slso discovered that
body lice transmit typhus, Uanfortunately, he died from Lyphus Tever
vwhile investimating it in Mexico with Russell M. Wilder.

The Arerican Fullic Heslth Association was established in 1872,
with Dr. Stepben Smith being elected as its Tirsl president. Only
Messachusests, Celiforhia, Virginis, sand the Distries of Columbia hed
establishke? boerds of healih prior io 1872, The new organization per-
formed important work in encouraging the state govermments to develop
ublic heslik standards, HMembers of the Association carried on sig-
nificant researches in bacteriology with its wractical applications
to public healih.

lFrancis L, Fackard, lke History of Medieine in tho nited Zinteos
{& vols,, Yew Yorlr, 1931); Eemond E. Long, A History of fmerican
Patholomy (Springfield, 1942); Yazyclk E. Ra?cnel, ed., £ Half Jdentury
of Fublic ¥ealth {Tew York, 1921).







Advences In other scelences.

Thoras Hunt Morgen, ihe eminent American zoologist, was born in
Lexington, Hentudy in 18966, He was a mrofessor ab Colurbie University
from 190k to 1920, and then becare director of the Kerckhoff Laboratories
of Biological Sciences at the Californie Institute of Technology. In
1933 he was avarded the Nobel Frize in physiclogy end medicine. He
discovered mweny of +he mechanisims involved in heredity. He experdmented
in the new field of genetlics, demonstrating thet physical charseteristiss
were transmitted by "genes.” His research brought about modifications in
the theory of evolution. fwong his early publications were Fegeneravicn
{1901), Evolution end Adeptation {1903}, Exverimentel Zoology (1907), =nd
Heredity and Sex (1913).1

Herbert Mclean Evans, the snatomist and embryologist, gredusted
from the University of California and then did graduate work at Johns
Hopking Univerzity, In 19C% he demonetrated the origin of the wescular
trunk from capillasries. He beceme a professor at the University of
Celifornis where he performed significant research which is beyond the
chronclogical scape of this historicel survey+2

George Washington Cerver (c. 186h~19h3}, the negro botznist,
chemist, and agronamist, was born of sieve parvents in Mlssouri during
the C€iwvll Wer. He carned his becheleor and mesiler degrees of =science
at Iowa State University. He had e brillisnt resecrch career et
Tuskegee Tnatitution in Alebema where he wasz director of the Devartment
of egricultural recearch, He pyplied science to epriculturael practices.
He was particulerly successful with his peanut experimenis which re-
sulted In many edible end Industrisl usss. He eleo developed new uses
for the sweet potmto and for the pecan. Cerver's scientific work wvas
important in giving the Southern farmers the plenters erops Lthat they
aonld sell profitably.

Fole of the federnl government.

Vhile gcience declined in the militery services after the Clyil
War, scientific resemarch in ithe Department of Agriculture end in the
Tepartment of Interior develpped. In 1879 the United Stetes Geo-
legicel Survey was formed ms 2 permenent bureen within the Deperiment
of Interior. Clarence King wns the first director snd he was succeeded
by Jokn Wesley Powell in 1881, FPowell made the survey national in scope
and hired s large nurber of sclentiets. Although Powell expocted
rractical results from govermsent sclence, he did not neglect basic
research, As related eerlier, he hired Othniel C. Marsh es Chief of
Prleonotology. While the werin work was conterned with proparing a

1Jaffe, Men of Solence in Arerica, mp. 383-LE7.

®rpia., pp. WoB-G6.

3Oliver, History of Americen Technology, 1. 5493: Dies, Tiians

of the Sail, pp. 180-81,
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topograpile map end 6 geologic map, Towell also orpanited a chemical
laboratory in Washington. In 1892 the appropriation for the geological
gurvey was tut and work was restricted to topogreplny,

In 1871 Spencer F, DBeird wes appointed first Fish Commissioner,
serving without salary. He treined university students such as
€. Hart Merriam and George Brown Goode, who becare importent zoologists.
The wmarire bilolcgy station was esteblished at Weod's Hole in Messachu-
setts. In 1903 the Fish Copmission became the Burenu of Fisheries in
the Department of Commerce,

In the early eighiies an economic ornithology section was estob-
lighed within the Division of Entomoleopy of the Department of Agri-
culture, TIn 1886 it became the Dlvislon of Heonomic Ornithology end
Marmelogy with €. Hart Merrisn (1855.1542) as its heed. In 1896 it
was renemed the Division of Bioleogicel Burvey. It ecarried on a re-
searel program in natural history.

Seientific interest in forest protection wes urged by Inr. Franklin
B. Hough at the American Associztion for the Advancement of Gclence
meeting in 1873, In the pext decade Torestry work became a division
of the Department of Agriculture under Bernhard E. Fernow. Charles
Spregme Sergent, the Famous Amerlcan arboriculturist, made hls slgnll-
icant "Report on the Forests of North America" Tor the census of 158C,
Hough, Ternow, end Sergent were ploneers in the conservaiion moveeent
and poerformed important seientific work in leying the foundation for
ar expanded role by the Pfedersl goverrnmentd.

Significant landmarks in the federal scientific eeuablishment
vere creation of the Netimnel Burceu of Stendards in 1901 and ihe
Bureau of Mines in 1910. Both of these bureaus engared in applied
research for governreatal end private agencies.

Iu 1883 the Lerartment of Agriculiture established a Veterinary
Divieion under Daniel Elmer Salmon (lBSD-lth]. The nexkt year Congress
provided for 2 Bureau of Animal Hustandry, snd Salmon served me its
chielf from 1884 to 1905, He started & mest inspeciion system and
devised methode to suppress the contapious diseases of cettle.

Ir. Theobald Emith while working for the Buresu discovered the

organism causirg Texas fever: he dencustrated that [t was transmitted
bty & cattle tick. In 1393 ike Suremu's Tinal report on Texas fever
appeared, and it indicated that government science hed wede an important
diacovery.

The pessage of the Eatch Act in 1887 provided for the establish-
ment of egriculturel experimental stations in all states. This law
was gecond only to the Morrill act In importance in fosterinpg scientific
agriculture. 1

lDupree, deience in the Federel Government, po. 1h9-83, 195 -270:
Savenel, A Half Century ol Public lieaith, pp. #1h-19.
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From 1883 to 1912, Dr. Harvey Washington liley {1845-1930),
whe had been = professor of chemistry at Purdlue University snd
Btate Cherdst of Tudiana, headed the Burcau of Chemistry of the
Department of Agriculture. He lad the campeigh against food
asdulteration and assicsted in winning enactment of the Pure Food
and Drug Act of 19¢6. He mlso studied the beet sugar problem.
4s en apostle of pure food Hley won many honors. He was glected
president of the American Chemical Sociely, and he presided over
the first world congress af chemlgts meeting mt Chicaze in 1892.
Trom 1899 to 191% he wes mlsa a professor of sgriculturel chemistry
at Oeorge VUsshington University. His major publicatlon wes three-
volume work entitled, Principles and Practice of Agricultural analysis
(189%-97). 4

Exploring expeditions.

The Navy hed nothing camparable to the Wilkes Expedition in

this pericd, In 1869 the Bureau of Navigetion dispatched scvereld
expediticns to examine an isthmien canal route. & Navael officers

operated the steamer Adbatross in its regsearch in marine bieclogy

for Spencer ¥, Baird, the Commissioner of Fish and Fisberies. Zera L.
Tanner served as captain snd Seaton Schroeder served as executive officer
and navigator.3

In 1881 Lieuternant Adelphus W, Creely commended esn Army expedition
to Lady Franklin Pey to establich a station for sclemtirfic observations
and for geographical discovery. In the spring of 1882 James B. Lockvwood
with a small detachment explorcd the northeastern coset of Greenland
in latitude 83° 24t N, A relief vessel failed in two attempts to
reach the expedition. The detachment ther abandoned its ship and re-
treated southwards in beoats. Lockwood died at Cepe Sablne, and when
relief mrrived in Juns H8L, ,nly seven men hed survived cut of lock-
wood's marty of twenty-four.ﬂ More succeseful was the Arctic ex-
pedition under Lieutenawt P. Henry Bay of the Signal Service which
erected a metecrological and astronomicnl cbservatary at Peint Barrow
in 1881, In the field of exploration Army expeditions in the interior
of Almskn were made in the period 1883 to 18852

lDies, Titene of the Soil, pp. 152-58.

EDupree, Science in the Federal Government, p. 186.

3zeaton Schroeder, A Helf Century of Haval Service (llew York, 19223,
P. 159-TG.

lLPerc:.r Sykes, A History of Eyplorntion {New York: Harper Torch-
book edition, 1901 ), pp, 320-21.

Benjemin F. Gilbert, "Arts end Sciences in Alaskn: /8h-1010."
Journal of the West T (Oet., 1962), p. 1h6,
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Erpience in the Far West

The first scientific zociety an the Pacific Coasi, the Californis
Acadermy of Sciences, wns esteblished st Sen Froncisgo in 1553. In
1B59 several residenis of San Francisco formed the Pacific Cbservatory
Asepcistion, but thelr proposal to erect an ohservatory wes not raal-
ized. ) The greet developmentes in Celifornia in the field of astrancmy
have already been dcscribed elsevhsre in this chepter. In 1870 the
Sen Franciseo Microscopicel Society was organized by megbers of the
California Acedemy of Sciences. In 1381 the Geographical Sociely of
ihe Pacific was esuveblished et Jan Fremelsco with Ceorpe Deviddgon
serving as 1is president for thirty years. In its Transactions end
Froceedings articles on geogrenhical and selentiffic subjects were pub-
Yished.

Several Scuthern Celifornis cities orgenized natural history
societiez beginning in the 1870's. The San Diego Society of Faturel
History published the Wegl American Scientist Tram 106k to 1919, 1In
1896 the Southern California Academy of Ociences ves organized at
Lo Angelesiz

Geological surveys were firsit made in Ceglifornia irn the early
fiftles. 1In 1860 Josieh Dvight “hitoey wes wmade Stete Geologist end
his suarvey lested until 187k, The Vhitney survey accumuleied much
gsgientific Amte and acted as 2 treining svhool for several scientists
such os Williem H Brewer and Clarence King whe were to gain natignel
recogrition. In 1876 the Calirornie State Gealopgicel Society wWas
orpanized nt San Francisco. Four years later it evolved ianvo the
State Fining Buresu ond exisis hoday as ithe Division of Hines snd
Geology. Several Californis geologisis suech as Joseph Le Conte and
Andrew . lawson became netionelly prominen: through their scholerly
writings.

1Eenjumin F. Gillert and Edvmrd J. Farrsll, "Culsurel Berinnings
of San Trancisco,” Sen Francisco “uwarierly Y¥ (Spring. 1949), »p 5-T-
Robert €. Willer, " The California Acvedery of Sciences ard the Esrly

Hisiory of Science in the West," Californie Historical Society (marterly,

¥XT {Deec , 1942}, po. 363.T1

2

denry 7. Zplitter, "The Develomment ol Science in Los Anpeles
and the Southerr California Aree {1550-3900}." Guarterly af the
Historical Sceiety of Southern C-lifornie, TOOVIIT (19250}, pr. 90-140.

3prank . fnderson, "Ploneers in the Geoleogy of Callfornie.” in
Solon Shedd, Bibliogpraphy of the Ceclogy end Hinecrel Rescurces of

ColiTornie {(Sacramento, 1933}, Dp. 1-2u.
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Besides the sclentific end medicel societies and the geological
survey, Californis schooles and colleges encouraged scientific siudies
Then the California Stete Wormel School was loceted at San Francisca,
Ir Menry Gibbons, an ewinent local physicisn, leciured on botany.
After the schosl moved to San Jose in 1871, Henry B. Norion, George
Klegberger. end Voloey Rettan were emong the sarly instruciors in
secience. Fniten had euthored g botany menusl entitled, A Fopular
California Flore. -

In 1868 the nevly chartered University of Celifornia engaged
the Le Conte brothers to assiei in laying = strong foundation for
gcience instruction. John Le Conte teught physics and Joseph Le
Cemte tAughkt geclomy. John C. Merriem, the first graduste student,
wan sttrocted to the University of Californian by the writings of
Joseph Le Conte. Merrism later became s noted paleontologist and
president of the Carnegie Institution.Z

Stenford University during its first year of existence in 1891
estoblished Gthe Hopkins Merine Tioplogical Laborelory at Pacific Grove.
Enesterr and Burgpean scientists made studies there and the results were
miblished in ascientific Journals. Among the early science ftecachers
tired st Stanford were John €. Braaner in geclory., Charles Henry
Gilbert in vertebrate zoology, end John i Stillman in chemisbry.

The Celifornis landscape attrected meny field naturelists  PFor
exanple, Dr Jemes Cooper studied the fauma and ornithology of Celifornis
Tor over Jorty years Jantos YaAnius, a Hungnrian naturalis., collected
sTecinens for the Srithsonian Instituiion during his Army service et
Fori Tejon from 14557 4o 14850 Togter ns a tide ohserver with the Cogst
Zurvey ai Cape San Lucas in Lower C liforrnis and then as United Suatep
Constel at kenezanilleo, Xantus zpain sent specirens to the Smithsonian. ©

John Muir explored Yosepite beginning in 1848, end was to devise
a controversial hypothesis concerning Lhe valley's origin in glacial
erosion. Mulr studied the wildlife, mountains, and vaileys. of Celifornis
end 1he glaciers of Alaska. Muir was Ule auvthor of books snd magaszine
ariicles and a founder of the Sicrra Club Eig first book, The Mouniains
of California (1894), hed a wide distribeiion While ¥uir was noi an
exact scientisi, he was a pgreat lover of nature whe preached censervesion
at en opportune time.

lBenjamin F. Gilbert, Plioneers For One Hundred Years, S.n Jose
Stete Colleme, 1857-1957 {San Jose, 1957), p. 205.

24 1liam W, Ferrier, Origin and Developmen: of the Universiiy of
California {Berkeley, 19307, pp. 931-35.

30rrin L. Elliot:, $Stanford University, The Pirs:i Twenty-Five Ycars
{Stenford University Press, 1937}, pp. 92-99, 1O7-03.

ll'HEnr:y M. Madden, Yantus, Hungarign Naturalist in the Pionecer “lest
(Palo Alto, 19k5}.
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Edward Palmer (1831.1911), the planc explorer of the West, collectel
archaeclopical, ethnological. end zoological specimens. He was & scien-
tific_Fxplorer who helped %o mate dmown the {lora nnd feura of ihe Far
Wezt, =

David Scerr Jordan (1851-1931), an eminent biologizt and educator.
waEs ong of the bes' wnowm gcientists in the Yest. & grafuate of Indians
Fedical College. he taught in three univergities before hie hecpme prosi-
den: of Stanford University in 1891  Jorden made his greatest contri-
buiion to science ms en ichthyolegist. He siudied the fishes of the
rivers of the Middle Test end the South end in the waters of the Tacific
Coast from Sen Dderc to Seetils. Mis publications on ichtiyology were
numerous end of scierntific value. For exemple, he esvthored wick Bartcon
Y. Dvermann, The Fishes of Forth and IMiddle Armericm (1596-1900}.2

Iuther Burbank {1859-1926) as a young truck gardener in Massachu-
setie was influenced by his reeding of Darwin's Variation of Animels and
Plants Upder Domesticaition. He develored the Burbank potmto. In 1a7s
he moved to Ssnta Rose, CaliTorniaz where he eslablished e nursery and
~erdens. MHe experimented with pleants and tested Derwinian theories. He
improved old varieties, combined wild types wiih degenerated cultivated
types, ond develope? new Torms of plant life. 3

Although Burbanl the horticuliuralist was ecalled & scientist by
David Sierr Jordan end ollers, his methods were aciually more like
+hose of en artist. Wiz methods were not entirely coriginel, but he In-
eregsed the econmric values of planc Iile.

1Hagers ide¥eugh, Edwerd Falmer, Plant Explorer of the American
Vest (Vormen, 1956).

Eﬂcckwell-ﬁ. Hurt, Celiforanie's Stecely rell of Fape ESthkton.
1950), po. k2o-3h.

3among the biosraphies of Durbank sre Walter L Howard, Luther
TBurbanlc: A Vietim of Fero Worship {Waltimam. 194&) and Henry 2 Williams.
Tuther Burbank: Hie iile end vork {Hew York, 191%): also see Tavid
Sterr Jordan sud Vernon I Kelloge, The Selentilic Aspecis of Luther
Jurbani's ¥ork (San Francisco, 1909}
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PART I {Continued)

A HISTOFY OF JTHVIWLICHS

VII COLOMNIAL FERIOD, 16C0-1775

Transmizsion of Furopesn tools eand Lechnolopy

The Tirst settlers of Virginis cuickly reeslized thelt successful
colonizal.ion depended upon the tranenleniing of skilils, tools, and
technolories to the Mew Yorld, Ir gin efTort to save the Jamesiow
settlemeni Captain Johm 8Srith in 1600 urped officials of Lthe Lorndon
Company to send him 30 carpenterg. husbandmen, blaclkemitiiz. and
masons, racher than s thouraand additional people similer Lo the
genillemen alresady in Virginia. The origirsl folly of edventurers
searching for tremsure ceased, end Llhe company bepan fo ship skilled
artigans with tools. implements, and utewnsile. Onee ihe Jemesloum
selilers began to produce pitek, tar, eclepbeoerds, pearlash. and tobacco
the survival of the colony was made possible. Arong the Filprims
settlins et Plymouth were pany gkilled hushendmen end artisans who
broughi toqls and technigues from Fngland and Holland. The leler
colonists were also skilled nartisens. For exmuwple, William Penn
in mdvertizing for emlgrarnts soupht indusiricus husbandmen and
mechenics,

The existence of abundent rew materiels in colonial Arerica
encouraged crude monufzelures, Forest resources enabled the colonisis
Lo engage in lumbering, shipbuilding, the meaufacture of naval stores,
ang the making of potesh. A plentiful supply of wood Tuel permitied
them to make iron, glass, brick, and potiery. HMineral resources,
particularly iror ore, were also aveilable.

Ealonint creftsmen.

Alvtouph the colonisgl economy vees primarily agrieulourel, crafte-
men nleaycd & significan. rele in Americen development.. Tn The seven-
teench century fmericen crafismen and hushendmen had to struggle in
the wilderness ito make & livigp. Under the rural end Trontiey con-
ditions mosc immlgrants beceme farmeras Crefis actoally did nod
Tlourist in eodonisl Americs until sbe eighicenth eentury when ihe
popilation begen to double every lwenty wemrs AF a gresver urlan
econorsy cvolved the demand for the producis of craftsmen increased
After 1763 the Inglish colonistes sovght more ernd more io foster home
indugtry end to become self.gufficien..

lGliver. History of Americen lechneologyr, pr. 1-11.

ictor 8 Clark, Hissory of Manufectures in the United States
{Mew York, 1929). Vol. I, rp. T%§ﬁ6
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In ilhe sevenicenilh century household manufaciuring was more
impor.ert in America thaon commercialized industry A lebor shorimge,
the lack of capital, poor iransportation, end the small market were
amonz tile Tactors that até first hindered the growil of industriel
enterprises. In general coleonial indusiries were smaltl and simply
converted raw materials into crude products. 1

Arriculiural implements.

In coloninl Amerdice where land wms plentifvl and lebor was scarce
the farmer was not concerned with soil comservation, bul he was anxious
“o adopt lavoar-saving devices. The colenial fercer irproved the axe.
che plow, and the nerrow | He ususlly substituted the cradle for the
nand seythe to cut preain.

In the late colepial period Jared Eliei of Comnecticu.. who wasz
bo:k a practical aand scientific agriculiurelist. experimented with a
seed dArill in an attempt Lo simplify and improve the one nerfected by
the Foplish sericulturalist, Jethro Tull THLh iYe agaiscence of
Presidert Thomas Clap of Ysle College and of Bencnl Hylliard. a masier
wheelyright. Fliol invented a plow ead drill which was capeble ol onen-
ing Murrows, fAropping seeds and feriilizer. snd covering ihem in one
aperation ATser Fliot's Aeath, Denjmmin Gale ioproved the macline, -

Qlothirng and leasher indugtries.

In the bepinning the colonists depended upon Brgland for elothirnp
After sheep were iniroduced into the colonies  the nroduction of
clothing bepan Indians and irappers supplied cclonial eeitlers with
dee and buck skins and hides were imporied from the Spanish HWesi Indies
making & leather industry possible.  Also linen produciian developed

I 1538 five weavers arrived at Howley, Maszachusetis. Here the
firgl olotk was maruelaciured in English America. By 1700 clach
merufacturing exisled in most colonies, But 1t was mosily manpufsciured
by the farily in the household unit.E

Thomes Beard, a shoemaker, was a passenger atcard tle dayflower,
end ho became ploneer of the fmwerican hoot and shoe trade. 31
croempkers and tanners were plying their tradee in Virginia. as well a3
cultiveting the ground.

‘rarl Bridenhaugh, The Colonial Craftsman (Chicago: University
of Chieapo Press, First Phoenisx Edlilon. 1901), pessim,

EDliver, History of Mfmerican Technolomy, . 23,

3Bridenbaush, Colonial Crafteman. mp. S0-51- Herbert Thems,
The Dbctors of Yale College. 1707-101% (Hemden, Conn., 1910}, p. 13

Holiver. History of American Technolory. pp. 37-48. Bfforte were
made to introduce the silk industry at Jamestown in 1607 and the linen
indusbry in 1612,
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In 153 Philip Kertland began the menufacture of shoes at Lymn,
Massachusetts. In 1750 John A. Dagyr established s shoe shop ac
Tynn., Hirirg skilled ereftsmen to specialize on specitic operatbions,
he staried s Tactory sysiem on a small scale.

Transvrortation and communicaticon.

Srmall craft were budilt in Virginie as early as 1511. Rowbeats
snd shellops were construcied by the colonists for comstal travel
The first mejor skipbuilding wes berun in Hew Englend in 1623, On
July 4, 1631, the thirty-con slocp, The Blassing of the Bay, was
built For Goverror John Winthrop, By 1670 Massachusetts had pro-
duced 730 vessela, In ke seventeenth century the weln shipbuilding
centers were et Boston, Charlestion, Selem, end Seituate In 1690
a naval vesael, the Fal land, was Consh THCUEd for the Foyal Hawvy at
Portsmouth. Hew Hempshire. This warship wes built by colonisl snip-
wrights urnder contract in & private shipyard.

Penngylvanin was angther cenier of colonial shipbuilding. By
the time of the American Revoluiion shipbuilding was & major indusiry
in Philadelphia Certain ‘echnological advances were mede in American
chipvards For example, in 1713 Andrew Fobirson devised m “"schooner”
that rode the water's surfece: its speed zpd maneuversbility presamed
the later development of the rlipper ship In the elghieenth century
siiipbuilders in England were glarmed by American compelition

On =“he river highwmys of america ithe colonises Lraveled ia canoes.
flatboats., and ferries Land travel in Colonisl America was nrimitive
Foeds were poor and bridges were few, btul the colonisis developed some
vehicles, After 1700 whe Amcricar sedan end the gig were devised The
Conestopa waron was menufectured in the Conestoge Valley of Lencas.er
Counvy, Penmnsylvania. It could “ransport fwo to four Long of Treiph
with salety over the hills of Tenmaylvania. Afier 1730 stegecoach
lines were in operation between bosion and Few York and between Mew
York and Philadelphie,?

Tron and sieel products.

At ar, early date iron ore was dlscovered in the peat bogs and
ponds of eastern Massachusetts. John Vinthrop, Jr., organized ihe
"Sempany of Undertskers for the Iron-"orks" in London in 1641. This

group erecied an iren foundry and forge st Saugua, Messachuselils in 16ht

Ioiiver, Fis corvy of Americen Techinology, Tp. 37-48- Ceorge Houghton,

(14

How the American Ghoe Has Decome S-andard,’ in The Making of &merica
edited by FRobert M. Ia Folleste., Vel. VII (SciEHce an&“quenilan]

hercinafter cited as Seience and Inveniion edited by La »oileide. p 310

2oliver. Fistory of Americsn Techneloqy, PR 49.60; ligward T
Chepetle, Tlhe Mistory of the Amerjcan Sailing Hawy (Wew York, 1949,
gn. 3-5L.
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TAfter obtaining iren ore deposits. Joseph Jenks, & metalworker and

meckanic. produced some iron by using see shells end corals for flux
gad by usins charcasl as fuel Jenks and other vechanics produced
hinges. horseshoes, pots, and pans for Bostoniens. In 1654 Boston
sngeged Jenks to build "an Ingine Lo carry water in case of fire "
Even prior to the Favgus foundry. an ivon foundry hed teen established
ab Falling Creek, Virpinis ip 1520.1628.

By 1710 iron manufaciurers in the molhsr country were corplaining
of competition from the colonles By 1750 furnaces. Torges, end mills
were operating in dew England, the Hiddle Colonies. Maryland, and
Virginin., A few sceel producis were mslso produced in the colonies,l

Glassmaking

(lessmaking wes the first indusiry in Enpglish fmerica.  As carly
ag 1607 German sad Polish crarhbsmern in Vivginia made glass, niten, car,
and soapesbes.  Tn 1639 a glassworks was estamblished st Falem, Mesea-
chugetts It was subsidized by the CGeneral Couri. Caspac Wistar, a
Gerran emigrant, was the successful pioseer glass manufacturer in
colonial America. He esteblished hie plant in Zaler County, West
Jersey in U738, mamfacturing hobtiles, uable crystel, and window glass.
Since glasé was 8 lwury in colonial times. iis mamulacture was nol
extergive.

Eotents.

flihough mamafaciures were not highly developed and inventions
were few in Colonial Americe. bounlies, subgidics. snd monopolies were,
noresteless. sranted to skilled ecrafistern ab various times. These
beneficlal moasures encourazed boil old skille and new inveniions.
tioregover, a depgree of retent nroieciion alse develeped in the colonies.
Whet was probably the Firs:t patent was granied to Joseph Jenks by the
Massachusetis Genersl Coure. On Mey 5, 164G, he obleined & fourteen-
vear monopoly for improved sawsmills and scyibes By 1605 Jenks had
develaoped & new Sype of scythbe.  He mmde vhe blade of the heavy Englisn
seyihe lomger snd ihinner, and he strengihened it by welding an iron
tar glong tis besl.

Gererally colonias) palenis were for processes raiher Lhan for
mackie s Yowever., Rovland loughton of Bosion was granted & soven-
year petenc in 1735 for a theodeolite. During the lasi ceniury of
the colonizl period only Soutih Carolinza granted palent preteciion for
new machinery. In 1691 Zouth Cereoling enactcd what was proteblyr the
first genera) petent law in Americs, "for the better encouragement of
the making of engines for the propagaling ihe staples of ihin colony. "

N
‘O¥iver, pp. GO-T73: Dirk J. Strutl, Yaries Seicnce in the Making
{Boston, 19%3), pp. 10-1l.

Eﬁliver, History of American Techrolopy., nh. TH-T5.
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Trn 1T end 1733 Couth Ceroling Ly specisl aciz rranied paten® rif-ts
L three inventors of rice.clesning mechines

VITII AYMERICAN REVOLUTTCH ERA, 17h18e

Tar industries

Despite iks lack of poveromental power the Coniinenwal Conpless
inttigisd berculesn efforis o mect the demands of war Twnn befoye “he
Revoluhion the Continentml Conpress bad encoursged devclovmer . of meru-
factures alter massing «he nonimporisiion apreements  When aciual Fos-
tilities broke out ia 1775, the colonies npossessed sullicien . ivon .o
meet mllilary reoulcerenis A line of Torfes elreesdy exighed froo Few
Hanpshire o Souch Cerolina To insure ern sdeguaie sunply ol war ma-crials
Congress end coleniel lerisladures offercd awnrds for mroducing i-on
woolen poods. polasih. and fircarms ligrhera enloyed st furnaces and
Torpes were cxerrn.ed from miliitory service

The Connechicut Jourcil of Zalziy reguisi-ioned “he Leleville
furrace owtied by & Tory and rromercd i@ io ces” cannon &nd ermunition
Guns for New Yorl: forvs wero nroduced as this furnace  The Pennsylvania
end Wewr Jersey furneces wers called unon to manufscturz var sunrlies in
1T and 1778 becsuse of Lheir proximicy to ire mejor scen~ of pilitary
operaiions Henee tlie Durbam Iron Works in Ponhsylvanis cass ceohon
and the Corpmwatlis furnace in Lancasier Couniy. Penasylvania cest sho®
and shells 2

Be'ween 1770 and 1782 ordnance nlants were also es.sblisied st
Fhiladel~ltig &t Yellowv Sprinrs Peopsylvanie Springfield Massschuse s
gnd Fredericksturgy Virginig Colonial gpunsmilhs had made ercellent
riflce seveoral decpdes before the optlrepl of Lhe Revelusicon Abou”

1770 “he zo-celled "Pormoylivenis rifle” hed heen desipned Ihs long
berrel gnd riTi=d bore cremted g wearon of prepi velociiy ard acouredy

lﬂliver History of Arerican Technolomy. n. 67- Cyrus B Anderson
"The United States Fatent Lews © ir Science and Inven-ion edi.ed by’
Te Fellewie rp 30.83% Clark History of Mamiscoures in the Unihd
Statms Vol I =p L7-%3 T N

?Gliver Hislory of Ameriesn Tcehnolopy., pp. 91-93

5







apd 1t was used effectively nt long range mgainst the PBritish Red Conts
Coloniel riflemfn engared in sniping and guerrills werfsre wore dmm
Iritish morale.

The colonial soldiers Taced g sepious shortazpge of sunnowder Follow-
ing Lexingion and Concord ell evailsble gunpowder was seized and measurcs
were talen o encourpre morc pmduction.  Powder mills were built in the
vicelnity of Philedelphle and Lancasier, Pennsyvlvania Five yeers after
the defest of Cormvmllis. Pemnsylvenis had Lwenty-one nowder mills The
exrlogives indusiry contimued to flourish in Ameriea after the wmr

At Bunker Hill the Mmssechusefts troops suffered fram a lack of
punpgwder, With the assistance of Paul Revere, who had studied mlll
technigues in Philedelphis, Massachusetts suthoritles were ahle to
erect a_powder mill at Canton which supplied powder for the Massachuseiis
trocps.

Durlng the war General George Washington pointed out the need for
trained engineers. Four skilled French engineers served on Washington's
staflf and they assisted in building fortifieetions at Valley Forge snd
Yorktown. Thaddeus Kosciusko, the Folish patriot, was mppointed colonel
of epgineers in the Confinents! Army, and he was put in charge of build-
ing fortifications at West Point in 1778 to 1780, David Rittenhouse wes
one of the few Americans with engineering experience, As a member of the
Teopnsylvanla Commlttes of Public Safety he experimented on improving
ammunition intended for uwse in rilfled cennon &nd musksts. After the
Revolutionary War ended, effortg were made to found a West Point
Academy. A school was established in 17T9L to train englneers, of which
there wae & great shortage in Americe, but the institutlion was destroyed
by fire in 1796, and the academy et West Point was not reestablished
until 1802.3

Among Lthe inventions made durding the American Rewolution to counter-
aect the superiarity of British naval power wes e unique iron chain con-
structed to strefch across the Hudson River at West Point. Feter Town-
tend, master of the Sterling Iron Works, forged a chain 500 yards iu
length. Completed in April lTTﬂ, it welghed 180 tons, had 750 links,
and was held in place hy twelve tone of anchors. The chein was in-
tended te prevent the British from gaining contrel of the entﬁre river
by blocking the river. In this teek the chein was a feilure.

A p— | P il

TRoger Burlinccme, March of the Jron Men (New York: The Universel
Library edition, ¢, 1960}, pp. 119-3%.

Eﬂliver, History of American Technologr, pp. 96-97; (lark, History
of Memnmfaetures in the U.5,, Vol. I, p. ce=.

J0tiver, Wistory of American Technology, pp. 98-99.
4

Burlingame, ¥arch of the Tron Men, pp. 1hb-L6,
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David Bushnext {1Th2%-1824), an officer in the Continental frmy,
invemted n submarine best, the mredecessor of the modern submarine.
Applying the theory of the propelling scerew, which had been conceived
by the Swiss mathematician Tmniel Permoulli, Bushnell constructed =
wooden craft cepable of submerglng when weighted with lead, The
Turtie wms & one-man submarline driven by a crank which turned a screw
mrapeller, The veseel traveled at a speed of three milesz per hour.
Cne oar moved the bost horizontally end ancther moved 1t vertically.
It had s smell conning tower for the operator's head end had windows.
Two autometic ventilating tubes engbled the operator ito subtmerge for
a thirty mloute interval.

The welird creft mlso contained s device to attach a mine or torpedo
to the hull of an soemy vessel. The mine containing ower 100 pounds of
povwder was attached near the stern of the craft by & screw. The mine
was g timed bemb with m gunlock end & ¢lock. One August night in 1776
the Turtle plioted by Sergeent Ezra lee tried to mtiech its lethal
charge to the M1l of the Hh-gun H.M.35. Esgle, flsgship of Admiral Howe,
in New York harbar. Lee maneuvvered the Tartle ageinst the side of the
Eegle, but he wes unable to attasch the egg-shaped bomb to the warship’s
wooden hull which wes protected by a copper sheathing. Lee was com-
pelied to surfece; he relessed hie mine and 1t exploded in the East
River,

The submarine experiment falled as & wveepon of wvmrfare, but lta
principlée had been demonatreted. Although the govermment refused o
give additicnal support to Bushnell's sulmarine inventiopn, the next
year he succeeded wilth two experiments in mine wmrfare.

Wool processing and spioning.

In Qctober 1776 the Continentel Congress offered a c¢lothing bounty
to men wllling to enlist for the duration of the war, Until 17TT
clothing supplies were either largely procursed from imports or from
prige goods of priveteers. In March of that yvear James Mease wos
appointed Clothier=Ceneral ant wee instructed to develop a sound

clothing sopply Eystem.e

To meet the demend Tor undforme certain imgprovements were wmade in
wool processing, The war had cut off the supply of hend cards end

1Ib1d., Tp. 146-48; Qliver, Histery of Awerican Technology, TP.
lDD-lDl E.P. Potter and I.E. Fredland eds., The-United States and
Horla Sea Power {Englewood Cliffs, 1955) pp. ©56-57; Bernard and Fe'm
Brodle, From Crossbow to HeBomb (New York: A Leurel Science Original,
1962), p. 116.

2For an geeount of the Continentel Army uwniform see John O, —
Fitzpatrick, The Spirit of the Revolution {Boston, 1524%), pp. 117-38,
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Americans hnd to produce their own. Carding wae done by hand and
uguelly by the hendes of women and ¢hildren. A& young Delaware in-
ventor, Oliver Evans (1755-1819), invented a mackine which cut and
bent the teeth., Later he intrcoduced a device which inserted the
bent teeth in e lesther freme. Evans'a card-meking wachine was &8
remarkable improvement in carding.l

Anctlher vartime Improvement in clothing monufacturing was rade
by Christopher Tulley, who made improvemsnts on a spinniag machine.

Hiz invention enablad £ single operstor o spin twenty-four threads
of cotion or wool at one time,

I¥ EARLY REPUDILAC, 1790-1629

Tranklin, Washington, and Jeffersan as loventors.

Beojamin Fremklin died on Aprdl 17, X790, shortly after the
leunching of the new Republie which he hed helped to ereote. Aas the
greatest fmerican colonial scientist and Imventor he had begquenthed
the young Fepublic a technological tradition. His theories had
assisted in operning the electricsl afe and his utiliterian approach
towards inventlons had produced gueh practicel deviee as the Franlilin
stove and bifocels.

In 1742 Froanklin invented the "Pennsylvania fireplace’ which
reteined heat that was formerly vasted Ty going directly up the
chizney. When offered a petent for this invention, he refused it.
Frenklin'sz eattitude wae that hiz invention should be & gift to the
world., He expressed himself thusly in his autoblography: "That
as we enjoy great advantages from the Inventlons of others, we
should be gplad of an opportunity Lo serve others by any invention of
cirs; sad this we should do Precly and generously." Just before his
death Tranklin exprezsed his plemsure concerning repid progress of
inventions,

1Burlingame, March of the Iron Men, pp. 139-%2,

Eﬂliver, History of Americam Technolegy, P. 101,

3For Franklin's other inventions see Roger Burlingurme, Yenjamin
Froanklin, The First Mr. Awerican (Hew York: Signet Key Book, 1955},
Tp. BT=97.







Gaoroe Woshington's chied zeientiflc interest contered in azri-
culture. He freguently attespied to dosign Tarm irplemants. Tor
cxarple, he desigred an eutomatic seeder. As president fhie constantly
encouraced scdentific pursults end inventions. !

Among the founding fathers Thomas Jefferson probably pocsessed
the greabest Taith in the ultimete benefit to the general welfare of
advances in sclence end technology. While on his diplomatic mission
%o France, Jefferson siudied mechenical imventions in Burcpe. After
cbserving the clumsy plow used by French peasants, Jefferscn conceived
a moldboard besed on methematicel principles in 1788, Jefferson's
diaprammatic explanation of his moldboard was published in the Trans.
actiong of the Americen Thilosophical Society. In recognition of his
Sfvention the Trench Academy of Agriculture ewerded Jefferson s gold
medsl in 1805. In its cltetion the Academy stated: T“America received
the plow from furope; it iz admirsble that Amerlcea should give it back vo
to Turope, its gift wmerfecled.” iodels of the improved plow were exhib-
ited in the French Hetionel Museum of Watural History, in the Wational
Conservatory of Arts and Crafts st Paris, and in ihe Fhiladelphie
Spctety for the Framotion of Agriculture. Jefferson corresponded
with Jethro Vsod and others concerning improvement of the pleow, Howe
ever, the prineiples of plow construction as develgped by Jefferson weres
not actually used by Americen Tarmers. At s leter dste, when Wocd's
plow was introduced and used by farmers, the prineiples developed by
Jeffersos were Tinglly incorporated in plow,

Jefferson was interested in conveyances, wachinery, sml implementa;
Tor exemple, he deslgned or altered carriages, gigs, and wagons. He
inventecd a Lempbester, and devised s leather buggy %op, & swivel chair,
and a dunbweiter.

Petent Act of 1790,

The besis of all petent legisletion in the United States ia the
elause in the Constitution vesting Congress with power "to promote the
progress of science and useful arts by securing for limlted times to
puthors and inventors end exclusive right to their respective writings
or discoveries.” The first patent act was signed by Tresident Wash-
ington on April 10, 1790. 1t euwthborized the pgrenting of patents with-
out examination of the prior art. "Any useful art, menmulacture, engine,
machine or device or any improvement thereon not before known or used”
could be paterted for fourteen years. The authority to grant petents
was given to the Secretary of State, Seeretary of Var, and Attorney
General. Thomas JefTerson ag Secrctary of State wes the first Adein-
istrator of the patent sct and he has been called, "the father of the
Aperican patent office.” The first patent was grented to Samuecl Hopkins
of Vermont for "e new method of meking pot ond pearl ashes.” The second
vatent wes given for m new process of candlemaking. Cliver Evans re-
celved the third petent for improved flour will mackinery.

1pliver, History of #Americen Technology, ©Pp. 108-12,
2Fdwin T. Martin, Themas Jefferson: Scientist (Wew York, 1952},
op. 47-106 discusses hig interest in invertions,
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The first boord was vericusly named the "FPatent Doard,”
"Patent Commission,” end the "Ccrmissioners for the Promotion
of Useful Artz." 7The Beard believed that inventions should be
"sufficiently ueeful and important.” Jefferson usually handled
patent applications, snd decided vwhether or not to grant a patent.
An aoetdment of 1793 to the patent acht was intended to simplify
rrocedurs; it aliowed patents to be granted upon the applicant's
omth's that his inverntion was origiral. Detween 1793 and 1836
vnimportant emendments were added to the patent act. An act of
July b, 1836 marked the birtn of the wmodern patent system. The law
definitely established an examination system and created the Patent
Office, =~

Hamiiton's Report on Menufactures, 1791.

On Decerber 5, 1791, Alexander Hamilton, the Secretary of
Treasury, issued his most significant economic paper, the Report
on the Subject of Manufactures, in whieh he urged the introduction
of new pachines in manuAacuuring. He expressed his belief that
the wation should diversify its labor force and develop a high
degree of skillls. Hamilton proposed a national Dend to attract
Bkilled rechanics and to import new mechines. Moregver, he even
favored paying & premium to inventors of new mamufacturing Tro-
cesses. Although Hamiliton's idess concerning inventions were too
advanced to te adopted, wmany of his oiher ideas vere accepted.

fgricultural implements and zillineg wachinery.

In Lf9T Charles Hewbold of Philadelpkia took out the first
foerlcean patent for a cast-iron plow. Although Jefferson and other
centleren farmers were lnterested in It, the farmers refussd to
geeept it, believing that the fron would potfson the soll and cayase
the growth of weeds. In 1800¢, two brothers, Roebert and Joseph Smith
of Bucks Ceunty, Peonsylvanin, patented = cast-iron plow that was
uged in Pepnsylvania and Hew Jersey until 1850.

In 1814 Jethro Wood {1774-183h), a farmer of Cayuga County,
Hew York, obtained his First petent of a cast-iron plow. In 1813
Waod obtalned a second patent for hiz "improved” cast-iron pliow and

lﬂyrus W. anderson, "The United States Petent Laws,” in Science
and Invention edited by La Follette, pr. 381.83; Harry Fur%h Incide
the U. 5. Fatent Office (New York, 1959), pp. 1h4-2,

2 James B, Walker, The Epi¢ of &mericean Irdustry {Wew York, 19+9)
op. 20-5%1; Holbert B, Marrls 12 Bagir ITdeas of Alexander Har11tcﬂ
(Hew York: Docket Pooks, Inﬂ., 1557}, pp. 275%-86.







sales reached 3,600 that year.l yiandrs secopnd plow wes the first cast-
irpn plew to be generally accewted in the United States, His plew was
made in separate pleces and a broken share or moldbcard could he
readily replaced, The demand for iren vlows inereased and the manu-
facturers of Wood's plows could not supply them in sufficient quantity.
Wood's patent was infringed and he dewoted his last years in an effort
to protect his invention.?2

In addition to his cerd-meking machine Qliver Evans also invented
flour ©ill machinery. By the 1790's Evans obtzined patents on his
rachines which elevated grain mechanicelly to the top of the will. The
grain was cleaned during its gravity transmission to the hoppers where
it was ground and then conveyed again to the top of the mill. The grain
was cooled, bolted, and barreled during a second descent. These various
orerations were made without any manual operation. Vietor S. Clark in
his classic study of Armerican manufactures steted: 3 "This may have been
the first instance of any uninterrupted process of mechanical marnu-
facture, from rawv material to Cinished product, in the history of in-
dustry, "

Rise of the fackory system,

Samuel Slater (1768-1835) was born in Terbyshire, Imgland. As =
young apprentice he learned cotton-srvinning in England during the
Industrial Rewvolution when inventions radically changed the textile
Industry. He beceme familiar with cotton-spinning machinery and the
inventions of James Hargreaves and Seruel Croopton,

Slater wms an spprentice in the factory of Jedediah Strutt, who
was a partner of Richerd Arkwright, the inventor of the spinning frane
which had revoluticnized manufacture of cotton yern, In 17809 Siater
was attracted to the United States by an article in a Fhiledelrhia
newsraper stating that s bounty had been peid for the design of =
textlile machine.

Zleter had memorized the secrets of frkwrignt's patents and with
the financial support of Moses Brown, a retired cerchant, he bullt an
Arkwright cotton-mill st Pawtucket, FEhode Island. On December 20,

————— L

“0liver, History of Americen Technology, pp, 129-30; Yeo Rogin,
The Irtro“uctlon of Farm Machinery in Its Relation to the ProﬁuCuithv
of Iebor in the Agriculture of the United States durinyr the Hlneteepth
Century (Berkeley, 1931), pp. 22223,

EBurlingame, March of the Iron Men, . 224,

3Elark History of Marufsctures in the . §,, Vol. I, p. 179; eleo
soc Hoger Eurlingame Machines That Bullt America { Bew Yorh Signet
Key Bock, 1955}, rp. 25-29.
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the water-povered milil produced the first cotton yern ever manufactured
autcmatically in the United States. The ingenius Slater helped to
start the Indusirial Revelution in Amerieca. In 1721 the first mill

was closed and a new factory was built to handle all processes of

yarn manufacturing in one building. This was opened in 1793 and the
Factory system guickly spread throughout New Znglend.l By 1815 that
region had 130,000 spindles.

Cotton gin.

In 1793 Eli Whitney (1765-1825), a recent Yale graduate, inwvenied
the cofiten gin which removed seeds from the cotton bell. The invention
was conceived while Whitrney was a guest on the plaptation of Mrs. Hathanial
Greens in Gecrgia, Whitney entered a partnership with Fhineas Miller to
patufacture cotton gins, tut before he could get hiz Inventlon patented
it was copied by others. hitrey arnd Miller were unable to make profits
because of infringements and lengthy litigation, Whitney's invention
caused the cotteon Industry to exgand and it shackled the South with
slavery by revitelizing the peculiar institution.8

Inireduction ol Inierchanregble Paris and Mazs Froduc.iov,

At some dabte shor:ly before 1735, B Frencrmzn named La 3lanc
Lepal: hhne manufaciure of wugkets on the sysiem ol interchangeslble naris
Tor the French fovernment, bachinery had een developed sufTiclentuly o
firish itbe complete Lock, bud the work on the Larrels and stock wras
5111 done by natd. Thomes Jeflerson, fascinated by this conceps.
vigited La Blanc and reporied or furusi 30, L7% +  He presenced me
she paris of 0 locks telien to pieves. and arranged in compariments,
T pu. several topetiher myself, iaking: pieces at hazerd az “hey camc

ta hand, erd ibey fivicd in Lle most perfect manner.”

Jatficrson's eTiors o0 inducc La Blere jo come wo che Thited
Stanes wore unsuccess ul. bul Jelfersor ivfmwmed Bli Mhiiney of uliese
Frepeh elioris. Faplling to profi’ Jrom the cotton cin Wirtiney now
looked for some o.ler ccoupastion. and be seized upon the corcepc of
production of irterchenseable parss. In the spricg; of 1758 bte ovio
lined his plan fo the TJecrchary of ihe Tressury: "I should tike io

Tarmoia Wells, "Fatlier of Cur Factory System," American Heritage,
Tk (april, 1958), pp. 34-39, 90-92.

arnola Whitridge, "Eli Whituey, Nemesis of the South," American
Heritage, VI {April, 1955}, pp. 4-10; Holland Thompsorn, The dge of
Tnvention {New Haven, 19915, Pp. 38-352,
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undertake the manufacsure of ten to fifteen thousand staond of arms.

I em persuaded that pachinery moved by water, adaoted to thls business
would preatly diminish the lebor and greatly facilitate the manufacture
of this article, Machiines for Torming, rolling, [leaving, boridg,
crinding, polishing, ote., may a2ll be mede use of to cdvantage.”

Secretary of War OQliver Wolcott, alarmed by & threat of war with
France, entered into a contract with Whitney on Jupe 1k, 1798, for
the production of ten thousand muskets within two years, Tnitney at
chee geb to worl, but tire was recuired Lo erect & factory and Lo
desirn the needed machinery, and two Years passed belfore his mill =%
Vhitneyville, Comrecticud, was able to begin operations in 1800. urther
difficulty with devising machinery hindered Whitney’s pionecring eiforis,
and eight more years passed before he was able Lo complete the contrac:
by delivering the last of the ten thousand muskets in 1808,

He did belter, however, with his sccond United Stetes contract for
Fifteen thousend muskeis; averded in 1812, he completed dellvery slthin
the specified two ycar reriod.l

Te 1901 Simeon Norih was also awerded a Covernment contract [or
produzing pisiols and he began manufacturing these wespons on e system
sopewhat similar to Whitney's, first at Berlin and laler at kiddlevowm,
Connecticut.

While bobth Whitney snd Horik devised mechinery to do a poriion of
the work, much of the task of producing these arms 53111 had to be
done by band and their machinery was 2iso rot precize snoupil so that
the parts of their weapons were truly interchangzeeble.

The next step in the evolunion of interchangeable parts and mass
production wes sffected by Jokn Herriz Hall (1775-1941) of Portlend,
Meine, On May 21, 1811, Hall, a bost builder, took out a palent on
a breeck leading flintlock rifle which he had irvented. Hi= ef'forts
to kave tliz wespon adopted by the United States Army failed irn 1313,
tat in 1817 the Govermment purchased 1C0 of Hall's rifles for tesbing
purposes. These extenglve trials were rot cempleted until Harch 19,
1819, when the Uar Tepertmert signed s eontract with Hall Tor the
mepufacture of his rifles at the United States Armory et Eorpers Ferry.
Under this agreement, and in consideration of 51,000 plug his zelary
af 350 o month zs an Assistant Armorer, Hall was to supervise the
production of 10C0 of kis rilles.

lIt micht be roted, however, thai the U. 5. Armory at Harpers Terry
was mroducing 10,000 muskebs a year by 1810,

Piphott P, Usher, A History of ieckanical Invention (Cembridge,
Hevised Bdition, 19%5k), 370-3CL.
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Hall arriwved at Harpers Ferry in Mar, 1519, and wnr essigned
United Stetes lgnd on the Islend of Virginius, in the Snenandoah Hiver,
g stort distgnee from ke U, -8, Musket Factory. fHell proceeded to
Invent gnd dasvelop bhe water-powercd, precision machinery needed to pro-
Auce his rifle by o compleiely automated process, which reguired no
hand work other then essembling the individusl perts. The first .
{houzand rifles vere completed in 1827 and the secornd thousand by 1827, %

Dn Jaruary 5, 1327, n special commissian of weapon ecxperts, ap-
poinied to exemine Fall's rifle ard machinery st Harpors Terry, re-
poried to Colenel Georfe Bondford, Clief of Ordnance:

e

v is well-known, we btelieve, that arms have naver yei been made
g0 exactly similar to esch otker by any other process as to reruire no
parking of bhe several parts arnd so that those pzris. on being changed
weald suit equally well when applied to every other ATHL.  Bn% the
machines we have examined effect this with a cortainty ahd precision we
ghould nob have Lelieved Eill we witnessed the operations. To determine
thiz point and tesl thelr uniformivy beyond all controversy, Ue repuestad
Coleme) Lee., Supesriatendent of ilhe United Stetes Armory at this place
to gend Lo Hall's armory Tive boxes conteining 100 rifles menulactured
Ly him ir 1824, snd vhieh ked been in the arsensl since that period,

Ve then directed Lwo of his vorkmen o strip off the vork from the
stocks of the vwinle 3C, end alzp to Lake to pleces the several parts
of the receivers, so-called, and to ecatier them promisecusly over a
larpe joiuer's work boneh. ©One hundred stocks were Lthen brought from
Hall's aroory whick had been just finished, and on which no work or
rounting had ever been mutit, The workmen then ccmmenced putting tne
work teken from off tho stocks brought from the United States arsenal
on to the one huadred nev stocks, the work having beoen repeptedly mizxed
gnd changed by ug and the workmen also, g£11 $i:is was done In our pres-
ence, and the arms, as Tash as they were pul together, were hande=d Lo
us end minutely examined. We were unable to discover any inaccuracy in
gry of their perts fitbting each other, and gre fully persuaded that the
parts fitted, after gll the clhenges they must have undsrpone by Lhe
workmer, sas well as those made desipgrnedly oy uvs in the course of ivo

or three days, witl as much accuracy and correciness as they did vhken on
the stocks to whiclk they originelly belonged, In unilormity, therefore,
in the component peris of small arms is aan important desideratum {whieh
ve presume wWill nol be doubted Ty payone the lepst conversant with the
subject) 1% is in our opinion cempletely sccomplisled Ly the plen whick
a1l bes carrisd into efiect. By no other process known o us (ané ve
have seen most, if not all, that are in vee in the United Sketes) could
erms be made so exactly alike as to interchange snd regulire ne marks on

bt different martzs. And we very muck doulbl whether the best workmen that

may e ssilected from any ermery, witl ike ald of the best maclines in use
elsevhere, conld, in a whole life. make a hundred rilles or muskeis ilat

lovarlotte Judd Foairvairn and C. Mead Patterson *Capuain Hall,

Inventor,” The Gun Bemor:, V, Uos. 5 & g, {Ceiober & November, 1979)
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would, sfter belng promiscucusly mixed topsther, fit each other with 1
that exmet nicety that ig to be Tound in those menulactured by lHall.™

Whlle Uhiiney was the first in the United States to experiment with
the system of interchangeable parts and mass produciion, Jobn H. Hall
was che first to Sranslete these theories invo reality.

In 1828 and 1829 the Government let contracts for preducing the
Hell rifle to Simeon North of Middleton Conneciicut, Henyy Deringer of
Fhilagelphia, Roberl and Johr D. Johnsion of Middleton, Cormmecticul, and
Reuben B1lis of Mew York Ciiy. All these contractors except Horth, how-
ever changed or voided their contracts because they were urable to bulld
tke precision machinery io prodece the Hall Rifle, Only Horih, witl
Hell's assistmnee, was eventumlly able to Tult1ll hiz contract, although
Torth's rifles never reached the same hipgh degree of perfection as
achigved hy Hnll,<

Hall's maszs production techniquen were alsec applied st the United
Sipgtes Mosket Factory st Harpers Ferry znd the United States Avmory at
Suringfield. In the mid 1850's the Pritish government decided to modcorn-
ize its arme production end zent s specisd commiszlen te the United Slates.
AfLer a careful study of the public end private ammories in this ecounsry,
the Dritisl: Government hircd the ¥aster Arrorer gt Herpers Ferry Avmory
to establish gnd superintend the preat Enfield Armory in Inglend where
fmerican technigues and machinery were uiilized to produce weavons.

Tn 1530 the mass production fechnioues spreed from the erms in-
dusury to the elock maliing industry. Terry and Chaunceoy Jerome of
Commecticut were pioneers in this fleld. Terry beran the procesz by
making wooden clocks in large lots and Chauncey conplefed it by sub-
stituting Lrass for wod in the vheelwork. Thne use of hrass pormitied
+the vheels to be prepered expedi-iously and accurately Ly stamping shen
with dies from sheeis of brass. This iechnigue led to the mass pro-
duction of cheap brass clocks.d

IMational frelhives, copyr of report in the resecarch files of Harpers
Ferry Haticnal Meonument.

“Feirbairn snd Tetterson, V, Ho.& (November, 1999) p. 19.

Jpvbott P. Usner, A History of Mechenicrl Invertions, 350-H
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Intraoduction of sheam power.

Two Englishnpen, Thomas Savery and Thomas Mewcomen, introduced
the first successful steam engine. Thelr engines wers used to purmp
vater out of the ccal mines of England, Jemes Watt, the Scottish
inventor, invented the modern confensing steam engine in 1765, His
improvements wade the steam engine more than a pump and it was con-
verted into s machine thet could move the wheels of industry. In
partnership with Matthew Bouiton, Watt manufactured stesm engines
at the Solo Engineering Works near Birminghem frem 1775 to 1800,
The steam engine became a machine thai revolutionized industry and
introduced the modern factory system.™

Oliver Evans, the "latt of America,” constructed the Tirst high-
pressure engine in the United States. 4s related ssrilier Evans had
invented a carding machine end had improved nilling mechimery, In 1001

Bvans demonstrated thet his engine could drive zmachines to ground plasier

and saw marble., Two years later he was bullding engines in his Fhila-
delphia shop near the Schuylkill River. He constructed o steem dredge
for the ¢ity of Philadelphila to clean the docke. MHe constructed a scow
wilth an engine which ran on rollers by steam to the river. The vehicle,
christened Qruktor Amphibolos, had its rollers replaced by a stern
raddle end it steomed on the water. This SOV, which was alsc a steaa-
boat, hes been called the first aubtomeblle,

A Cormecticut clockmaker, John Fitch {1743-68), was one of seversl
inventors who successfully opersted steapedriwven broats in America be-
fore 1790. In 1786 he tuilt & swall veasel with six side paddles arnd
fropeliing machinery. Two years later Fiteh built The Thorton with
three poddles at the stern; the vessel had & waximum speed of elght
miles an hour. By 1790 Fitch mminteined a regular passenger service
on the Delaware River between Philadeliphia end Trenton. Howewver,
Fitch's steamboat never made a profit, Another pioneer steambcat
builder, Jemes Bumsey (1743-92)} of Maryland, begen his experiments in
1774, In 1787 he demonstrated = boat on the Fotomac which was driven
by streems ar Jets of water foreed through the stern by a steam pump.

John Stevens (1749-1838), a rich M¥ew Jersey landewner, became
interested in the work of Fitch and Bumsey. In 1791 Stevens obtained
patents on a vertical steam boiler ard an Improved steam engine. In
the 1790's he made experizents with steamboats, In 1802 Stevens built
g small twin-serew lmunch, the Litfle Juliena. In 1806 he built a

IW.F. Tecker and Waldemar Kaewpffert, "Putting Steam To York,"
A Porular History of American Invention edited by Waldewar Kaempffaert
{Mew Yorx, 1924), Vol. I, pp. b4BT-ch; R.J. Forbes and E.J. Dijksterhuis,
A History of Scisnce and Technologi_(ﬂaltimore: Pelican 3aok, 1963},
Vol, II, pp. 374-51.

®Decker and Kaempffert, "Putting Steam to Work,” pp. 48L-B8,
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larger steamboat, the FPhoenix. In Jure 18C3 the vessel made the first
ceean voyage In steon navigation from New Yark to Fhiladeiphkis. For
several years it plied the Delaware River tetween Philedelphia and
Trenton.

Robert Fulton {1765.1815) was born in Lencaster County, Penhnsylvania.
For over ten yesrs he was an artist painting portreits in Philadelphia
end England, About 1793 he beceme interested in mechenieal experiments
and studiss. In 1796 he wrote a treatise on cansl navigation and in-
vented s submarine in Parlis. In 1802 Fulton wmet Robert R. Livingston,
the United States Minister to France, who was interested in steam
navigation, Fulton and Livingston agreed to construct a steamboet to
ply on the Hudscn between New York sod Albany., After making experiments
on the Seine in 1803, Fulton returned to the United States in 1806, The
Clermoat was constructed on the East River. Cn Auvgust 9, 16807, this
steamboat commenced 1ts famous voyage from New York to Albany. It
atesmed 150 miles In thirty-twe hours. The return trip to Hew Yors
was made in only thiriy hours. Although the Clermont was not the first
steanbeat, 1t was the first one opersted at a cost which could Trove
profit&ble to its owners, Fulton suceeedesd where othere hpd failed be-
cause he coaebined the mechanical knowledge of both Europe and the United
Ztatez., He possessed the ability to Improve his design as he buills
guccesslve zteamboets. Falton more than any one elsze made the steamboat
a practical vehicle of transportation. In 1911 Fulten, Livingsten, and
Nicoles Roosevelt launched the Mew Crleans on the Chio River at Fittsburgh
as the first stemmbcat on Western waters. In 1812 it steamed from Fitis-
burgh to Hew Orleans, marking the start of inland transportation in the
United States.l

Irca industrv.

The basic processes of ironemaking mderwent few advances in this
period. The demand for additionzl iron oroduction was met by incressing
the number of furnaces rather than by introducing new furnace practicas.
However, after the War:of 1812, Iseac Meason introduced the rolling and
ruddling method of refining iren at Plumstock in western Pennsylvania,

In this era Fittsburgh hed its beginnings as the "Iron City of
America.” The first Toundry had teen built in Pittsburgh in 1803, and
the first puddling and relling mills were erected in 18319, DBy 1829

eight rolling mills and nirne foundrles were in operation at Pittaburgh.E

IFor details see Jemes T. Flexner, Inventors in Action: The Story
of ihe Steamboat {New York: Collier Books Edition, 19027,

F-'f:l;u.'«*er‘,, His4ory of Americsn Technolomy, pp. 166-0T7; Clark, History
of Manufgctures of the U. 5., vol. I, p. 412
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Textlle and woolen tecknoclopr.

The many inventlons of the textile and woolen industries in the
reriod of the Eerly Republic brought msbout an end to the homespun agc.
In 1322 John Thorpe of Providence, Rhode Island, invented the ring
spirner which enabled finer yarn to be spun at higher speed.

Arthur and John Schofield introduced power carding apd spinning-
machinery in the woolen industry as early as the 1790's in Massachu-
setts, but it was snother Torty years before the various processes of
woglen manufacture were nerged into a single industry. Meanwhile,
Elizur Smith of Walpole, Massachusetts invented an ingenious card-
making machinre. In 1826 John CGouldlrg invented his condenser and
then years later Willism Crompton of Massachusetts patented his loom
in England which enabled fancy woolens tn be woven on povWer machines.
Creorpton's loom, however, needed ccrtain imprcovements which were made
in the 1850's bhefore 1% wes sdopted in the United States.t

Transportation.

As population moved from the seaboard areas into the interior a2
need arose for imuroved means of inland transportation. Cenal con-
struction was wrged ns early as 1772, The first important canal was
construeted arcund the fells of the Connectlicut River at Scuth Hadley,
Massachusetts. It was built with the assistance of Tuteh capital and
eampleted in 179k, The Middlesex Canal comnecting Boston with the
HMerrimack River was started in 1704, and was opencd to traffic in I8Gh,
The construction of the Erie Camal from 1817 to 1825 which connected
lake Erie at Buffalo with the Hudson River, hovever, opened tie great
Canal Age,which extended into the 18507s,

The bullding of the Eric Cenal pave American surveyors valuable
experience. ‘The canal has been referred to as the Tirst Anmerican
engineering school, For example, Canvess White (1790-1834), who
plonned the lecke snd gates, discovered a "natural cement” with hy-
dreulic properties which ¢ould be made Irom & rock discovered near the
canal linc. Hethan 2. Roberts {(1776-1352) eupervised building of the
Tlight of five locks at Leckpeort which were gut out of solid rock.

Ir peneral the constructlon of roods and turnpikes was left ®o
local authorities, but in 186G Congress suthorized construction of the
Cumberland Read or Hational Turypike, a broed paved highway built scross
the mountsins. By 13318 it veas opensd as far as ihecling, Virginie on
the Chioc River, a distance of about 120 mlles from Cumberland, Maryiand.
In 1433 it reached Columbus, ODhio.

The Tirst important surfaced road was ths lancoster Turnpike built
Trom L7492 to 179%: it was a sinty-six mile toll roed running west frow
Fhiladelpkia, Other states immedietely consuructed similar boruapdles.

la1s . ; LA ”
lGllVGr, Hyotery of Aworicen Tochnolesy, pp. 152-G3; Clark,
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Several early bridgebullders demonstrated remarkable akill.
Timothy Palmer built the 'Permanent Bridge" in 1800-05 over the
Schivyikiil in Philadelphie which replaced a log-pontoon crossing.
Theodore Burr tuilt the Trenton Bridge 1n 1805 and the 360-foot
STaN over the Susquehanne at McCall's Ferry in 1815. The latter
wes scon destroyed by ice. Lewis Wernwag bullt the 340-foot
Colossus Bridge over the Schuylkill at Fairmount in 1812, but it
was destroyed by fire in 1838, These ploneer bridge projects wers
not constructed scilentifically, aEd the proper anelysis of strosses
did not eppear until mid-century.

X PRE-CIVIL WAR PERIOD, 1830-1860

Colt Revolwver,

Samuel Colt (1814-62) was born in Hartford, Commecticut. At the
age of sixteen Colt went fto sea as & szilor froo Poston te Caloutta,
On the voyage he whittled s wooden model of a revolving pistel. He
igter deviged g methed of revelving & cylinder conteining cartridges
and of locking it into aligoment with a Fixed barrel. He automatically
rotated the oylinder and cocked the hammer by the same action. Colt
took out patents in Englend, France, &nd the United States, and by 1836
hed obtained Tinahclal support, establishing the Patent Arms Company at
Patersom, Mew Jersey,

Colt failed in his gttempts to have the government edopt the
revolver, The original Colt was sold to frontiersmen fighting in
the Seminole Indian Wasr of lBET, and elso to Texas Bangers. The first
model was called the Colt-TFoterscon Revolwer, (olt's second model was
nemed the "Walker Colt" affer Samuel H. Walker, Captain of the Texas
Rangers, who had suggested m trigger guerd and o Loading lever. The
Texas Fangers Tirst used the Colt Hevolver in the Battle of the
Perdernales against mounted Comanches,

1Gliver, History of American Technoloey, bp. 175-80; James X
Fineh, The Stéry of Engidecring (New Lori: Anchor Bocks, ) ,D}ﬁ
pp. 250265. Tewie Wernwag operated a mill on the Island of Viiginina

at Harpers Ferry in the 1820s.
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In 1842 the Fotents Arms Comrany became cankrupt, btuv Celt was
rble to regain his patent which ke had relinguished to the comrany.
Finally during the Mexican War the Colt Revolver was accepted by the
povernment, Eis first order for one thousand revolvers Wele manu- |
factured in Uhitney's Tactory. Vhen the crder was completed, CJolt :
opened his own fmctory at Hartford. Elisha K. Root supervised bullding :
of the new factory and its machinery. The Colt factory becamc the
*ending arms factory in the world and 1t improved upon the mess produc-
tion techniques of Jphn Fell, The Colt Revolver alsc Tacilltated the
settlement of the Ureat Plains bessuse 1t enabled the whites to Tight
the Indlan on horschack.l

Vulcnnlzation of rubber,

India rubber became a creze in the United States in the early
193075, In 1833 E. M, Chaffee of Doston and others esbablished the
Roxbury Indis Rubber Ccmpony. The company manufactured caps, shoes,
coats, wagon covers, and cabin covers. Other companies were orpganized
in Massechusetts and Hew York, bubt the mrodnets were scon reduced to a
molten state. Dharles Geofyear {18G0-60), an amateur invenbor, begun
ecxperiments to improve rubber when the sp-called "India-rubber fever"
was subsiding. ffter several veers of disappointment, in 1839 Goodyear
accidentally discovered the process of vulcanlzation. Further experi-
sents enabled Gociyear to produce a new stretcrable material which was
resilient, waterproof, and an excellent insulator. In 184Y he patented
the process, His inventien was applied to meny uses =nd became an
important item in industry.

Sewing s=chine.

alter Hunt invented several items between 1832 and 1859, Arong
these were & pachine for raliing nails and rivets, iee plows, a repeat-
ing gun, velceipedes, and the safety pin. In 1832 in a Wew York Cliy
shop he bullt a sewing rachine erdodying the eye pointed needle and
the shuttle. Kunt gave up his ldea in 1533; lzter he atteopted to
cbtain a patert, but % was denied on the ground of abandonment,

Bepinning ir 1843 Elias Howe (1319-67) worked on the design for
a sowing machinc., Fowe was assicted finsncially by Georpge Fisher, who
rrovided s home Tor Howe and his family in Coambridge while he pirnduced
his mzohine., The sewing machine patented by Howe con September 1G, 1846,

1Roger Burlingare, Machines That Built Arerica, pp. 82-94;
Holland Thomeson, The Age of Invention, pp. 187-91; Ualter Prescott Vebb,
The Great Tlains (Posteon, 1931), pp. 270-T9. Also see Uebl's arlicle,
The Seory of oome Prairie Inventions," Nebrasks History, XTIV
(Dew., 1953), pp. 23%-35.

]
“Phempson, The Age of Invention, pp. 157-Th,
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was the real begirning of the sewing machine industry in the United
States. However, Howe's pechines were never Fut on the market. Unable
to secure capitel et hame, Howe went to England and sold his English
patent to a corset manufacturer.

Improvements Wers made on the sewing rachine in 1859 by John
Bachelder ané in 1850 by Allen D. Wilson. On Avgust 12, 1651,
Isanc M. Singer (18911-75) was issusd a patent for a sewing machine
conctructed from his own desipn, While Singer's machine was a2 decided
improvement over Howe's, he slso usged an eye-pointed needle. [Howe sued
Singer for patent Infringecent. After winning his case, Howe agreed to
e pooling of sewing machine patents. Seven corpanies fermed the pool
and Howe received a royalt)y for every mathine scld. Later Sipger in-
vented several devices which further inprovedé the sewing machine, waking
it useful to industry and a houschold necesazity,

Transpertation.

Eefore the pdvent of the railrgad the principal monufacturing
centers of the United States were located near the coast or near
navipable waters. As early as 1786 0liver Evans of Philadelphia had
abterpted to obiain the right o orerate "steam carriages” in Pemmsyl-
vania and llaryland. As related in tuhe previous chapter he lad demon-
strated in 19CYH tha®% e siesm carrisge could run,

The greetest exponent of adepting the stean locomolive in America
wes the inventor, Joilm Stevens, who had built a practical steamboat In
1808, In 1415 Stevens received the Tirst railway charter in the Unitcd
Stetes Trom the State of New Jersey, ihile George Stephenson was still
experimenting with steam on the Stockton and Parlington Rallway in
Englard, Stevers built & rach-rail engire, It was propelled by m cog-
wheel engaging a rack bolted to the tiez. Inm 1826 Ztevens bullt a cir-
cular reflrecad track at Hoboken. He operated an experimental loco-
motive with a maltitubular boiler vhich he had invented.

The Tirst locomotives used in the United States in & commercial
way were imported from Ingland. In 1527 Horstic Allen imported a
Stephenson locomotive, the "Stourbridge Lion.” A trial run was made
on the trackz of the Delaware and iudson Canal Feilroad by Allen as
engineer, The locomotive drove over the rood successTully, vut since
it was too heavy it was scon withdrawn frot service,

¥parwhile, in 1827 the Maryland legislature suthorized the Esltimere
and Ohio to build & railroad. Peter Ccoper, owner of the Centon Iron
Vorks in Paltimore, designed a small loccmobive called the "Tom Thumb,”

lJGhn 4. Bosherd, "The Sewing Machine,” in Science and Invention
edited by la Fellette, pp. 339-3C: Peter Lyon, ' Isaac Slnger and his
uonderful Sewing Hechine,” Anericen Heritare, TX (Oect., 1058},
vy, 34-38, 103-C%,







It liad one cylinder, weighed one ton, cnd had between cre ahkd che-
and-a-half horsepower. In August 1830 it drew a car with passengers
on & 13-rile track frem Daltimore to Ellicott City. In Jamuary 1831
the "Best Friend of Crer’eston" began operation on the Charleston
and Hemburg Railroed, The engine was designed by Heoratic Allen, whe
had left the Delaware and Hudscon. The locomotive was bueilt by the
West Foint Foundry ab Cold Springs, Mew York. It pulled Torwuy pas-
sengeys in four cars; later this enpgine exploded. Allen next de-
signed the “South Carelina" mounted on two pivoted trucks which per-
mitted the wheels to follow a sherply curved track, This fdes was
an inportant Arericen lonovation and inventlon,

on Augnst 9, 1831, the "'De Witt Clinton,” the most lamous of
pioneer American locomotives, was tuilt at the West Point Foundry for
the Fohac and Hudson Railrosd. It ran from Albany to Schencctady
and wlth three coaches of pessengerc it went fifteen miles an hour.

In the early thirtiles Matthias ¥, Beldwin {1795-1866) studied
Englisk loccmotives and then constructed "G1d Ironsides” for the
Thiladelrhie, Cermantowm and Horristown Bailrcad. This engine was
modeled after the British type, but Isldwin scon Legan to use his
own concepts in locomotive development. By 1839 Baldwin had built
120 locorotires,

In addition to improvements in locomotive designs Americans
irgroved train degipgns as rolling stock began to lose its stage-
eoack and rail-wapon appearance. American locamotives were made
lighter and speedier, %Wooden rails, protected by only thin iron
straps, were replaced by more durable iron rails. In the 18k0T s the
experinental stage of the railroad was cver. TRoads were combined
into through routes. By 1860 reilroads extended as far west as the
Mississippl. From 32 miles in 1830 yailroad milesge had inecreased
ta 30,626 miles in 1860,+

After the successful venture of the stcamboat New Crleans, a
rumber of improverents were made o American rivercraftt., sis early
as 1812 Daniel French and Henry Miller Shreve (187541851} began to
build stearmbeats in Erownaville, Pennsylvania, on the Monengahiia
Biver. In 181k Shreve azquired an interest in one of the ploneer
stocambeats on the Mississippi., In 1813 he deeiened and launched the
washington, the protoype of the western river steamboat, with shalleow
draft and high-pressure engines mountced ¢n deck., Steam navipgatlon on
the Mizgissippl and Ohio rivers thereafter became practical and steom-
Yorts gssisted in opening the West.

anldLmar Facmpffert, A Popular History of American Invention
{Mew Yerk, 1924}, Vol, I, vh. 3-G7 relates the story of fmerican
railrcading. Burlingame, March of the Iron ien, pp. 2hb-92: Thompson,
The pAre of Inventicn, pp. TiH-53.
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Technological advances were also made in ocean craft, In 1816
packst lines vegan plying between the United Suatesp and Lurope. By
the 1930's regular =zallings were run between Doston and Thiladelphia.
The packet ships developed a new desirn., The dreg alt was sliminated
and the ship was able to sail on more even keel. In 1839 the Roscious
of 1009 tons, the largest packet ship yet built, appeared.

I lBhE the first of the aszival clippers, the Raichow, was launched
for tke China trade. Th= nawzal architect, Jobn ¥. Griffith, designed
Lthe vessel Uhlch was the epriiest large ship of the extremely hollow Low
type. The mos famﬂus of the c¢lipper buflders was Ponuld HeKey {1310»80},
who built 160 vessels dn his Cest Doston yards, Avong his speedy elippers
vere the Flyipg £leud, Soversign ¢ the Ueas, and Great Hepublic. e
cllppers were Lﬂbdgﬂd in trade witn California and the Fer Cast. Uik
treir speed and large cargo caracity *hey enjoyed a brief but gloricus
EUCCESS.

The first ocean steamship was the American built steamer Savennakb,
On ¥ay &5, 1819, she seiled from Zavannpah Tor Liverpool, making the
Tassage in 25 days. A combinalicn seil and siear shir, she wag equipped
vith awxiliary steampower, The Dritish werc the Tiret to develon sub-
sddized steamship lines. ITa 1845 Congress finelly rassed a mezsure
pgrapting wail contracts. Two years later EBEdward K, Ceollins and hils
associates were pranted a m=il contract between Hew Yorik and Liverpool.
Collins engeged the naval sychiteet, George Steers, and four paddie-
wheel steamers modeled pfter pachket ships were bailt in the yerds of
tilliam #, Brown and of Frown & Bell in Hew Yorlk. The wessels powered
with 20C-horscrower steam ongines averaged 316 miles in a day. With
ihe coming of the Calirornia gold rush twoe lines of steamers were onened
to Tanara by Gecrge Law and William il. Aspinwall., In 2 ten-year veriod
the Facific Mnil Steamship Cempany carried 175,000 persons to Califarnia,

Jobn Fricsson {38C3-89)}, the Swedich engineer and inventor, camc
to the United States in 1839, Fricsson had experimented with steorn
rropellers in Tngland.  In 1937 he built a screw steamer which was
Jaunched or the Thames, He also designed a (0-horsepower engine for
the iron screw steamer, Robert F. Stcoekbon which sailed scross the
ftlantic in 1839 and was used ms o tug btoat on the Deleware and Raritan
Coonl.

Fricsson's acgueintance with Captein Tobert F. Stockton of the
United 3tates Mavy was o faclor in his selection to superintend the
Tuilding of the U.5.5. Frinceton. The hull of the vessel was built at
the Fhilagelphia Tavy Yard and the wechinery by the eogineering Tirm

1D‘iver, History of fmerican Technology, 7o. 191-201; Carl O,
Cutler, Oreyhounds of the Scar The Story ol the ﬂnerlﬂan Cliprer
Slidp {hcw Yorn, 1930}, po. Br-lﬁé Man viliers, '"The Drive Tor
“peen at Sea,” Arerican Heritzge, VI {Dcn., 19H§3 op. =83, 100100
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of terriek and Towge in 1852 and 1843, The OSheton vessel was 164
feet long and had a 305 Toot beam, Tts original serew propeller was
anowm as "tke Ericsson” and consisted of a cast brass hub with six
arms. In 18LS the eriginal propeller was replaced by = six-bladed
screw withcut any supporting drvm. The Princeton was the First screw
steam warshir and also the first wership In which 21l machirery was
belawr the water line, A traric accident, causing the death of koth
the Secretary of Favy end the Seeretary of #ar aboard the Primecton,
was caused by a pun exnlosicn, Although Tricszon was blareless, the
Iriendship betweer Captein Stockton and Sricsson was broached.  Hore-
over, Stecckton tended to take credit for Ericssen's Inventicons and
Lricsscr was never paid Tor his services whick in reality merlied the
beginning of the steam navy of the United States.t

Corrmnications.

In 1828 Robert Hoe (1784-1533) built the irst cylinder nress
in the United States. With his son, Richard ¥. Hoe (1612-1885), ke
made several other improvements; in 18544 they devized the rotary
combined cylinder press. However, with the beginning of the first
Neny nevsraper in 1533, & opeedier Lress was needed, In 1847 Richard
Hoe invented the revelving nress, Thirteen years leter newspapers in
large American cities relied orn the Hoe Lightniag pregs. The inven-
tlons cf the Hoes wade poassivle the rodorn newspaper.”

Joseph Henry (1707-1878) was the scientist Lehind the invention
of the telegraphk. In 1831 he published the results of his researches
o the desipm ard conatruction of electromagnets. Four years later
he domonstrated the electromegnetic relay vriaciple. Henry sent
currents from a meltiple cell bettery throuch e mile wire fto an
clectris ragnet which rang 2 eell.

Ir. 1537 Saruel F. B. lorse {2791-1372) became interested in
Sransmitting sipnals and messages frov a distance. Horse concelved
a telegraph, and was assisted by Joseph Henry, Profcocor leonard D, Gele
of Colurbiz University, and Allred Vail., 1In 1837 iiorse bopgan Lo give
successiul demenstrations. By 1843 he gainzd Coagressionsl suppord
ard ;30,000 was appropriated to bulld a telegraph line between Vashing-
taon and Faltimors. ©On May 24, 184, Horse transmitied Lis firct
mesoame over the clectrecmapnetic telegrapd.

Irrany . Bennett, The Stogm Havy of the United Dtates (Fitts-
Yurgh 1893), pp. Gi-Th; James I. Dexser, 5rd, The Tnivodusiion of the
Ircnclad Usrship (Cawmridze, 1933}, Tp. 12-16,

o
“James H, Collins, "The Story of the Trinted Yord,” in & Popular
History of Jfmcrican Inventions edited by KaempiTert, Woi, I,pp.EhJ-SE.

3Eogcr Burlingamc, Scientists Bekind the Inventors (Mew York: Avon
Bock, 1060), rp. 42-5%; Theras Cowlsun, Joseph licnry, Fis Life and lork
{ Princewon, 1050}, pp. 208-34; litekell Wilson, "Joseph Ienry' in Lives

i1 Seierce odlted By Dennis Fianagan {Hew York, 1957), p. 141-53.
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Apricultyral implements.

fmong the many advances in agricultural technology in this pericd
ware the steel plew and the reaper. In 1837 at his blacksmith shop in
Grand Detour, Iliineis, Jokn Deere (13CL-86) invented a plev of saw
steel, Since saws were scarce and cxpeansive, he at first irported
steel Trom Germany, At o later date he was able to place an order
for steel with e firm in Pittsburgh. Deere's plew furrcwed the sticky
I1linois soil guickly with an econcmy of lsbor, In 1843 he gdded &
foundry te his chop, enabling him and a partner to manufacture G0
plows. Feur years later Deere moved to Moline, Illinois, and increzsed
his mnnual producticn to 70O plows. In 1857 his firm attained ax
outrut of 10,000 plows, OCiker renufmcturers besides Decre turned cut
steel plovs on a factory bLasis and they vere widely used in the prairies.’

The wmost significant agricultural ipplement invenlbed in this ere
was Lke regper. The successful rezper invented by Cyrus Hall MeCormicl
{1509-584) vas the twenty-third American reeper thal was patented.
leCorsick devised seven icporiant principles, One of these was to have
the horse drawv the machine from the side. Ho also had a knife, divider,
fingers, reel, platform, and wheel. The moving narts vere geared to the
wheel to makc “hem autcwatic, Mis first triel was made in 1031 on the
tamily farm in the Valley of Virginia., After meking improvements,
MeCormicl obtained his first patent in 1834, He sold his first mechines
in 3840, and in 38944 he esioblished a small Factory et Drocwport, Hew York
cn Lake Erle, and one in Jineinnatl.

fo capitalize on the preirie marich MeCormick opened a larpe Tactory
in Chicago in 1B47. At first he formed a parinership with uilliem i
Ogden, but socn bougat im out. Ry 1651 YeComick was producing one
tliousand reapers a year, During the Tirfties MeCormick tecame rich,
His reaver won the grand frize in 1851 at the Londen Expositicon, and
by 1359 he nad manmufactured 5C,0C0 reapers. The significance of the
reaper was that it made grain-groving on the prairies possible, Durirs
the Civil War it freed Jorthern manpower for the srmies, end it .en-
abled ithe Horth to feed part of Hurope besides its own people.”

1otiver, History of fwerican Technolemy, r. 22%; Regin, The
Introdueiion of rarm Machinery, nh. 35-3.

FRogin, po. B4-93; Ldward J. Dies, Titans of the Zoil {ClLapel
Hitl, 1949}, me. 77-83.
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¥I CIVIL %AR FERTOD, 1861.136%5

Ares and weapons.

In the first part of this study wention bag already been rade of
thie cxperiments with balloons and ircncleds during the Civil wWar,
Upon the cutbresk of the war five canmon factories existed in the
aorth: atSouth Boston; Cold Springs, LuY.; dhe Ares Foundry at
Chicopee, Massachusettz; the Pheenixville Foundry outside Phil-
adelphia; and Pittsburgh, Pa. By 1863 aither factories were buils
at Frovidence, Boston, Portland, and Reading., The West Foint
Foundvy st Cold Springs, Yew York manwfactured the Parrott rifled
gur. 2nd the large Redman smoothbore guns were cast a“ the Fort Pitt
Foundry in Fittsburgh., In 1849 Lisutenant Thomas JelTersen Rodean
had devised a process Cfor cotling the large cannon cast hellow ad
the ¥ort Pitt Foundry. In 1861 Captein Robert Tarker Parrott ine
venicd 8 rified cannon which used ¢ylindro-conical shot, The Uest
Point Foundry, at Cold Springs, N.Y¥., of which Parrott was president
supnlied the govermnment with these big guns auring the war. Charles
James of Fhode Island and ZBenjamin Hotchkiss also experimented with
rifled coannon and rifled projectiles. While some wilitary leaders
at Tirst opposed the acceptancse of rifled cannen, exrerirents with the
new cannons convinecd President Linceln and the people generally that
they were superiocr.l

¥

AL the beginning of the war the Horth hsd two Fedewral armories at
Springfield, Massachusetts and Harpers Ferry, Virglnia, that could
manufacture small arms. The latber was burned by the Unicn Aromy on
April 13, 1861 to prevent its capture, but Virginia state troops werc
able T2 sirip it of some wachinery which was talien to the Richmond and
Fayetteville Confederate arsenals. In Hartford, Connecticut the Colt
Amme Vorks and the Skarps Rifle lierks ineressed their production of
smell arme. Other private amrories in the north alse vestly increased
their capacity during the war,2

A numbher of advances in weaponry were made during the Civil War,
President Lincoln, who was anxious to take advantage of the Horth's
superior technological abilities, pecame rarticularly intervested in
ordnance. For exarrle, Linceln ordered machine guns calied "the

;
“Clark, History of Mapulaciures in the U.S., Voli. II, pp. 16-17;
fruce, Linecoln and the Teols oif lar, Tp. L47-50.

b .
Clark, Mistory of Manufagﬁures in the V.o, Yo, IT, g 20-2%,







Union Repeatipg Gun,” This gun is sald te have been invented by
either Edward Mugent or Villizm Palmer.l On Jovember 4, 1862,
Richard J. Gatliag (1818-19C3) petented his invention of a rapid-
firc gun called the "Gatling gun.” This multibarreled machine gun
was crank-cperated, Toward the erd of the wer it was used by
Admiral Forter and by General Butler, bub it was not officislly
adopted by the United States Army until 1866, 7

Tresident Lireoln was zlso interested in submarine inventione.
He endorsed a submrerine built by a Frenchman, . Brutus de Villeroi
and he reccrmended consideration by the Favy of a tubmarine nrorosed
Ly Qliver B. Pierce. The Hevy alsc cxamined a submarine model devised
by Fazcal Plant, Lut it was not accepted, A rocket torpedo ipvented
bty Flant proved to be a similar Tailure in a demonstration,

Transtortation and cormunicaticn.

The Civil War was the first war in which the railrcad was used
as @ wegpon to give armies mobility, General D.C. MeCallum ddrected
the Union's militaryr railroad operaticns. During Shermen's rmarch
througl: Geergla in 1864, MeCallum wez able to deliver 1,600 tons of
war moterials each day. The electric telegrarh was also adapted 1o
military purpecses. The Union Army developed an electrical cormuni-
cation device called the Beardslee ragneto-zlectric telegraph set.
It was portable and could signel over several miles, The instrument
wes developed by George ¥W. Beardslee and adepted by Albert J. Myer, thz
Unicn chief sipral ciTicer. The "Flying Telegrarh Train” consisted of
tuwo Besrdslees in two wapons along with band reels, five piles of
insulated wire, and 200 lance poles. Although the Beardslee sysiem was
surcessiul in ﬁhe Eattle of Fredericksbturg, it was discarded in
Hovenber 1863,

I'ood and olothing,

Purchases of clothing and boots and shees for the Unden military
forees stimulated mapuTacture of these items. The sewing rachine was
introduced into Lhe profucticn of uniferms and ghoes, The shog Iindustry

1Erucs, Lincoln and the Tools of Yer, bp, 113-23.
2

Tvid., »x. 260-91,

31via., po. L76-78.

4 .

Ewsene Fo Hort, "Sevolution in Tecknoicgy arnd logistics,” army
Digest, VI (Aug., 1961}, pp. 100-13; #avi Bontner, TTT, The Civil
ar Dictionary (Hew York, 195%), p. Gh.
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changed [ro household o Tactory manufzeture, A mechanliesl device
for sewing the uppers to the scles with great speed was first patentsd
by L. K. Blake and later inrroved by Gorden McKay. The MeKsy sewing
rachine was put on the market in 1BA2., It ennbled & worksr to sew
severel hundred peirs of shoes in a day.l

illlam Underwood, an Anglishman, Introduted the eapning industry
to the United Btates. Shortly after his arrival in America in 1817,
he established a business 1n Hew York where he precerved fruiis and
pickles in glass Jjers, Xn 1825 Thomas Xensett began to preserve
oysters and fruits in a tin canister, irtroducing the term "cenning.”
The canning industry was not importart uwntil after 1850 when the
cortrereial canning of oyetere and fruits started in the Paltimore area,
With the decline in the price of sugar zhout 1860 the industry was
appreciably stimulated and salmen canning dsveleped in Califernie, and
then on the Columbim Riwver 1B6L-6T,

I 1361 Gail Zorden opened = factory in Wassale, Hew York, where
ke ocondensed and canned milk, The Undlen Army comandeeresd the entire
outeut for scldiers. As a resullt of igprovements ip canning fruits and
vegetnbles were carmed. 2

The Civil War stimulated the inventive genius of the Areriesn
peaple, At the heipht of the war etffeort mwore patentes were issued in
the Morth than ever before in the entire ccuntry. EBExpapnsion of the
apgricultural implement, food processing, cliething, and shoe industirics
gave an inpetus fo new inventiens, To selve the problem of labor
searcity many labor-saving wachines werce devised. The Patent Report
Tor 1863 indicated that 40,000 reapers and mowers were marufactured
and sold for that year. The PFaltimore Farrer and Mechanic estimeted
that 55,??5 reapers and 33,025 mowvers were manufactured for the 1864
harvest,

Cordaderate torpedo and submarine wvarfare,

The preponderance of Union szea power cavsed the Confederate
States to reply upon the use of torpedoes, mines, and subrarines
in an effort to compensate for its lack of a navy. Matthew Fontaelne
Maury resipghed from the Howval Cbservatory Tollowipng the secession

lClarh, History of Manufactures in the U.S., Vol, II, pp. 32-33;
Emerson D. Fize, Social mnd Industrial Conditions in the Horih during
the Civil War (Hew York, 191G}, pp. co-92,

®Cliver, History of Arerican Technolemy, pp. 71, 281; Clark,
History of Manufactures in the U.B., Vol. II, p. 33.

3Eite, Social and Industrial Conditions in the Horth during the
Civil Uar, pp. 99-1007 1Epin, The Tnfroduction of Ferm Wachitery,
Pp. 91-92.

e






cf hic netive Virginia, He dovised a plan for & syster of torpedo
deferse and persuaded the Confederate governrent to appropriate

450,000 for a paval submarine battery servica, "Torpedoes or mines
were planted in Southern harbors for defensive purrposes. Mine warfzre
took 8 toll of over twenty [ederal warships, but shortages of materials
and insulated wire hampered Confederate torpedo mamulacture.

The Confederate States experimented with several subharines, but
they proved impractical, The Fioneer built Ly private partics sunk
Auring & Mve., A second submarine surk in shallew water, A third
submarine, the Huntley, synlk the U.S.5. Housatenic off Sumber on
February 1h, 186L. However, the Hunley became caught in the hole
that ner torpedo had %orn in the Housatonic and she weni dowvm with ber
vietir:, The Hunley was the first dgep subrersible. Her hull was a
boiler and she had diving fins and bellast tanks, A crew of eight
powecred the vessel with a hand-cranked propellor,

XII TIHCUSTRIAL ACE, 1806-1913

diecl indusiyy.

Tn 18357 Williar KEelly {1811-83), of Kentucky, an Smerican irone
raster and inventor, had ratented a process for zaking stecl inpedpen-
sively by blowing air through molten vig iron to oxidize bhe excess
carbon and other impuritiecs. KEelly romad his proces: "pneumasic” ov
airblewn.” An Englishman, Sir Henry Bessemer, bhad discovered the sarc
process in 1854, Bessemsr added six cpenirgs near the bottom of bhis
copverter through which air could e blown up and inte the molien
petal, YWhen Bessemer applied for a patont in the United States, Helly
protested and in a court mction Dessermcr failed Lo obtain an American
patent, In 1862 the Cambria Iron Works in Jolnstown, Termsylvania,
engaged Kelly to build a econverter. A dewonctration proved that the
converter would work, but no steel was wade. In 1804 the Kelly

Imniel frmen, Whe Fewy din tie Civil Uar: The Atlantic Censt
{Mew Yerk, 1898), pp. W0, 1k7-%3, 157-60C.

Ztteholl Vilson, Arerican Science erpd Invention {Hew York, 1954),
. 210-11; this hook has plciures of the supmarines zs does Theodore
Roseoe znd Fred Freeman, Ficture History of the U, §. Nawy {Hov York,
1956), nos. 811-16.
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Fnevratic Process Cowpany, orfunized by William F. Darfee, tullt a
converter in Wyandeotte, Michigan, whera steel was made. About tne

sane tire Alexander ¥. Holliey of Troy, Hew York rade stesl in an ex-
perimental way under rights acouired from Bessemer in 18G5, &
threatened pateat ver was averted, when Holley Ecught the Kelly paternts
and corbined the two processez, In 1207 the [irst steel rails rolled
in the United Sftates were pade at the Copbria Works in Jobumstowm,
larpe-scale produsticn of stecl Ly the aew rethods was guickly extenrded
in the early seventies,

Following the intrcduction of the Dessemer precess, improved blast
furnaces were built., James Gayley (1855-1920), an Arerican inventor
and mctallurgist, invented a bronze ceocling plate for the walls of
last furnaces vwhich was patented in 18%91. Three years later ne in-
vented the ary-air blasi.

In 1388 Abram 3, Hewlitt introduced the omen-heerth methed of reking
steel in ihe United States at the Coorer Hewitt Company in Trenton, At
Tlrst there was little demsnd for this type of stecl which was more
ceshly and Iimited in usze. JAkovt 1873 technizal Improverents were iniro-
duced which increased the capacily of open-hoerth plants. In 1352 the
United Stetes rmroduction of open-heertll ingotis resched GTG,QCD tahs
comparcd with 4,120,000 tons of Tezgemer stecl. By 1900 the apen-hearth
Plapts rroduced gvrer bell the ltonnope of Bescerer steel, The superiority
af the open-heartl process was due to the fact that it could emplory a
greater variety of ores and also becausc open-hcarth steel was toupher
than Besseper stecl. By the end of the century the United Sintes led
cther noations in steel sroducbion and the Jfurerican econcry vas based
upon stesl concuwptlon, which wes utilized in making raills, locomotlves,
shipa, and skyserapors.

Petrolen.

In the lote 1840z a feuw individunls searched Tor an inexpensive
illuninent as o substitute {or wiale oll because ol the high price
charped by the Hew Bedford imalings interestes, In the United 3iates
Abraz Gessner had distilled oil from ceoal as early as 3840, end he took
oub & patent Tor an fmproved iilucinating oil in 1954, Cescier called
Fis groduct "xerosene,” but it was nov pepolsr because of its smcll,

i the 1350's Colonel A,Z, Ferric madce an atteont to devise & lamp whick
would burn petrsleunm. A6 this some time Senuel M. Kicr waz selling ree
Tined potroiewm: from his sald wells Tor medicinal yuryescs, In 15854
George A, #ezell and Jonathen G, Eveletil, twe Ilew York lowyers, began
te nrosrect Tor 9il in Peansylvania, Two years later Disserl coneedwed
Lhe iden of driliing wells for oil. <In Hareh 23, 2858, Disscl and
Lweletl formed the Senecs CiY Cerpany and enpogzd Colonel Zdwin L, Dralke

lOL:iver, History of American Techzaolomy, P 3120 Clark, History
of Farufeetures in the U, ., Veol, II, pp. 23:-"49: iloper Purlingame,
Fapines of Domoorscy: Twventichs and Zecielby in Mature America {Few Yors,
1he ) pp. SheTE.







as field superintendent. At Titusville on 04l Creek Drake started
for oil, but his workers were flooged by water. Drake next decided
to drive an iron pipe through the water, quickssnds, arnd clay down
to bedrock, OCbiaining the services of wWilliam A, Smith, who had
drilled deep salt weils for Saruel M, Kier, Drake &rove 49 fest of
pire to bedrock. Affter cleaning this out, the workmen drilled to

a depth of 695 test. On August 28, 1859, = vein of 0il was struck.
"Drake's Folly" started to produce O barreis of oil a sy ernd the
relroleum industry was started. As the industry exXpanded oil purps
were introduced. In 1864 Colonel I.A.L. Roberts patented a torpedo
which vas used in "sheoting” wells, Many teols were irvented to solve
vhe problems of oil production, TFor exerple, the rotary drill was
deviced in 1902 for usc in the sandy soil of the Texas oil fields,

Hining,

The applicatich of sachinery has been an important fAperican
contribution fto siring propgress. Edvard E. Mattison, a native of
Connecticutl, is sa2id to have invented the process of hydraulic rining
in 1852 or 1853 at American Hill, lccated north of Hevade City,
Califeornia. Wattheson did not patent his process and several California
inventors wade devices for use in the now process.  Scme writersz claim
thalt the process was invented at Yankee Jips in Placer County, Celifor-
nig, Here it was introduced by Colonel William MeClure, Hydraulic
mining Clouriztied In California until about 1883 =nd spread from
this state to other parts of the mining world,2

J. J,~Couch oF Philedelphia,utilizing a French inventlon, mads tye
first rock-4rill 4o e Undbted States in 3300, It wmz operated by stean,
but apprarently did nov function well, With che assistenece o &

Bostor inventor, J. . Fowle, he improved it., Couch and Fowle built
a rerfected drill in the railrosd shops of Fitebburg, Massachuzetis,
Charles Burleigh bought the patent rights in 1866, celling 1t the
Furleigh driil, This compressed air drill was used in bording the
Hoosze railrecad tunnel in Western Massachusetts in 1567, also in

the Colorado mines, and it was later used on the Sutre Turrel to tap
the Comsiock Lode et Virginia City, Wevada in 1874,

After the discovery of silver-lead ore st Leadville, Colorado
it lﬂTT, g mwber of inventors including Simeon Ingersell, A.C. Rend,
Georre Githens, and Herry €. Sergeant further improved compressed air
drilis. Abcut 1897, J, George leyner, a Coleorado machinist, invented
the jackhermer. The piston moved un and down arnd acted as a hapgrer,

lDliver, History of Arerican Technoleogsy, rp. 331-44; Guy Z.iitckell,

"Striking Gi1," In A Popular History of Arerican Invention edited by
Kaempffert, pp. 83-1C6,

o

“C.A. Togan, "History cof Minirg and Milling dethrods in £zlifernin,”
in Geelogic Guidebook Alons Highway L0-_Sierrsn Gold Boli {San Frane
clsco; Idvision of Mines, Bulletin i%1, Sept,, 1owb,, p. 31 Bokers I.

Kelicy, Gold vs. Crain; The Hedreulic Minirs Controvorsy din (nlifc o7 's
© s T e TRlendele, 1939), po U7,







The drill was hollow in order that water or air could be pumped throv ™
it to clear away rock dust,t

Bofore the California golsd discovery the stemp milil hed besn
introduced from Europc into the southern Appalachian gold mines.
But the erude Burcgeer mill was rapidly and vastly improved in
Celifornia. By 1558 thers were over 280 quartsz mills in California and
the pumber of stemps in these mills was 2,610. The foundries end mae
chine shops of San Franecisco such zs the Union Iron Works, manufactured
much cemplicated mining machinery., The experience gained in construct-
ing rachinery for the early quarte mines of Coaliforniz and later Tor the
Cemstock and other cines in Kevada enabled San Franciseo machinlsts fo
produce the Linest stanp :i1ls and mining equirment in the world,

Several notable minihg inventicms were also made in San Francisco.
For exarple, Joseph Moore and George %W. Dickie of the Risdon Iron Works
invented the {emous Chellar-Noreross Pump in the 1880's,

In 1860 Philip Deidesheimer of E1 Derado County, California, vas
enployed to timber the third gallery {175 feet underground) of the
Opkir Mine on the Coemstoek. He invented & systen of timbering known
as the square set {timbers lacked together in Lipllew cubes and emch
cube interlocked with the next in endless series) which was widely
adopted among mincrs for use in larse end deep ore chawbers, In 1863
G.F. Deetker of Auburh, Californis obtained a patent for an lnexpensive
chlorinetion apperatus which was an improvement over the process of
serarating gold Irom surifercus suphwrets first discovered Ly the
Germen chemist, Flattner. The farous V-flume was invented bty Jemes W,
Haines of Genea, Wevada in 1868, to transport lumber frem the mountain s
for uze on the Comstock Lode.d

Lurbering.,

Turing the Industrial Ags the irverntions of many /werican lumber.
ren conbtriboted te the rapig rise of ithe luwbering industry. Several
of these inventions were developed in the Far Wegs. The flume was
used to transport redwood logs in the West about 160G, The flume of
the Fresno Flume and Irrigetion Compony had Leen built originally for
irrigation purposes, but in 1891 it was used for corrying lumber from
a sawmill at Shaver to e planing =ill at Clovis, Califernia, a distance
of 6% miles.

1J&meu H, Collins, "Mining Ccoper and the lobler Metals," in A
Fooular History of American Invention edited by Kacmpffert, Vol IT,
FE. GH-TO.

“Lopan, "History of Mining and Milling Methods in California,”
pp. 33-3%; T.A. Rickerd, The Stamp Milling of Gold Ores {Hew York:

2nd ed., 1897}, pp. 35-Tk;y Fodman W. Peul, Mining Froctiers of the Fer
West (H#ewr York, 1963}, =222 T 77 )
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In 1864, John Dolbeer and Williem Carson, two pioneers of the
Californlz redwocd lumber industry, organized the Dolbeer & Carson
fumber Company. The yeer belore Dolbeer had epplied for a patent
on a wechanical tallying rachine, Its purpose was to coont the number
of beard feet cut during a certain psriod, In 18581 he deviscd the Dolbeer
Steam Logging Donkey which ensbled steam power instead of man power and
oxen power to move the logs through the forests, The inventlon,ratented
in 1882 revolutionized logging in the United States, allowing crews to
get the logs to the ailrcad and mills in a shorter time. On December 23,
1883, Dolbeer patented hiz "Imuroved Logging Frgine.” Both his machines
were used in the redvoed region for the next thirty years.

On Movember 23, 1883, Horace Butlers of Ludingten, Michigan obtained
a matent for power log-skidding machinery. This syetem of transporiing
lops by wire ropeways was later improved by Spencer Miller and G. laines
Dlckinson. The Tirst ground skidder with power was operated in the rine
regions near Fiteock, Georgio in 1396, In 1897 W.A, Fleteher of Kirby-
¥ille, Texas invented the Tirst pine logger. Meanwhile, when reilroed-
ing became a vitel part of logging in the 1880's, various types of
locemotives were Aesigned %o meet the Problems of lumbering. In 1835
the first Shay locorotive with gesrs adjusted to give it more drawing
rrer was opnutactured.

Eleectrical industry.

The Elactrical Apge was ushered in following the Civil War. The
Tirst electric lighting to have vecomercial value was arc lighting., 1In
1808 Sir Huphry Devy, the English ehemist, gave the first public demon-
ctraticn of an arc light, An electric current suprlied by & bettery
was passed between two pieces of charcoal. After touching the carbon
electrodes together, Davy drew them apart, forming an eleciric arc
emitting e brilliant 1light., For the next Tifty years sclentists and
inventers attermpted to improve the arc light, bul it remained a labora-
tory instruzent.

3Fotm S, Hitteil, The Comrerce and Industries of the Pacific Ccest
{Ban Francisco, 1882), Tp. #17-24, #429-30, %32; Eliot North, Comstock
¥ining and Miners (Berkeley, 1955}, pp. B9-30.

lroseph Illick, “The Story of Americsn Lurbering,” in A Pobuler
History of American Invention cdited by Kaemptfert, Vol. II, pp. 150-55;
q. brett Melendy, iwo Men and g Mill: John Dolbecr, William Carson, and
the Redwocd Iamber Industry in Melifrosia,’ California Bistoricsl Goriety

Cuarterly, XXKVIIT (Farch, 1959}, ©p. S0=TL.
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Chrrles Francis Brush (1949=1920) was the American rioacer in
the investigation of ape lighting, ATter pradusting in 1869 from
the University of Michigan wlth = bachelor's degrec dn chemisiry, b
opencd an ofTice as coasulting cherist in Clevelana. In his spere
time ke sxperimented with eleetricity, building a dypamo, With the
financial acsistance of (eorge W, Stochley of the Cleveland Telegrazh
Surbly Comvany he begar fo produce arc-lighting spparatus, In the W ori-
shoos of this company Brush Luilt an irproved dynemo and a simplified
are lamp. In 1877, Dr, Nicholas Longworth, a Ciacimpati physician, was
the first toc purchase Brush's single-light generater and are larp which
was used Lo light the porch and yard of his home.  Brush continued to
rake techpnical irprovements and in 1879 the clty of Cleveland intro-
duced street liphting by are lights using the Frush egquipment. However,
the Cleveland experimoni did not lead to the establishment of ar arc-
lighkting company or evel a contracu with the elty.

Meanwhile, the Cleveland Tclegraph Supply Company had obtained
Frush's petents and chenped ifs pame %o the Brush Slectric Company,
This Cleveland company was repressnted in Sen Froncieco Ly William
Kerr, who was promoting the new lighting epraratus on the Pacific
ceast, At San Francisco GQeorpe F. Roe and others incorrporated the
California flectric Light Company. In exchange for stock and a
directorship in this new ccompany williem Kerr relinguished hic
rights to the Brush equirrent. 4 plant wes erected at Fourib and
viarket Strects where the Brush mechines were housed, It began orerabing
in September 1879, and it was the First electrie central station in
the world, A Tire in 1830 destroyed the plant and a new boilding vas
gpercd on O'Farrell Street. In October 1881 & larper plant uas erectel
on Jessie Strect between Third end Fourth Streets. In 1880 a secona
rovertouse was erected at Townsend Street and Clarence DMlace, HMeanwhile,
in 2879 arpd 1830 Drush centrol siations were built in Wew York, Doston,
Fhiladeclpliia, and otler cifies.

Thomas Alva Edison (1647-1931) was born atb kilen, Olio. As a
yaunp telercrapher he toolk Jjobs at several pleces. In 1585 he warked
a5 B rerairman with the Gold and Stock Telepraph Compony.  lHe invented
an improved stock ticker, earning $40,0C0, With this initial capital
bhe started to manufacture stock tickers and telegrephic devices in iew
York City. In 1877 he decided to devote his full time to inventlons,
setting up a laboratory in Menlo Tark, Wew Jersey, and Legan exper-
imerniing with inzandescent lights. For seversl decades scientists had
beoen working with the incandescent larmp, £diseon was anxious to develop

YWareld ©. Fasser, The Flectrical Nanufacturers, 1375-19C0
I:CambridgeJr 1953}, p. 11-21;: Charles M. Colesan, FPuG. and B, of
Talifprnia: The Centonnial Stery ol Pacilie Gas and Lleciric Dompany,
1552-15452 {Hew Yori, 19%2), o, 55-02,
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e light that could be used for hore and of fice illumination since

arc lighting was restricted to strecht and cther large spoce lighting,
itk tle mssistence of Grosvenor F. Lowrcy, the Bdisen Tlectric Light
Ccmpany was organized in 1870 to Tinance the work of the '""fzerd of
Menlo Park." On Octeaner 19, MIT%, ar incandsscent bulb with a filazent
of carbonized cobbton bhread Lurned for Torty hours. Edison's lann
proved mractical end he secured his hasic patent on Januery 27, 14580,
Edison also dezipned awnd manuvtfactured his dynamos, current-carry con-
duits, bulb sockets, z2nd current meters. In 13832 the Tdison Cempany
orened the Pearl Sireet Station in Mew York City which was the first
extensive system of ddstributing slectric power. The perfected lncan-

. |
descent lamp orened an entire new world of electrical rarvels.—

Jhen electrieity was first introduced, a power could only ta
transmitted short distanc=s because direct current wasz erployed,
George Yestinghouse (1046-192L)Y and bis accociates introduced alter.
netirg current whereby the fleow of cuorrent could be increaszcd or
decrezsed by a transformer. Westinghouse gbtained the rvetent rights
of a "secondary penerator” invented by two Furcpeans. In 2820 Willism
Stanler ond other engineers at a Vostinghouse lzboratory in Great
Larrington, Massachusebis deviszed an altermating-current lighting syoten.
Shortly thereafter Fittcocburgh and Duitalc installed VWestinghouse gtations.

Geocrge YWestinghouse also developed alternating-current woiors which
were widely used by 1890 for industrial purposes. Thae infroduction of
the cteanm turbine in the 1690's lowered the cost of electricity and ex-
randed ivs use in fectorics. Electrical cncrgy conizld now e transmitted
preat distances Fror larger cerntral stations,

Apricultural technolomy.

James Oliver (1923-39¢83), an industrislis®, was born in Scotland.
He coame Lo the United States in 1839, settling in Irdiana. In 18368
he secured a vateni for making a plow {rom chilled iren., This plow
rroved supericr to the cast-iron plow. When Besserer steel was intro-
duced, O0liver used steel Instead of iron in ranufectaring piovs at his
works. JAbout 1864 the sulky plovs carried on wheels were devised and
produced oy F,3. Tavenrori and Bolert Hewteon on e commercial scele,
In 1865 F.C. Ffeil invented = pang or riding plow with an operator's
seat,

1Gliver, History of Americen Technelogpy, DR 363-50; also see
Hatthew Jopephson, Edison, A Biopranny {Hew Yarl, 1959 ).

2011?ur, History of &merdican Techhelomf, »r. 353-50: TFassner,
The Mertricnl FATUIBCLUTETS, do7o-1900, yp. 310-13
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After 187L irmproved corn planters and grain drills assisted
fermers in incressing thelr screage. In the seventies many improve-
ments were made in the reaper. Automatic binders were Introduced;
the wire binder was first used in 1873, but it was socn rcoplaced by
the twine binder. By 1880 3,000 twine binders had been marketed by the
William Deering & Company of Illinpis,

The combine, & comblned harvesier and thresher, became an im-
rortant technalogical advance in grairn hervesting in {elifornia
durirg the 1930's. The first corbine used in California was probably
the rcachinc belongirg to George W. Leland, who harvested 6C0 acres of
wneat in Alameda County with a corbine in lBSh. The rroduction of vastly
improved combines began at Stockton, Cnliforais in 1876, By 1856 seversal
types of combines were used in the Sacramento Valley and in the San
Joaguin Valley of Celifornia,

The last frontier of the American West, the Great Flains, was
opened in the peried belween 1870 and 1890, fmong the inventions
that essigted in orening this sub-bhusid aren was barbed wive. A
comzercially praciical wersion of barbed wire was imvented by
Joseph F. Olidden, a farmer of De Kall, I1linois in 1873. His patent
application vas disallicwed at first, but finally accepted on Noverher 24,
187k, Glidden was not the sole inventor of barbed wire, for there were
several who had invented varicus types, both practieal ard impractical.

Glidden twisted togebher two sirands of wire so thet they held
pointed wire tarbs al short iatervals. He began rroducing barbed
wire fencing in 8 smal® faetory a2t De Kelh in 1874, The wire manu-
facturing Tirp of Washburn and Heoen of Worcesier, Massachusctisz bought
ints the Glidden enterprise and began rass producticn of wire fencing
in 1876, While barbed wire feneingz solved tke problem of e lack of
timber on the plains, it was also a significant factor causing the dis-
appearance of the cattle kipgdom. In addition to barbed wire znd Im-
proved farn machinery, certain modifications made in the windmill in
the 187C's also facilitated opening of the Great Flains.®

Food technolosy.

Hichelaz Apperi, a Partisiar chef, invented a process in 1804
for preserving food in hermetically sealed plass containers, His
procesc spread to England and the United Siates, Ezra Dagrett, gbout
1819, wes probably the [irst American to utilize this procezs in this
ceuntry, and kis son-in-law, Thomes Xennett, secured patents. At first
Tood was prescrved in gless Jars, bubt after 1823 tin cans were used,

1. . .
Uliver, History of Americsn Technolesy, ©p. =57 Fcgin,
Introductjoﬁ of Farm Machipery, rp. 110-20.

“uslter Frescott Webk, The Greet Plains {Foston, 193%), pp. £95-
218 ard "I'he Story of SOFC Frairic Inventions," Hebraska Eistory,XEXLlV
(Dec., 1953), pp. 229-43,
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In tke 1850's a mechire press te cut Lops and botiars for cens vas
invenced, UUsuelly the food wes puft through a hele in the top which
was soldered over a cap. In 1876 the Howe flczier was designed which
rolled the cans. This machine used solder, hut toward the cnd of Lhe
century the can becape solderless. By 1885 the mepulacture of cans
becare a separate indusiry. While canneries were established through-
out the netion, they were concentrated in California and kMaryland,

The problem of feed ferventation was solwved in 18?5, wnen I'rofessor
Henry L. Fussell ccmpleted his experiments to eliminate the svelling
and mmpleasant odors of canned Tocods.

In this peried refrigeration was also develeped., In 1875
Dr. Carl Linde produced a practical compression machine ard in 15385
E. E. Hendriclk invented an exhaust-stean absorption rachine. About
1877 Gustawvus Swift, a Chicage meat-packer, and an engincer named
Chase devised a rifrigcrated railrcad car which stimulated the neat-
racking industry.

Transportation,

The technolegleal Teatures of American railreads were wastly
improved in this era. Steel rails were substituted for iron rails,
Irproved roadbuilding wachines were inbtroduccd and outstanding railrozd
bridmes were btuilt, The first stesl-arch railrood bridge, the Zads
Fridge at St. Louls, was coempleted in 187h across the Mississippi
Biver, Jama2s B, Eads (lBEG-BT}, an engineer and inventor, uwsed pneu-
matic caissons in constructing foundations for the bridge. Steel was
alen used to constyuet railreoad loccoobives which becnme larger and
Neavier.

Sleoping-cars were used in the United Gtates as early as 1835,
but the so-celled "bunk" ecars lacked copfort, In 1853, George M, Pull.isn
{1831-97) dezipgred sleeping cars for the Chicago and Alton Asilyosd.
In 186k he desigred and patented the Pullmen car with its folding
upper berth, and the pext year he patsntsd the seat cushions to make
the Icwer berth.

ile the hotel-like features of the railroad attrazted nore
passengers, the new safety devices did likewise., Georpge Westinghouse
[lBhG-lﬁl&i invented the air brake which was Tirst used on passenger
trains in 1863, The nexd yeor he organized the Westinghouse Adr Brake
Company te manuwfocture his inventian. vesltinghouse also invented
autematic rallroad signal devices,

loliver, History of American Technology, vp. 377-90; Clark History of
of Manufactures in bthe U,5., Vol. II, pp. 507-03; lzlter, The Ipic of
fmerican Imdustry, rm. 106-37; Earl C, May, The Clapning Clom (Hew Youi,

1937), 107-113.
2

Gliver, History of Arerican Technolomy, o, 415-27.
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Technologicel adwvances in shipbuilding werc not as dramatic as
they had been in the age of the clippers. Masters of the new in-
dusirial capitalism lacked interest in shipbuilding becsuse of high
construction costs and becguse of English predorinance 1n that en-
deavor. HNonetheless, shipbeilding continued to make scme progress
in the Unilted States. In the 1880'=s the building of the "Hew Havy"
revolutionized the design and machinery of American warships.
George V. Melville (1841-1912), Chief of the Dureau of Steam Engineer-
ing in the Havy from 1857 to 1903, produced machinery that made our wur-
chips preeminent end gained for hiomself a reputaticon as one of the
wost distinguished marine enpgineers, For example, his adopticon of
coil beilers was a step that freed the Havy from a tangle of conventional
Practices. Triple expansion engines were utilized with many innovetions.

Wocden naval vessels gave way to iron and eventually to steel
ships, Improverents in armor plate were made by Heyward A, Harvey
irn 188% and by William Coray in 1895, The velocity and renge of naval
puns were incressed snd Bradley A, Fiske (185he1942), a naval ofTicer
and inventor, Invented s ranges finder of excellent precision, an
electric armunition holst, and an eleetric communication system Tor
intericrs of warships.l

Andrev Smith Hallidie {1836-190C), the pioneer wire rope manu-
facturcr of San Francisco, established his fzctory in 1858, The flat
woven-wire cables manufactured in his plant were used in the Colilornicz
and MYevada gold mines for hoisting from great depths. In L867 he in-
vented the "Hallidie Ropeway,” a device by which an overhead wire rope
could convey supplies in the mounteinous mining country., For twe
yvears Hallidie experimented with an umderground ¢able moving street
cars, In 1873 he perfected his invention of a cable car with a grip
capable of =seizing snd bholding o woving cable which moved on a tracic
up & steep hill, Cn August 1, 1873, the Clay Street Railroad began
operation, demonstrating s new method of street car transportation.

In the 1880’5 cable car ilines were constructed in most large Arerican
cities; Chicapgo had the largest systesm with 82 miles of track and 710
grip cars, Despite hipgh maintenance costs, the cable car was puperior

to the earller horsecar.

iIvia., pp. L98-31; Bennett, The Steam Nawvy of {the United States,
pp. TTLl-84k,

Eiﬂgar M. Kuhn, Czable Car Days in San francisco {5tanford hiversity
Fresos, 19hG}; Frank Iarker, Anstomy of the Zan Franeilzeo Cable Car
(Stenford University Press, 19GG).
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Alter the ndvent of the cable car, several inventors developed
the electric street car. Among early pioneers wes Stephen Dudley
Fleld {18L6-1913), who also invented a multiplewcall district tclee
graph box and a dyramo guadruplex telegraph., In 1875 Field aprplied
for a patent for an eleciric railwsay which would use current Trom a
stationary dynemo and which would be delivered through a third rail
t.o the car-vwheels and traffic rails, Ia the early 1880's Themas
Pdison experimented with an elcetric lecomotive at ifenlo Tark,

Hew Jersey. At the Chicage Railway xposiiion of 1883, an electric
elevated railwey was pub inte opereiion under the Field and Ediscn
patents.

Charles Joscph Van Depoele (1846-92), the "Falher of the Troliey,"
was torn in Belgium in 18L56, As esrly as 137h he demonstreted the
vracticability of electric traciion, In 1883 ke built wo scall
electric railwiys and secured a patent, In 1853 he sold his patents
to the Thomson-Houston Flectric Cempauny of Iynn, Massgchusetts, and
entered thisz compeny's evplay. He btuilb several of the sarly olectric
railways in the United States and Canada. In 1883 Leo Deft aiso de-
veloped a soccessTul street car., He dnstalled car lines in seversl
rastern cities and in 5. Catharines, Onterio,

The interurban system developed from the work of Frank Julian
Sprarue {1557~193h}, an electrical engineer and Inventor, who crganized
the Srregue Electric Raillwey and Motor Company in 198% to manufecture
electric mobtors. He dnstalled the first medern trolley system at
Rickoond, Virginia in 1898. BSprague is considered the “father of
electric traction.” for ke invented the multiple-unit systom of
eleciric train control. Within o three-year period twa hundred strech
car s¥rstems were bullt or planned on the Spraguc system. The elcetric
car quickly replaced the hovsecar, and even the cable car exeept on
steer grades. The success of the eleciric car in urban service cauzed
its expansion Lo intercity 2nd rural operation, 3By 1801 about 15,000
miles of eleactric railway existed in the Umited States. The interurkas
systems expanded until abeud 1905, In the end the automebile replaced
the irdusiry, bul was not a real threst unbil ebout 1911, The auio-
mobile did Tﬂt reduce the number of interurban passenpers until
after 1917,

Altheugh the bieyele was first developed about 1300, it was not
widely adopted until tle 1850's. The first American to menufacture
bicycles was Albert A, Pope, whe patented a safety bicyele in 1886
or 1887, His first blcycles, rarnfactured in a sewing-machine shop
in Hartford, Connecticut, welphed aver 100 pounds. Fope and other
bicyele manufacturers hegan to reduce the weight., They made Frores
of thin tubing and siso put ball bearings in the vheels, Iy 1896

7. Commerford Martin, "Electric Cars ead Trains,” A Dopuwlar
History of fwerican Inventions edited Ly Kaempffert, Vol I, TP.

105-33; Ceorge 1. Hilton and Jonn ¥, Dun, The Blectric Inkerurhan
Lailwave in merica (Stanford ihdwevsity iToss, 1960),
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By 1896 tlrere werc over 4,000,000 riders in the United States and
over 250 bicycle wanufacturing companies.

The pneuwratic tire and the chain-zrd-strockst mechonism gave
the bicycle smeed, Dicyrle clubs were formed and "bike-racing™ cortests
vere held., In 1880 the League of American Uheelmen wag orgonized and
influcnced the pood-roads movement. In 2 resl way the bicyele crawe
prepared for the nass production of the auterobile,l

The evolution of the vodern eatemobile was o pradusl process.,
Steamedriven cerriapgers bad existed for ngarly a century belfore the
Germar technician, Hikelawus A. Guteo, invented & four-cycle cornpressicn-
tyre internal ccmbusticn erngine in 157G, The Ctto kngiac lorks pro-
duced g2s enpines for stationary werk, tut not for read wehicles.

In 1084 Gottlick Dminler invenied a light hipghespeed pasoline engine,
The sare yeer ancther Germen, Carl Zen:, buils = gacoline automobile,

In 1877, an Amcrican lawyor and inventor, George B. Selden
{lﬁhé-l@EE}, wuilk a mgascline cugine, He also rade drawings of a
carrizge o he 2riven bty o thres-cylinder cnglne mounied crosswisce
ocn the froat axle, e applied Tor & patent vhich was granted om
Hoverlier 5, 1395, for a gasolinc-driven vehicle.

In the eorly nineties several fricricsn invertors pioncersd in
building automobiles. In 1892 Chorles E. Duryea (1842-1231), scoe-
times called tle ' father of the sutcomoblle,” built a gasoline-propelled
car. I 189% ke and his brother, J. Frank Duryea, orgenized the
Luryes Moter Vagon Company =t Springficld, Massachusesis, In 18g2
Herry Ferd Bailt his first gascline car, ard ke tested it successiully
on the road the pext year. Hiram P, Mexir developnd a gasoline engine
and eutomobile during the 1H90's, In 180L Elwocd ileynes of Hokomo,
Indisne built e2n sutamgbile, PRanzom E. Olds bad produced & three-
wieel stean vehicle in 1887; 4n 18596 he began work on a gasoline
vehicle., He wos the first to pub an incxpensive gosoline autorobile
on the Amewicon eerlet, In 9T Alcrander Winton built the first
larpe cers,

Iy the turn of the century the Urited States had eecquired tle
technologicnl knovwledge Lo launch The aubomebile industry. By the
tine ienry Ford began bis real production ip 1903, ciher swtomolrilcs
such g3 the Okds, Haymes, 'irton, Locomebile, Feckard, and Cadillac
hed already won recognition, FPord refused to joln the Associabien of
Licensed Aulcmobile Hanuwfacturers, who paid royalties to ihe owhers
ol fthe Hcldon patent. Ford insisted on slerdapdizaiion and mess oro.
duction, In 1903 he iniroduzced the Medel-T, a Iight Mour-cylinder

lJames fi. DParnes, YYeslth ol She fmeriecan Yeople: & Mistory off
Thoir Zoonoric Life (Hew Yors, 1OUG), pp. 5i0-11; Purlingace,
Yachires That Bullt frmerica, pp. 134-L0. Pope besen manufacturing
the "Columbia" bicycle in 1877,
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touring car of 20 horsepower that carried {ive passenpers. rford
prenised it would rur 22 o 2% wiles per pgallon of gasoline and tkat
its tircs would ran 10,000 miles. Thiz model erabled Ford to preducs
& car in large guantity et low price, Ty 1913 Ford wac sble o adopt
the moving asseubly line, and he had produced & cer for the millions.
The fmerican fanily quickly became prared to the autcrobile,l

fericans such as Thaddeus Love, John J, Montgowery, and Cotave
Chanute had experdmented with belicorns and gliders in the npineteenth
century, Campel P, Lanpley and Charles M. Manly built an internel
combustion eagine Jor 2 Ilying machine. In thelir trisl flight of
Cetober 7, 1903, the Aercdreome dove inte the Potormae River near
tashington, Vhile their machine did pnot fly, Langley had contributed
kaooviedge of wind resisicnoe and zir pressure as well as certain
instruaments,

‘o brothers, Wilbur and Orville Wrignt, wvere successful pionesers
of flipght., At the irigh® Cyele Commany in Deylon, Ohio the two
brothers had a bicycle shop. In 1898 they begen to study the mechanicr

al Tlight, Defore they atterpted powered f1ipght they siudied the problems

of stebillty, eonlrol, and balance in gliders. Eventually they developed
a wing dzsigm and designed thelr own mober and propellers.  On Decem-
ber 1Y, 1903, they wade the [irst successful [light in a2 motor-powered
airplane st Kitty Hawk, Horth Caroclina, ©On 1ts second Tlight the plane
remained ir the air 59 seconds and flew 952 {ect. After makirg improve-
ments, the brothers succeeded in makxing a circular flight of 24} milec
in 30 minutes at Dayton, Ohio on Ocicker 5, 1905. In 1906 they securcd
a patent for their flyirg cachine, In 1900 the Ascrican UWreight Conpany
was organized to manulacture airplanes.c

Cormuni-aticn.

A ournderwater cable insulated with gutta percha was first 1ald in
1545 betvescn Fagland an? the furcpean Continent. TIn 1842 liorsec's sea
cable between Governor's Izland and Castle Garden hod been laid ip the
United Jtates. Matthew Fontaine Maury mapped the aAclantiec floor; an
inglishman, iilliem Thomson, solved the wmroblem of sending mcocages
over & preat distance without relaysz, and Cyrus V., Fisld provided the
organizing penlus to lay the Atlantic Cable. Im 1855 & cabie wes leid
conreeting Erginnd and the United Dimbes, but bhis Tirst Atlantic {abie

T, . . . ; .
“HY. Perry, 'The Disc of the Automobile,” in A Populer IMHsiory
of fen, Invenbions edited by Keempffers, Vol. I, pb. L13k-Th: Tomer

Burlirpame, Ecrnry Ford (Few Yorik: Sigret Koy Dook, 1950); Firam F,
Maxir, Horseless Carriase Tavs (Eev Yeorit  Dover Edition, 1962}s

havid . Cooke, The Story of aviatiorn (Yew Yorl, 1953, pv. Lo-9h;
Cmega G. East, Wright Brothers faticral Hemorial (WﬂﬂhiﬂghﬁHJ [ I

Tational Tark Service, Historicel landbook Serios Pao, 3H, 1901)
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failed. In 1266 & new cable with technical improvements met with
great success,l

Elisha Gray {1835-1901), an Arerican inventor of several
telegraph and telephone appliances and adjurncts, invented in 1873 a
telepraph relay, a telegraph switch, and ar annunciator which could
be used in hotels and offices. GCray wes searching for a way io
Transmit the tones of the humean voice.

In 1871, Alexander Grabam Bell {1847-1922), who was born in
Seotland, ceme to the Unlted States zs a teecher of speech for the
deaf, TFrem 1873 to 1876 he experimented in an effect to develop the
telephone,  Dell hed his assceiate, Thomas A, Yetsoa, design an
instrument, which they called the "harmonic telegraph.” Vhile ex-
rerimenting with this Instrument Eell finally invented tne fLelephone
and received & patent in 1876. At Pirst the telephone was merely a
curicsiiy, and Bell end Watson had fo glve many public demonstration:s
before the invention was accepted. The Bell Telepheone Association was
crganized in 1577, and in 1878 the Pirst toclephone exchanpe was openad
av New Haven, Connecsticut. Within five years the telephone had wide
cermereial use,2

Ar, Ttallan, Guglielmo Mareoni, invenbed wircless communicetion
and made successful experiments in 189%, taking out his first patent
in England in 1996, The American pioneer in wireless telepraphy and
redigtelephony was Lee De Forest, who was born in Ceouncil Bluffs, Towe
in 1873, 1In 1507 De Forest paternted his audion tube which made long
dizvance radic possibkble. A thres-elecltrode vaeuun: tube, it was used
a8 & detector and ampiifier. The tube detected electrical waves and
relegsed a larpge amount cf electric power from 2 sowrce at the receiver
which could amplify signal-making power. In 1508 he installed radio
telephomy on Amerlcan warships. In 1910 he broadcast Pnrieco Coruss' s
voice oy radlo. De Forest, who ratented over 300 inventions, is some-
times referred to as "the father of radie.”

Another pioneer in radic scicnce was Michael T. Pupin {1859-1935y
who had been born in Yuroslavie and ceame to the United States in 1874,
He becare a professor of electromechanics et Columbia University.
smong his dnventions was a systen of multiplex telegraphy _ard the Tupin
coll which oxtended the ranee of long-distanco telephun}r.3

Larthir C. Clarke, ""I'1l Fut & Girdle Bound the Farth in Forty
Minutes,"' fmerican Heritage, TX {Oct., 1958), mp. ho-Lk, 85-96G,
Eﬂliver, Hiztory of American Techrnolomy, Pp. 435-39; Alexander
G. Bell, "Beginnings of the Welerhone, in Science and Invention
edited Ly Le Follette, pp, 171-8Z2,

J01iver, History of Smericen Technolomy, Dp. W6-502; Nichael
Pupin, From Temigrant Lo lnventor (Few Yorx: Hew Edition, 1925).
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Business machines.

3

In the Industrisl fge as business expanded a number of recording
and tebulating devices were invented., As early as 1822, ¥William A.Burt
of Detroit hed invented s primitive Lypewriter called the "typoprapier.”
The medern typevrifer was invented by Christopber Latham Sholes {1510
90}, a Milwaukee printer, Together with Carloes Glidgen end Samuel W.
Soule he was pranbed a ratent in 1868, Tre Sheles rackine, which ho
called a "typewriter” had an up-strike ftype bar, a circular iyTe
beskeh, finger Leys, and a cylirdrical roller. Sholes improved hi:
wachine o make it tyoe accurately and rapidly. After Glidder and
Sotule relinguished Their rights, Sholes sold his rights fo James
Lensmcre. TLonsmore interestod the Remington Arms Cempany in its
ranufacture, and in 1874 the Remington typewrifer was markeoled as tne
Tiret practical machine.” The typowriler became an esgential machine
in Lthe business worldé and it enebled womer to secure positicns in
business and the professions.

In the 1870's Frark 8. Paldwin (2838-1925) attempted to lmprove
the Colmar caleulsbing machine which had teen develeped 1n France.
In 1874 DPaldwin exhibized his "aritbmometer” at Fhilagelphia. In
1502 he invented an izproved czlewlesing machine which was ater
redesipned with J.R. Honroe zs the Heonroe ealoulating machine,
second plenser in revolutionizing Lookkeeping was Willlaw 5, Durrsuziis
[155T~?3}, v gave up a Lank cleri’'s pegition In Avlburn, Hew York
o experizent wiik an adding machine, By 1886 he perfected an adding
machine, and ihe Auericss Arivhmomeier Cowpany was orgerlzed fo meriet
he machlne.

A

Tn 1370 James J. Bitty of Dayton, Chio inverted 2 cash regluoter,
Ritiy Lad difficulties in marketing his invention, In 1234 Joln H,
TPetterson acguired Ritty's company and orpanized the Hationol Cas
Repister Company. The ploneer in develeping an automatic systen of
compiling, recording, and tabulating data was Dr. Herman Hollerith,
a stafistician., Ir 1847 he uscd punched cerds to repisver collooted
Aata.”

Fhoncgraph, photomprachy, and motion pictures.

‘The vhonograph was invernted by Tlomas A. Edison in 1575, Whllo
worliing on the repeating and enbossing teiegrarh, he conceived the
idea of a thonograph. Idison's Tirst machine was wrude, but he medg
improvements., In 1901 the Edison grerophene was rut on the narket.j

1. . : o oen . o .

“Herrry B. Berbour, "The Devzlopment of She Typewriver, in Sciegnce
and Tnvention edited by La Folletie, pr. 203-80; for dctalls ses Kivnard
¥. Current, The Typewriter and the bHen 4ho lade I% {Urbana, 193k},

Eﬂnlker, The Lpic of foorican Inducbry,. TP Zro=-T6,

Ierene 5. Moyer, Great Inventions {Hew Yark: TFockes Doon Badvion,
. 26264,
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George Enstuen [21054-1932), an fwerdean irventor end industial
leader, rerfected a process for making vhotograplic dry plates in
1680, In 1884 he potentcd a transperent flexible film which was the
Tiret commercial film. Cut into narrcow strips, the film wade aon
coated Taper, wes woupnd on 2 roller. In 1888 he invented the
"Kodak,” a portable hand cemers,

Arong the pioneers in moticr picture thotography as Eadwesrd
Muybridge (1830.1904), who photoprazhed animels in motion as early
as 1472, vhen he was engaged by Leland Stanford of Californie to
prove that & running horse had all feour feeh of { the ground et cne
phase of hls stride.

In 1838 the Edison laboratories at Menlo Ferk, Ifew Jorscy started
work on the kinetoscope, Wikh The assistance of Willisrm K. L. Dicksen,
the Ediscn-Dickson inetoscope was constructed. f= 8 result reepshown
vwere chown beginnirg in 1594, €. Francis Jerkins {19607-1934) with thc
assistance of Thomas Armat invented the podern mobion picturc projector,
He patented the machine in 2895, Jenkins's inventions prevared the
WY ffr the maling of movies as a nev form of commercinglized amusa-
ment,

Technical education and dcurnals,

The growil of scientific and technical education in the Urited
States was tremendous in this pericd. The Massachusetbs Instilute
of Teehnelagy, Yale's Shefficld Zchool, the land-grant collercs,
mining schools, and other mecherical and ftechnical institutions
Tostered interest in applied science, Tr California the Throop
University of Pasedena, prescntly Californisa Institute of Techrolaogy,
was establislhed 1n 9L, tlechanics institutes snd morual training
gchioals din the different sectiors of the nation also contributed to
the advence of iechnical edutation. Seoveral technical and engineering
socletics were established; for example, the Americaen Soclety Tor
Fngireering Education was organized in 1893,

The BEngineering and lining Journal was estabiisbed in 1046,
It iszues portrayed the new tools and rochines vsed oy the nucion's
expanding industries. Acons the engineering journals launched in
this era were Ingineering Hews, Flectrical Yorld, Technolopist, and
Fatlroad and Engineering Journzl, A number of sedientific and
technical journals apheared suck &s the Americsn Chermdical Journal,
Amerdcazy Kachirnist, and Povular Jelsnces Monthly. Articles on popular

and applied sclenee conbinued to appear in the peneral fmericesn
publications.

tIbia., pp. 81-86; Cliver, History of Arerican Teclhnology,
Do BAEITL ) sob-o7,

i

Oliver, History of fmcricon Technology, pr. 309-12; TRobert H.
Fervald, '"Ipogress in frmgineerinz,” in Dcience and Dnventicn dited
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tuwaroress of American tecnnoleogleal sdvences.

At the Paris Exposition of 1867 the inventive genius of the
American poople was well displeyed. Cyrus MeCormich won & grand
Trize as well as the Cross of the Lepion of Honor for his reaper.
{yrus Field was recognized snd praised for the Atlantic Cehle.
The Howe sewlng machine was awarded gold medals,

The Centennial Exbibition of 1876 st Philadelphia had a
Mechinery Hall that impressed both forelgn cbservers and Americans
alike, The Tamous Corliss engine of 1,500 horsepower was tle mailn
attraction. A large nuoher of European inventors, scientists, and
industrielists came to Philadelpiiia 4o gain knowledge of Anerican
wechnology.

A% the Columbian Exposition at Chicago in 1893 the electrical
exnibits constituted the rajor technological aztraction. The ex-
hibits of American wachines were zlso a pripary aliracticn., The
next year the Chicage fair was copled at San Francisceo by its dlid-
Tipter Fair held in the Golden Gate Park. The displays in the
techanical Arts Bullding were 2 main feature.

The United States exhibited models of its sgriculiural, textile,
and mining mechinery a% the Paris Dxposition of LJCC, In the first
decade of the twentieth century imerican fechnical skills were derci-
strated at home in the Pan-imerican mxrcsition et Buffalo, the Louislara
Purchase Pxposition at St. Louis, and the Alaska-Yukon-Facific Ex-
roeition at Sestfle,

Az the nineteen*h century closed the ripened maturity of
American technology was evidenced by the exchange of visits between
fmericar and Europesn scientists and technicians. iHoreover, by the
16007 & considerable mmber of American mackines werc cuperted to
mirgpe. For exemple, Acerican shoe machinery was sdopted ty several
German shoe ranufacturers, In & report dated April 25, 1898, Frederis
“rory, Chief of the Bureau of Foreign Cormerce of the Departrent of
State, indicated that the reports of copsular offices proved o growing
perularity of United Stetes panufactures. This was particularly
evident in iren aprd stee? products, labor-saving mechinery and tools,
boats, cshoes, bicyeles, electrical supplies, and locomotives. Ihory
ascerted that in certair industries production surpassed dopestic
consumption and that additional foreign markets werc needed if Averican
operatives and artiszans were to be kepl employed. In 1893 manufactures
comprised less than one-Tifth of United States ewports. By 1903 the

figure had risen Lo one-third, and in 1912 it rose to Vf per cenmt.l

lﬁliver, Fistory of American Technolory, pp. =297-309; Clar:,
Bistory of Manufactures in tke U.S., ¥ol, IIT, pp. -2,
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ZITY  COHCIMEION

Srmmarization and trends in seilentific and technolesicel
histor: of the Inited States,

Ir the beglnning Azerican scientific end technological ideas
were privariiy shi expression of Furcpcan intellectusl thoupht,
In fact the Arerican seientific tradition was English in origin, =nd
a similarity rerained between the two treditions for a. long time,
Howewver, fmericen science was always more ubtilitarian. As mocn og
smerics wag dissovered Burerean seience was stimulated by interest
in the new lends. Actually scientific knowledpe has always crossed
and reocrosged the atlantie whether therc be peace or war.

During the colenlal era fmerican sclence was not specialized,
beirg generalized into the twa broad fields of natural vhilosophy
and natural. history. Despite their geaeralizetion the colorial
ravuraiists were plonecrs in advancing American science. A4 zertain
degreoc o poveiarization hes always charvacierized Accrican scientific
developmont, This wos true even in the colonial era when almanacs
and newspapers disserinated szientific data. The Amcrican Rovolution
tended at first to disrupt our scientiflic advance, but scon a burst of
selentific aculvity ocourrsd. Yhen the Urited Stater gained their
inderandence, Americans remained for o time deperdert upon Europes
Tor scientific and technological guidanece, btut graduslly facilities For
research and training were imvroved; rorcover, the rmatlonzli governmens
tecame interested in fogtering scientific discoveries and inventions.

The existence of a fremtier stimulated the inventive and
selentifie genive of the Amerdican peonle, Hith an entirs continent 4o
settle inventions were needed to reduce distances and to develop iko
land. For exarmple, Jecomoiives in Ameriea beeame hesvisr and Taster
comparoed To those of Durecre. To teme the different frontlers of
feerice Trventions such as the Colt revolver, the reaper, and tnrhed
vire were devised. The unigue problems of the various mining fromticrs
of the Vest eglled Tor soluticon and these were met by American mining
englincers and Inventors who tecans preeninent in desighing mining
eguivment ard mechinery, Jeience vas Tostered by several exploring
expedivions sponsored by The rationsl povernment in the period boforc
the Civil Var. As eerly as the 18320°s a few state goverrments bepen
to underiake guological survoys.

Mpericans have always beon g mation of joiners and ker scientists
and inventors held wmectings and Formed seientific and sechaological
sacleiles. Hany of these crpanizaticns lazunched publicotions, and the
United Statos foday bes mamy scisatiflic and technmical jouraals thot
date Seck ts the last conbury, n the heginning colleze education

e

Stepber ¥, Mason, A History of the Scierces (Ilew York: Coll
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was based primarily upon classical studies, Lut oy the 190'z colleges

and universities began to offor instroction in sziegnes and enginecering,
LPter the Civil War techniczl end sclentific edecation was Turther
stimuleted by the evolution of the land-prant colleges.

=

‘“Men the ration became involved in the Civil Yar, the Union was
sucizsined in part betausc of the superior scientilic and teochnica.
skills of the Horthern people. Hovever, scientific and techrologicel
knowledoe was nsver confined Lo the rore industrial and porulated areas
of the Northeast. Sclentilis intereste existed even in the 014 South.
Afiew the Civil Yar a5 industry spread into the Soutn, technotpopical
adverces vere also mado in that section., Tn the Far lest techniezl ond
selzntific developmenis cccurred virtually fronm the Lime of the first
settlements with grester advances existing in bhe more populoved aren
gl California,

Imericas preatest sclentific end techrolepical advance came altor
the Civil Tlar when s increaslicg indestrisliestion and prbanization
cecurred, In this epe oi' Tiaarce czpifalisn business expznded 2nd
Tfaziory meiheds and stendardizaiions were widzly adopied. Ueolentists
and invenfors were called upon to devise new business machines ard to
improve weans ol factory operaticn and transportatisn.  The atiracticn
of fmeriecsr wealth ercouraged ircreased imcdgrztion So the Uniled Stoted,
and e Americen selfentific traditica wes strenpthoned ir chis ers oy
the arrivel of many actual and woterntial Furopcan solentists and in-
vontors, Hence Albert A, Micheiszon, & Folish impigrant, vecsme the
Tirst American o reccive a Kobel Frize in seclence, The soiegess of
astrenomy, cheomisiry, physies, and medicire, to meniion only a2 Tew,
rade tremendons sirides in the Todustrial Age. Ancricens hoecamz the
foremgset pioncers in developing such modern inventione as the twlephone,
sutemobile, and airplans.

Sipnificarce of Amerdica's role and ker contributicns.

The major sighificancce of Americen sclientific discoverios and
inventions throvgh ibz years iz thal these advanves de the United
Stuton fhe weplindest qpkion in the world., They enaiblced Arericans To
e well fed sl gove the smverape mpan an abundance of the comioris of
lif'e, liost ol the dinventions wverc ubiliforian and proaciical,  Besides
giving the srericap peeple ample Tood, cloihing, ard housing, an o~
nhasis on producive labor-saving devices pave theom wmore iciswe Tor
educaiion, travel, and entertainment.

Soionce nnd technolopy are bosicially end rasurallyr iobernations
ir ftpadition witl sao race or peoplc having a monopoly of wizdom,
fmoricans have olwveys beonefited fron the sclentifiic and Inventive som-
trilutions el obther peoples, T torn thz Undted Stotes aided the rast
of' tie world by its own scienbi[is and tecthuoloploal kacv-how. In
fact by 10060 Amecivan fngerudiiy was woelcomed in meny foreior lands.
Meny nasions, varticularly Japan and fussia, impolriel pashinery Free
Sihe Jnited Steteos. AfSor the Upendab-pAmerdscse War, vien the Uniled
Stases besame a world power, Ler machines werc also Inwrodacnd Inta
fuba and the FLilippines,

111






In the haccalanrezte address delivercd at the University of
Wisconsin oo Jurne 20, 1903, Joacuin Nabusco, Brazilian Ambassador
to the United States, spoke on "The Share of America in Civiliza~
tion." He pointed cut that American inventions had brought about
3 standardivation and a umification. In part he said: '"The age
of Frounklin will not end as the Age of Midas, You have changed the
rhythm of life, you write in ouick fempo, =2nd the world is catching
fror you the spirit of rapid ifransportaticm....”

American selence and technology sbeut 1913,

Cn the eve of World War 1 the United States wasg on the threshold
of assuming a position of world leadership. 4An Arerican fmpire was
created followlng cur victory over Spain in 1895, Tn a large measure
the emse with which the United States defeated Spain was due to her
technological superieority. Since the eighties the United States had
been emerging as a great navel power. The new steel nevy and the
superior weaponry of the United States were results of the advances
in American science and teecimology. In 1868 the United States passed
Great Britainm in iron end steel production. By 1900 the nited States
rassed Germany in machine tool production.

In 1900 agricultures remalned the leading industry in the United
States with a third of the populaticn engaged in farnding, but the
mamufacturing industries were on the march, Industry was moving West
and south., Its density increased in the (Great Lakes region and it
was bringing new pramise to the Scuth. At the turn of the century
as the United States became more urbenized and Industrizlized, the
naticral govermment and the states began to increase their scientific
functions, For example, the public health moverent gained momentum.
Also efforts wers mede to insure pure food end drugs, conservation,
end safety in industry. Scientific research beceme an accepted
Tunction of govermment., By 1913 the American people realized more
than ever that science fostered democracy. Hewever, modern science
and technology were changing the world so rapidly that the future of
Mmerican democracy was soon tested by the lmpact of World War I,

The interplay between science and inventicn.

Scientific discovery (basic or "pure" science} and invention
(applied science) are related and dependent upon each other. The
discoveries of sclentlsts frequently lead to ifnventions, and con-
versaly scometices inventions lead to scientific discoveries, TFor
example, Joserh Henry discovered eleciromagnctism; once this phencme
enon was known the telegrarh could be lavented. In Amerlcan history,
rertizularly in the eerly pericd, ecience hmz been more applied than
basic. Although the United States has had seientists of intornational
standing since Franklin's day, the number were fow until the Induskrinl
Aze.  With The advance of selentific edusation in the Tnited States
after the 18370's & greeter emvhasis was Liaced on basie science,
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In s sense the {mited 3tates received much of its basic science
iron Durope until more recent tiemes, bub inventions and engineering
achievements made Lthe United States en industrial glant and world
power by 12900. Throuzhout our history scientists have sided inventcrs
and inventors have aloed scientists, Sametimes it is AdifTicult to
distinguish between & scientist snd an inventcr. A good example is
the career of Michael Pupln, who as Roger Burlingoame appropriately
said: “was the scientist behind his own inventions. "l

JRogrer Burlingeme. Seientists Behind the Inventors (Hew York,
1960}, p. 72. In this book the author explores the interrelationship
between coience and ipventicon.
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Hindle, Brooke, The Pursult of Szience in Revolutlonery fmerica,
1735-17839 {Chapel Hill, 1956).

Thig schelarly ard decumented study hes been highliy praized bor
American historians specizlirzing in eultural nistery. The suthor
has an ercellent chapiter on the American Fhnilosophical Societby.

i

).

Jaffe, Bernzrd, den of Science in America {Few Yark, mRev. ed,, 195

The zuthor has writien ebout lepders of' American solence from
Thomas Hericot <o Enrico TFer=i, The book is gne of the best geacral
Distories of American secience and in based on thorough research,

Johnsen, Themas C,, Jr,, Scientifiec Interests in the 0ld Scuth
{Hew York, 1936},

In this soudy of Lhe attitudes of the planters, noliticians, and
rprofessional people of the ©ld South towerd the netural sciences Llhe
authar atitempted %o explode the =yth that tho segtion lacked scientific
interests, The book haz exbensive foobtnotes and Sz based upon sound
research,

Kaempl'fert, Waidemar B., ed., A Popuiar History of Arerican Inventicns.
{Hew York, 192k}, 2 vols.

Tle firat volume {reats trancroristicn, communication, and nover
and the zecond volumes covers noturs! rescurces and labor-savirg machines.
The chapters are wriiten by varlous specialists in nen-technicsl loan-
friaiEs.  Thesc volumes sre not entirely sccuratc and are not pased upon
sound schoelarship, Honethelesc, they contain much datz that is not
readily availshle,

Xursh, harry, Iaczide the U5, Patent OfUice, The Story ol the Men,
the Lews, and the Frocedures of the fuerican Paten: Gisten (liow Zorlk,

19%53).
Crapters {0 ard threc deal with the Birtl: and developmeni ol tla

ratent system from 170C %o 1836. The beook iz a popular account nod
mased apon bhorouwsh researgh,
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SELECTED BIBLIOGRAPHY

Bridenbaugh, CTarl, The Colonial Creftsman {Chicago: Phoenix
Books edition, ?EE&J

The bocok is a history of the work of ertisans and craftscen
in Coloniel America. This 1z s scholarly study by & coppetent
Americah historian,

Purlingams, Roger, Ingines of Demoeracy: Inventions and Society
in Mature America (New York, 1940},

The book oovers the peried from 1865 and is a useful study,

» Machines That Built America (New York, 1953).

This book 1s a brief and popularly written history of the more
significant machings in Americen history, btut 1t is not & thorough
study.

s March of the Iron Men: A Social History of Unlon Through

Iovention (Wew York: Universal Litrary edition, 1535).

The book is o study of the social pattern which pede the United
States, The viewpolnt 1s technological iovention and its place in the
Tormatlon of social trends. The book Is scholerly and bas an extensive
bibliography.

, Scientists Behind the Inventors (New York: Awon Paperback

edition, 1960).

In & historical aptromch the author demonstrates the inber-
ralationshlips betweer science and invention.

Clark, Victer 5., History of Manufmctures in the United States,
16071528 (Washington, D.C., New edition, 1929). 3 vols,

These volures, prepered by the Carnegie Institution, asre based
uptnl originel materials. They congtitute a detailed and documented
econicmic histery.

da Ggmg, L. Sprague, The Hercic Age of American Invention {New York.
1961 ).

The book 1s a popular, but not thorough, survey history of
American inventions,

Dupree, A Hunter, Science in the Federsl Government: A History

of Policies and Activities o 1940 (Cambridge, 1957 .

This is an excellent and scholarly study with documentation. Tt
omainly follows a chronoelogical approach, but also has chapters on sach
topics as agriculture, comservation, medicine, and public health,
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Mason, Stevhen F,, & History of the Seiences (New York: Collier
Books, Hew, Bewv. ed., 1962},

This i= an excellent single volume history of world science.
It i= 2 highly reasdable survey from ancient times to the present.

Oehser, Paul H,, Scns of Science: The Story of the Smithsonlan
Institutiun and Its Leaders {1026-1940} (Few York, 1949),

This iz & reliable history of the Imithsonian Institution
by the chiefl of the Edltorial and Publiieations Division. The bogk
has e chronology of principal events in Smithsonian history and a
selected bibliograply.

Cliver, John V., History of Arerican Technology {Eew York, 1955}.

Thiz bogk iz a cemprehensive history of American technology and
invention., Vhile the cmphasis is on tochooleoy, the study contains
much of valuwd pertaining to scientific khistory. It iz a text for courges
in its subject and is echolarly. The beok, however, does conbain’errors.

Struik, Dirk J., Yankee Science in the Moking (Wew York: Collier
Beok, Rev. ed,, 1962},

This study covers Unifted States scichnee and techaolegy Trom
colenlal times to 1865, It is a classic with an extengive biblio-
gravhy and documentation,

Therpson, Holland, The Age of Invention {Mew Haven, 1921).

The volure is in the Chroniecle of Americs ZSeriezs, The book
zerely cutlines the personglitles of a few Aperican inventors and
relates their significance,. It covers the period Trorm Benjamin
Franklin to the congquest of air.

Walker, James B,, The Epic of Anerican Industry (Hew York, 1945).

The book 1s written for the general reader snd is an account
of the rise of industry, commerce, business, transportation, and
eormunication in the Unlted Ska tcs. It kas considerable data on
specific inventions suen as the telephone, amutonobile, and business
machines.

Wilson, #ltchell, fmerican Science and Irvention: A Fictoriel
History {Mew Iork T, 1954},

The book is a general history of the developrment of Americen
seiemee and invention covering the pericd Trom Frapklin'sz experi-
ments with electricity to the begimming of “he atomic gge. The
anarrative lacks detailz, but ihe Book has over one thousand docu-
mentary plotures.,
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SITES CF TXCEFTTCNAL VALUE

1. Liek Obzervatory, Californis

Location. Canta Clara County, on Mount Hapilton, 20 milcs east
of Zan Jose,

Uwnership and Administraticn. University of Colifornia at Berkeley,

Gignificance, ILick Observatory, estoblished In 1888 on top of Mount
Hapilton, was the Tirst great resesrch astronomicsl cbservatory in the
Far test, Jimong the distinguished American aostrononers sssocieted with
this observetory were Edward S. Holden and EBdward E. Barnard. The
estroromers at Lick perforeed pioneer work int he study of sun spots and
double star systems and many cother significant astroncmical discoveries
vers zlsc made here.

In 1874 James Ldck, who had come to Califernia in 1847 and made millions

in selling real estate in San Francisco, denated $7€0,000 to the University
of California for the purpose of bullding a great cbservatory. In 1876
Congress granted land for site and this, with later grants, now totals
gbout 3,100 acrcs, Lick died in 10765, but his trustees provided = 3B~inch
equetorial refractor, a 12-inch equotorisl refractor, and a & 1/2-ineh
rmeridian cirele Instrument. Vhen the University of California waz given
the compieted cbservetory in 1888, it was considered ite "crowning pos-
session”. Until 1899, its 36-inch teleccope was the largest in the world.

Zdward Singleton Holden (18h6-1914) served as the director of the Lick
Observatory from 1088 until 20597, A West Point graduate, Holden hed

bteen an astroncmer at the Kaval Observebory at Veshinstor, D. C. from
1873 o 1879; he wns next director of the Usshbura Obeervatory of the
University of Uisconsin in 1881, and linally President of the University
of CaliTornia., In 1889 Holden Tounded the Astroncmicsl Society of the
TPgeific, In 2392 he discoverad the faint fifth setellite of Juplter, and
2n etlas of the moon es eleg prerared by the Tdck staff based upon photo-
graphs made with its preat glase,

Edvard Frmerson Barnard (1857-1923) was anobher distinpuished asztroncmer
who served on the Lick Staff frem 1588 to 1895. While at Lick he began
to pnotograph the Milky ey end alse discovered filve satellites of
Jupiter and the nebulcus ring arovnd lova Auripgae. FEe lett the Lick
Chsorvatory in 1895 Lo beccme an astroncmer ab the Yerkes Uhservatory
of the University of Chicepo, at ‘iilliams Bay, lisconsin,

The modern study of nebulas wes Begun st Llek in 1893 and more than 33
comets and 4,800 double sters kave since been discovered gnd charted,
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Presepnt Appesrence. The Lick (bservatory 1s situszted on the summdt
of ¥ount Harilton, 4,024 Teet altitude, A narrow paved road, making 363
turns in the last five miles, leeds teo the mlle-long ridge at the gurmit,
thus wiTording an intoreeting ascent,

£lthough subseguent additicns have been made to the observatory's eguip=-
rert end Tlant, the ordginel buildings and tcleseopes are still in use
and intact. James Lick is buried under one of the supporting pillars of
the JG-inch telescope,

Tre cbservatory is open to visiters from 1 to S5 mm dally, except on
Urniverszity holideys,

Refeoronces. The Lick Cdhservotory fBerkeley, 12th edition, 1951};
Edward 5, Holden, Handbook of the Lick Cbservatory (Sen Francisco, 18885:
¥ildred B, Hoover, Hero E, and Lithel G. lensch, revised by Ruth Teiser,
Eistoric DSpots in California {Stanford, 1958}, 34€; California, a Gulde

to the Golden State (Jmerican Guide Series) {llew York, 195L), 381,
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JAMES IWIGHT DANA HOME, COWMECTICUT
Locetion: New Haven County, 24 Hillhouse Avenue, New Haven

Ownership: UIr. Kingmen Brewster, Jr., Precident, Yale
Undiversity

5igniflcance

James Dwight Yana transformed geology from an investigation of
individual rocks and minerals into e study of the earth's evolution,
The work of thiz echolar stimulated the interest of legions of
Americans in geclogy, as well as bringing him internaticnpel feme ez
one of the world's major geclogists, It was a remerkable ececmplish-
ment for the owner of the imposing house mt 24 Hillhouse Avernue,

Hew Haven.

Born in 181% in Utica, Wew York, Dana manifested an early interest

in geology, While attending the local high school, he accompanied a
science teacher on field trips and began to callect minerals. When

he entered Yele University, Dana's interest in geclogy was heightened
as he sat in Benjamin Silliman's ¢lasses, $illimsn, the first great
teacher of chemistry and geology in America, was not forgoften when
Imna became a tutor Iin mathemetics to the midshiymen on board the
U.S5.5. Delaware in 1833, after being graduated from Yale, When the

Delaware visited the Mediterranean, Imna continued his study of

geolopy whenever he had the opportunity to land, asnd when he returned
to New York in 183% he carried off the ship a collection of rocks
and minerals.

Once ashore in dmerica, Dane qulekly aeccepted en offer to become
an assistant to Siliimen, Although he analyzed rocke for his mentor
and created same geologicsl charts, Dena still hed 2 lot of time at
his own Alsposal. He used this opportunity to investigate the con-
struction of minerals., Crystallography, as Dana's study wes called,
constituted a new branch of geoleogy, and the young scientist soon
made himgelf one of its leading adharents, Hlg measurement of
thousands of angles in ¢rystals fathered his devising of a mathe-
catical relationship between a crystal's angles and axes. To help
himself in his work, he made gless models of crystals, an almost
pioueering step in the Country, The culmlnation of his study appeared
in 1837, when Dana, only twenty-four, published his System of
Mineralory. This work is a classic of its kind, and geclogists still
use it. 1In Dane's day, the book pleased the layman as well as the
seientist, stimlating numerous amateurs to0 collect rocks and
Rinerals.
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The man who had written the surprisingly popular geclogical
work was undistinguished, except for his mind. About five feet nine
inches tall, Dane wes slender, had deep blue eyes and brown hair,
until 1t turned gray, Plain in his likes and forthright in his state-
ments, Dana shunned publie 1life; he only lectured to classes because
he had to. He had & vigorous, guestioming and Tflexible mind, however,
and he never shrank from sny problem. Most remarkable wes his
willingness teo change his point of view on sclentific matters, even
if he had %o medify or abandon some of his own ideas, Imna married
a deughter of Silliman in 1th, and then erected hisz house on
Hillhouse Avenue.

Although Tirmly established as a geologist by 1837, Dane's
evolutionary, world-wide coneept of geology only developed during his
participation in the Wilkes Expedition of 1838.42. Sponsored by the
United States ahd Led by Lieutenant Charles Wilkes, the expeditlon
covered a large part of the globe's surface in its quest for scientific
Information, Dana had a splendid opportunlity to study geological
matters. When the trip was half over, Dana in June, 1840, wrote from
the Fiji Islends that the natives were camnibals and preferred roasted
white men, More importaent, he said that he had made almost a hundred
drevings of caverns, eraters, mountains and rock formetions., More-
over, e hed collected numerous fossils. After the expeditica's re-
turn to the United States, Dena spent ten years in producing his
reports. The very nature of the reports, one on zoophytes in lﬂhﬁ,
then one on geology and a Tins) one on ¢rustacea in 1854, shows how
bana's point-of-view had been broadened. The reports appeared in
beautbiful volumes, but in such lizited quentities because of Congress'
parsimony that Dmna 4did not receive copies of them.

Dana'e appointment as the 5illimen professor of natural history
and geology at Yale in 1849, which position he held for elmost Tifty
years, did not Impede his work. HNot only did he complete his reports
of the Wilkes Expedition, but in 1862 he published his Manuel of

Geology. In this book Dana plctured geclogy as &8 vast, global exs

perlence, shoewing from the beginning of time how the interaction of
elr, water, heat and pressure underlay the evolutlon of the earth.

He had thua travelled far beyond & mere commentary on individual

rocks end minerals; he told how mountains, wvelleys, plateaus and
Plaing had been formed. Subsequently, his On the Origin of Continents
and Corasls and Coral Islends explained the formetion of mountains and
coral reefs respectively, His inkterest and desire to learn never
flagged, and when seventy-four he took his family to Haweli To show
them the island’s volcanoes, Thers the natives called him "the rock-
breaking medicine mwan."

120






When 2 man's age prevents hiom from I=arning, Dena maintained,
then it was time for him to die. Buft even Dana found it difficult
to accepl the thecoriez of Charles Derwin, Xot beceuse his mind hed
fossilized, tut becmuse his Puritean heritege copposed a mechanistic
explanation of man's develomment. As the years passged, however, Lons
goecepted more and more of Derwin, Finelly sgreesing with the Englishmen's
caneept of man's rise. Dane always malntalned, though, that 2 divine
act began the origin of man.

Vhen he died on April 14, 1895, Dena left behind 215 published
works, & legacy of faithful teaching end & new concept of geclogy.
All of this entered the mainstream of American sclence, enriching
it in 2 seldom egualled Tfashion.

Present Conditicon

Henry Austin, a prominent New Haven architect, designed the
house that Dape built in 31849, The two-story, stone tuilding, coverel
¥ith & cresm-colored plaster, followed the Itslisn or Tuscan style.
Its flat, overhenging roof, was topped with a Low cupola.

Inside, the high-ceilinged, spaclous rooms reflect the erm of
the house's construction. Large windows provide a maximm of day-
lighkt, PBeautiful parguet floors ere still extant, es is most of the
other decorative detail.

The building now houses the Department of Industrial Administra-
ticn of ¥Yale University. Ooly mingr changes, such as the boarding-up
of some {ireplaces, have been mede since Yale a¢quired the house in
1962,

Feferences: Danlel C. Gilman, The Life of James Iwight Dana

[Wew York, 1849); Bernard Jalfe, Men of Scienee in America [New York,
1958); George P. Merrill, The First Ome Hupdred Years of Americen
Gealogy (New Haven, 192h3; Tirk J. Struik, Yankee Science in the
Meking {New Yark, 1962).
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OTHNIEL C. MARSH HOME, CORNECTICUT

Locstion: New Haven County, 360 Prospect Street, New Haven

Ovmership: Dr. Kingmsn Brewster, Jr,, President, ¥Yele
University

Significance

The stupendous skeleton of a Brontoseauwrus Excelsus Marsh in the
Ball of Invertebrates at the Peabody Museum of Ratural History in
New Haven dwerfs humen beings. This gigantic saurcopod dinosaur iived
aons esgo, &nd it has been only within the last century thet knowledgs
of it and other archaic creatures has been sugmentad. Much of the
eredit For our familisrity with entediluviasn mhimals belongs to
Othniel C. Mersh, after wham the brontosaurus in the Peabody Museum
was named. Moreover, Marsh not only digcovered and studied an in-
credible number of vertebrate fossils, he ploneered In reconstructing
the skeletons of anclent beasts, reptiles and birds. He, more than
any cother American, startled both the scientist and aversge citizen
into 2 grealer awareness of the significance of the primeval ehimal
world,

Marsh, who beceme the New World's Iirst mrofessor of Faleoniology,
developed & passion for fossils in his youth., Borm on October 29,
1831, he collected minerals and fossils ms 8 boy. After entering
¥Yale University, he treveled in Mew York, New England and Nova Scotia
during his summer wecsations, seerching for fozsils, His second trip
1o Nova Gootlis produced the fossil of an unknown vertebraie, and
this discovery confirmed his determination to follow a sclentific
career, Marsh won his diploma in 1868: for the next four years he
pursued advenced work, both at Yale and abroad., The university
then eppuinted Marsh Professor of Paleontology.

The young professor postessed physiesl and mental strength, as
well as wealth, Of medium height, Mersh hed a solid, robust build,
which stood him in good stead on his collecting expeditions. His
good bumoer and thoughtfulness alse aided him on hiz field trips.
But beneath his friendliness lay & steel-like will, which propelled
Marszh on an individual course 1n his work with mncient vertebrates
and caused him to disdain cocperating with others. A celebreted
feud with o rival paleontolegist, Edward Drinker Cope, resulted.
The twe resoclute specialists, like embattled dinoseurs, fought each
other Iiercely, to their Aiseredit and the disadvantage of =cience.
At the same time, Marsh spent his own Tfunds in & lavish manner on
his work. Moreover he Induced his wealthy uncle, George Peabody, to
establish the Peebody Museum at Yale, now one of the Nation's major
museums of natural history.
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Soon efter joining Yale's faculty, Marsh inaugurated his
collecting., He led the first Yale Scientific Expedition o the
American West in 1870, largely uwnderwriting its costs, The thirteen
nembers ©of the group, plus its military escort, roamed in Nebrashsa,
northern Colorado, Wyoming and California. Because Mareh encouraged
Indians to bring in bones, he beceme known ag the "Bone-Medicine man.”
This trip and later expeditions in the 1870's produced quantities of
bones and led to some major discoverles, Fossils of birds with teeth
{heretofore unknﬂ?n}, of niosasaurs or sea serpents, and of winged
reptiles, toothless pterodactyls, were Tound., Although these frssils
startled Americe, the Country wes litile prepared for the massive
flow of dinosaur bones to New Haven that begen late in the 1870's.

Mersh, who had not originally intended fo concentrate on dinc-
sgurs, hecame ehamored with them in 1877. Vhen he received in that
year a letter deseriblng deposits of dinossaur bomes in Tyoming,
Marsh sent an mgsistant to investigate. And when the essistant wrote
that at Como Bluff, Wyaming, dincsaur bones ley in tons over a seven
mile ares, Mesrsh beceme a modern vwictim of the long-dead reptiles.
Under his direction, digping at Como Bluff lasted until 1892, He in-
sisted upon extreme care snd thoroughness in collecting, with the
result that bones reached Mew Haven in excellent condition. Moreover,
Marsh's demand that nothing be overlooked, produced remerkably com-
plete specimens. As box after box of bones reached Yale, the rap-
turgus Marsh was sble to describe one new dinosasur after ancother,
until at the end he had written of eighty new kinds of dinosaurs
and thirty-four new genera,

Faseinating as they were in themselves, the fossil birds,
reptiles and animele that Marsh dug fram the ground also gave in-
controvertible support %o Charles Darwin's theory of evolubion. A
convinced believer in evolution himself, Marsh's discoveries dismayed
meny an opponent of Imrwin's revolutionary theory. Darwin's foes,
for exampie, had pointed to the difference between reptiles and birds
in discounting evolutlon., But Msrsh's Tfinding of creteceocus birds
in 1872-73, with thelr teeth and other reptilisn characteristics, had
11lustrated the genetic similarity between the two femilles, 1In
addition, the paleontologist’s amazing collection of fossil horses
illustrated the evolution of the horse from ebout the size of a fox
to that of an gsa,

Marsh's tremendous energy 4id not fail him until his death on
March 18, 1899. Because of the overwhelming collection of bones at
Yale and his other getivities, he did not publish as much as he had
hoped to do. MNevertheless, his contributions to paleonbelogy guide
his guccessors in the scientific world today.
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Present Condition of the Site

Marsh began constructing his home in 1876 nnd ccmpleted it in
1878, although the interior was not fully Tinished until 188). The
tuilding cost ebout $30,000, as did its Purnishings. The structurs
ig & massive, three-story brownstone tuildlng, with a tower. Inside
there are elghteen rooms, the most interesting of them being the
octagonal reception roam. Marsh especially en)oyed this roam, which
he called his "Wigwam," and he filled it with mementoes of every kind.
A3 he never married, Marsh lived in the house In lonely grandeur.

The Yale Forestry Schaol occupies the building, known as Marsh
Hall, today., Its rooms are used as offlces and classrooms, but the
building remains largely as Marsh erected it. The fireplaces, <orner
cupboards and dark, heavy woodwork are untouched. Marsh'e "Wigwam"
is now empty, but 1% still refiests the spirit of the builder.

References: Charles E. Beecher, "Othniel Charlesz Marsh," The American

Journal of Science, bth Ber., VII {June, 1895); A Century of Science

in Americe (New Beven, 1918); Bdwin H. Elbert, Dinosaurs, Their Dis-

covery and Their %World (New York, 1961); D.A.B.; Charles Schuchert

and Clara Mae Le Vene, O, C. Marsh, Pioneer in Pelecntology {New Haven,
1540).
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ZLL WEITHEY ARMORY SITE, CONWECTICUT

locatign: Wew Haven County, Mill River Dam, Whitney
Avenue, Whitneyville

Cvnership: Mr. Arthur L, Corbin, Jr., President, ilew Haven
HWaterworks, 100 Crown Street, New Haven

Significance

There 1s generual agreement that few men heve egqualled Eli
Yhitney's influence upcn American History. A machine of hiz, the
cotion gin, spurred the rise of s cotton economy in the ante-beilum
South at the very same time thet his successful development of the
idea of fthe standardization of parts stimulated the industriasl
grawth of the North, Subsequently, the two sections met in battle,
with the Horth and industrislism triunphing. Whitney is & man we
cannot ignore, then, even if 1little more thap the site of his armary
in Wnitneyville remaine,

When Whitney was born on December 8, 1765, no one would have
dared to predict that he was fated to change "the ethnologicel,
economic, political, ethical and industriel face'l of America. It
i trus that 2 & youth he poseesszed a strong mechanical bent, doing
such widely desperate jobs ms repairing violins and constructing a
forge to make natls, But hig parents, suspleious of college and the
supposed dissolute ways of students, restrained him from entering
Yale until 1789, vhen he wes twenty-three, Fortunstely, his late
entrance did not sbash him, and Whitney cbtained his degree in
September, 1792. Shortly thereafter, he sailed ta South Carolins,
to taks & tutaring position.

Cnce 1n South Caroline, he abandoned the tutoring lob; insteed,
he invented the cotton gin, Intrigued by endless talk about the
need for a machine that would really clean cotton of its seads,
Whitney decided to invent that mechine., Iy June, 1793, he hed ec-
complished his goal. Whitney's gin's great innovation consisted of
& revolving cylinder, with hook-like spikes, thet tere the egtton
oway fram e stetionary breastwork.

1
Roger Burlingeme, March of the Iron Men (New York, 1940}, 170.
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The possibilities of the gin, espeeially when water-powered,
struck both Whitney and the planters. %While the inventor returned
Horth to secure a patent and establish a gin factory, the planters
began to meke their own gins. Whitney scon tock on a Southern
partner; and the partners vlanned to build gins and charge for their
use, not sell the machines. DBul sarly in 1795 Whitney's liew Haven
factory burned; and by 1796 Whitney and his partner had been forced
tc ftake lepal steps in the South to protect their interests. Vhitney
socn diseovered, however, that Southernm courts were not too Interested
in upholding his patent., Gegrgis courts in particulsr aroused 1ittle
enthusiase in Vhitney, and at one time he said:

I have a set of the most Depraved villains to cowbat
& I might ag well go to Hell in gesrch 05 Happiness
as apply to a Georgls Court for Justice.

The legal struggle continued for years, In other Southern States as
well as Georgia, and most of the profits were consumed by legal
expenses. Despite Whitney's small profit from the gin, the machine
greatly stimuleted cotton production. So mueh so, that the South
crew over 2,00C0,000,00C pounds of eotton in 1860 versus a production
of 1,500,030 pounds in 1790,

Whitney's persistence in pursuit of Jjustice in the South high-
lights a vital aspect of the man’s character. He had a deterwination
that guailed before no Adifficulty. When working oo a project, he
beceme immersed in it, even going withoul focd or sleep. If this
dedication Tailed to redeem his interest in the gin, it paid off
handsamely when he established his atmory. Aside from machinery,
Whitney was interested in 1ittle else, He paid ne attention to
rolitical or sccisl problens, and altheough he attended church,
displayed no passionate concern with religion. Ferhaps his ¢oncen-
tration on machines helps to eéxpiain his late marriaege in Jamuary,
1817, to Henrietts Edwards, who at $hirty-one wes Whitney's junior
by twenty-cne years.

Whitney's frustrastion from the battle over the gin did not deter
him frem spplying his mechanical genius to a new underteking in 1795.
And, in writing to the Secretary of War on May 1 end offering to make
ten or fifteen thousand stends of arms, Whitney prebebly realized

2
Cuoted in Jeannette Mirsky and Allan Nevins, The World of ELL

Whitney {New Yerk, 1952), 1962,
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that he would aot be hampered by cnmpetitioni Thers wers no arms
Tactories in the Uhited States at that time.” It is obvigus that
Whitney had carefully developed his plans for an armory, because

hiz offer to produce at least ten thousend miskets in two years was
astounding, After all, each cusket produced at that time was an
individuel, hendmade ilem., HNevertheless, Qliver lWoleott, who headed
the War Derartment and who was alesrmed by a threat of war with France,
entersd Into s contract with Whiktney on June 1k, 1798, for the pro-
duction of ten thousand muskets within two years.

The grazing contract fathered Whitney's armory st Whitneywville
and the Tirst successful use of Rachines in masgs production, Tt
took Whitney over ten yeers to corplete his first Federal contracs:,
rather than two, but by the end of that decade he had created bthe
Jdigs, machines and production methods that made the mass production
of standardised parts possible. His second Government contract in
1812 for fifteen thousand muskete herslded the dawn of a new indus-
trialiasm, for Whitney fulfilled the coniract within two years.

The Hew Haven genius had not been the firast te think of the
mroduction of interchangeable paric. But he successfully applied
the principle for the first ftime. It is also worthwhile to note
that Whitney’s approach o manufacturing was all inclusive, He,
for example, in determining production costs net only included the
chvigus expenses, but also the interest on the investod capital
and the cost of insurance. MNoreover, he btuilt the first mill town
in America at his plant for his employees.

Whitney, now effluent, died on January 8, 1825. One of Arerica's
mest brilliant sonsg, his legacy will never be Torgotten.

Present Condition of the Site

The site of Whitney's ammory is ebout =211 that remsins of his
arms factory. Part of Whitney's dam across Mill River has been
incorporated into the present dam, and the foundations of some armory
buildings are extant. A small stene building stands on the site,
end it is purportedly a surviver Irom Whitney's day. Further re-
scarch on thot structure is necessary, however, to substanfiate that
theory.

The Hew Hewven laterworks has several buildings an the site.
One is used by a small menufacturing concermn,

“Whitrey's Arzery began production in 15C0; the U.5.Springfield Arrory
in 1795, and U.5.Arvory at Harpers Ferry in 1801,
References:  [oger BUrlingame, FArch oi tne Iron Men (uew Jork, ISH0 ),
L. Sprague de Camp, The Hercic Age of Amevican Invention (Hew York,
1951); Conctance Mol. Green, Bii whitney and the Birth of American

Technology ﬁﬂﬂsﬁonj 1955; ) Jewanetie Nirsky and Ailon devinz, Thz
Worls of Iz Whitney {Eew York, 19527; Dirux J. Strink, Yonkes Soience
in the gltine (e Yool 1965,
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DR. EPHRAIM MC LCWELL HOUSE, KENTUCKY
Lecation: 125-127 &, Second Street, Danville, Kentucky
twnership: Kentucky Medical Society

Sigrnificance

Ephraim ¥eDowell established mediczl practice in early Danville,
Kentucky after having studied under Dr. Alexander Humrhrey of Virginia
and in Zeotland at the University of Edinburgh snd with the brilliant
rrivate teacher, John Belli, He 4id not study at the University long
crough to esrn a2 degree, btut he gained a broadened understending of the
medicine of thet dey and perticulerly of anatomy and BUrgery.

In Danville, McDowell collected an excellent lihrary. He was always
a student and, witk the young men studying in bis office, carried on dis-
sections during each winter. Very soon ke had established a reputation
a5 the best surgeon west of Philadelphia, MeDowell was not only a skilled
orerator, but possessed all the higher attributes which rpade up the chersc.
ter of & great surgeon--intense conscientiousness and a serurulous rogard
Tor the wellare of the patient,

In Pecember of 15(9, MeDowell's skill faced a serious challenge when
e wag called to ald Mrs, Thompson Crewford. Two local doctors told
MePowell that Mrs. Crawford wos pregnant; he soon realized, howevor, that
she was suffering from an ovarisn fumor. Fmirent surpeons then uniformly
held that such was the danger of peritoneal inflammation that orening the
aldomen to extract the tumor was inevitable desth, They beliewved that ex-
rosing the inner wall of the abdomen invariably produced fatal infection.
At That time the dressing of wounds, anputations, and care of broken bones
ard crralng, stones, ruptures, and tracheotories covered the whole Scnpe
of surgery. Surgech 4id not dere invade the ereat cavities of the body,
seme doctors had discussed the possibility of exclising tueors, but no
curgeon had ever been willing to bazard suck an operation.

Ir. McDowell discussed these Tacts with his patient and rointed out,
newever, that removal of the tumor was her cnly hore. He agreed that if
she were prerared to fave the risk of degth, that ke would remove the fumar.
Mro. Crawford acecpted and was removed to the MeDowell home in Donoville
where there were facilities arnd assistance.

Althcugh ke faced stubbern cprosition In vanville, Dr, MeDowell and
Flz nephew performed the cperation on Christeas Day.  Tre cperation was
successiully completed, but the rewl danger still lay shead, wWould the
matient dewvelop the deadly infection, peritonitist Mrs. Crawford's

125






convoleseonce vas brief and within tventy«five days she resumed the
active life of a picneer housewlfc. She temained in excellent health vatil
her death at the ape of cevenly-nine.

Melowell's cperation was one of the most ipportant in the history of
surgery; his cure for the usually fatal ovarian tumor was only a2 small
rart of his discovery. ZIZven more significant wes his domeonstration that
the gkdeminal cavity couldé be cut into sarTely, Thi= operation was o fore.-
runner of a pajor part of modern surgery; its succcess combined with tas
revivel of {aeszerian sectionz te destroy s false talboop apd hlaze the way
for other surpgeons.

Fecopnition of Melowell's work was slow in coming. MoDowell waited
seven years, unptll o had operated three times succeszfully, befors pulb.
lishing anything on his discovery. He then published ar inadeguately
written aceount in an obscure jourral. The result was adverse eriticicn
at here and abroad, A subsequent article in the sawe journal, written
after two additional operstions, hardly improved the situstion. Finally,
a report addressed to bis old Edinburgh teacher, John Poll, was published
by Johr Lizars in the Edirbureh Medicasl and Surpicsl Journal for Octoher
1532k, sever yecars after it wams first written. In 1827, the University of
Maryiend conferred on him the honorary dzgree of doctor of medizine.
eDowell is considered today to be "the father of atdominal surgery.”

Fregsent Jondition of the 3ite

The Kentocky State Medizal aszceoistion has bought and restored the
Lietotel) home to its origlnal state, The woren's auxiliary of the Society
haz completely refurnished the home in aovthentic period pieces, and has
cecured many Melowell papers and percongl items. Of especial interesi 1o
the small bedroos on the second floor above the dining rocm. This is the
room In which 1t is believed the oporaticon was perforeed.

Adjoining the housze is the MeBowell fpothecary Shop, In 1799,
Lr. Ephraic MeDowell and Dr. Adsr Berkin started the practice of nedicdine
in thiz zmall twe-room brick Ywildlag. Two years later, they purchased
the building, and it was vsed by then or thelr successors as en apotheuary
shiop conticuously until 1H8Sh, The back room was the doctor's office ard
the front rocm was oporaled 25 o yhysicion-owned apothecary shop.,  An
aprrentice Lo Doctors HeDowell and Bankin vretared medicines for their
ratients.

The Apothecary Shop has been luynished with a collection of 184n
ard carly 19th ceatury apothecary eotuipment and products,

Lrores T. Fleyner, Doctors on Horseback, rdoneers o hAierican
redicine { Menr York, 1937, 130,
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Tht houso ond shwep ocre open deily under the gugpices ol the Melowvell
touce Coemittes of thc Kentucky State ¥edical LAzsociation.

Eeterences: "Fphraip FeDowell," Dietionary of fcerican Biograpoy, HIT
cew Yort, 1646} James T, Flexrer, Lociors on Ecrsctacl, Dioncers ol

Arcricen Hedicine {Hew York, 1937); Frank J. Jirka, Agericen LOCTOrs of
nosbiny (Chicaga, 1507, o
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ARFOLD ARBORETUM, MASSACHUSEITS
Location; Suffolk County, Jumaics Flain, Poston

wnership: Dr. N. M. Fusey, President, Harvard University,
Carthridee

Slgnificance

The Arncld Arboretum is America’s pre-eminent institution for
research in lignecus nplants. Charles Sprague Sargent, one of the
Mation's foremost silvieulturists, guided the develcrment of what
was originally intended to be a wodest tree farm for Marvard
University for half a century, making the arberetum what it is
today. As & result, the arboretum is a thing of beauwty to see and
an invalusble fount of informetliop for the study and proragation
of woody plants.

James Arnold, a successful and public-spirited merchant of
New Bedford, provided the means for creating the arborefum. Upcn
hie death in 1863, Bedfard begqueatked $100,000 for study and re-
search in either agriculture or horticulburs, Two of the trustecs
of Bedford's estate, both of wham desply eppreciated the beauly
and value of trees, thought that the bequest should be used to
establizh a trees farm, where the scisntific study of trees could
be pursusd, Through their efforts, BedTord's fund was Presented
to Karvard University on March 29, 1872, with the understanding
that the university develep a tree farm, to be called the
“Arnold Arbhorestuem,”

The development of the arborectum proved to be a more Aifficuic
task than anticipated, and without Sargent perhaps much less would
have been achieved. When Harvard appointed Sargent as director on
Hovember 24, 1873, the young man, he neing only thirty-two,
apparently possessed no particularly cobvicus qualificatiens for
the job, He had been gradusted from Harvard in 1862, had served
in the Civil War, led traveled in Furocpe, had done some additional
studying and hed warried Mary Allen Robilzon only two years rrior
to his appointment. He hed not impressed others with his scholar-
ship, nor btad he published any scientific parers. But this tall,
reserved and ypersistent young wan hed now found his ecalling, and
e became g superb administrator end scholar.

Sargent said of his early years with the arborctum, that no

ome had at first realized the chellenge facing them, esvecially
"the man selected to carry out the provisions of this agreement
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iﬁedford‘s 1E5ac3?. But Sargent soon reslized that the income from

the trust would nct be sufficient to develop and maintain a tree

farm. The imaginative director then twrned his eyes toward the

City of Boston. Fertunately, Frederic L. Olmsted, the creatcr of
Hew York's Central Park, was then working on the Boston Park system,
and he and Sargent joined forces in a cempaign to gein the city's
Lkelp in establishing an arboretum, Clmsted, spurred by his unfailing
vision, conceived of an artistically designed arboretwum as forming
the esthetic hipgkreoint of the city's park system.

The crusaders fought for nine years. Finally, an agreement
signed by Boston and Harvard on December 30, 1852, signified their
triumph cver the opposition of "town and govm,” and public apathy.
According to the pact, Boston received the title to the land in
Jamaica Plain intended for the tree farm and then leszsed it back
to the university for a thousand years, for s rental of one dellar
& year. Looking to the future, Hirvard reserved the right to rencw
the lease for ancther thousand years when the original period ex-
vired, The city also agreed to install welkways and drives, and
Aarvard agreed that the arboreturm would form part of the park systen
and would be apen to the publiic. The original 120 acres were also
added to; todey, the arboretum covers sbout 260 acres.

With the agreement with Boston signed, Sergent could concentrat.
o developing the arbeoretum, 4 basic desire on the part of the
university guided him in this woerk, if.e. to prow a specimen of everyr
kind of tree mnd shrub able to thrive ir eastern HMassachusetts.
Throush verchose and exchange mavy specimens were galned, but it
soon became evident that Sargent would have to seek out plants for
the arboretum. As a result, travel in search of woody plants
carried Sargent and his gtafl throughout the United States and tha
Far Fast. It was in the Far Eest in particular thet they found
numerous plants which could grow at the arboretum, and expeditions
to Japen and China supplied numerous varieties for the ftrees farm,
laborers planted the specimens in groups of species, and within
species by fanilies, As the farm's veried landscape, which included
hills, meadows and brooks, was planted, Sergent alsc made every effort
to make the arboretum esthectically apoeeling.

1

Quoted in Samuel E. Moriscon {ed.), The Develoyment cof Harvard
UanE“El+V Bince the Tnauwguration of Tresident Eliet, 163659 19¢ﬂ
YCacbridge, 19307, 453.
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While creating the arberetum, Sargent never forget its research
aspect. He began o tesi woody planty immediately in order o
determine which were suitable for the climpte. By the time of hiz
death in 1922, the farm had grown 1,206 plants for the first tims.
As the years passed, Sargent also bulli up a library, vsing his om
wotanical collection as a start., He elso devcloped & herbarium,
now of inestimeble wvalue in research. Moreover, in the course of
his directorship, Smrgent produced scores of articles and several
monumentel works. His Silva of HJortih America stands as his master-
piece, This work, issued in Tourteen volumes, describes and
illustrates every species and variety of iree known to exist in
Jorth Arerica north of Mexico.

Despite the value of his publications, Sargent's real monument
is the Arnold Arboretum. And since his desth in 1922, the arboretum
hzs continued to grow and zerve, reflecting Sargent's drive and
seientific dedication.

fresent Condition

The Arncld Arboretum now occupies 265 acres of hilly land in
Jemaice Plain. Over six thousand differenft kinds of shrubs and
irees cover the ground, with each plant bearing a label that gives
ite cozmon and sclentific nmme, age and origin, the run through-
out the arboretum, and visitors ere welcome %o walk in the arbaretui.
Autcmobiles may be used only by obtaining o special permit at the
adpinistration building.

References: fArnold Arboretum/, "The Arnold Arboretum," (n.p.,

rn.d, i Hans Huth, Bature and the American {Berkeley, Calif., 1957);

Harvey B. Humphrey, Mekers of North American Botamoy {ftew Yorlk,

1961}, Samuel E. Morison (ed.), Tue Levelopmen: of darvard University
%ince the Inauguration of Fresident Eliot, 1£69-1929 [Cambridge,

Hass., 1930); Charles Sprague Sargent, The Arnold Arvoretum ( IF

William Trelease, "Charles Sprague Sargent,’ Biosraphical Memodirs,

Hatiocnal Academy of Sciences (Washington, D. C., 1929).
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ASA GdAY HOUSE, MASSACHUSETTS

Locabion: Middlesex County, 88 Garden Street, Cambriadge
Ovmershin: Mr. Cerdner Cox, 88 CGarden Strest, Cembridge

Asa Gray, who was largely self-taugh*, survived torpedoes
exploded by hig puplls in his classes at Harvard, brought inter-
national luster to American botany, and stoutly defended Charles
Parwin's Origin of Species in the United States, deservedly ranks
as one of this Country's leading seientists.,

Born of parents of English and Scotch-Irish background in
Sanquoit, Hew York, in 1810, Gray acquired an interest in boteny
as a youth. Then, while attending a small medicel coliege, he
rezd The Edinburgh Encyclonzedia’'s lengthy article on botany during
the winter of 1527-28., That article greatly stirmleted his
botanical interesi; especially me it said that much needed to he
dene in MNorth American botaay., Gray's medical studies Turthered
his appreciaticn of botany, and belfore his praduation in 1831 he
had already begun to collect plants, An established botanist,
John Terrey, of FNev ¥ork, learned of the young doctor's botanical
work and asked Gray if he would like to be his mssistant. COray
assented, gnd medieine lost a promising adhervent.

Grey mads rapid progress in his new profession. largely in-
fluenced by recent European developrents in botany, there not even
being an American work on this Country's flora, (ray boldly edopte2
the natural system of classification. Briefly, this system soupht
to establish the relationskip of plants according to the similarityr
of their varicus parts. FHe thus spurned the long-useé Linnaean
systen, which identified plants by the number of stamens and stylss
thet eack had. In 1836, he published his first beok, Elements of
Botany. Two years later, in conjunction with Torrey, Gray publishes
the first part of the Flora of North America. This volume, plus
the succeeding velumes, gave America its most notable compendiurc
of known plants in the travelled arcas of the continent., In the
sare year that the firsi wolume of the Flara appeared, 1838, Gray
atcepied a veaching positiom at the University of Michigan., For-
tunately for him, the university sent him ebroad for a yesr, where
he wisited botanists and botanical collections. While in England
he wmet Tarwin, but discerned no prestiness iIn the British botanist
at that time,
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Three yemrs after his return to Awerices in 1838, Gray
assured 8 professorship of botany st Harvard University. He
heid that position for forty-five years, In 1342, Gray was only
thirty-twe. Very slender, he weighed but 135 pounds, hkad e
nervoue energy, and always seemed to be running rether than walking.
He was not an inspiring teacher. Indeed, each pupil knew his
routine, even to the point of knowing when and for what Gray would
<cgll upon him, Tt wes in Gray's early days at Harvard thet scmo
of his students enlivened affalre by setting off Tirecrackers in
his elassrocm,

A prodigious worker, Gray's years at Hervard witnessed his
rise to eminence in botany. As expedition after expedition sent
new specimens te Cambridge, Gray and hils essistants pounced on
them, classified them and gave thex names. Gray, at the same time,
rroduced many books, his two volums work, The Genera of the Flants
uf the United States, in 1849 const1tut¢ng a brilliant achievement.
The work contained plates of plants by Isamc Sprague, which remain
nodels of effective plant filustration, and descripticns of those
Flants by Gray. In 1853, he published How Plants Grow, a volume
that seut many = child into the fields to collect plante, In
addition to the preceding, Gray established an mcguaintance, by
correspondence if by ne other meens, with as wany American and
European collsagues as possible. Never one to hide his findings,
Gray, in an unusually cooperstive manner, readily shered his know-
ledpa with others.

Ferhaps Oray's most original contribution to the seience of
botany was his discovery of the relationship between the flora of
eastern North America and east Asia. The publicetion of his
Statistics of the Flora of the Northern United States in 1856
troved the geograpaical relation of plants in fAsia and America.
This discovery led to the rise of & new aspect of botanical study,

plant geography.

Gray, in addition to his notable botanical work, ably served
science in general when be led the defense in America of Dmrwin'c
bitterly attacked Origin of Species. Admirehly equipped to do so
tecause of his scientifiic standing, his personsl leadership in his
Tield, end his well-known religious Teeling, Gray, who admired
Larvin's willingness to acknowledge gquestions ebout his work, spoks
Torthrightly in behslf of truth in science, Reviewing Darwin's
book in The American Journal of Seience in Yerch, 1860, Gray
emrhagized Lthe value of science for science's seke. He wrote as
if science and religion hed no relation to each other, Perzomalily
ccomitted to meet of Darwin's views, Gray really pled for scientific
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Treedor., The Britisher valued Gray's efforts highly, and after
Gray had begun & series of articles in the Atlantic Monthly in
July, 1860, in support of Tmrvin, the evolutionist praised Grey's
defense of the Origin of Species.

Because of his defense of Darwin, as well ms because of his
own work in botany, Gray remains one of America's notable scientists.
His death on Jamuary 3¢, 1888, ended a chapter in our Country's
scientific history that was rieh in sccomplishmwent and humanity.

Prezent Condition of the Site

Gray's house is a commedious, two-story, clapbeard building,
whieh wag bullt in 1810, The structure has been moved frem its
original site on Gerden Street to its present location, A white
nilaster at either end of the front of the bwellding, plus a white
balustrade on the roof, add e striking note to the brown house.

The interior of the main secticn of the house has been ap-
parently little changed since Gray's day. The main stairwsy,
voodwork in the rooms, and fireplaces all seem original. A large
rool on the right asz one enters the house was apparently Gray's
study. This room still contsins dark brovn filoor to ceiling cup-
boards.

The house is only in Talr condition, Seme of the exterior
woodvork has deceyed and the bulldipg needs to be painted. It is
not known if & studio to the rear of the house is an criginel
gection of the building,

Beferences: A. Hunter Dnpree, Asa Gray, 1810-1888 {Carbridge,

Mass., 1959); Harry Baker Humphrey, Makers of North American Botany
{New York, 1961); Jane Loring Gray (ed.), Letters of Asa Gray

(2 vols., Boston, 1894); William Irvine, Apes, Angels, and

Victorians (Wew York, 1955); Samuel Eliot Morisen (ed.), The Develop-
ment of Harvard University Since the Inavguraticn of Fresident

Tliot, 186G-19¢5 {Cambridge, Mass., 1930); Dirk J. Struik, Yankec
Seience in the Making (Mew York, 1962); ¥illiam Trelease, 'Charles
Sprague Sargent,” in Biagrarhical Memoirs, National Academy of
Seiences, {Washington, D.C., 1929),
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HARVARTD COLLEGE OBSERVATORY, MASSACHUSEITS

Iocation: Middlesex County, Cambridge 38, Messachusetts
vmership: Dr. H. M, Pusey, President, Harvard University

Bignificence

President John Quiney Adsms lamented in his annuzl message
to Congress in 1825 that Arerica possessed no cbservatories, no
"lighthouses of the skies.” But before the passage of too many
years, several ohservatories were erected. Of them all, the
Haval Observatory in Washington and the Harvard Collepe Observatory
in Cambridge were the cutstanding ones, with the Harvard "light-
house” playing a primary role in the rise of American astronocmy.

deny at Harvard College had always exhibited mn interest in
astroncry, and the deslire to build a college cbservatory probably
arcse near the end of the eighteenth century. S8ubsequently, s
rekeshif't cbservatory was established, but it proved unsatisfactory.
Itz inadequacy became clear in 1843, when a paucity of instruments
wrevented the cbservation of the treck of a comet. This failvre
was salutary, however, as it stinulated citizens in Boston, Salem,
Hew Bedford and Nantucket $o contribute $20,000 for a new cbser-
vatory. This collection followed a domation of 55,000 by Imvid
Sears for the construction of a tewer to house a great telescope.

William Crouch Bend, who beecame the new chservatory's first
director, supervised the building of the installation. An astroncoer,
and well-travelled, Bond relied upon his own experience and know-
ledge in supervising the cbservatory es it rose on a hill in
Cambridge, A tower for the telescope ccoupied the center of the
observatory. When the domed tewer wes completed, it had & heipght
of thirty-three feet, but the baze for the telescope, made of great
granite blocks, extended twenty-six feet bLeneath the ground's
surface. The pier's top carried a granite pedestal, weighlng almost
eleven tong, for the mounting of the telescope. On eitber side of
the tower, known as the Sears Tower, sat two wings when the obser-
vatory had been Ially ccmpleted in 1851,

White workmen in Carbridge erected the observatory, skilled
artisans in Municl labored over a lens for the observatory's tele-
score.  The group behind Harvard's cobservatory had decided upon a
refracting rather than o reflecting telescope, and had placed an
grder for a fifteen inch lens withk the same flerman Tirm that had
built the refractor for Tsar Ficholas' observatory near 5t.Petershurg.
In May, 164%, the Englich agents tor Harvard visited Munieh and
choge one of the twa lenses wroduced. As events proved, the agents
vad made wa cwusllent chedes, for the lons nes ef weoprnesTod quality.
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When the lens reached Carbridge in June, 13LT and was mcounted, the
rublic expressed preat interest and eathusiasm, hoping for new
disecoveries in the keavens,

Bond, extremely proud of the new instrument, did not dis-
appoint the new legivns of amateur astroncmers., In 1848, he dis-
covered a satellite of Saturn and in 1850 an inner dark ring of
the same planet, now known as "Bead's Ring.” fs a resuli of the
foregeing, plus his study of stars, ccomets and ofher heavenly
bodies, Bord won an iaternaticnal reputaticon for the cbservatory,
Early recopnition of his work had ccme in 1849, when the Aoyal
Astronomical Sociecty of Great Britain had elected hip it= first
Averican Associzte,

Vhen Bond died din 1859, i% wes remarkable that he had accom-
7lished what he had. Alvhough wealcus in nis work, he had never
Teen free of financlal difficulties becauee of the meager budget
the observatory had received from the university. A major result
of the cellege's parsimeny was thnot cepable assistents seldom
renained for long at the observatory.

Bond's successors malntained and enhanced the fame of the
gbesarvetory. IDdward €, Pickering assumed the directorship in
15?6, and he recognized the pessibilities of photography in astrono-
mical work, somo early efforts in that diresction hewving elready
been made at Harvard. Thus he initioted a photographic study of
*he heavens., Under Pickering's directicn, the cbzervatory also
btegan to creaste a library of celestisl photographs, which now
ineludes 200,000 original negatives, a unique collection.

At the present time, the cbservatory's operstions are world
wide, With stations in warious parts of the world outside of the
United States, the observatory continues to probe the heavens in
order to add to man'z knowledge of the universe, Meodern instruments
and cther fevelopments have greetly 8ecreassed the value of the
chaservatory's original telesceope, but the refractor in the Sears
Tover is a tangible link to the founding and early days of one of
the world's notable chservatories.

Present Conditicon

Sears Tower is all that remains of the original observatory.
The tower iz In excellent cordition, however, ss 1§ the telescope
in the dore. Indeed, the roowm ik the dome is guch like it was when
Bond firsi hegan teo pecr at the hemvens throvgh the new refractor.
Cf subsidizry interest to the telescope is Lhe ocobservation cnalr,
thich Bond designed., The plueh red chailr, stbtached to the Trame-
work so that it could Le moved, rrovides a startling roto in an
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gtherwise somber room, An additioneliy interesting object iz
the cannonball thet is on display, one of many which vwers uzed
as ball bearings in the mechanism Tor the mcoveable dome.

Reforences: Solon 1. Bailey, The History and Work of Harvard
OUbscryvatory, 1832 to 1927 (Wew York, 1931}; /Harvard Collepe
Observatory/, 'Toward Fuller Understanding of the Universe,”
(Cambridgc, Maszs., 1956}; A, Pannekoek, A History of Astronemy
{I'-Iew)‘fnrk, 1961}; James Stokley, Stars and Telescopes {Few York,
1936).
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"ETUTR DCME," WASSACHUSETTS GEWERAL HOSFITAL, MASSACHUSETTS

lLocation: Hiddlesex County General Hospital, 45 Milk
Street, Boston, Massachuseils

nmership: Mr. Frencis C. Gray, Chaliman, Massachusettis
General Hospital

Sipnificance

About 10:15 A.M., October 16, 1846, a surgeon in the operating
dome of the Massachusetis General Hospitel defily began ta remove
a tumor from the neck of & patient, As the sure hands of the
surgecn excised the prowth, the male patient neither shrieked in
agony, nor moaned in a pain-induced delirium, Arazed observers,
doctors and students, watched, Two batterad Emptian mummiez were
silent witnesses. Faln, from before the time of the mummies and
since, had alweys accompanied operations, but this operation orened
a now era in medicaml history. As a result of having inbaled ether
befare the operation, the patient slent while the surgeon worked.
Little wonder that the hospital's record of the operation sa¥ys:
"This case is recarkable in the annals of surgery."

Men had long searched for a mesns to alleviste pain while
patients were under surgery. Opium, hashish and alcohol had all
been nsed, but without notable success. Doctors and patients
continued to dread operations. Strengely encugh, however, by the
1820's many people knew that both nitrous oxide and ether could
cause wnconscicusness; and as early as 1792 5ir Humphrey Davey
kad proaposed using nitrous cxide in coperations. Davey's suggesticn
went unheeded; instead, nitrous oxide { laughing gas} and ether
became poyuler es A megns of indueing Jjags. Ironically, it was
the frivolous use of ether that cavsed Dr. Crawford W. Long, of
Georgie, to notice that cne felt no pain when “drunk” from ether,
Struck by the ohservation, Long wondered if ether could be used
during surgery, and In lﬂﬁE he succegsTully operated on A patient
who had been put to sleep by ether., Long publicized neither this
operation nor others of a similar nature, perhaps because talk of
hic diseovery aroused fear in his neighbors. 0On the cother hand,
Tr. Horace Wells, of Hartford, Connecticut, sought to exploit his
own success in 1944 in pullirg s patient's tooth while he slept

1

Quoted in Francis R, Fackard, The histery of ¥edicine in the
Unitzd Btates {Philadelphia, 1901), B74,






under the effect of hitrous oxide. Wells' attempt to arcuse
interest in his lnnovation foiled., But a forger partner of
Wells' wme to gecomplish what neither Long nor Wells d4id, to
prove to the world that pain could be ended in the cperating
Yol

William Thomas Green MHorton, who ended a partnership with
Hells ip 1843, established for all iime the efficacy of ether
during operations. JBarn in 1819 in Charlton, Massachusetts,
Morton attended a dental college in Baltimeore in 184D and upon
Yeing graduated joined Wells in conducting a dental parler,
The underteking failed tc be profitable, so in 18k3 Morton
opened a dental office of his own in Boston and soon enjoyed a
large practice. He also marrlied Elizabeth Whitman in the same
year, Despite his success as a dentist, he promised his bride’s
parents thet he would pive up dentistry for omedicine and *hus
entered the Harvard Medical College.

While attending medical school, Morton continued his dental
work., Hoving devised a new way of inserting faise tecth, Marton
sought to digcover a painless means of pulling dead teeth, He
experimented with warlous paln killing agents, but finally settled
upon ether as the most effective one. On Septewber 30, 1846,
he not only put himsell $o sleep with ether, but alsc pulled a
tooth frem a patient put to sleep with gas. Excited by vhat he
thought was an original discovery, Morton asked for an opportunity
to use what he called his "preparation" at the Massachusetts
General Hospital. Dr. John Collins Warren, the hospital's chiel
surgeon, acceded to Morton's reguest, and Morton was invited to
particizate in an operation at 10:00 A.M., Friday, October 16.

The dcmed ¢hember atop the cenfrel sectica of the hospital
was filled with doctors and students by ten o'clock on Friday.
Doubt about Morton's cleims for his "preparetion’ played on the
faces of most of those present, especially as at 10:10 Morton hed
51111 not arrived. Delayed by last-pinute adjustments teo his
epparatus, Morton entered tha rocom sbout 10:15, just as Warren
had begun toc proceed with the operation. Mortom guickly moved

to the patient, Gilbert Abbott, gresped one of bhls hends and assured

Abbott that he would feel no pain. Seated in a chair, Abbott
then vegan to inhale ethzr from a glass tube with a globe at its

end and he fell asleep in sabout five minutes. Warren then operated,

¥isibly impressed upon the comclusion of the operation, ani at th:
ratient's stetement that he hed fell no pain, Warren said:
"Gentlemen, this is no humbug.”

1k
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Since the memorable operation in the "ether dome," man
usz been released frowm an age-old feer of cperation, O as
Cliver Wendell Holmes said of Morton's use of ether,

The fierce extremiiy of swuffering has been steeped in
the water of forgetfulness snd the deepest furrow in
tho knotted browv of agony has been smoothed Torever.

Although the world rejoiced in the use of ether, Morton
derived small practical benefit from his work, When forced to
anncunce what his “preparaticon” was, the denftist became involved
in a tragic quarrel involving himself and Wells, snd to a lesser
degree, Long. Put Morton's reel nemesis was Dr. C. T. Jackson,
an erratic but brilliant scientist, who clalmed he had teld
Morton about ether when Morton had atiended his medical classes
and whase virulent attacks helped cause Morton's death on
July 15, 1868. Today, Long is credited with the first use of
cther in an operaticn and Morton with proving to the world its
Telue in surgery; but when B monument was given to Boston In
1868 commemorsting the operetion in the "ether dome," controversy
swirling about Morton was still so violent that the donor thought
it "wige to mention no names except the name of the Lord--the
only safec one.”

Fresent Condifion

The "ether dcme” has hardly besn changed zince October 16,
16846, Located at the top of the central section of the hospital's
original building {designed by Cherles Bulfinch} and beneath a
dome, the room is still used. It is hoped, heéwever, that oven-
tuzlly the famous room will become &8 ruceum.

The rogm has a bare and utilitaerian look., Two Egyptian
rummies, the same that stood in the room in 1546, present the most
unexpected note. A large part of the room is occupied by sharply

rizing tiers of seats, where students and others sit duwring lectures.

Capping the room is the dame, through a section of which daylight
can be admitted.

2
Gucted in Joseph E. Carland, Every ten Our Neigbbor {Boston,
1961}, 1k,

Dirk J. Struik, Yankee Scierce in the Making (Hev York, 1562},
201,
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Relferences: Jawes T, Flexner, "The Death of Pain," in Sacusi
Rarport and Yelen Wright, Great Adventvres in Medicine {New Yarl,
1952); Joseph E. Garland, Every Fen Cur Weighbor {Boston, 1961);

€. D. Heagensen and E. B. Lloyd Wyndhom, A Hundred Yegrs of
Medicine (MNew York, 1943); L. J. Ludovici, The Discovery of
Anpesthesla (Mew York, 196L}; Francis R. Packard, The History of
dedicine in the United States {Thiladelphia, 1901); Dirk 4. Strullk,
Yarkee Science in the Making (dew York, 1962),
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BEAJAMIN THOMPSCH ZINTHPTACE, MAS3ACHUSETTS

ILecation: Middlesex County, 80 Elm Strees, loburn

Cwnership: Mr. Cecii R, Porter, Fresideni, Rumford
Historical Association, 2 Foole 3trect, Woburn

Sipnificance

America can ¢laim few scientists who heve rivaled Benjamin
Thorpson’s analytical and ereative ability. IEven though he
7led the Country during the Aserican Revolution, this remarkable
renr iz widely regerded as an American scientist. Moreoyer,
Thompson's directness, determination and precticality stemp him
as being much more American than Buropeen., Like 2 transplanted
tree, he retained the inheritence of his Tirthplace,

The future Count Thmmford of the Holy [laman Empire was bern
in Woburn, Massachusetts, on March 26, 1753. Upon the death of
his father, asbout eighteer months after Thompson's birth, Thompson
acquired a step-fether, whom he despised. Poveriy and hetred of
his step-father hardened the youth, who became an apprentice to
& Boston werchant in 176G9. He lost that job in 1Tt0, because of
bad business conditions, and returned to Yeburn. There, Thompeon
lived =sway from hame, evidently did some teaching, and attended
some classes at Harverd College. OSeveral yesrs later ke moved
ta Concord {then Rumferd}, WNew Hampshire, to teach, where he met
Sarah Rolfe, A wealthy widow, whem he married in Noverber 17TE.
Two years after their marrisge, the couple had m baby gir:,

The American Hevelution, as 1t did for so manmy others,
chanzged Thompson's destiny, In Bumford, Thompson had won the
Tavar of one of his wife's relatives, the pro-Dritish governar
of the colomy, John Wentworth, who appointed Thompson as a majer
irn a New Hempshire regimefit. Subsequently, the young major fully
committed himself to the King's ceuse, as by the summer of 1775
he hed sent dinformation to the British, had been tried for the sance
(which he had denied} and had decided to join the English. In
October, 1775, he vieited his wife for whet proved to be a final
time, and shortly thereafter sailed to England. When he returned
to America in 1781, it was as a lieutenant-colonel in the
Eritish Army. In his new status, he conducted militery operations
in South Carclina and on Long Island, Hew York., After England
acknowledged Ameriece's independence, the King knighted Theompscon
in 1784,
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Until the time of his knighthood, Thompscrn eprarently had
allowed ampition to dcrdnate him, rather than his love for
goience, But Treom his youth be had been fascineted by ths
natural world., Vhen only fourteen, he had reguested an older
friend to explain the naturs of light, what happened to cley
when fired, and how winds arose.

A keen stientific curioslty in Thempson acccompanisd a talent
t0 devise and carry out carefully controlled experiments. Morsover,
cace Thempson discovered answers to scientific problems, he was
to turn the discoveries to vractical usce. Thiz characteristic
ranifested itself when the asbltious knight Decare an empicyee
of the Elector of Bavaria,

Thompson so impressed the Elector of Paverie when the two
met in 17BL, that the Elector inviied the young officer to enter
hiz service, ATter an initial hesitation, Tharpson accepted the
offer, and he spent the next fifteen years in Munich. His success
in serving the electer is indiceted by the fact that in 1788 he
became the Minister of War, Minister of Police, a MaJor-General,
a Chamberlin of the Qourt end a State Counselor. The Elector
made him an imperial count in 1792, and {our years later gave
Thempson the wirtual rule of Bavaria when the Freuch threatened
it. Vhile the Elector and his wife enjoyed safety in 3Saxony,
Count Pumford saved Bavaris frem its ancient foe.

Thecmpson's success in Pavaria stemmed from his selentific
and sdministrative sbilities. He ended begpary in much of
Bavaria by Tesding beggars and puiting them to weork, o proved
the Tood value of the potato ss & staple, and after resistance
against it, the potato became a basic Tood, in Furcope as well as
in Bavaria, He devised a pressure cocker, a fuelless cooker and
g2 gos vanpe o improve the 1ot of the common man. He ¢reeted
Munich's famous Enpglish Gardesn out of a swamp. HMoreewver, he es-
tablished a military acedemy, 8 veterinary scademy, and other
educptlonal institutions,

While devising scientifliec answers fo sceisl problems,
Thompson also applied himsell to pure science, investigating
the nature of heet, HWis contempormriess held that heat was some-
thing ealled "caloric,” a fluid that could be forced cut of bodles
in the nature of heat, PBut Thompson, in conducting experiments.
invelving the boring of camncn, proved that hest was a form of
energy. The seientist thus establisbed the prineiple of the con-
vertibility of energy, the apnlication of whish underlies modern
industyy., Thanpson sent 2 pavwer on his expariments with cannon
tc the Royal Society in London in 1798, and that repcri remoins
2 rejor scientific Jandmark,
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In the same year that Thocpscr sent his paper on heel o
London, he Sraveled to England himself. He arrived in Gread
Eritain as Lhe Flector's ambassador but England refuscd to
sccept one of her own citizens as ancther state's minister,
Hevertheless, Thompsen remained in Great Britain as e private
citizen for four years. His energy undiminished, the scientist
founded the Royal Institution, probevly the worla's Tirst re-
search cenier, in 1800, invented the "Rurforad” stove, and helped
to crganize hospitals and workhouses in Eapland end Treland.

Thampsen left England in 1802 and spent his last twelve
vears on the coutinent. In 1803, ke moved from Munich to Paris,
where in 1805 he married the widow of a famous Fremch scientist,
Anne lavoigier. Within four years they were divorced, she having
beer unable to abide his constant expericenting and he having con-
cluded that she was a harridan. On August 23, 181L, Tuampson,
quite alone, died.

FPregent Condition of the Site

Thompson's birthpiece was built in the sarly 1700's. It ds
a two-story, clapboard bueilding that has withstood the ravages of
time very well and is nov excellently maintained,

The interior of the house is apparently 1ittle chanpged fram
Thempson' s day.  The flcoring, paneling and fireplaces are
subpesed to be original, az is the hardwarc. Thompsen's cradle
iz in the srall kitchen, =znd a rocn on the second ficor contains
28diticnal Thompson memorabilia.

References: €. Baymond Adams, "Benjamin Thompson, Count Fumford,”
Scientific American, WXI {Dec., 1950), 380-386; Williem Brapg,
"The Contributions of Count Rumford and Michasl Faraday to the
Modern Museur of 3cience,” Science, LC{II (July 11, 1930), 13-23;
Bernard Jaffe, Men of Science dn Americe, (Mow York, 19%8); Ezon
Larsen, An American in Durope (Rew York, 1953}; Dirk J. Struik,
Yankee Science in the Making {Mew York, 1962),
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JOSENE HENEY HOUSE, NEW JEHSEY

Locaticon: Mercer County, Princeton University, Frincelon
twnership: Dr. R.F.Goheen, Fresident, Frinceton University

Significance

Today®s electrical industry, as well 85 the cormuniecstion
industry, owes a vast debt to Joseph Henry and his inventicone
in the eslectricel fisld, Everytime we use an electric motor,
or place a telephone c¢all, we benefit from the genius of one of
America’'s leading scientists and inventors.

Henry's scientific ability onily manifested itself guite long
after his birth in Albany, Wew York, on December 1T, LTUT. ©Of
Scotch ancestry, the young Henry exhibited a keen interest in
the stage when about sixteen. So attrected was he by the theater,
thnt he became the leader of some local amateur thespians end
wrote twoe plays. Fate, in the Tform of an accident, forced him
to remain home for some time, however, and it was then that he
read a book cwned by a roomer, Lectures on Experimental Thilosophy,
Adstronomy and Chemistry Intended Chiefly Tor the Use of Younpy
Feople., And it, as Henry said, "opened to me & nevw world of
Thought and enjoyment."! Abandoning dreme, Henry enrolled in the
Albany Acadery. After his graduation, he became a professor of
mathematics and natural philoscphy et the school in 1826,

Harriet L., Alexander became his bride four years later, by
whem Henry was to have six chilidren.

Yhen he became a teacher at the Albany Aczsdery, Benry under-
tock the investipation of electro-msgnetlsm., His independence of
thought is shown by this step, for alwost nothing had been dore
in electricity since the era of Benjamin Franklin., The mysteries
of magnetism eclaimed his attention for some time, vhen one night
he abruptly anncunced to a friend, "Tomorrow I shall meke a famous
experiment."E True to his word, Henry the next day dewvised the
clectromagnet that iz so widely used today. An electromagnet con-
tains a cere of scft metel, around which are wrapped numerous coils
of insulated wire, Henry's comtribution to the maghet, the
insulated wire end more than a sinple coll of wire, so improved
the magnet that it could 1ift 400 pounds with the current of
only one cell. In 1830, EKeray produced an induced current by

“Guoted in Bernard Jaffe, Men of Science, (New Yark, 1958), 18G.

z
Cuoted in ibid., 188.
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daing his magnet, almost 2 year before Michael Feradey's famcous
experiment.

The Impartance of Henry's electromegnet was recognlzed by
the inventor, but he did net pursue its application. He did Build
an electric motor, the worid's first, which incorporated his
magnet, but he locked upon that invention as only e toy. Similarly,
he developsd an electric telegraph, both at Alibtany and leter at
Frinceton, but he alsc failed to exploit its5 cormercial nossi-
bilities. BSamuel F. B. Morse, with Hemyy's help, made the
telegraph 3 practical thing, os Henry admitted in later years,

Henty's failure to eapitalize on his inventions, both while
et Alvany end subsequently, conformed to his general character.
He never regarded apything in science or inventiom as his owm,

A4 much broader view governed him; and as he 5aid st one time:

I have sought, . . . , no patent for inventleons,
and solicited no remuperation for my labors, but
have freely given their results to the world;
expecting only in return to enjoy the conscicusness
of having added by my investipcations fo fthe sum

of human knowledgs,3

Fame he also dghored. A tireless experimenter, with & simplicity
of manner, a recepiiveness £0 new ideas, and a genulne desire o
cooperate with other sclentizts, Henry in his unique way contri-
buted more to the world's knowledpe of electrieity than any

sther American.

This unusual Anericen wes cslled to Princeton University,
then the Collepe of Mew Jersey, in 1332. Henry teught there
for the next fourteen years, he being a popular tescher, AL
the same time, he conbtinved his cwm worlk, as one authcor says,
witheut collaborators and without generous support from a
foundation, The lack of assistants and foundstion support Aid
not inpeds his work, for whilie at Princeton he produced the
electromagnetie relay {which really made the electric telegraph
possible}, paved the way for the development of the electrical
trensforeer and discovered the self-induced current, Electricity
only took part of his time, for he also studied problems con-
cerning solar plysies, the sun, aetals and the velovity of
projectiles. In the summer of 184k, for exemple, he spent most
of his time blowing socap ubbles in an attempt to unleock the
gecrets of films end surface tension.

3
Guoted in ibid., 197.
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Tespite Henry's concentration on his investigaticns,
his fame spread in hoth America and Europe. It was no
surprisc then when he was chosen ms the first secretary of
the new Smithsonien Institution on December 3, 1846, In ac-
cepting thz job, Henry knew his own work would suffer, but he
felt the call of duty and the desire to stimulate Americarn
scientific effort, For the next thirly-two years he headed
the Smithsonian, wmaking it a scientific institution of the first
rank. He not only concerned himeelf with the instituticn's
gevelorment in America, but sought to make it an active foree
in the internoticnal scene. As leader of the Smithsonian,
for example, he urged scientific bodies to cetelog their popers.
Thus, when the Royal Socisty of Londen produced its Tirst
cataiog in 1564, the Society attributed the work te Henry's
urging of the publicetion of such catalogs.

Vhen Henry died on May 13, 1878, he had put the Smithscnian
Institution on & sound basis. BPecaunse of that accomplishment
and his host of inventions, Henry rightfully occupies a leading
position in the ranks of famous Amerdican scientists,

Present Condition of the 3ite

The dean of men, Princeton University, now cccupies the
Henry house. The two-story, brick and gebled roof building has
been moved three times from its original eite. The house is
palnted yellow,

Feferences: Doper Burlingape, March of the Iron den {Hew York,
15507, 270-271; Thomas Coulson, Joseph Henry: His Life and Work
{Frinceton, 1950), 107, 221, 233, 335-336; D. 4. B.; Deonald D
Fgbert, (Princecton, 1947), 102-103; Bernard Jatfe, Hen of Science
in America (Wew York, 1958), 18k, 186.192, 197-201; Edith ¥,Stone,
"Toseph Henry," The Secientific Monthly, XXXIIT {September, 1931},
£13-226 (pp. 213-218, 2P1.225).
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CHARLES MARTIN HALL EOUSE, OHIO

Location: Lorain County, &% Best College Street, Uverlin
Cwnership: M. J. 4. MeGrann

Significance

"Yag," Charles Martin Hall wrote his beloved sister,
Julia, on July 27, 1882, "I reelly think T shall be a rich
inventor some dey."l Vhen Hall died in 1914, he left an estate
of some $30,000,0C0, the fruit of his discovery of an inexpensive,
efficient methed of producing aluminum. Hall had succeeded
batter than he had drearced; it is doubtiuel if any other single
invention has produced a2 comparable financial reward.

Hard work helred Hall to win his fabulous fortune. Born
cn Decewber 6, 1863, in Thempson, Ohio, Hall developed en interest
it chemistry as 8 stripling. His parents hed to endure numerouws
experiments that he performed st home. And his youthiul zest
for chesistry brought him his First Knowledege of aluminum, whick
he read about in an old chemistry textbook of his father's.
When Hall entered Oberlin Collasge in 1880, then, he pogsesssd
more Lhan 8 hazy knowledge of chemistry and aluminum, His
graduation in 1885 found him still devoted to chemistry, and
determined to dizcover a cheap, effective means of manufacturing
eliminum,

Perhaps the most emazing aspect of Hall's life is that by
1885 he had determined to became rich and that aluminum would
be his mean: to wealth. About five feet eight inches tall,
slender, and with blue eves and brown hair, his passicn for
weglth had led him to read about inmumerable inventors. This
reading had not only made George Wesiinghouse Hall's hicro, tut
had also alarmed him &% how many inventors had lost the profits
earned by inventicns because of thelr failure to safepguard their
rights, Hall had thus spent hours studying the petent system
and, 1ike a hermit who hides the location of his cave, he Lecame
extremcly secretive. Moreover, he had bepgun to Keep any notes
or other papers related to any of his ideas for inventions,
and as early as 1882 he had instructed Julia to preserve scme
lztters in which he had discussed possible inventions, for

1
Quoted in Juniug Edwards, The
195%), 30-31.

wmanrtal Voodshed {Haw York,
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"They may be useful in a Zuture lawsuii or scmething,"E
Indeed, Hall already had become so wedded to his goal thai
apparently he could only spare time for music and reading.

He played the pianc, and reaed the Encyclopedis Britannica
endlessly, simply yalling down & volume &nd starting wherever
he cpensd the book. As a friend later sald, the Briiannica
"was his /Hall's/ Mark Tyaln, detective stories, and every-
thing 811 put together.”? Hall never married.

When Hall had begunm to experiment with aluminum in 1881,
rot many Americens knew of the metal. Buropean selertlsis nad
worked with the metal for a long time, however, but had notb
been able %o perfect B cheap means of producing it. Hall's
=bls end stimulating chemistry professor at Cherlin College
hed cocomented on the need for a satisfactory commercisl process
concerning alumitum, remarking that the inventor would "lay up
for himself & great fortune."” Perhaps further inspired by his
teacher's remarks, Hall perszisted in his wark; and after gradua-
tion from college, he esteblished a laboratory in the woodshed
behind hiz pmrents' hame and conducted endless experiments,
Success eluded him for months, but on February 23, 1886 he
finally produced & few small diops of aluminum. His process
involved the electrolysis of cryolite, which served as a
catalyst for molten mlumna, the rew material of aluminum, Once
certain of his discovery, Hall applied for patents, five of
which he gained on April 2, 1889,

After the youmg inventor had initiated patent action, he
sought to develop his process for commereisl production.
Soveral mtitempts to gain backers between 1886 and 1888 gave
Hell 1ittle satisfaction. But in the latter year, Hall found
some men in Pittsburgh who were willing to support s maejor
effort to produce aluminum, which led to the formation of the
Fittsburgh Aluminum Company. A Dlant was built, and although

2
Guoted in ibkid., 21.

3
uoted in ibid,, 165.

|
4
Ruoted in ibid., 24-35,







some difficulty was hed in perfeciing the oweration, Uy June,
1895, the plant was producing an ever growing smount of

aluminumn. There was no more dedicated worker in the factory
than Hall, who concerned himself with every aspest of tlhe plent's
operation. Ths fmpact of the new meihod is shewn by the fact
that the campary's price for & pound of aluminum hed Tallen to
$1.50 by the fall of 1839, wheress its criginel price hed been

$5 & pound, By Merch, 1891, thiz plant hod produced a total of
87,73% pounds of aluminum.

The gquick success of the concern soon led to its expancion,
In 1891, Hall and his partners moved to a new plant in Bew
Kenesington, which factory by 1893 ecould produce a thousand pounds
of mluminum & dzy, So great was the demand for the light metfal,
however, that in 1895 the concern opened e huge new factory mt
Niagara Falls, where cheap electric power was availasble. By
1907, when the company became the Aluminum Compeny of America,
the concern was making 15,000,000 pounds of aluminum a year,

When the coneern had moved to Niagsra Falls, so had Hall,
be erected & large house there, but 111 heslth after 1908 curtailed
his enjoyment of it and hiz pow vast wealth. Death overtock him
on December 27, 1g1lh,

Fresent Condition of the Bite

The house in which Hall lived with his parents until he moved
to Fittsburgh in 1888 is over e century old, but its exact date of
construction iz not known., It is a two-stery, painted brick
structure, with a large porch in front and a cupole on the roof,

At the moment, the building contains spartments, with rooms divided
bty plasterboard partiticns. BPut there has been no fundsmental
change in the interior arrargement. Moreover, the floors, woodwork
and fireplaces are mpparently the same as when Hell lived there,
The wocdshed behind the house has been destroyed. A cinderblock
addition estends in the woodshed's plece.

References: Alfred Cowles, The True Story of Aluminum (Chicags,
13583); Judius Edwards, The Tmrortal Woodshed |New York, 195%;;
Kaiser Aluminum Ccmpeny, "The 23rd of February," Kaiszer Aluminum
Hews {Jan.-Feb., 1901}, 1415,
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JALS LOGAN HOME, "STENTOR," PEENSYLVANIA

Locetion: FPhiladelphie County, 18th and Courland 3treets,

Germantown
gwner: Jares H. J. Tate, Fayor of Fhniladeiphin
Significance

Jazes Logan, one of the founders of the American scientific
school, is relatively unknown today. Perhaps beceuse he wrote 1little,
perhaps because Benjamin Frankdin's imege is so dominamt, the Nation
has shown little interest in a man whose erudition and work almost
equalisd the sagacity and achlevements of Franklin. Logan "was a
kind of universal men in the Renaissance tradition--statesman, writer,
sclentist, philosopher,"l says & recent bicgrapher; and as & scienbtist
he demands consideration in eny study of American science.

Born in the north of Ireland in 1674, Logen arrived in FPhiladélphia
in 1699 as William Penn's secretary. Logen, during therext fifty years,
gccupied & key position in the offnirs of Pennsylvanie, contribubting
much to the rapid and successful development of the colony. His sead
in the colony's council underscored his political influence, and
between 1731-32 he =cted as the chief justice of Penusylvenis's court
system. Morgower, throughout Logen's carser he wms the colony's best
and =ost respected negotiatar with the Indians. Iz public life Aid
not prevent him from amassing & fortune from the fur trede, however,
vwhicl: enabled hdm to retire to his country estate, "Stenton,” in 1730.
Even so, when Pennsylvanila faced a crigis in 1736, Logen did not hesi-
tate to re-enter public service, and became acting governor.

Logan's strenucus publie career did not prevent him from pursuing
his interest in science. Even as e youth, his fascination with math-
eratics and boteny had been great, and as an adulit he studied both
intensively, Ie essembled the outstending sclentific library in the
English colemies, his near 400 seientific and mathematical works even
surpasging larvard College's library in 1735. Logan is reputedin
have lmported Peonsylvenia's first copy of Sir Isaac Hewbon's
Prineipia lMathematice. iore lmportantly, he reesd and understood that
mopracental wWork, though ornly self-teught in mathematies,

Y¥rederick B. Tolles, "Philadelphia's First Scientist, Jazes Logan,"
T=iz, A7 (1956), 20.
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With such & library at hiz command, Loger applied himself to
vorious scientific problems. Numerous published pepers resulted,
one of which deslt with the motion of the moon, snother of which
suggested improvemsnts in the quadrant, and a third of which cutlined
improvements in lemses. Ironlcally, although Logan's grest scientific
lpve was mathemetics, he reelized his greatest eccomplishment in botany.

Through a carefully thought out and conmtrolled experiment, Logsn
proved the vital rele of the male element, pollen, in the fertilizetion
of corn. The theory of "preformation," that the wind carried the male
clement to the ferale elexent in plants, first stimulated Logan when
in 1726 he read 'illiam ollaston's Religion of Natures Delineated,
Additiopal reading convinced hiw that a male seed ves just as vitel
Lo plants s the Temale seed, and in the sum-er of 1727 he tested his
ypothesis oo corn. Logen removed the tassels from some stalks and
the filaments from oihers, and then he watched the development of the
crnels, The results clearly showed "that the pollen wss the male
clement and thot 1% was necessary for the producticn of viable seed,"s
¢ ropeated the experizent in 1728, but delayed meking his [indinge
maelic until 1735-34.

The enncuncenent of lLogan's experiment excited many in Europe.
Yot the members of the Royal Society of Londom at first, it is true,
for when Logan's rezcrt was read most of those present paid small
gttention as they concentrated on dissecting a Gorman cabbage end
an Indian turnip. Elsevhere, scieantists hailed Iogan, the great Dutch
botanist, Linpaesus, writing Logan in 1738 that be zhould be placed
"among the demigeds of science.'3 Subseguently, the Dutchman used
the results of lopan‘s investigation in a paper on the sexuality of
vlants that received a prize from the Imperiasl Academy of Sciences
at St. Petersburg in 1760. And Logan's botanical discovery remained
influential for several decades after 1500,

Even if Logan had not succeeded in his experiment with corn, he
would still be remembered in the history of American gcience., It
was Logan who did so much to stimulete the botanical career of
John Bartram. The first bocks oo botany thet Bartram read, for
example, came from logan's library. In addition, when Logan died
on Cetober 31, 17%1, he left his library to the City of Philaedelphia,
a seientific tressure of Immense velue for such & young city.

2
Tolles, "Philadelphia®s First Seientist,” 28,

3Ibid.._, 29,






rresent Condition of the Site

then fifty-three, Logan dzeided to bulld a country seat. He
chose s site in 2 rolling hills just west of Philsdelphisz, and
work on bis new house began in 1727, Completed in 1730, the wansicno
was called "Stenton," alfter Togen's father's birthplace in Scotland.

The house cost more than Logan had expected, but it well repaid
Logan's investment. The building wes a three-story, brick structure,
with a not too-steeply pltched roof that was hipped and flat-topped.
™o greet, vall chimmey stacke rose above the roof. Inside, on the
first floor, a parlor and a formal dining reom and bedrcom behind
them. Additionsl bedrooms for membters of the famlly and for servanis
were on the seeond floor snd in the garret. A specious rockd, running
across the full froat of the house, served ag Iogan's library.

 Today, the house is in excellent condition. Beautifully mainteinzd,

o

it welcomes visitors as graciocusly in cur era as it did in the builder's.

Refevences: Ermest Earnest, John and §illiam Bartram {Fhiladelphia,
19495; Brocke Hindle, The Pursuit of Sciepes in Revoluticnsry
Azeriea, 1735-1739 {Chapsl Hill, Horth Caroline, 19965);

Frederick B. Tolles, "Philadelphlats First Scientist, James Logan,"
Teis, 47 (1956);

, James Logan and the Culture of Provincial
fmerica (Hoston, 19573,
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AMERICAT PRILOSCEFHICAL SCCIEMY HALL, PENNSYLVANIA
Logetlon: Phil&deiphia County, Independence Sduare, Philaﬂélphiﬂ
Ownership: Dr. Henry Hoe, President.

Slgnificance

There 1s no more sneient and boporable learned and scientific
soclety in the United States than the Amerlcan Philospphical Society
held at Philadelphia for Promoting Useful ¥Knowledge. With its head-
quarters located in the hendsome Indlding in Independence Sguare
thet was corpleted in 1789, thz Soclety, like so mmueh else in
rhiledelpnia, traces its blrth back to the initiative of that
uneomnon Fhiladelphbian, Penjemin Franklin,

Franklin, in hiz long spd varied camreer, founded o mumber of
societies and crgenlzations, two of which loon lerge in the history
of the Americen Philosophical Bociety., In 1743, Philadelphia’s
saie urged the creaticn of e society to stimulete interest in learoing.
{ertein citizens then formed the Fhiloscophical Sccisety, and it is
Trem this society thot today's orgepization ¢leims dirset descent.
But the pew society did not flourish because its members neglected
it, and it is not cleer if tha members even met between 17LL-1T767.
pubt in 1768 the activity of a group cleiming descent from Framxlin's
sunte, founded in 1727, stirred the dormont Philosophical Society
into iife, especielly as the rivel group, now grandly called "The
smerican Sgediety, held at Philadelphia for Promoting Useful Knowledge,”
consisted largely of people opposed te the proprietary cligque in
Perneylvania. To meet the challenge, the Philosophieal Society
suddenly chose eighteen new members in 1768, mostly from supporters
of the proprietors, the Penn famlly. Appareantly, the tuo sccisties
fazed a fubure of learned and politdlcal corpetition. Put wiser counsel
pravailed. Instesd of opposing esch other in bitter rivelry, the tuo
iroups merged on December 20, 1708, forming the crgenization that
ourishes today. And, fittingly enough, the founder of the now de-
funet groeups, Franklin, became presldent of the new soelety.

The newly formed American Fhdlosophical Society had high ambition.
Significantly, the society desired to become & truly American society,
to become more than just a8 Philadeiphia or Pennsylvenis orgenization.
Feow members, conseguently, came largely from outeide of Philadelphie
during the remainder of the colenisl era. Moregver, the society elected
corresponding mecbars in Furope. These memhers contributed 1i1ttle
to the society’s work, but they heightened its reputation and sent
books and other gifts to the society. Successful in hettering its
pabership, the society falled however to collect duss, even when
it hired a epolleetor at cne ftime,
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T oi%s esarly days, the socieiy devoted its efforts to both pure
and egpplied science. Even though strapped for funds, the soclety,
led by an interested minority, wade preperations to obscrve the trensic
of Venus in 1769, Fortunately, the Pennsylvanis assembly eppropriated
1550 to help in the work, which enobled the society to erect an ob-
servatory in Independence Square. The society also helped to stimulaets
general interest in the passage of Venus, with the result that & notable
series of accounts about the plapet’s path were collected. On the
practical side, the society undertook surveys of canal routes, experi-
mented with the reising of silk worms end supported egricultural and
redical study. Despite the fact that there wae no coordination of the
society's endeavors, its early projects remain most impressive.

Even though busy with various undertekings, the soclety lost
little time in beglondng what 1s pnow the oldest seholarly jourpal
in America, its Transactions. A committes wag appointed in June,
1769, to prepare & voiume of scientific pepers, but the first volume
was not published until 1771. The soclety delibermtely distributed the
bopk as widely as poesible in order to bpolaster its reputation, and ii
this plan the scoisty was more than successful. Volume number 1 con-
teined, among other papers, the material gathered onder the aegils of
the society from the transit of Venus, which astonished Europeans.
Trnat & pew and colonimsl society could produce such & work wes amezing,
especially as many older Europesn organizaetions hed newver published a
gimilar volume. And frowm 1771 to thls day, the Trensactions bheve
continued to merit the reputation galned from the first volume.

The Americen Revolubion interrupted the work of the soclety, but
since then the organdzaticn hes continued to play a leadlng role in
rromoting knowledge. Now with amem bership of near 600, incluling
both American end forelgn members, the American Philoscphical Soclety's
vlpor benefits the entire world.

Fresent Condition

The society's headquarters in Yndependence Sguare were completed
in 1T89. Twenty yeers prior to 1789, wheh the orgenization had no
heme aof its own, the sceilety had petitioned the colonial assembly for
a lot near the Pennsylvania State House, now Independence Hall., But
the essembly withheld permission to erect & building there until 1785,
Orice the 1ot had been granted, the society opened a8 drive to raise
a building fund and authorized a start on the project. GSemuel Voughan
designed the two-story brick edifice, but progress on it nearly
foundered when funds ran low. Only the generosity of Franklin mede
it possible to complete the bullding in 1789.






Pecause of the need for more room near the end of the nine-
teenth ceniury, the society added a third story in 1890. This
addition completely ruined the bullding's beauty. In 1943, the
third-story was removed, and the bullding was restored to ite
gightesnth-century sppesrance, At the same time, it was [ireproofed.

References: Gilbert Chinard, "The American Fhilcsophical Society
2ad the Wordd of Science [1?68 1800}," Proceedinge, American
Fhilosophical Society, 8T {1guL}; 2dvin G. Corklin, "A Brief History
of the Ameriecsan Philosophical Snc1ewy, The American Philosoghicael
Cncletv Held at Philadelyphia for Pramcting Tz Userul Knowledze: Year
WGAI 1962 {Fhiladelphia, 1G53}; Brooke Hindle, The Pursuit of
Science in Revolutionery Americs, 1735-1789 {Ghapel Hiil, N. €.,
15596 ) , Lhe Fice of Lhe Arerican PhllDSGpth&l
Deciety, 174G to 17of | Unpublished dissertetion, University of
Pansylvanla 1949); William E. Lingleback, "Philosophical Hall:
Thne Home of the American Philosophical Society," Transections,

tmerican Philosophical Scciety, N. 5., 43, pt. 1 {1353).
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JOSEFH PRIGSTLEY HOUSZ, PEHASYLVANIA

Location: Northumberland County, Triestley Avenue
Northumberland

L

Jwnership: Governor William W, Sceranton, Herrisburg

Significence

America's historic policy of welcoming persecuted foreigners

has benefited the United States immessurably. The American develsp-

ment of the stae bomb testifies to that. In an earlier period,
the Country's reception of Joseph Priestley, the brilliant English
shemist, after hes weas driven froasm Great Britaln not only testified
to the democratic spirit of the young Nation, tut alsc stimulated
hey scientific develooment,

Priestley was born in Leeds, Englend, on March 13, 1733
(cld style). Reared in & Celvinist environment, he decided to
e a4 minister, and finished his theclogical treining when 22,
He possessed very liberal views and became s dissenting minister.
In 1761, Priestley became a teacher at the Warrington Academy,
where he stayed until 1767, I% was during this period that he
first became interested in chemistry., Perhaps his friendship
witn Benjamin Freoklin spurred his scientific interests, for
that association stimulated Friestley to write a History and
Fresent State of Electriecity. The Royal Society of London
awarded him & membership in 1T66 beceuse of that book. In the
following year, the neophyte scientist moved to Mill's Hi1l Chapel,
Leeds, where his position allowed wmore time for scieptific study.

Untrained in secience as he waz, Priestley chose & field
that ¢ffered great opportunity for new work, ppeumsiic chemistry.
The study of gases had attracted attention pricr to Priestley‘s
tire, but it was he who hecame the "Columbus" of the gasecus
world. And it wes the brewing of beer that caused this keen
observer Lo investigate gases.

The smoke that hovered over beer as it was brewed in a
brewery near Priestley's reesidence in Leeds intrigued the minister.
He set ocut to study the gas, and in 1772 he published his initiel
raper gn paeumatic chemistry., In it he described his experipents
with carbon dioxide; the paper won him the Copley medal in 1773.
Hampered Py & lack of implements, Priestley devised his own equip-
rert, most of which has been little modiTied and is still used,
Fageinated with his investigetions, Priestley purszued his study
ard in 1776 Aizcovered ane af the key elements, oxygen., Tt was
an astounding discovery for an individwal who had been untreined
in selence end wha hed only initisted his work a few years earlier.
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Friestley continued his scientific investipgetions mfter 1774,
zlthough oxygen rewained his great discovery, and by 1786 re
had published six volumes of scientific writings.

Friestiey's work in science had not completely dominated him,
He continued to be active in religicus affairs, as well as
assuzing a positive rols in political matters. The liberal
religious and pelitical views he espoused maddened many., In
lTBG, the fearless erusader beceme the leader of a4 dissenting
group in Birmingham, which city exyressed small iove for a new
back of Priestley's, Corrupticns of Christianity, Moreover, he
gained sdditional enemies, some of them in powerful positious,
when on January 1, 1791, he published a strong defense of the
French Rewvelution, The pamphlet fearlessly dencunced Edmund
Burke's castigation of the revaolution across the English Channel.

Priestley's courage soon brought personzl dissster. A mob
howled through Bizmingham for three days in July, 1791, and it
destroyed the zedfentist's meeting-house and home. Priestley,
rersonally vninjured, then moved to London, where he lived for
three yearse. Alresdy unpopular, Friestley's stock d4id not rise
when France honored him wilh French eitlizenship. In these
circumstances, it is nol strange that he turned to America.

Priestley's zons had slready migrated to the United States,
and on April 8, 1794, the scientist boarded the Sansom for the
trip 1o America. The emigre, who was ses-sick during the voyage,
lended in Hew York on June 4, On the following day, the fzerican
Dzily Advertiser welcomsd Priestley end his wife, ssying that
America "has beccme the asylum of the greatest characters of the
present age.”l The new immigrant went to Fhiledelphis on June
1, where be was welcomed by the American Philosophical Society.
Ferhaps the Society's members would heve been a 1ittle pigqued
if they had learned that Prisstley wrote a friend, ssying
“I never saw a town I liked less than Fhiladelphin.'S By the
end of August, Friesiley had bought lsnd in Northumberland,
where he buillt a house.

1
Quoted in Edgar F, Swith, Priestley in Americs, 1794-180L
{Philadelphia, 1920}, 20.

2
quoted in ivid., 53,
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The scientist continued his investigaticns in his new
ncme. Dis most important discovery between 1794 mrd 1804, when
he dled, was carbon monoxide, He alse became a member of the
imerican Fhilosophicel Society and conmtributed several papers
ta 1t.

At his demth, on February €&, 180L, America lost = new son
and the world an eminent scientist.

Fresent Condition of the Jite

Friestley's spaclous and attractive house stands on m rise
above the North Brench of the Susquehenna River. The central
section is two stories high and hes & gabled rocf. On its west
side iz & kitchen wing, end on the east side is & wing which
honvsed Priestley's laboratory. The clapboard for the entire
structure wag kiln-dried on the grounds when the house was built,

The house has been restored after having fallen Into dis-
repalr many years aiter the scientisi's death. 1% has glso been
partially refurnished; the library contains objects owned by
Priestley.

References: Willlem Heary, "Joseph Priestley,” in Edward Farber
{ed. ] Great Chemists (New York, 1961); Edgar F. Smith, Friestley

in Americe {Fhiladelyhia, 1520); John Mexson Stillman, The Story

of Early Chemistry (New York, 192h}.
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Luther Darbert: Home and Garden, California. Classified unhder
Theme XVITa, Arriculture, 1503-1506 home and garden of the
vlant breeder.

John Muir Heme, California. Classified under Theme XIX, Conservivion
of Natural Rescurces and Theme XX, Sublhene, Titeraturz. 1800-131k
home of the naturslist.

San Franeisco Cable Cars, California. Classified under Theme XVILT,
Travel and Connunicaticn. HMelated to Andrew 5. Hallidie's invention
of the enble ¢cor in 1873.

John Deere House, Illinnis. ClassiTied under Theme XWIla, Apviculture.
Home of the inventor of the steel plow, 1837,

Frapldlin B. Hough House, New York, Classified under Theme XIX,
Conservation of Hatural [Desources. Home of the feather of Arericon
forestry.

Jethro Yood Home, New York. Classified under Theme XVIla, Agriculbures.
Fortfector of the Tirst iron plow, 1813.

pamuel F. 8. vorse Yome, Wew Yorii. (lassilied under Thems AVIII,
Travel erd Comunication. IFerfector of the first commercial
telegrapl:,

John Bartram House, Pennsylvania. Classified under Theme IX,
Development of the English Colonies, 17C0-177%. Heme of the
greal naturalist.

Bobert Fulton RBirthplace, Pennsylvania. Classilied under Theme
X¥III, Travel and Communication. rerfector of the steanboat.

Monticello, Virrpinia. Classified under Theme XII, Political and
tilitary Affeirs, 1783-1830, IHome of Thomas Jefferson.

Mount Verpon, Virpinia. Classified under Thesme XII, Political and
Wilitary Affairs, 1703-1830. Home of Georpge Washingtort.

Cyrus eCormial Farm and Workshop, ¥Virginila. Classified under
Therme XVIIa, Agriculture. Perfector of the gmechanical reaper,
1831.

Edmund Ruffin DPlantation, Virginia. Classified under Theme X¥II=z,
Spriculture. Father of B0il conservation.
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Sites in the flational Park System

Eg}ated to this I@ggg

Indcpendence Heticnald Historical Zark, Phdladelohise,
Pennsylvania,. Franwlin Court, on Orianne Street, betueen
Chestnut and llarket Streets, contains the former site of
Benjamin Frenslin's hewe, 1765-1750., His house was razed
in 1810,

George Washingten Carver Netional Sonusent, Diemond, Missourl.

Home of the fapour Hegro Seacher, wotanlst, and apronemist.

Edizon Naticnal Hlstoric Site, West Qrange, Hew Jersey.
1B37-1931 laboratory and home of the great inventor,
Thoras Alva Edison.

Harzers Ferry Hatioosl Histordecal Parx, wWest Virminia.
Mrthopgn established primarily to commemorates cvents
associated with the Jobh Brovn Dadid and the Civil War,
Harvers llerry Nationel Historical Fark also contains

the island in the Shenandosh River on which John H. Hall's
Rille Factory was located., It was here that the ifnventor
verfected the system of mass production by the use of
interchanpgeable parts, 181¢-1841, In the 1840z and -50s,
however, the United States government demolished Hall's
Rifle Pacuory and replaced it on the same site with a
huge modern plant khown as the U. 5. Rifle Factory.
Archeclogical explorstion has revealed that the foumdia-~
tions of the 1. S. Rifle Factory have survived largely
intaet. Bub in vlew of the [act that both plants
occupied the sane site, it is very dovbtful if any
rezains are leflt of the Hall Factory,

idright Brothers National Memorial, Horth Caroplina.
fere Tilbur and Orville YWright, on December 17, 190%,
rade the fiyst power driven airplane fiight in history.
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CTHER SITES COHSIORRED

CALLTCRNLIA

California Acadeny of Sciences

Lotation. 5on Francisoo County, in Colden Gake Parit, City of
San Francisco.

The California Academy of Science, established at San Francisco io
1853, was the first scientific society on the Pacific Coast.

Its oripinal buildings were destroyed by the grest earthgueis and

fire of 15C56. The academy was then reconstructed at its present site

in Golden Gate rark. These large, modern tuildipess inelude the

Hatural History luseur, 5imsen African Hall, end the Steinbart Ajquarium.
M1l of these structures, with their many exhiblis, are open to the
public,

California Institute of Teochnolomy

Location. Los Angeles Counby, ity of Pasadena.

fipened on Hovember 2, 1801 under the nawe of Throop University of the
Pacifie, the California Ianstitute of Technolopy was a picneer scientific
and seshnical schogl in the Far West, DTy the 19308 this school had
growil to become one of the leading technical schocls of the natlom,

tut during the pericd here under consideration (prior to 1914), it

had reached omly high scboel level in its teaching.

Arns G. Throop established Throop University of the Pacific in 1891
and made the manual trelning department its mein feature. In 1893

it was renamed Throop Polytechnie Iestitute. The early institute
included 2 collepe, a normal school, an acedemy, and for & time, an
elementary school and a commercial school. In 1908 the trustees
decided to separate the elementary departrerd , the normal school,

and the ac¢ademy, leaving only the college of technolopy witlch gonterred
Bachelor of Science degrees in elsctrieal, mechanical, and civil
engineering. JIn 1910 the name was changed to Throop College of Tech-
nolcgy, a3nd the schocl moved from its crowded guasrters ino the cenier
of Pasagdena to a new campus of 22 acres on the southern edge of town.
The instituie then had s faculty of 13 and & student vody of 34%. Inm
1921 the institute changed its pame to Califomda Instifute of
Techoology and began to emerge &5 an important scientific school.
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Dr. Ceorge Ellery Hele (1268-1978%, +the digiingnichcd »3ironudsy
and first director of Mount Wilscn Obsarveiory, wes ong o the
1905 board of trustees. Lale began to build up tre Institute’s
scientific stalf.

In 19213, Nobert Anfirows [il3ilan bepan poispend & fuow moths a

vear et Thrcop &s Dircctor of Fhysical Researcnm. In 19821, when

Dr. {orman Bridge agrecd to provide a research racolrateory in iiysles,
Dr. Milliken resipned from the University of Chicagoe and became
adninistirasive head of the Institute as woll as director of the
Morman Bridme Isboratory. Idiilikan was credited with being the
firet to isclate the clectron and measure its charge, and in 1583
he received the Nobel Prize in Physics, blc second American Lo be
g0 nonored since Albert A. lHcnelzen in 1G07. Ancther of oany
cther sble seientists attracted was Thomas s Morgan, the emiprent
Azerican zoologist, who left Columbia University in 1928 to beccms
the director of the William &. Kersihoff Lavoratories of Blological
Seienecs at the Californie Institute of Tecimology. PMorgan dis-
covercd many of the mechanisms involved in heredity. He experi-
zented in the new field of genetics, demonsirating Shat phyeical
charactoristics were transmitted by “"genes," His resesrch brought
about medificetions in the theory of evolution, and he was avarded
the lobel Frize in physiology and medicine in 1933.

The first Ph. D. degrees, nine in aumber, were akarded in 192k,
By 1930 there were 130 graduate students, 510 vndergraduntes, and
a faculty of 180. Today there are aboul TC0O undergraduates, 550
craduate students, arl a feculty of about 450.

0f the %7 buildings locented on the 30-acre campus, ohly one,
Thyroop Hall, erected in 1910, fells within the limits of this
survey. This structure now serves as the adnministration building
of the Institute.

Montgomery emorial State Park

Locetion. San Diege County, 11 miles south of San Diego via
T, 8. ilighway 1G1.

dere ab Ctay Besa, in 1553, John Joscph Hontgomery made the First
heagvier-than-aizoraft Ilight,

Crne of the fwerican pioneers in asronauviics was John Joseph Monbgomery.

As 2 student et 3t. Ignatius Collepe {nov the University cf San
Franeisco), ionteomery first studied the proolems of fliglt apd
earned Iis vachelor and master of scicnce degrees, In 1333 he
studicd the [1i;ht of gulls ia ihke San Diego arca and built his
Tirst glider. In Augusi, 1083, he made the first controlied winged
£lignt at CQsey lesa. lontgomery's repori &t the Chicapo conferencea
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of 1493 impreszed Celave Charute, aunother fAmericesn oioncer in
aeronautics who was then also veginning to experiment wth gliders
near San Dlego. In 1858 Montgoresry Lecame & physics profossor at
Santa Clera College and continued his experiments with gliders
until hiz fztal erash on Cotober 31, 1911, near BEvergreen in the
Santa Clara Valley.

ontgemery Mererial State Perk includes 29 acres of the hilltop of
Utay kesa, from vhere Montgeomery launched his first plider. 4
rodernistic mopwient in the form of & huge glider wing commerorztes
Hontpomery's achieverent. The area arcund this park is being heavily
built up with residences.

Mount Wilson Chservatory

Location. Los Angeles County, Mount WHilsorn, 20 miles east of
Loe Anpcles via State Highway 2.

Mourt Wilson Solar Observatory, pleced in cperstion in 1904, was
the second of the great research astroncaical observatories to
be estanliched in the Far West.

The decision of the Carnegle Institution of Washington, D. 2., to
build the llount Wilson Solar Observatory in the San Gabriel liowntains
near Lol Angeles was made upon a recoumendation of Samuel P. langler
in 1902. Dr. Gecrge Bllery lale {1868-1638), the organizer and
director of the University of Chicago's Yerkes Observatory at
Williews Zay, Wisconsin, was appointed director of the lownt Wilson
Sfoler Qbscrvatcry in 1504. The principal instrument of the Fount
YWilson Observetory at first was a (D-inch reflectinp telescope.

The observatory staff concentrated upon the study of the sun.

Their comprehensive studies of sunspots resulted in the announce-
went of a general theory of sunspots.

In 150€ Johwm D. Hooker of Los Angeles gave the Moumt 'Wilson
Observatory the mone;r to acquire a telescope mirrcr of 100-inch
aperture, By 1917 Dr. Hale had this huge reflecting telescope in
cperation, and until 1937 this was the world's largest tclescope.

Hale resigned as director of the Hount VYilscon Cbservatory in 1423,

In 1523 he induced the Fockefeller Foundamtion to donate 36,000,000
for B 200-inch refrector telescope. The site chosen for this new
glass was on Fount Palemar in San Diege County. The partly corpleted
mirror vas received in 1936, bubt it wes not until 1943 that the giant
telescope was conpleted and instnlled at Mount Melcomer.

wount Yilson Observatory, 9,710 feet sltitude, is located in Angeles
Hational Forest on a 1,050-acre plateau at the sumult of the mountain.
The originsl buildings, and £0-inch and 1CO-inch telescopes are still
in use, together with the slx more recent instrwments. The observa-
tory iz cpen Lo the nublic.
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Palo Alto Fara {Cadweard Muaybridge)
location. Santa Clare County, golf course of Stanford University
at Palo Aluo.

Among the pioneers in moticn picture photography wes Eadweard Huybridee
(1830-1904} wio photographed animals in motion as eerly os 1072 for
leland Stantord, working largely on Stenford's Palo Alto Farm,

Eadweard Muybridpe was torn in 1830 in Kingston-Upon-Thames, Surrey,
Fogland, In 1850 he vame to the United States and between 1854

and 1860 established an antiguarien bocistore in San Francisco. 23y
1967 he hed becoce known 85 & master photogrepher of Western scenes.
In 1372 he was commissioned by Leland Stanford, one of the Central
Pacific Railrpad's "Blg Four," to photogreph the millioneire's
trotter, the racshorse Geecldent, in repid motion. GStanford had

a theory that a running horse has all four feet off the ground at
one phase of his stride. Muybridge conducted this vwork at Sacramente
petween late April and the beginming of May 1572, Despite the
technicel limitations of "instantenecus photography” at that time,
ke succeeded well enough to prove Stanford'’s point with the camera.
Oon the strength of Muybridge's first efforts Stanford invested
during the next decade many thousands of dollars in the photographic
investigation of animal locomotion.

In the early spring of 1873 lMuybridge made a2 second attempt to
photograpit the racehorse Occident, This time he devised a fast
ehutter, used new chemicels for faster emulsions, end for great
econtrest had the racetrack at Sacramento spread with wiite bed
aheets, This second experiment was a perfect llkeness of the
celebrated horse. Muybridge calculated his exposure time at
1/500th of & second, the most nearly instantanecus photogreph
taken to that tlme.

In July 1877, with Stenferd’s encouragement and patronage, Muytridge
gave up lendscape photography for goed and devoted himself for the
rest of his life to the glgantic project of recording every aspect
of motion in humans and animals, until at last the whele world

know about the "pictures that moved."

He cpnducted his seientilic work with motion abt Leland Stanford's

Falo Alto Farm from 1877 to 1881, then ai the University of Pennsylwvanie

from 1763 to 1592, and finally as a lecturer and writer until his
death at Kingston-Upon-Themes in 1504,

leland Stanford begen ecouiring his Falo Atto Farm in 1876, and by
1851 it contained wore then 8,800 acres. The portion of the farm
devoted to the breeding and treining of racehorses was celled the
Palo Alto Stock Farm and wae located about one mile west of the
present University gquadrangle.
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Here, Zacing thz trazk of the Suock Farm, 2 laboratory or studic

vas erected for luybridege in July 1877, Starting with five careras,
Maybridge ther increased the number %o 12 mnd finelly 24, eech placed
at intervals of 12 inches, with their shutters controclled by means

of an electrical device. These preparations were completed in 1378,
and during that year and the next, iuyheidge gade a vast collection
of photographs of animels in motion.

In July 1378, the photographer published and copyrighted in his own
name the first of the views of these analytic photeographs. Utilising
an existing instruzent known as the zoetrope, Muybridge devised a
Projecting machine which he called & zoMpraxiscope, for throwing the
Fictures on the screen, thus successfully synthetically reproducing
the snimal's movement. He demonstrated his new projector in the
fall of 1579,

Muybridge completed his camere work in 1879 and then applied himself
to thne task of collating and printing the multitude of negatives.

It was not until Mey 1881 that he delivered to Stanford e cosplete
set of all the pictures he had taken,

Stanford publiched these studies as The lorse in Mobion in Januery 1882,

The Palo Altc Stock Ferm end Racetrack, where Muybridge mwade his
experiments from 1878 to 1881, is now occupled by the Stanford
University golf course. There are no original buildings left.,

Legter A. Pelton Monument

location. Yuba County, in the villepe of Cemptonville, Stete Route
03,

The Pelton water wheel, perfected in 1878.1880, was a basic invention
that permitted the rapid development of the hydrosleetrie industry
in the United Sistes.

Lester Allen Peltan came to Califorhis in 1850, at the age of 20,
end worked as a millwright in the gold mining Kother Lode Country
of Northern Califeornie. At Camptonville, high in the mounteins of
Tuba County he built homes, mills, and water wheels. These water
wheels, muech in demand in the mlnes, attracted his particular
interest, and he began to study the force that made then revolve,
in an effort tc ffind a2 wey to increase the speed and power of the
hurdy~gurdy wheel.

These efforts led the inventor to the discovery of the "splitter"
principle of the Pelton wheel design in 187B. By sglitting the
stream of water from the mozzle into two parts and changing the angle
of the impact against the buckets attached to the wheel, Felton
found he could maltiply its speed, power, and efficiency. He alse
introduced the use of twin buckets on the wheel instead of the single
line of cups formeryly used,
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Felton eovciracd with his expirimoous,  do o obfawnnd instruamenis

to measure the efficiency of the wheel. After trying 40 or more
different shapes of buckets, he patented his invention on Oetober 26,
1380, He began meking wheels of the new design at Hevads City,
Californiao, for guartz stamp miils and for obher power uses 1n

the mills., The Pelton wheel was quiekly adopied by the gold miners.

Telton then moved to San Francisco and in partpershiy with 4. P Brayton
organized the Pelton Water Vheel Company in 1888, The Pelton Wheel,

in its perfscted form, weas manufactured for a wide diversity of uses.
Wheels were made up to 20 feel in dismeter to produce many thousands

of horsepoway. They were z2lse made as srall as four inches in

diamnoter, velphing enly 20 pounds, for the oreraticn of sewling

machines and dentel and other small appliances.

Froduction of a water wieel desipgned to zroduce maxisum driving
Fower under the high static heads characterisiic of MNorthern
California wvater scurces was timely. I came just as the hydre-
eiectric enpineers werclaying plans for the firsy wabterpowered
generating plants. The Pelion wheel at onee becams a vital part
of the developing hydroelectric industry. Pelton wheels todey
drive the pmenerators in many a hydro-noverhouse in the West and
elsetthere in Lthe world.

The sitec of Lester A. Pelion's workshon in Camptonville is marked
by a granite shatd, erected inm 1929. On top of ihe monument is
mounted & modgel of ocne of Pelton'te earliest splitfer wheels., There
are no reweins of the inventor's shop.






Other Sites Considered

ALABANMA

The Hi)l Duilding, Infirywary of Dr. J. Marion Sics

Locetion: 21 5. Perry Street, Montgomery

In. James Marion Sims was the founder of opcrative gynecolegy, a branch

of surgery that bepan in the South and was develeoped almost entirely by
Southern surgeons, Vesicovaginal fistula hod reeulted in enormous suf Fere
ing in ¢hild-bearing vomen and had bafried surgeons Tor centuriezs, In
1355 Dr. 5ims received several cases of this kind, which were concidered
hopeless, at his seall hospital for Wegroes in Mantgomery. An asccidert
oceurred during the examination of his Tirst fistula r=tient which re-
vealed a uew =pproach and prompted him to bogin a lonp-term series of
operations. These became a koavy burden on Sirs snd his Tarmily, but he was
determined to carry them through. Success finally came in the thirteenth
operation; two weeks later the other two ratients were alaze oured.

Shortly after success came in this lomp series of cyerations, Lr. Zims’
henlth failed as a result of an old ailiwent. Luring a leng 1liness cf
several years duration, Le wrote the history of the vesicovaginal Tistula
aperation, which appeared in the American Jovrnel of edical Seiences for
January 1852 and was reprinted scpoarately in 1953,

Sims moved to Wew York in 1893 and soon promphed the establishment of the
Woren's Hospital of the State of Mew York. He next spent a decade in
Burope {1862-1572) which was an uninterrupted series of triumphs. He re-
turned to Now York and the Women's hospital in 1572; in 1876, he was
president of the Americen Medical Associntion; in 1830, he headed the Amer-
ican Gynecological Soclety, On November 13, 1863, Dr. Sims aied,

A remarkable school of Southern gynecolepisis followed Dr, Sima' lead,
Thiz branch of surgery throughout the world was ecspecially active durine
the 19th century. Teday orerative frmecology is often merged inte gensral
surgical practice.

The two-story, red=brick Bill Puliding at 21 5, Perry Streect in Montrcomery
was the early infirvery of Dr. J. Merion Siks. In the mid-tweptieth century
the tuilding became the offices of another surgical pieneer, Dr. L. L. Hill,
Wno was the first surgeon to operate guceessfully on the human hesrt. The
Hill Building is still much as it was originally. The Montpomery County
Medical Aszocigtion has placed o marker cememorating Dr. Sims!' werk to the
left of' the entrsnce,
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COREECTICUT

Jemes Gates Percival House

Geolomy, fﬁew Haven, IQEL}, 150,

Lecation: 331 Percival svenue, fengington | Hartford County

James Gates Percivel, who confucted one of the earliest and mest thorouph
geological surveys in How Zngland, was born on September 15, 2795, As 8
younn man he attended Yale University, where he studied medicine, although
he 2lso dabbled in botany and geology. He also wrote poetry. Yale con-
ferred an M, D, depree in 1821, but Fercival soon ebandoned medicine.

This slender, dark-oyed, stooped, and brilliant individva:, who unfail-
ingly wore the same suit the year round, never persisied in anmy under-
taking fer wvery long. Percival had a peevish, sour temper, and he so
irequently thought he detected animus in others that he found it difvicwlt
te work with ceople. Aside Ircm his devetion to poetry, he wandered from
one project to another; at one time he served as a procfreader for Noah
Webster, In 1835, the State of Connectlout apnointed him as uw stale
aurveyor, vwhich led to Fercival's cutstanding geological survey of the
Hutmepr State.

The story is told that vhile making the survey, Percival was accosted
one dzy by a farmer. The farmer, staiing that he was a taxpayer, =zsked
Percival what he was doing, Percival surprised, and probably irritated,
gazed as his questicher for a moment, then tock a few pennies Irom his
rockes and pave them to the farmer, saying:

Here is the apount of your centributicon., I would »ather
remit than atterpt to explain.t

The report Porcival produced af'ter hisz survey astounded everyone. Vhen

it appesared in 18L2, after the author hed been hounded about it by the
lepizlature, the work contained LC0 pages of undigested fects and deteils,
Yhereas those responsible for The survey had cxpected a orief report, they
received a tome that no one wished to read. Subsegquently, however, Japcs
Twight Imna, an oulstanding American geologlst, studied Fereival's work
and found mach of wvalue in it. In porticular, Persival ad suprested

g bypothesis of mountain formatiorn thot later hecame accepted. Crushed

al the dzpreciation of his work, and vnpaid for his labors, Ferelval soon
retired to the Hew Haven State Heospital,

At the very cnd of his life, he resumed his geological work, He becare
the sinte geologist of Wisconsin, but his death on Mgy 2, 13%5, licited
his acccemplishments in that position.

loueted in George Do Merrill The Tirst One Hundred Years of American
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Percival's heme in Kensington was buils sround 1765. It is a two-story
bureilding, whose original clapboards have besn covercd with red vainted
shingies, Cutside of that, plus the addition of & sunrecm, a porch and

a2 doyper windew in back, 1ihe house khas not been changed. The original
intericr paneling is extant, and the house's corner cupbosrds and firce-
places are oripinal, The most interesting room ir the house dis Percival's
study on the secomd fleor, which containe an attractive Tireplace and hand-
some paneling.

BenJomin Sillimen House, New Haven County

Lecation: 87 Trumbull Street, New Haven

The Amerdican Journzl of Science is cne of the Hation's outstanding
scientific periodieals, having served Smerican science since Benjemin
Siliimmn fourded it in 1815, It is probably Silliman's moss iasting
contribution te scicnce in the United Dtates, btut this notatle teacher

and popularizer of scienca 5till) ranks az one of the leading sevientists of
the ante«ballur era,

Sillivan's development as a scvientist orobably surprised hixm as much as

his friends, DIorn on August 8, 2779, in Trumbull, Cennecticut, he entered
Yale when but thirteen. Known there a5 "Scber Ber,” he exhitited sore
interest in science, but after being praduated irn 1796 he rubseguently be-
gan to study law. He passed his lay ciams in 1802, but he never practiced.
Totally unexpsctedly, Y¥nle's rresident, Timothy Dwighit, apoointed Sillizan
25 the college's first rrofessar of chenmistry on Jeptember T, 1802, Umiille
ing to ghirk this challonge, Sillimen accepted the sppolrtment and spent Lhe
next two winters studying chemistry in TFhiladelrvhia and Princeten. The new
and yeung professor faced his first cless at Yale on April h, 1804, In a
short while, Yale provided a laberabory for Silliran in the basement of a
new trilding, and Sillimern wryly cormented at 2 leter time on kis sub-
Eerrancan auarters, saying

Hovr did Iv hapren, I suppose thet o . . the able ¢ivil architect
« + « had recedived only =che yapgue Impressions of clegistry--

erhaps a corduscd and terriiic dream of slchery, with its black
artz, its cxplesions, apd its weolrd-like mysteries, Heo appears,
therefore, to have imagined thet The deeper down in mother earth 1
the dangerous chenmists cowld be buried, so muck the betber . . "

Williman spent fiftecrn damp, dank years in this cell,
Cllliman's bascment laboratory did not discourage him, and he toughi at

Yalc until hiz retirement in July, 16552, Pragmatic, rersistent and re-
coptive Lo mew ddeaz, Silliran mede ¥Yole 8 leader in chemldstry and geology.
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A trip to Europe in 1805 both broadened his chemical background end stim-
ulated a general interest in geology, Jjust as he did when he organized

the Mavion's {Tirst geclogicsl scclety, the Awerican Ceological Socciety,

in 1512. The dynamic professor zlso helped to ercate the Yale #edical
School in 1813; and in Y8LG-4T he led the movement to establish a precefent-
breaking graduate faewlty at Yale, Of couwrse, throughowt his years at Yale
Silliman teught, and numercus men moved Crom his elasses %o positions of
leadership in the Aperican scientific community. One student, Jaces Dwight
Dana, becare one of the world's lesding peolopiste,

5illimgn's teaching outside of Yale was also of major significance. In
1834, he bepan to give public lectures on geology, which he continued until
1357, and through kis platform appearances he did more "to sprend a knowe
ledge of science and to stimulate veopile to study sclence than any other
teacher of his goneration."€ T4 must have been a missionary's zeal thai
took hin to the people, for in that day, when travel was so difficult,

e sroke in such widely serarated cities as Fittsburgh, Tew Orleans, Hobile,
and Tt, Louis, as well as in nurerous lesser howns,

A mar of reparkable cnorpy, Siilldmar had fourd time to estaklish the
Arericen Journal of Selence in 1813, Tt took almost four years of cndless
toil o make the journal g suceess, but ever since it has enjoyed an
erviatle positien amonug scientifie periodicals. The ragazine, also knowm
as 'Silliran's Journal” in its eerly period, exercived a profoundly bencii-
clal infiuecnce upon science in the Urited States, cespecially ns u forum for
the announcement of the latest scicntific discoveries, It continues to
stimulate the Country's sclentists, just ag it rewains a unigue memorinl

to 2 great wan long afher his death on Wovomber 2k, 188L,

The Sillimap house bears 1ittls reserblance to the building cocupi=d by

the szientist. pullt bebwezen 1807-09 by James Hillhouse, the howse steod
on Hililiouse Averme whern Si1liman purchssed it im 181E for 24,500,

5illiman socr rade scme changes, and in 183G added a wing. After his death,
the housc was noved arcund to face on Trumbull Street in 1B71; also, a

reom over the Trant porch vas added st this time. Moreover, the stone wolles
were reuoved in favor of clapoesrd, Lome years later, DLrich wings were
added Lo the hose.

lructed in Ldward Farber {ed.}, Great Chemists (Mew York, 1961), 508.
ZFarber, Great Chemizts, L,
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GEQRGIA

The Crewicrd Y. lLong Memorial

Logation: Jefferson, Ceorgia

Sir Buaphry Devy toock a long step toward modern anaesthesia in his
experiments with lsughing gas., In 1799, he wrote thel nisrcous oxide
seemed capable of destroying physical pain and suggested that it might
be wzed with gdvantage In swrgical operatloms, Swrprisingly, no one
acted on this suggestion for enother 43 years.

In the early 18LG's the clTects of laughing gas wers widely discussed,
Wandering charlatans geve deronstraticns, esnd "nitrous oxide frolics”
were sonstimes held. IT wes in this way thet Dr. Crawvdord W. Long of
JefTersen, Ceorgla, begar e experdiments with mnaesthesie. Vhen no -
laughing pgas was evallable for a plenned frolic, Long substituted sul-
phurie cther, EBther proved to produce the serme sort of initoxiceiion,

Or. Leng strewdly obscrved that his guasts ceened oblivions to bruizes
that would ordinarily heve been guite peinful. From this, ke began to
wonder seriously the use of sther ta preveuld pain, end finally decifed ®o
mpke the test, On the 30th of Merch, 2842, Dr. Long reroved a smeil
turor from the neck of one of his friends while he inhaled ether. The
retient gave no evidence of sufferirg during the operation and indicated,
after it wes over, that he hed experienced uwo pain.

If Lotg had irmedigtely reported thiz experiment in a medicsl journal,
thers could have been no doubt that he was the discovercr. The groat
ether war would never have heen waged. However, Long was cauvtiows end
deterrdned to test the results through other operstions. The first pub-
lished account of Dr, Long's operations did not appeer wntil 1849, in
the Seuthern Mediecal and Surpical Journel, Fublication seered to have
bheen prompted by sn account of the exporiments of the Boston dentist,
Willigr: Theomos Green Mortow, EPeeause Long had noet pulilished bis results,
others redlecovered his teckhnicues independently.

Cravioyd W, leng, Horace Wells, Cherles T. Jackson, and wWilller Morton

gll shgre In the ddscovery of surgical sneesthesia. Yet it was Morton's
work that was first annovnced on Hovermber 18, 1846 in the Bosten tiedical
and Surelcal Journal., Morton bad acted Indeperdently end conducted expor-
iments with ctlher on his owm inditiative. He bad assumed the entire res-
ronzibility for the outccome of his first public demonstrations on humens,
and hec tiws, before styone else, convinced the surgical world of the
value of the dizcovery.

Although Cresford U7, Long was the Tirst to experiment with end use ether
successiully in surgery, most medieal authorities would agree that he loses
the larger heonor of acqueinting the mediecsl world with its bepelfits becpuse
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e delzyed publicaticn of experipents with ether until seversl years aTter
the universel acceptance of surgical enaesthesls,

The Crawford W, Long memoriel in Jefferson, Geergla, was receanstructed
on the fourndation of Dr. iLong's office before 1860 by the thysicisn who
boupgnt his practice. This buwllding has recently been restored and houses
a museuh which was dedicgted and opened to the public in 1997. The memorisl
is afrinistered by the Georgia Historical Cemmissicon.

INDIANA

David Pnle “sren Leboraiory

Location: Posey Covnty, Church Strect, Few Hormomy

Zavid Dale Owen occupied an important position in the renks of Americarn
goologists between 1820-1860, His thorough and effieciently ceonducted
geolagical surveys 1n wesitiern Americs not only retain sipgnificence in

the history of Anerican peology, bubl s2lso are remembersd as having helped
ta develop thet are=.

fwen was born in 3cotland oo June 2k, 1307, the third sen of Robexrt Owen,
the founder of Hew Harmeny, Indlana. He received his early eduzcatiom in
Europe, ond he returned te Londen for study in geology in 1831 after having
been in Mew Parmony since 1833, Upon his return to jmerica, Owen ebtended
the Ohlo Medieal Collsge In Dincinnati and received an . D. degres in 17305,
In the fzllicwlng year he married Caroline O. Heel, whom he hed met in

Hew Hermony.

Cwen bogan his geological career in the sare year he warried, 1837, Tor'
gome resson ke hed turnsd froc medicine, eccepted a ponsiticn as the state
geoltogist of Indians. He complefed a refort Tor the Stete wichin a year,
ard then he resigned, Within g short time, however, he bepan to work for
the United States.

fwen sccorplizhied his preatest geclogical work while worlking for the Federal
Goverrmert. Although reticent and forgetfel, Owen had a pleasant personal-
ity and singular adminizlrative ebility. UWher the Govermmenl commlssionsd
him on August 17, 1839, to survey an cleven thousand square wile ares in
Wigconsin grd Iowa, Owen formed a brigede of 139 assistants, frained then
and set them to work., On Fovember 1h, 1339, Gwen delivercd a completed re-
port on the survey, 2Zslde from deserdibing for the first time the mineral
riches of the pres, the report stands zs 2 monument to "z Teat of general-
ship which has npever been egualed in Amcrican geclogical history."

lGeorge D. Merrill, The First One Hundred Years of Apericszn Geolegy,
{Now Haven, 1925}, 193,
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Subsequently, Cwen carried out a geclegical study of the Chippewe Lurnd
Distriet for the United States. He covered all of Wiscornsin, Iowa and
Minnesote, and his report of over ACO papges appeared in 1852,  Owen was

a talented artist, and his geolecgical drawings in his Chippewa report have
hardly been equaled.

4n incredible worker, Cwen scrved as the state geolopist of Kentucky and
Arkansas 1n his last ;zars. He had also become the state peologist of
Indisra for the second time when death struck him on Foverber 13, 1860,

When he died, Owon was &t work on a report. Shortly before his demise,

g dopetor had werned Owenm that his illness, plus his constant writing, might
cause his death within a week, but the geologist had ignored the prediction,
saying "I only want thirteen days to Cinich . ., . Z;hﬂ repo;ﬁ?,” end kad

continued working.,

Cwen bullt hiz laborstory in Mew Harmony for $lO,CCG. gtitl liftle chenged
frem Lhe time it was erected, the tuilding's towers, pitched roofs and at-
tractive exterior deccoraticn plive it an exceesdingly interesting appearance,
There iz only one fleoor to the building, and aside from the living room, the
rooms are not too large. Owen designed the building himseld,

INTILANA

Theras Say Segldence

Location: Posey County, Joutheast corner West and Clmrch Sireets,
Wew Harmony

Tregas Say, the father of descriptive entemolegy in America; was born in
Fhiladelphia in 1787. Of Huguenot descent, the young Zey developed an
interest in science, which subsequently led to membershiDn in the Fhilodelphd
Arademy of Hatural Seiences shortly after its establishment in 1312, Say
alsa becape the curabtor of the Academy, but at no salary. With almost no
income, the young man for menths spent about twelve cents a day for food,
eating Yittle else than bread end milk., He lived in the Academy's head-
quarters, finding resting at might bereath the skeleton of a horse,

Sey's rertieipetion in several expeditions aftcr some years in the Aeadery
greatly stimulated his work., A trip te Florida, which arce he considered
8 superb place for tugs {as some still do), led to Sey's initial paper on
cntomelogy, which appesred in the Acadexy’s Jourmal. 1In 1819 and again in
1823, Say acceorpanied the western expeditions ied by Major Stcphen H. Lovg.
Slender and tall, Say's white beover hat azused and intrigucd the Indians
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The Fauntleroy House, where Thomas Say bived. Noew Hamony, Indiana
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as much es his bug ecollecting. And doring the long, exhsusting treks,
Say mataged te build notable vollections of specimens vhile traversing
a little knowm area of Awmerics.,

When e second Lone expedifion had ended, Say returned Lo Philadelphls
and the fAcademy of Netural Sclences. He not only etiended to hiz cura-
torial duties, but continued his entermological studiss, In 1824, he
pubiished the initial volume of his American Entorclogy, or Descripticn

of the Insects of Horth pmerica. & second volume followed in 19525, and
later a third volwre, otut poor public reception of the work Torbade the
printing of sdditlomal volures. This work vonstitutes Say'= major selentifi
achievement, as well as ropresenting the first great American contributicn
in entocmology. Say, in his American mtomelory, described the geners and
specics of American insects, plus illugtrating the insects Ly colored en-
gravings. Therc was no more artistic work of its kind in America when

Sey vroduced these volumes,

ot too leng after the appearance of the second wolume of the Entormolosy,
William Maclure, an old benefactor of Say's,persuaded Say to move to

¥ew Harmony, Indiana, There he could teach and pursue his work, Say
arrived at Robert Cwen’s socialistic commmpity in Jamuery, 1825, A year
later he married Tuey Listaire, who proved to be an ideal coempanion for hin.
Travel, teaching, and study kept Say very busy. Ir 1828, he yublished the
third volurme of his Arerican Entomclomy, for example. Two yearzs later, Say
published his Amcrican Conchology, The pletes Tfor vhich his wife had largely
prepared, Four years later, when only Torty-seven, death cut shart his
career, denying to America further fruits of this perceptive, ehergetic
seientist.

At some time, spd for an undetemmined peried Auring his years in Tew Hermouy,
fay lived in the Fauntleroy House. Built in the carly 1820's, the sturdy,
clapboard building has housed many {omilies, of which the Say fawdly was

the most exceptional, The house is now & museum, commemorating various
aspects of vThe history of Wew Harmony.

MAZBACHUZETTS

Nathaniel Bowditch House

Locatlon: Essex (aunty, Horth Street, Salem

Hathaniel Bewdlsch probably set 2 record for discovering errcors in a pub-
lished work when he uncoversd eiphi thousand in 8 manuel of navigation.
Amonr the most grieveus mistakes John Hamilton Moore had made in compiling
his bool,, The Practical Novipetor, was the ciiation af the year ICO as

8 leap year--severasl sem disassters resulted. It iz obvicus then why one
of the most romarkable szientific books ever published in fmerica,

7T






Bowditeh's The New Armerican Fractical Novigator, rapidly supplanted the
egrlier British work on ships the world over.

Bowditch developed his inberently lkeen, enalyticel mind lsrgely
through his ovm efforts, Born on March 26, 1773, of o Temily who had
Tolloied the sen Tor generations, the young Bowditch received some school-
ing in Sglem, Massachusetts. IDut when twelve he becaee an apprentlee to
& ship chandler. Althougk he could study only after work, the youth 4id
not forsake his interest In wethemeties. Within a year, for example, he
had compiled a notebeook on nevigation., With borrowed bocks and amezing
dedication, Dowditch continued to study as cnergetically as most boys of
his age played. &o impressed were two of his older friends with hiz zesl
and ability, that in 1791 they secured germission for him to use the vol-
umes in Salem's Fhilosovhicel Librery Company. Dowdltch devoured the
treasuwres he found there. Indicative of hRiz intellectyrl discipline iz the
fact that when only elghteen he copied all of the matherstical pepers he
found in the Transactions of the Roval Sceiety of London. By the age of
twenty-one, he had read, after fteaching hieself Latin, fir Issac Hewton's
Frincipie, even discovering arn error in it. Moreover, with a French
dictiopary in one hand and e Bible in another, he had learned I'rench,

In 179%, the slight, cheerful, tripght-eyed and already gray-haired youth
tvrned to the sea. For the nexi nine yesrs, with some time off ashore,
Bewditeh sailed over the globe. Throughout his travels he kept a journal,
Tilled it lsrgely with notes on the weether, or on mntters of navipgation.
But when he wisited the Isle of PBourben in the Indiarn Qeean in May, 1793,
his surprise at the easy ways of ihe lolrer sex preocduced this ertry:

Ok, my country, how much dearer to me is the demeancor of
thy dauphters than that of the wemen of this country.

During these voyages, Bowditch continued hisz studies, especislly thosze
toncerncd with navigation., IZven wihen ke made his last voyage, as the
captain of the Tutnam, which he and three others owned, teiween November,
1302 and December, 1303, he puraued his studies. He indeed albost let
the Putnanp sail itself.

It wes in the period between 1795 and 18C2 that Bowditch produced his
Practical liaviégator, By July, 1759, ke had already published two revisions
of Moore's error laden Nawvigator, but then demided to produce s hew book.
Ttree years later, in June, 1902, Rowditch's erudition and genius appeared
tefore the world in his beok for zeamen. Some 27h papes, the manual con-
tained nevigational ajds, tide tebles, astronomicel fables, the duties of
officers and a textbook on navigation, The material for feaching navi-
gation constituted s remarkable innovation, and it protably stemmed from
Bowditch's atiempts to teach geomelry to sailors while on hiz various

1Quoted ir Rgbert Blton Berry, Yankee Stargazer, The Life of Nathaniel
Bowditeh {New York, 1941}, 55.
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vayages, In & short tire, the book achicved outstanding pooularily.

Ard 85 o sea captailn later wrote, one after 1302 went %o see with a
"Testament, & Bowdi%ch, a ouadrant, a chest of sea clothes, and 2
mother's blessing.”™ Subseguent editions appearsd during Bowditch's life,
with the author kept busy by rvevisions, and the Fraclics) Havigstor, al-
though sorevhet changeé, remains the geapan's dearest hook.

Tespite the fact that the Fractical Navigator was Powditeh's greet work,

he accomplished additional noteworthy achievewents in science. His study
of tue “esteon, Comnecticub, meteor of 1867 received applause here and in
Furope. Aside from thab investigation and rurercus other sctentific wapers
Bewditceh's transiation of LeFlece's Mecanicue Celeste is of especial in-
terest., Frem at least the sime of his last voyape, boiween TACA-1803 until
his death, the zeientist lsbored over translating the Frenchoen’s greaet
work on mathemabics and theoretical astronocomy. In working on Lallace,
Pawditch said that whenever he came upon one of IaPlave’s "'Thus it plainl:
appears,” " that he then had

hours of hard study before . . . iﬁiﬁ? Lo 21} up the chasm
end find cut and show how it plainly appears.

The Job was a stupendous ong, and when the first four volumes ol the
translation appesrcd, esch conteined over a thousand poges. Teath cut zhom
Powditen's work on Iaflace’s last volume fit iz =till wntrenslated). Cur
pdniration for this scientifiz contribution, which birought continental
mathematics to America, 1s Increascd by a realization that PBowdiich =pent

& third of his sevinpe, 312,000, to publish his translaticn.

Bowditeh enioyed more than just suwceess in science.  Although hig first
wife, [lizabeth Boardman, died in the same year they were warried, 1796,
he andg hiz second wife, Mary Inger=oll, whenm he carried in Octcter, 18C0,
had a happy marriage. She bore him elght children., Afver retiring from
the sea in 1803, Bewditch had joired a 1life insurance company i Salem.

In 1823, after sccepting a position with a Boston insurance firm, he moved
tao Boston. Dowditch's sherp eye for fipgures annoyed the firm's clerks,
tut under his direction the compony prospered. Death came t¢ hin or the
afterncon of March 16, 1838,

The heuse that Bowditch lived in at Salenm between 1811-18237, he living

here longer than in any other of his numercus Zalem residences, Was moved
from its original lecation at 312 DOssex Street to its present site on

North Street arcund eipiit years zgo. It is an early nineteenth-century
buildirng and has been recently improved by the City of Zslem for use by
the Salem Fark Deportzent. In working on the house, the Saler Park Teport-
ment removed post-Bowditeh partilions, repairing the walls and Tloors, and
the small lights in the windows. On the exterior, the old balustrede stop
the house bas disappeared, as hove the shutters.

liuotoﬂ in Dirk J. Struik, Yankee Selence in the Mrking {Eew York,
1962} 109,
e
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0liver Vendell Holmes House, "Holmesdale,”

tocation: Derkshire County, Holmes Reoad, Pittsfield

tiost of us remerber Gliver Wendell Holkes because of two of his poems,
“01d Ironsidcs" and ' The Deacor's Masterpisce, or the Wopderful 'One-
Hoss Shay.'" Holmes was more than just an author, however, for he vas
2 noted doctor of his day snd & great medical teacher. Moreoveyr, his
paper on puerperal Tever is 4 winor landmark in the history of Arerican
redicine.

Holmes was born on August 29, 1309, and his father, s minisier, hoped

that his son would also mssume the cloth. Zut the young Holmes rejected
that path, and afier bteing gradusted from Harverd University in 1129, sailed
to Burape in 1833 %o study medicine. In Parks, he benefited from the letest
medical advenzes; and upon his return home received his M., . degree from
Harvard in 137S.

Folres subsequerntly became a member of the siaff of the Herverd Medical
Sthool, which he helped to make one of the best in the country. He shonc

az a teacher, especially of aeratory, endivening his c¢lasces with wit and
Luror. Hever of narrov interests, Holtes slso wrote on medicine, as well as
other subiects. Shen Dr. ¥, T. G, Morton proved the value of ether in
surgery, it was Holmes vho sugpested that the term "anaesthesia’ be used.
Dven more importantly, it was Holmes vho first explained the cauge of
puerpersl fever,

fnce surpical methods bhad been devcloped ta aid in childbirth, puerperal
fever, which ceused many mothers to die, immediately broke out, Doctors,
wha had been unable to determine the faver's cause, were astounded when

in 1843 Holmes' taper, "The Contagicusness of Puerperal Vever' asscried

that tre Aoctors themselves were restonsible. Dy means of statistical
evidence, Holmes shoved that it was just not an “unlucky” case when a mother
diecd, but that these in attendance pust have transmitted the germ ta <he
vietim, The author proved thet chance was not responsible wher his statist-
‘esl aralysis made it plain that one doctor who had lost sixtecn mothers

in one month wes move thar only urfertunate. Holmes also pled for anti-
septic practices, and urged doctors to aveid handling s delivery 1f they

hnd bad 5 recent case of the Tevor.

Although we Lnow Folmes was right, his colleagues ridiculed bis con-
clusiona., As a resulc, mothers continued to die from puerperal fever.

It was not until the 12380'=z thai Holmes paper was fully accepted, after
other studies of the Tever had given the same answer. When Holrmes dicd on
October 7, 1864, he died in the kxnowledge that tragedy in childbirth wes
far less frequent that it hed beer in his youth.
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Iolres tuilt o sucmer regsidence an pert of the Tendsll Tonily lands nsar
Fittafield in 18L9. New known as "Holzesdale," the stacious, iwe-shory
buitding afforded Holmes seven of kis most enjoyable summers, he szending
his wvacatinns there until 1254, Tt was here that he wrote "The Deacon's
Fasterpiece." Hiss Hell's School for Girls now owns the house and uses
it as a reosidencc Tor teachers.

Charles T. Jackson Fouse, "MayTlover Society House,”

Locetion: FPlymouth County, Winslow Street at Narth Street, TI'lymouth

CMarles T. Jackson Tossessed a brillinnd and originel mind, which carried
him 40 a commending positicn in American science before 1361, But he also
rossessed a suspiclous, sell-centered personality, which helped to eloud
his regulation and lead him feo the ingene asylum late iIn 1ife.

Torn in Plymouth, Massachusetis on June 21, 1805, Jackson was orphancd

when twelve. A guardian aided him, hovever, and Jackson was able to
complote his medical studies a%t the Harvard Mediczl Dcheool in 1825, He
journeyed to Europe in the same year and stayed umtll 2832, There, he
continued his medical work in Paris as well as studying geclogy. Jackson
3lso traveled throughoui the continent, availing himselfl of cvery opportunit;
Tor Turther medical ard geological study. He also becars very interested

in electricity, and collected soue elecirical equipment to teke back to
Awmerica. When he boerded the Sully ir the fall of 1832, Jackson probably
rad o decper kuowledge of contemporary science than any other American,

Cn boerd the Sully, Jackson mel Saruel F. B, Merse, a meeting that event-
uwally led te one of Jackson's epic quarrels. The scuicntlst and Lhe artist
discussed clestricity ons evening, including the nossikility of sending
rossopes electrically. Morse, stimulsted hy the conversation, drew g sizetch
of an electric telegraph wpon returning to his cabin.  And when the Sully
reached frerica, lorse, alter long and difficult yeers, finally porfected
Wiz ipstrunent, Morse s success caused Jackson to ¢laim that he really

;a5 tlie inventor of the electrie telcgraph, snd he tecame invelved in &
violent fight with Horse. The quarrel did nothing for Jackson, exeept to
divery hion Trom his sclentific work and fteo sep hisz snergics.

Jackson' s cocentrioity slso fmpelled Blpo into an even mors wiolent

digpute with W, 1. G. Morton. worton, s one-time pupll of Jackson's in
Bomton, proved to the world the anmesthetic walue of cther during an
opereticn at the Massachusetis Genoral Hospital on October 16, 184G,  Sul-
secuently, Jackson claimed that ke had told Morton ebout ether, and that he,
wt Horten, should be reparded as the benefacior of mankind., The frenried
quarrel so seared Loth particizants tist it helped to kill FHorton and mash-
ed Jackscon into an insane asylum in 1573,
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Degpite his unpleseantness end his tragic end, Jzeokson's beneficigl
impact on Ameriean sclence cannot be denied. He not only contributed
inmmerable idess, but also stimulated nrany individusls along the path
of seientiiie endemvor,

Fdward Winsleow built the Jackson house in 1754, The tuilding has been
greatly alftered since its constructicon, especially because of 8 lerge and
felrly recent rear additicn. The original sectlon of the twilding, haow-
ever, conteins peneling dating frem 1754,

Splem Athengeum

Iocgtion: Essex County, 337 Essex Gtreet, Salem

The Jalem Athenmeum owns an extremcly interesting elghteenth century
collection of seientifie works. Added significarnce sttaches 1tself to
those volumes because in gll likelihood the Athenseum would never have
acguired them I it had not teen for the fmerican Revolution,

In February, 1781, an fmerican vessel out of Salem sttacked and captured
the Mars, a British ship. The capbor must have been surprised to find
gboard thelr prize a noteble collection of scientifie worlks, the scientifir
library of Sir Richard Kirwin, of Tublin, Hirwir had intended the books
for ar Institution In Cuebec, tut fate decreed otherwise, UWhen the
Filgrim, the American ship, returned to Salem, the vessel'es timers placed
the Looks on gsale.

& new eultuvral crganizetion in Salem, the Philosophical Library, immediatel
exhibited great interest in the books, And on April 12, 1781, the Thllo--
sopbical Library paid L858:10:00 for the eollection, thus acquiring =n in-
valuable library, Included in the eglliection were most of the trans-
aetions of the French Academy, of the Boval Sceiely of londeon, end of the
Cociety of Berlin. The ¥irvin collection mliso eounted the works of Sir
Bokert Boyle and Sir Isasc Sewton. Through the Fhilosophical Library's
forezight, Sslenm oeme to possess o Engnllicent Intellectual tool, and the
volumes, for exemple, helyed to school Salem's femous scientist, Hathaniel
Bowditch,  Some years after 1781, the Philosophical Library merged with
the focisl Litrsry in Salen to fort the Sz2lem Athenassum. The Zocial
Library had been orgenized in March, 1760, end over the yesrs had acquired
g respechbable mumber of bLooks. DTy 1510, most of the members of the Social
Library also belonged to the Thilesephical Library, which situated led 1o
the merger of the two groups on Mareh 12, 1810,

Since 1310, the Athoenacum has occupled severgl buildings. ts mresent
home was built in 1907, and is modelled after "Hemeweod," the Baltimore
residence of Clrarles Carrcl}., The sattractive structure now houses over
47,000 volumes,
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cemuel HMorey House,

Leeation: Grafton County, Oxford

The enteceocdente of the ipternsl cowmbusticn engine are much older than
1z commonly assumed. One of the first such engines was patented in
1926 by Ssmuel ¥erey, an early American inventor,

Morey was born in Hebron, Connecticut, on October 23, 1762, In 1706,
¥orey's father moved his family to Oxford, New Hempshire, where Morey
lived until he moved to Fairlee, Verneont, a short time before his death,
Turing Bis youth, Morey manifested ar sptitude for machinery, which aided
hig subsequent lumber tusiness., Even when well launched on his business
career, Morey alsc studied the properties of heat and light, and over the
years added to his knowledge of those lorces,

Beeczuse of hls investigaiions, Morey became particularly intercsted in
the avplication of steam power to machines. DBy 1793, he hed #ade a

steam operated spit, for whieh he received his first patent. Morey de-
veloped additionzl steam driven mechines, receiving elfter 1793 patents for
8 rotary stesm-engine and m shemn pump. Moreover, he visualized the
possibilities of a steem driven boat, ond had constrected several of them
by 1797, when he built snd demonstrated a steambtoat in Hew Jersey. When
Morey lesrned of Rohert Fulton's plan for steasboats, he vizited Fulton
end sought to hawe Fulten's plan f'or steamtosts, he visited Tulton and
souftit to have Fulton sedopt hils developments. Fulton rejected Horcy's
offer, btut ocubsequenily elalmed Fulion had used his 1deas,

Tt was in conjunction with his efforts to produce water zas, that lMiorey
conceived his ges or vapor engine, After long experimentation, Morey
rroduced a “preparing box," or rarburator, in which a mixture of air and
a gas could be made and carried to the ergine. The solution of the fuel
problem paved ths way for Morey's internsl combustion engine, for which
he received a patent on Aprdl 1, 1826, He carried his engine Lo New York
and exhibited 1t, but falled to mrose interest in his invention, HMorey,
in spite of public apathy, realized the sigrnificance of his engine, and
correctly predicted that it would one Zesy revolutionize transportetion.
The accurasy of his prophecy was underlined when he congtructed a heoat
in 1829 ard installed a gas engine, which enabled the vessel to move
along at seven or cight miles an hour. Howerer, Morey sgain failed to
secure finsncial backing,

Morey died on April 17, 1843, Urnsung in hic own day, the inventor still
deserves greater attention for his contributions than he has ¥Fet received,
The Morey house is a2 handsome, two-story claPhoard structure. Built in
Y773 By Cbedish MNoble, the house was purchased by Morey in 1799, who made
several improvements in 14, Among them were the hendsome docrwsy and
Pallsedian window that s%ill grace the house's front,
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Samuel Cuthrie Houze, New York

lLocation: Jefferson County, Sackets Harbor

The discoverer of chloroform, Ssmuel Guthrie, was born in Brimfield,
Magsachusetts, ion 1762, His education included 1ittle formal schooling,
Indeed, his father apparently taught him medicine. Guthrie did attend two
courses of lectures on medicine, one of which was presented at the Universi
of Fenneylvania in 1515. But even before 1815, he had begun to practice,
By the tire he moved from Sherburne, New York, te Sackets Harbor, moreover,
he had a wife, the former Sybil Sexton, and three children,

WVhen Guthrie moved fn 1817 %o Sackets Harbor, which was to be bis heome
for the next thirty years, he found that isclsted section of Jew York
virtuelly 2 wilderness, Undaunted, however, he acquired a farm, tuilt g
Louse snd started his work in chemistry. The taeciturn, independent and
inventive Cuthrie bullt a laboratory behind his house for his experimends.
His neighbors highly approved of hils luvesftipations, especislly when

Guthrie produced an excellent vinegar and fine aleghol., He won gven wider-

epplausc vhen he invented the percussion cep and a "runech lock" for explod-
ing the cep, The flintlock musket becszme a thing of the vast as a result
of this invention,

Guthrie displeyed &n emazing versatility in his work. 1In 1830, he notified
Benjemin 5illiman, the great Yale chemist, that he had perfected o method
of creating wolmsses out of potato starch. Subsequently, Guthrie sent
5i11iman seme chloroform, which he had produced by distilling chloride

of lime with aleohol in g still mede of copper. And in 1832, news of the
discovery of chloroform appeared in the Asericen Journsl of Oeience, which
was edited by Silliman, Not until some fiTteen yesrs later, bowever, was
the value of chiloroform as an anodyne generally recognized. And at Just
about that time, Guthrie died on October 19, 1508,

The Guthrie house is g fwowstory, brich structure., It has an attractive
front door, s gabled roof end & rear extension. The main section of the
house has undergone 1ittle change, which contrasts with the zuch altered
wing behind the house. Guthrie's laboratary stocd far back of the house,
ard todoy only the laborateory's foundations are extant,

Sylvanus Thayer, Superintendent's - varbters, ¥ew York

loegtion: Crange County, United States Military Acadermy, Vest Foint

Sylvanus Thayer, the "Father of the Military Acadery,” was borr on June 9,
1785, In 1803, he entered Dartmouth College, where he pursued the

elassical course, dbut in 1807 transferred to West ioint. He received his
degres from the Acsdemy in 1809, plus a commission 25 a8 second licutennnt
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in the engineers, Until the War of 1512, Thayer vorked on coastal
fortifications. During the second war with Epgland, Thayer served -
with the army on the Cenadien border and in Norfolk, Virginia. Follow-
ing the Treety of Ghent, he sailed to Europe in order to study military
engineering. He hed the good fortune to study at the Ecole Polylechaique,
which he enjoyed ipmenseliy. Moreover, his work at the Ecole Polytechndigue
impressed vpon him the need for simliar ftreining in jSmerica.

iTter returning to the United States, Thayer became the Superintendent
of West Foint in 1817. He roctained this position until 1833, end during
his tenure made West Point sn outstanding military scheol., hside Trom
ending the lexity everyvhere evident at the Academy, the PFrenchetrained
Superintendent laid heavy stress on irproving the acedemic program, e
horrowed Treely from hils experience in France; morecver, be placed g
French engineer in sherge of the enpiveerdng deportment, Text books of
French origin, either in French or in translation, also become standsrd
at West Point. Thayer's concern for thoroughmess ard proficiency stip-
ulated the development of an excellent eongineering department at YWest
Foint, and from it appeared many capable engineers. Indeed, Yest Point
graduates plenned and built most of the early reailroads in fmerica.

Theyer left the Academy in 1933, at his owm reguest. In the Tollowing
years, he supervised the construction of comstal fortifieations on the

Sew Tngland Coast, OF especiel importance were the fortifications he
Ttwilt in Doston Harbor, He retired from the army in June, 1863, having
attained the rark of bripadier general. Defore hies death on September T,
15872, he had endowed the Thayer Sehool of Engineering st Dartmouth and hed
egtablished = free library in Braintree, Massachusetts,

The superintendent's quarters, the oldest building at West Folrnt, was
largely corpleted in 1820, Humercus additions and chanpes were made in
the following years, one of the most notable additions being the ironwork
that wms added to the porch during the Civil War., Thayer's ofTice as
supcrintendent was in the besement of the bouse. It is now planned o
restore the office ms a4 memorial té Thayer.

CHIO

Themas A, Ddison Birthplace

Leegtion: [Erie County, Milan

When Themes A. Edison wes born on Tebeuery 11, 1847, in Milan, Ohio,
Milan was & bustling, prosperous grain cenber, Chanping conditions
shorlly cpelled the town's economic dewnfall, however, and today the
village iz most remembered becawss of the atbractive brick cottage in
which Idison, one of America's grest inventors, was born, Fdison lived
in thc lLous2 until he was six, when his father svld it and moved to Port
Huron, rehigan.
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Ediszon's amazlbg career iz well known to most Apericans. A poor

student, he largely cduceted himself, and by sixteen bad slready made
several inventions in telegraphy, By 1869, after mueh travel, a vericty
of Jjobs, and eomstant experimenting, Edison had secured a lubrative
position in Hew Yorlk, In the [ollowing yepr, though, Edizon established
g manufacturing concern of his own, having received a geodly sum for
several of his inventions. Edison gathered arcund himzelf meny excellent
men, mnd his concern has been lahelled the first "ipventlon factory.”

And he gnd his cohorts 4id prcoduce numerecus new products, especially for
the telegroph and telephone,

The scope of Fdison's getivities created the meed for wmore epace, 50 1In
1877 he moved from New York, He first built s laboratory at Menlo Park,
New Jersey, where be remaoined Tor a decade, but dn 1887 he built an even
larger factory in VWest Orange., In the meantire, s flood of discoverles

or developments came from Edison and his collesguss--the incondescent lamp
in 1879, the Pearl Strest power plant in New York in 1882, snd the "Edison
eTTees' in 1883, After he had moved to West (range, Edlson continued to
startle America with pow thinge, His pioneer work with motion pictures
during the 1890's alone is of the utmost significance.

In eddition to his inventive abillity, Edison possessed sn unusuel orgent-
egticngl telent. Yumcrous companics were organized by Liim to produce his
inventionz, as he felt there was litile profit in devising new producis

ir they were not put to wvse. Todsy's gleantic General Electric Company,
for example, is in lerge port derdved fror concerns begun by Edlson.
Ediszon remained su ineatisble worker, even in his last yeors, The tre-
mendous benelit stemming from his unremitting teil was unrecognired by -
the Nation in 1928, vhen Congress gwarded him a gold medal for his contri-
butiens to mankind, Aboub three years later, on Cctoher 18, 1531, Milan's
most famous son dled.

The house Edison lived in until he was six was tuilt around 1841, The
fabled brick btuildinog hes a basement, ground Tloor, and sttic. A 1lving
room oocupies most of the first fleor, but off of it is the room 1n which
Fdizon was born, There are mddltional bedrocms on the second floor.

ffter the ¥diszons poved from HMilan In 1853, the house was owned by others
wntil 1894, when it was purchased by a sister of Edizon's. In 1906,
Edisom heceme Lhe housel's owmer, and after his degth the Edison Dirth-
place Asspeiation, Ine,, mssumed control of the house. The Azsceciation
restored the house in 1947, Unfortunately, only a few itens of the
original Turnishings of thke house sre new in che buildiog,

The houge does not possess ewcepiional walue because Tdiszon 1lved there
Tor only about silx years and becauss the bullding contains few of its
origiral furnizhings,
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PEREZYLVAITTA

John James Mndubon Home, "1l Grove,"

Location: Montgomery Ceunty, Morristowm

John Jemes Audubon's brief residence at Mill Grove reminds us of a highly
significant teried of his lite. Uhile living in the cemfortable, twoe
story, gabled roof stone house thet overlooks FPerkicmen Creck, Audubon
began his study of Aperican birds and met his future wife. His subsequent
carzer, therefore, largely stemmed from his days st Mill Grove.

Born a natural son to Jean Audubon in tanta Derdingo on April 26, 1785,
Auduboyl arrived at Mill Grove in the winter of 18Ch. His father owned the
house end some important nearby mineral deposits, end he had sent his son
to supervise his property. The young Audubon was only nineteen when he
first saw Mill Grove and was poorly rrepared, btoth in trairing snd tempera-
ment, to ranage his father's interests, Indeed, shortly after settling
down, he began hunting for both food and sport, roaming the surrounding
countrygide,

Before ccming to America, Audubon had interestcd himself in birds. Chortly
aiter remching Mil1l Grove, his enthusissm For studying birds regppenred,
end in April, 180h, S0Re youh pewees in a2 dave on the Perkicrmen ettracted
hls attention. Intrigued by the fledglirgs, sAudubon placed a it of silver
eolored thread around scme of the birds' leps. About a year later, Audubon
observed two of the bLanded Trevees some distance up the creel from the cave,
1his, as far as is knewn, wes the first bird harding experiment in Americs,

Audubon'zs faseingtion with birds was soon equalicd by his interest in Tucy
Bakewell, the daughter of & nesrby neiphbor. The young naturalist did pot
Torget her when he moved from MI11l Grove in the spring of 1805, and about
three years later, on April 8, 1308, they were married.

Avdubon's remsrkable subsequent career has been oregented elsevhere in this
stuly. BPut as short as hiz stay at Hill Grove was, 1t 15 understandable

why a leading bicgrapher of Audubon says it was doublless ttre happlest
¥ear of his 1ife. "

Mill Grove has been restored and is now dpen 4s a muscum,

Tavld Rlttenhouse Birthplace

Locatien: £07 Lincoln Imrive, Friladelphia, Fhiladelphine County

Cavid Rittenhouse, one of elghteenth-century Arerieats galaxy of sinpu-
larly talenied individuals, was born on April 8, 1732 {old style), in
the house built in 1707 by his great prardfather, the first eolonial
Paper
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paper manuigctureyr. The paper mill, just upstream on TPaper Mill Run-

free the young Rivterhouse's heme, 5%ill steod in 1732, but Devid ex- -
hitited a greater Iinterest in methematics ss & Doy than in paper mahing.
When he was twelve, mn uncle left the bright youth a chest of tools and
some books, Cne of tie Tooks in the beguest especislly fascinated Bitten-~
house, Toaac Newton's Frincipia Mathepatleca, and his study of 1t further-
whetled bis interest in the physicel world, Entranced by Newbton, Ritten-
house sbsorbed all the seientific works he could, thus largely educating
himself in the glories of eipghteenth-century science. Skiilled with his
kands, the future pstroncmer alro learned clock making, and vhen only
nineteen opened a shop in Norriton, About ninefeen years later, in 1770,
Rittenhouse moved to Philadelphia,

Although Hittenhouse excelled in making clocks and although his elocks

erc prized todsy, it 1s as a2 scientlst that he is DLesti remexmbered. Through
his own briliience and uwnending study, Ritterhouse early made his mark

in pre-Bevolutionary science, and he remained active in the field until

his death or June £6, 1796. He accepted without reservation the Newton-
ian reritege, strongly btelieving that sclence was wan's best mesns for
achigving heppinecs, and thus Rittenhouse rejected Christienity.

The scope and ddversity of this notable American's works iz amazing.
Turing nis life he wade pumerous boundary surveys, the religbility of

his surveying causing hip to be mployed by Pennsylvania, Delawarce,
Yaryland, Virginie, Hew York, Few Jersey, and Messachusetis, As his
repyutation prew, he received commissions to investigate any rumber of
secientifie matters) and he entered into scientifilc exchonges witin Themas
Jefferson, Benjamin rranklin, end Ceorge Yashirgton., He himself probably
enjoyed his astronemical work mere than anything else, and he made and
perfected telescopes as he eagerly studied the night sky year afier year.

Two of Ritteohouse's most important achievements were astronomical in
character. In order to cbserve the tranzit of Venus in 1769, Eitterhouse
corstructed the first Yelescope to be rade in America. Throush it he
Lracled Vemis freom his observatory in Forriton, compiling accuratc obser-
vations of the planet’'s course, Two years before 1769, Hittenhouse had
vegun work on ks famous orrery, or 'mechanical planetarium,” Iy 1771

he had produced two orreries, but only one survives, snd it belengs to the
University of YPennsylvanla. This mervelous instrument zimulates the motion
0i" the planets that were kaown in Rittenhouse's era, and by using xnobs

an Individual can determine the location of e planet on any day within
2,500 yemrs Lefore or 2,500 years after 1767.

Far frow being just » theoretical sciemtist, DIittenhouse never hesitated

in arplying his abilities in a practical menner. Iuring the American

Revoluvion, be supervised the casting of canoon and in numercus other

ways zsttempled to further pmerica's {ipght for freedom. ter independence,

he helped to organize a opational bank and in 1792 become the first di-

rector of the Unltcd States mint. For many years ke wlayved 2 vilial role

in Amcrice's preeminent scelentific spciety, the American Fhilosophical

Seeiety, and he booeme ite president uper Freanklin’s desth In 1791, !
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Shortly before his desth 1n 1796, the Hoyal Cocleiy of London made
Rittanhouse & foreign member in honor of his work, Doth that soclety
ard his native lend continue %o hold Rittenheuse in bigh esteem.

Feper MEll Stream still {lows pest the Rltienbouse birthplace, Todey,
the two-story, gabled roof and stone buillding is whitewashed, with its
doors, shutters, end trim painted green. The roof i= steeply pitched,
and g sirngle ¢himney protrudez from it nesr the center of the house.

The front of the house faces Lincoln Drive, the back the stream, From
the back, one enters the ground flecor, which conteins the XKitcken and
two other small rooms. There are three rocms on the first Ifleor apd two
en the flgor above 1t, There are no Rittenhouse furnishings in the
building.,

Thiz house does nobt possess exceptiomsl vwelue beceuse RBittenhouse lived
there only as a youth and because it is bere of ordginal furnishings.

Benjemiv Dush Birtiplace, Fennsylvenis

Localion; Fhiledelphia County, & mile sast of the junction of
Academy and Red Lion Roads, Frankford

Benjemin Rush was born on December 24, 1745 {old style), in Bayberry,
FPeunsylvania, He received his 4. B. degree [rom the Callepe of Hew
Jersey, rov Princeton University, in 1760, and began his study of
medicine in 1761, He studied under In, Jobn Redman until 1766, when

bhe went to Ddinkurgh, Scotland, to finish his medical treiring. By the -
time be had won his M, D, degree in 1760, he had become a friend and fols
lower of Dr. William Cullen, s noted Eriftish doctor. FPush ended his for-
elgrn wmedical education by working =t Zt., Thoras' lospital in London for

a while belore returning to Ameriea,

Upor his arrival in Philadelphis in 1?£ﬂ, rust rapidly rose to an
eninent position in Yhe Fhiledelphie medical world, Vithin five yesrs
he kad built ¢ thriving prectieces, as well as having served as Americe's
first professor of chemistry at the Collepe of Fhiladelphia. - After the
outbreak of the Arerican Revelution, Push became the surgeon-general

of the ltiddle Department of the Continentsl Army in April, 1777. He
hed gssumed his new duties for only = short time, when he complained
atronpgly sbout the appslling state of the army's hospitals, When his
complaints remained unanswered, he resigned froo the army, baving be-
come disillusioned with George Yashington., Indeed, by 1773, rerconsl
relations betwsen Fush and Washington had been ended, they formeriy
having been good Triends.






Onee oul of the army, Sush resutkmed his medical career in Fhiladelphlsa.

He began to lecture on medicine st the new University of the State of
Fennsylvenia 1n 1780 and becems a staff member of the Pennsylvenin
Hospital in 1793, Turing these years, as well as subseguently, ke glso
develored n controversiaol theory of medlcine, Hesvily influenced by

hig old mentor, Suwllen, Fush sttacked the use of natural healing methods,
offering instead remedies for each illness. dHoreover, Hush scught to
trace every sickness to one cause, the unhealthy stgte of The bleod. T
correct that situstion, Rusk bled patients., He was willing, for cxemple,
to remove ot least Four-fifths of en individualis bleod in treating hic.
When the yellow fever epldemic in 1793 overwhelmed Fhnilladelphiz, Fuch
keeld thal bleeding saved many, Iut illiam Cobbett, o pamphleteer, wrote
that Bush's treainment seted es the cause of desth in mony instances.
Furious, Bush vehemently defended his treatment, but with gresier passion
than reason,

fside from practicing, Bush engaged in many other medical activities, Vhen
the University of Pennsylvanin was created out of the College of Fhiladelphs
and the University of the Ttate of TIeonsylvaenia, Fush became a leeding mem-
ber of the wew imstitution's medical stall. He becare s great teacher, and
by the end of his life he had tsught over tlree thousand students. Rush
alao did rewveolutionary work with the inganc at the Pennsylvanie Hospital,
publishing in 1812 his Medical Inquiriss and Observations upon the Disenses
of the tdnd, a ploneer study in the field of psychlatry.

Fushk, who bad marrieé Julia Stockbon in Januery, 177€¢, engeged in numerous
gther activities during his life. He bkad thirteen children, nine of whowm
survived youth, Tolitics had attracted him in kis younger days, and as a
merber of the Second Continental Conpgress, he had sipned the Declaration
of Independence on July 4, 1776, fubsequently, he supported the movemont
to ebolish slavery, a campaipgh Tor temperance, and a drive to Dmprove
education in Pennsylvania, WYher he fied on April 19, 1313, GRush had many
detractors, btuf the brillisnce and diversity of his 1ife remained imoune
to thelr attacks,

Fush's birthplece, which he apparently lived in until he was about Tive,

in a two and & halfl story stone btuilding. The originel section of the
housc, erccted in the seventeenth century, probably ves a onc slory, sguare
tuilding; *he second story had been pdded by the time of Losh's birth,

The stone walls are eighteen inches thick, snd there is a chimney at either
end of the stene section of the present resigence. A three story frame
addition stands on the right end of the house as you face the buildire,
which gddifion wes constructed in the nineteenth century.

The house appears to be in wery poor condition today, When the writer
visited the house, he was refused admitience, but it was cbvicus that

the birthplece hes detericrsted greatly in the pest few years. Moreover,
a residentisl development company ovn: the struckure and fhe housc may be
demolished in the near future.,
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SUUTH CAROLINA

Doctor John Lining House

Location: 1C6 PBroad Street, Charlesion

The recently restored houwse ot 105 Trpad Street in Charleston was the
hcme of Dr. Jobn Lining, physicien, pioneer physiocloglst, and experia-
renter in electriclty for & number of ¥years. ILining was the first
{1730) of a group of Scottizh doctors in Charleston to do importent
sclentific worl.

Lining firsi turned his attention to the epidemle diseasez which siruck
Charleston so regularly. In 1748, especinlly, he rade a thorough study
of yellew fever, and sent to Europe the earliest account from America,
of its symptoms and patholomyr. This account was subsequently published
in en Zdinturgh medical journal in 1753.

Tr. Iining turned to meteorology in en sbttempt to relste weather to
disepse. Over a pericd of a ycar he conducted = celebrated statistical
experiment in which he measured the intoke and outpe of his body. Eack
Aay we noted the tedpermture, recordesd the humidity, the extent of
cloudiness, the amount of rainfall, and the force of the wind., He thus
noted the effects of climatic conditions upon his own metebolism, These
obeservations were, incidentally, the first published records of the
weather in Arcorica,

Iining continued his weather statlstiecs for several years, and his
accounts of Charlesten westher were published in communicetions o the
Decretary of the Roysl Soedlety in 1754, ldning also corresponded with
Benjemin Franklin on scientific guestions, particularly electricity,

Thoupt not a major fAmerican sceientist, Lining holds a secure positicn
in the history of scicnec as a distinpulished mexwber of that group of -
intellcetual Americens who played a lesding pert in the cerly develop-
ment of science and medicine in this country,

EharlEEton Museur

Location: Charleston, Couth Carolina

The Charlesion Museounm 1s the oldest in the United States, In 1773, the
Charles Town Iibrary Socicty began dits colloctions by appoiriing a special
nomnittee for collocting materdisle and Tor prereting @ natvorsl hisiory

of the provinee., In 1852, trustees of the Iollepge of Charleston revived
the masenwn end locsted it In the college building, After seversl irancler
and reorganivations, the museum vwag establisbed In 1ts present Lome of
Tutledpe Avenuve, beiween Unlhoun and Eewnctf Streets, In 1907.
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The museum has endeavored fo bulld uwp a collection representative af
Ipcal culture, and lts gelleries sre devoted almsst entlirely to Sauth
Caroline materials.

There is continuity in the musemm's collectione; it still hes =zome of
the speclmens frem I1te earliest period. The present museum building
ig, however, relatively modern and not related to the crigingl site.
VIRCTHIA

Ir. Williem Brown House

location: 212 South Faeirfex Street, Alexandria

Soon after he hnd received his medical degree {1770) from the University

of Edinburgh, Willlam PBrown returned to America and estaklished his practiec
in Alexsndria, Virginla. A%t the outbresk of the Fevolution, Prown began
service a2 a regimental surgeon. Within about e year, Congress appointed
tlm surgeon general o the middle deperiment of the Revolutionary Army.

He was next promoted to the office of physician-general to superintend the
practice in Alexandria,

While serving in the army, in 1778, Frowm brought out a thirty-two page
Fharmacopeia designed to serve the military hogpitals. It was admitiedly

a corpllation based largely upon the Edinburegh Pharmacopeim, but 1t was
highly selective and the first to be publicshed in the United States, Tts
publication served the guthor's purpose of introducing a degree of wuniformit
throughout the seversl hospltels,

The William Brrown House at 212 South Falrfex Street is a besutiful two-
story, white clapboard house in the 5ld section of Alexandria, Thie frame
aver brick house was erccted in 1775%.

Eelroi, Walter Reed Birthplace

Location: Five miles west of White Marsh, Va., oo State 614 at its

junetion withk Roube 616,

Walter Reed received wedicsl degrees from the University of Virginie snd
Bellsvue Hospiial Medicasl College (1BTC) and begen the practicc of medieine
in Brooklyn, In 187L, Reed decided to seek an sppointment in the Army
Medical Corps =nd began this new carser as asn sseistant surgeon, wilh the
rank of Meutetent, Eleven yeers of Trontier garriszon 1ife followed,

In 1830, Dr. Reed gave a new direction to this army career when he re-
turned to graduste studies at the Johns Hopklns Undversity Hospital while
ke wvms stgtioned in Baltimere, After completing m brief course in clinieal
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medicine, he was attached to the pathological laboratory, where he
specialized in the comparatively new sclence of bactericlogy. Three
years later, he wac promoted to major end detalled as Curator of the
Army Medical Museum in Washington, end as Prafessor of Bacteriology and
Clintesl Microscepy at the newly orgenized United Stetes Army Medical
Schoel, Here, several yesrs later, he hegen his practlesl interest in
yellow fewer.

When, in 1900, yellow fever became especially severe among Americen
troops 1n Cube, Reed was made chalrman of a committee to investipate Its
cause and method of transmlssion, Ohservation led him to dlscount the
then prevolent iden tkat the disease was trapsmitted by fomites 1n the
beddirg and elathing of yellow fever patients. He decided to turn from
the search for the speciflc cause end pursue the method of transmission.
Thus he revived the dizscarded motion of Dr. Cerlos Finlay that the yellow
fever parasite was carried only by mosquitoes, By a thorcugh set of ex-
reriments, in which scme of Reed's co-workers sacrificed their lives, he
proved to n skeptical world that the mosquito transmission theory was
eorrect, With this knowledge, Americen sanitary engincers eradlcated yellow
fever from Cuba. The succesa of the senitary measures in Havana in cobo-
trolling mosgultoes subsequently made the completion of the Paname Canal
possible, Yellow fever has since heen largely elimlnated from the clve
ilized portions of the world,

The hirth of the father of modern publie heslth at Belroi plantation wms
entirely fortultous. In the rall of 1651, the Fev. Lemuel Sutton Reed
zoved with hls famlly from Horth Carolina to serve Gloucester Couniy,
Virginia's Methodist congregation, Just before they were to arrive, the
parsonage burmed, Mrz. Reed was expecting imminently, The gwner of
Belrol plantation had his overseer move to p temporary shelter and turned
hiz swall frame house over to the minister gnd his family. In that way
it happened that Walter Reed was bore ip a borrowed cabin conslsting of
two rooms end a garret, The house, sbout five miles west of White Marsh,
Virginia, on State Gl4 at its Junetion with 516, has been restored and 1s
well kept, The ¥irginis Medical Society owns the birthplece end malntains
it 85 B memorisl to Walter FReed.

¥atthew Fontnine Maury Hosuse

Locatlon: Virginis Militery lnstltute, Lexington, Va,

Matthew Fontaine Maury, the most distingulshed scientist of the South,
well before the Civil Wer had carned the title, "PFathfinder of the Seas.”
His charting of the winds and curreants of the nceans had single-handedly
revolutionized oceman nevigation.

Tn 1842, Mavry was made Superintendent of the Depot of Charts and
Instrumects ip Washington, which he developed into the United Stotes Nevel
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Observatory end Hydrographicel Office. Tf was here that Moury begen his
study of winds and currents, producing in IB4T his "Wind end Current
Charts of the North Atlantic.” Fven more significant was his book, The
Physdcal Geography of the Zea, whieh was published in 1855, This cereer,
that led 211 the world to acknowledge his leadership in the paritime
sclenezs, was tragleally interrupted by the Civil War,

In the fmll of 1B6B, after three years of exile abroad, Maury accepted s
professorghip mt the Virginle Military Institute in Lexington. With his
greatest contributions elremdy behind him, Maury worked, teught, and wrote
at the V. M. I. until 1871. In addition to his teaching duties, he under=
took a physical survey of the netursel resources of Virginia., He slsc pub-
lished six or seven volumes, dealing mostly with geography. He lectured-
all over the country, more frequently after his resigpation in 1371, wrg-
ing the establishment of the Federel weatheor buresu which he had reccmpendes
before the war., He dled at his home in Lexington in 1873,

The howme in which Maury lived while teachipg at the V., M, I. still serves
a8 & Tacwlty residence, However, Moury occupied this house for only a few
of his Tinal years. It was not associsted wth the great studdes through
which he piorecred the sclence of oceanography.
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DISTRICT CF COLLMEIA

1. ARMY MEDICAL ¥USIUM ABD LIEFRARY

Teeation: Borthwesi Cornor, Tik Street and Indoveadence five,,
S.0W., Vo FlnruOﬂ, . 2.

Carncrskiv: U. 5. Government, fLroed Perceos Institute of Patholopy,
e T
1 (5]

L Gtrset, S0 V., Washingteon, I, C.

Significande:

Surpesn General Villisr A, Harmend established the Army Medicazl
vuseue in 13620 The intenticn waz to winimite she Joss of lives and
lirke from wounds Sloyough the centreliived study of surpiesl and medical
sTocimens.  Thus, this becape ocne of “oe rst orgericed medicomilitary

resegreh programs in fmerics.  Frooably the Tirgt photoricrarrephs pro-
duced iu Ameriss ecgpe from the vori ol Doegecn Josewh Janvier Veoodward,
vko setb un the thotopraphic derariment in 1353, The ecllecticn: of the

museur orov 50 Quichiy thal ocuarters for ifhe many Maeititics vere nard teo

find., Finally, the present museur building was built din 133C.  The ifuseun
and Livrary shgred this builiirg for zimess: 70 years. How, alter scvernl

YEeRrs in other guarters wiile the cxicieuce <f this structurs was Jjoopard-
ized, e frpy Mediesl Voscun iz cgourying iks cen building once agzmin.

Fresent. Tordicion

The arny ¥eldicgl “useur ard Litrary is a brick ztructurce of % steries
cn 2 raiced Gaszement, The bricimrorl iz voll exsecuied, and there iz an
avuniance of terro coiie nrnagenteiion, The oxcel 1tnu werkeanshin and
Prensiioug! desipgn o this structuare make it & mood cxenple of late 195

century guverneenial architeocoturc.

7. CARLEGYE THoTITUTTON AZETETSTHATICN BUTLDING

Loceation:  Southoast Coreer, 10%th and P Streets, i1, i,
Vashington, D, C.

Cunerskip: Covnegie Inctitubion of Weubivngton, 1030 T Street, M,
Washingieon, O, O,

Fiprifioante
AT

Sinee its establishment in 1%0E, the Carnepie Institution of Wash-
ingivon koo direcied its eperigics bo scveoral ficlds ot fuadamentzl seicnhilio
receerca.  The Institution cerly decided fo operate 9o own reseavch orpnii-
faldons, and 11 depavlmenbts wers zeid up. Three of these departments vereo
Laged in Wachington, nameiy the Derpcrtnent of Terrcsirfal Masnotism, the







Geaphysical Iaboratory, and ilic Deportsent of ¥istorica: Hesearchi.  The
rrocent iy research conters include the Mourt Ullscn ond Faloar Ghacrr-

atories. In additicn to the work of Lhese branches, the Insiitution also
Bas cuvcidived Lhe work of its resszacel asuocizites 2% onher Instituticns.
Turin: Yorld dar I, the irnterest of ilc Institution in furthering scleniific
research ted it to helw to endov Lhe eiional Academy of Selances and ite

of rshaci, the Fationsl Resesreh Council.

Trosent Condition

1910, the Instituticn ccpplcted this Indiava lipmestone struciure,
design cﬂ tor the architectural firm oF Cerrere 2nd Hastinge Thre claqU;ta,
desir in *ET1VEd Trom the prcehitesture of the Freoch Renalrsancc A broad
light of siairc leads from 10th Ctreel throurh a large bronee door under
the Icnis porbico. Vithin is a Z-siory rotunds, a soall auoer

conitronees avd lecouroes, and crocutive olffices on thoe seacond [Nlooe,

.b?y rarm Tor

5.  HUBBARD MEKOERIAL NATC

Locctica:  Sonthwest Coruer, 1500 oud M, Strectc, B,

Py
. .

Woshingioa, T. L.
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Havional gecpraphic Soolety, 174k and M Streetco.

Signifizance

tiplieed Memorial Hall chards to Lhe mescry of Gordiner Greenc Hubbard,

oLomoesndent of She Batiomol Gooprorbin Scolefy.  The evecutive offico
ol oLt \pk.h'y mrocuyiod thiz ssruchture rroo 1907 untii 200%. Fasod on &

raphbership, She Holicral Oeorranhic Soclety grew from a s ll
1

cooiety o Lhe poralar Iastliutior and wajor s1ohEor of selentific
expeditions it iz todsy. Scientiiic rocacoreh sporcored by toe Society kasz
rorged fror the secpraply of the peler reppions uo the grchoclomy of FHiddle

fwerica, {rom Uhe couditions of an surascophere to the ethnology of prim-
itive pocples. During the time Le=i llibRord Memoried 1L wos UNEOT Son-
struchics, Alesander {rabam 2el: svecesded bis father-in-lav as rresident

of the Seoseky. IS wms ke woe launclol the Hocleiy on its emphasis o1 thc
posulari.ation of secgrepky in ordsr fu foin a wide rowular supports for
furiler sﬂiﬁwt¢11“ researck. The wvuhlis resnonse caused the Soeleby to cut-
prow this structurc wiihin a geeade of Itg completion. The completlaon of
Hunbord Heﬁl wan prenkbed by 3 Soeiewy of 2000 menbers; rembeorship azs mrean
o Lo ower o3 omiilicn puopie.

Frecens Condlition

Mobbard Merorizl Hell is 2 Pestcry, 3-boy stracture whick laces 16tk
Strect. Josenh O, Horelbilewer ord F. Bush Marskell, avehitects of Wwoshingtor,
ot

o oL, ﬂe in J the buitding, to be brilt of baid briok with lircslone trie
aad s Lite rool., Tle librory off Lo Sociely ¢gcupies sheo seoeond flocr of

2







the building, the first flcor aal basement being uscd for office space
es origically Infended. The litrsry rocm, whick alsc served for Doard
mestings ard lectures, has at the souith end & copy of the larpe stone

fireplace in the City Hall of Bruges, Delpium., Iz the stair hzll arc

5 large coil paintings on explcoraticn, by the Tamousz illustrator, M. C.
Hyeth, painted in 1327.

4, OLD KAVAL OESERVATGRY

Locabion: 23rd and L Streets, . ., Washirgton, D, C,

famership: U. 5. Government, Javy Depertment,

Significanco

itk the establishment of tie aval Cboervatory, the federal govern-
ment erncersd inte sedenclfic reseereh in gn impertant wsy. Here, during
tne Tirst years of its life, Matihew Fontaire IMauvry undertook his work
whieh mede kinm Tamous, Under Y¥oury, the Nawval Cbeepvatory achizved wide
geccitim for advance in aztrorcmy, ravigabion, and cceanogreply. The charts
of the Havy's Qeennegraphic Office still merticn their debt to this mern.
In the port-Civil War period, distinguished and taiented naval officers
incibding Fear Adrirals Charles Henry Tavis and Jobp REodgers ably followed
Mawey o Superintendent of the ¥oawgl Cheerwvatory. Leadiny mathewmaticians
snd sstponcmers 2t the place, such 25 Simon dewecwb, George Yilliam Hill,
end fsarh Ball, won world esteenm, Early in the lﬁBG‘S, the facilities no
longer switable, the Clhservatory began the plens wiich moved 1t to its
present siie far oult Magsachunetis fvenue,

Presenc Conditicn

The demed, brisk structore whiech houszed the Haval Observalory Letveern
16543 and 1803 iz still in use by the U, &, HWavy. The center section of She
north side contains the enfrance to the building and is pert of the original
structure. The deme, now enupty, onee housed a 9.60-inch refractor Leleszope.
The winpgs to the east, west, and scuth wers added on et variocus tizes asz
nceded by successive ccoupants of the building, In 1573, the eylindricez
Puilding a%t the cnd of the zeuth wing was Bullt to house another refracter
telescope.  With the extcption of the center secticn near the entrance, the
seeon floors to 211 the wings date since the tiee of the Cbzervatory's
e, The bhullding and itz more pecent appendages now is occupdied by the
Totcrhae ‘niex of the Bureau of Medicine and Suroery.






%. OLD PATENT CFFICE

Lozatiion: F Street, hewween Til and 9th Streets,
O.o W, Vashingieon, D. G,

{rmership: Smithsonian Institubion, Washington, D, C.

Sipnificance

Thiz scructure contained the United Stetes Fatent Cflice frem 1340
unkbil 1922, fridcle I, Section 3 of the Constitution gives Congress the
poweT' . . . o preocote the rropress off seience and uselul arts by sccuring
Tor limited tiwes to suthers end inventors the exclusive rights to their
respective wrifings snd discoveries.” rresident Vaskinpgton recemeended
raternt legisiation, and the first patent act was ayproved on April 10, 27940,
The current patent sysienm originated ir 1876, pmiving individuais 17 vesrs
to mare, use, and sell inventiocns of their own., The growth in the mueber
ol patente izsued by the Office over the years attestz to Lhe encouragement
thiv systen has given to duventors., Wher the Fatent (ffice moved to lis
newv tuilding i 18k9, it had besmun the collectian of sceds and scientific
infermeticr on agriculture which would lead <o the formation of the Cepart-
pent of fgriculture during the Civil War. In the ztructure, rooms of models
of patentod devices stimuleted Azericen inventivenesz. Morecwver, the
library of the Poterd Cffice had thc craplete reports of beth the French
and Loe Britiszh patent olffices,

Fresent Consioion

Tne recbrnined Qreelk Doric design of the 61ld Totent 0f{ice iz the
wortt of Willism Po Ellieot. Robert Fille supervized the execuiion of
Bitiot's desian, complziing the south wing in 29%C. 8421s eise beran
the cace wing, autherized in 1343, hut he wes roplaced in 1871 by Edvard
wlarl, The erection of the vest and north wings coopleted the present
structure by 2367, Altkonzgh Mills lad tricd <o make the criginal build-
ing firerrcol, a fire gutted the interlor on Septenker 2L, 1877. Elaborate
nlans vere madc Lo enlarge the building, but they wore nover cerried out.
In 1935, ke leng flight of stzics on the soutl side was remcved Lo accon-
medote the wiqening of P Stireet.

Inzide the south wing, visitcors entered one of seversl ornsic falls
displaying patent models, The south hall peasured 266 feet long, 63 feet
wide, and its highk, zrched ceiling resied on several rows of columno.
Fiwzin of this iz boirg restored.






6. SMITHSCNIAY BUILDING

Iocaticn: JelTerson Drive, S, W., Mashingion, D. €.
Cwrnershint fmithsonian Instituticn, Waeshington, Do C.

Sipnificonce

Tne frithsonian Bailding hasz housed the administration of the
Soithzonilan Institution rractically since its incejtion. The Insticution,
whice bas made rany important contributions to science, origingted in the
riad o & little-Znoun English celentist, James Spithson, Should kis heirs
die childlesnz, he left his entire fertune, hisz libresy, and his scientific
cclleosicns ™, o . to the United States of jmerica, tc found at Usshington
under Lhe neme of the Smithsonian Institution, an establishment for the in-
crease and difrusion of knovledse musong men.  In August 180G, ten years

after the Mequest Lecanc availalile, the Congress Tinally decided on the

Torm <f tiwe Inctitotina, aprpointed the regents, and zutherized the con-
gtruciicn ol g building.

The firzt Sccretgry cof the Institution was Joseph Henwry, who shares
with Faroday the credit for the besic rezesrch in electroemsgnetic in-
dustlon which made the invention of the teleprarh nossibie. Iaver secretar-
ies kave alue been chosen From the raniis of goinent scieatists. The Bureau
of Anerloan Sikieleogy is o center for ethnclogical research on the Americon
Indian, The duerican Asscclaticn For Lhe Advarcoment of Zeienee, founded
In 3040, lomg rade the Institution its naticpal headguarters. In 1971,
largeiy snrough the erTorts of Suencer PBalrd, then Secretory of the
Insu ortlon, the goveromeny esteblished the Fish Jorpidission to study end
congerve this velusble ratursl resource,  Ginee ibs inecption, the Smith-
sonian Iastituticon has contribuiszd srectly to scientific koesledge, as well
az Lo oneralar education,

Procgent Condition

vanes Benwizit's Norman Revival otyle entry won the desipn ceompetlilon
Toy o this ballding.,  EBrected e 2 osiuc on the iall selected cerly in 137,
ite cornevshone wes laid May L, 18RV, The bighly remsrtie building of
red teugss sandabeone grew sloviy as funds were availabie, being Tinally
eomnleted in 18955, Amonz ibs uniove features are its Tinely carzved
craonentaticen emnd carefn} owverall adentaticn of siyle Lo Punction., The
Laliiing rermalns lavpely wnchonged cince its corszruction, and serves its

orlzinel foreiion.







OTHER SITES NOTED

Californis

1. Site of Internaticnal Latitude Observatory {1893}, Mendoecirno
County, at Uklah.

2, ¥Nurphys (site of Boyhood Heme, 18561865, of Albert Abraham
Michelesn (1852-1931), Calsveras County,

Comecticut
3. The Pegbody Museun of Natural Histay, Wew Heven,

Massachysetts

L. Massachusetts Institute of Technolegy, Boston.
9. Gray Herbarium, Cambridge.

6. Marie Mitchell Observatmry, Nantucket.

T. Jdames B. Francie Fleodgate, Lowell,

8. Ceorge Whistlar House, Lewell.

flew Tark

%. FRensselaer Polytechnic Institute, Troy.

Pennsylvanig

10. Edward Drinker Cspe House, Fhiladelphie
12, Franklin Institute, Fhiladelphin.

12, The Academy of Natural Sciences, Philadelphia

Vermant

13. %W. A, Beniley House, Jericho

West Virginia

1%, James Rumsey Memorial, Shepherdstewn.
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CRITERTA FOR TME EVALUATION OF
RISTORIC SITES AND BUILDINGS

1. Structures or sltes at which events occurred that
have made en outstanding contribution to, end mre identifled pro-
minently with, or which best represent, the broed cultural,
political, eccnomlc, military, or soclal history of the Netion,
end from which the visitor may graesp the larger petterms of cur
American heritage.

2. Structures or sites assoclated importently with
the lives of outstanding historic personeges.

3. Structures or sites associated zignificantly with
an important event that best represents scme great ides or idesl
of the Amerlcan pecple.

4, Structures that embody the distinguishing chevacterie-
tics of an architectural type szpecimen, exceptionally valuable for
g study of o period etyle or method of construction; or a notable
structure representing the work of s mester hullder, designer, or
architect,

5. AfArcheolsgical sites that have produced informatiom
of mejor seientific importance by revealing new cuitures, or by
shedding light upon perlods of occupation over large areas of the
United Stetes, Such sites are those which have produced, or which
may reasonably be expected to produce, dsta effecting theories,
concepts, and ldeas to s major degree.

(. Every historic and archeological site and structure
should have integrity--that is, there should not be doubt as to
whether it is the original site or structure, and in the case of
a structure, that it represents originel materilals and workmanship.
Intangible elements of feeling end association, although Aifficult
to describe, may be factors in weighing the integrity of a site
or structure,

T. Structures or sltes which are primarily of signi-
ficance in the fisld of religion or to religious bodies but are not
of naticnal importsnce in other Tields of the history of the United
Stetes, such as, political, milltary, or erchitecturel histery,
will not be eligible for consideretiom,

3, Structures or sites of recent historical importance,

relating to events or persons within $0 yesrs, will not, ez a rule,
he eligible for considerstion.
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