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FREFACE

The National Survey of Historic Siter and Buildings is
8 resumption of the Historic Sites Survey begur in 1937, under
the avihority of the Hisioric Sites fct of 1935. During World
War II, and the emergency following, it was necessary to suspend
these studies. The Survey has now been resured as vart of the

The purpose of the Survey, as outlined in the Histeric
Sites Act, 15 to "make B survey of historic and archeologic sites,
tuildings, and objects for the purpose of determining which possess
exceptional value as commemsrabting or illustrating the history of
the United States.” In carrying out this basic directive, each
site and Building congidered in the Suwrvey iz evalunted in terms
of the Criteria for Clessification, which are listed in the
appendix of this repcrt.

When coppleted the Survey will zake recommendstions to
the Tdrector of the Hationsl Park Service and the Secretary of the
Interior as to the sites of "exceptional vaiue,"” This will assist
the Naticnal Fark Service in preparing the Hational HAecreation
Flan, including sites which may be mdministered by the Haticnal
Park Service to £ill in gaps ir the histeorical ard archeclogical
representation within the National Fark System. It will alsa
recommend and enepurage programs of historiesl and archeoleogical
preservation being carried out by state end loeal apencies,

This study is a Jjoint product. The narrative section
was written under contract by Dr. Benjamin 7. Gilbert, Ircfessor
of Histoery at San Jose State College, California. Histerian
Cherles W. Snell, Western Region, San rrancisce, cocrdinated the
theme study. Historians Rey ¥. Mattlscn, Midwest Regicn, Cmaha;
William Brown, Southwest Region, Sents Fe; Horace J. Sheely, Jr.,
Southeast Region, Richmend; and 5. Sydney Bradford, Kortheast
Region, Philadelphia, contributed the material on the individual
gites in their respective regions that appears in this stuady.,

After completion, ths study was rresented to the Cone
guliing Committes for the fationel Survey of Hiztoric Sites and
Buildings. The {ommittes consists of Dr. Walde G, Leland, Directar
of the Americzn Council of Learned Societies; Dr. 5. K. Stevens,
Executive Director of the Pennsylyenia Historiecal snd Museum
Commission; Dr, Leuis B, Wright, Director Folger-Shakespearean
Library; Mr, Earl H. Reed, Chairman Ewmeritus American Institute
of Architects;: Dr., Richard H. Howland, Hesd Curator, Civil History,






Smitinsonien Institution; Mr, Eric Gugler, Member Dosrd of
Directors, American Scenic and Historieal Freservation Society;

Ir, J, 0. Brew, Peabody Museun of Archeclopy, Hervard University;
Mr. Frederick Johnson, Curaior, Hobert 3. Peabody Foundation for
American Archeology, Phillips Academy; Mr. Robert R. Garvey, Jr.,
Executive Director of the Naticnal Trust for Historic Preservetion;
and Dr. Ralph H. Gabriel, Sterling Professeor of History Emeritus,
Yale University, and Professor of American Studies, American
University,

The over-zll Survey, as well ag the theme study which
follows, is under the general direction of John 0. Littietom,
Chief, Mational Survey of Historle Bites and Buildings, who works
under the genersl supervision of Herbert E. Kahler, Chief,
Division of History and Archeology Studies, of the National Fark
Bervice,

George B. Hartieog, Jr.
Director






FART I

A HISTORY CF SCIENTIFIC DISCOVERIES

T. COLONIAL PERIOD, 1600-1TT5

Evolution of nauticel end geogrephic science and the discovery
of America,

The revival of applied science was an importent aspect of
the Rennissance opening the Age of Explarstion and causing the
expansion of Western Civilizetion. The Arabe and the Cruseders
hed transmitied the compass to Burope Trom Ching, The compass,

8 device for determining directions by means of a magnetized
needle sWwinging on a free pilvot and pointing to the megnetic
north, was used by the Sillclans during Mareo Pole's time. By
the beginning of the fourteenth century the compass was generally
used by ssiling vessels in the Mediterranean. The discovery of
America by Columbus was & result of the development of the meri-
ner's compass. Although Columbus had not acqguired knowledge of
the wmethods of astronomicael navigation, he could plot his courses
by use of the compsss and by relying on desd reckoning.l

The astrolmbe, an instrument for determining latituds, was
in use by Puropesns as early as the thirteenth and [ourteenth
centuries, Tables of soler declinetion 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 Fortuguese
were the first to use the astrolasbe, and it was introduced into
Spein by Ameripgo Vespucci.

The gquadrent, = simplification of the astrolsbe, wms ancther
instrument that assisted navigation. Althougk latitude could be
determined, the problem of flguwring longlitude remained unsolwved
until ebout the middle of the seventeenth century, when the chrono-
meter was invented, The seientific vilews of Columbus and his con-
temporaries were thoge of the MIddle Ages and in ectuality ships
eut of sight of land never inew their exact east-snd-west position.
Hence they salled by dead reckoning, caleulsting theilr position by
the estimated speed of the ship.

1 Frederiz C. Lane, “The Economic Meaning of the Invention
of the Compass,” American Historicsl Review, IXVITIT {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 mamy Eurcopeans.

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 Amsrica in 1492 wae no isolated evend, 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, Sir Walter Raleigh sent out a fleet
of sever shize commanded by Sir Bichord Grepville to "discover,
search, find out, and riewv suth remote, heathen, and barbarous
lands, countries, and territories not actumlly possessed by sny
Chrietian prince, nor inhebited by Christian pecple." FRaleigh
selected Thomas Harrioi, a young mnd brillisnt gcientist, to
swrvey the new lend, to serve sz historian and geographer, and
to prepare an account of the natives, minersal resources, and
flora mnd fauna of the ares.

The expedition landed &t Reancke Island In the waters between
Palmico and Albemarle Sounds. At this site of the firsl English
settlement in Horth America Harriot began to map the ares and to
take notes, He collecled specimens of animals and birds. DPesides
mammesla such as the raccoon, octter, marten, and shunk, Harriot
brovght strange birds to England. Among The plants he parried back
to England were corn and tobacco® John White, the artist of ihe
expedition, painted pictures of the Indians a=s well as of the
plants end the animals.

The next year the first colorny wes forced to return io
england because of hupger and warfare with the Indians. Harriot
never returnsd to Americe, btul his scientifle obgervations were
ublished in A Priefe and True Heport of the Fey Found Land of
Virginia (1588)7 " In Enmland he continued his sclentific research
and became England's leading astroonmer as well as en eminent
rathematician, His great work, Arils Analyticge Praxls ad
Aequatilones Algebraicas Hegolvenda, publiened posthumcusly in
1231, had inventions that gave algebra its modern form. 2

By the time Jamestown ves settled, Duropean scholars vere
avare of the wonders of the lands overseas., Interest in the flora
end favna, in minerel specimens, in fossils, &nd in Indlan artifesets
of Americe was widespread. The origin and religion of the naotives
were stedied. The anthropology, botany, climstolegy, mineralngy,
and zoology of America were studies that interested the explorers
and settlers. Astironomical calculstions based upor cohesrvetions
wade in fmperica were 1o be of walue to Burcvesn soientists.

In coloninl times science was not specialired nor separatesd
inte compartments, Tt was gensralized into iwo broad Tields,
natural philosophy mrd natural history. The former ccmprieed physics,
chemlstry, and mathematlics end the latter comprised geology, botany,
snd zoology. Actuslly most colonial secientists investigeted in
both fields end an individual! scientist might be a physician, a
potanist, a2 rathematician, and ean anthropologist.
*  Ggare A, Dickson, Papacea or Frecious Bane, Tobacco in 16th ¢ enfurv
Tlitcrature (New York, 19bhjrqi32, proves thail tobacco was Inltradiaced
in bnpland prior ta 1570, coming by way of Spain.

lRerrard Jaffe, Men of Scicnee in Ameries (Mew York, 194}, 1-10
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Field paturalists wers the pioneers in the development of
American sclence. They discovered, described, and classified
the pnumerous animals and plents of the virgin land. The naturallsts
included physicians, clerpymen, lavyers, wealthy plenters, college
profeasors, and scoe non-professional people, They collected
botanical and zoological specimens and ware intrepid explorers.
They traveled primitive and dangerous roeds often at thelr own
expense when Tunds were limited. Although these jmerican natu-
rallists did not edvance new hypotheses, they contributed knowledge
Lo support the theories of fellow scientists in Europe. The early
collectors were {ield naturalists, but onee Iearned societies
were estmblished in Ameriecs, they were joined by museum curatorsg,
whi clasgified the material collected in the field.

foted colonial seientists:

The John Winthrops

John Wintkroyp, Jr., £ldest son of the Temous First governor
of Meezachugetts Ray Colony, and hlmself a governor of Conneeti-
cut, was the first noteble scientist fto mppeer in Americe. He
callected o oscientific librery of = thousand books and his home
begcame & sclentific center. He owned vhat vmas preobably the first
Lelescope in the Pnglish colonies. He subseguently presented it
to Harverd ia 1672 end it was the first scientific instrmumrent
poEsezsaed by the eollege,

Jobn Winthreop, Jr. was & student of astronamy, chemistry,
pedicine, and witcheraft, 7e is believed to be the first American
nember of the Boyal Soclety of London. He studied celestisl
bodies with his three-foot refractor telescope and in a2 letter
zent teo the Boyal Soclety predicted the discovery of Jupiter's
fiftk setellite. In 1635 he corganized a "chymist's" plant,- the
first in the colonies, where he produced chemleals needed by the
eolonists. He also set up a glessworks gs well ms a saltworks to =id
the fishing indwstry. ¥oreover, in 1641 he organized the first iron-
warks in the New England colonies at Saugus {Iynn} in Massschusetts.
Although he prospected for iron, lead, tin, and copper in the New
England hills, he failed to solve the shortage of metals. Winthrop
has been ralled, "the ploneer indusirial chemist in the New World,"3

*1. Bernard Cohen, Some Early Tools of American Scienece: An
Accouut of the Iarly ScimtiTic Instruments end Mineralcgicel snd
Jislogical Collections in Harverd Umiversity (Cambridge, 195G), 1.9.

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

3Tohn W. Oliver, History of American Technology (New York, 1956),
n. E6: for a sketch of Winthrop see Samuel 5, Morison, Builders of the
Eay Colony fBostDn, 1930}.







John Winthrop, ITT {(1714-79) was & noted astroncmer and
physielst, who held the Hollis professorship of mathematics and
natural philosophy at Karvard. HBe cbserved the nature of sun
gspots in 1739. The Massachusetts provineisl legislature assisted
in financing his estronomical expedition to Hova Scotia in 1761
to obeerve the transit of Venus across the sun. In 1755 the
Pennsylvenia Assewbly finenced the construction of telescopes
and observatories for another study he made of the transit of
Venuz., In addition €0 tvo scientific pepers on the trensit of
?enu?, Winthrop also authored kis Two Lectures on Comets {Boston,
1759).

John WHnthrop IZI was the first Arerican seismologist; he
explained earthquakez in terms of matural causes rather then
divine punishments. He read A Lecture on Earthguakes in the
college chapel at Harvard on November 26, 1755. In fhis lecture
he described the eerthquake of Hovemter 18tk that "so lately
spread terror, and threstened desolation threughout Hew FEnglend.”
Actually this ecarthqueke had been hermlesa, but Wigthrop alsao
studied the desiructive Lisbon earthguske of Fovember 1, 1755,
in which 15,000 perzons lost their lives.-

Thomas Drettle

Thomas Brettle {1656-1T13), = prominent Hoston merchant and
trustee of Harvard, mede significant lunar and solar observetions
with the telescope that Join Winthrep, Jr., had donated to Harverd.
He was the first colonial to observe the variations of the megnetic
needle. In his lelsure hours he elso compiled an alwanes of celes-
tial moticns. His studies assisted in determining the exact longi-
tude of Boston. He is wost noted for his observation of Halley's
Comet in 1680, which he reported to the Royel Soclety of Londonm.
The data was cited by Sir Isosc Fewton in hils Principia. In 1692
Erattle condemned the Salem witeherafi proceedings and he was an
orgatiizer of the Brattie Street Church of iiberal Puritan dissi-
dents in 16909,

lFﬂr o bpiblicegrsphice} listing of letters and papers of the
two Winthrops see Whitfield J. Bell, Jr., Early American Sc¢ience
(Williemsburg, 1955}, pp. 78-79.







JAKES TCOAN

Cne of the founders of American colonial sclence In the Middle
Colonies was James Logen {16T74-1751), botanist and mathematiciar.
Born in Ireland, Logan arrived in Philadelphia in 1699 as William
Penn's secrctary, Logan, during the next 50 years, occupied a key
position in the affairs of Pennsylvenie, contributing mch to the
repid develorment of this oolony.

Logen's strenuous public career did not yprevent him from pursuling
his infereszt in science, Fe assemrbled the outstanding seientifie
library in the Fnglish Colonies, his near 400 scientific and mathe-
matlcal works even surpassing Harvard Coliege's library in 1735.

He publiished numerous yapers dealing with subjecta such as the
motion of the moon, suggested improvements of the quadrant, and
improvements in lenses. His grestest eccomplishment, however, was
made in botany.

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

The amouncement of Logen’s experipent excited seientists in
Europe . In 1733 Linnaeus, the grest Duteh botanist, wrote to Logan
atating that Lagan should te placed "amonz the demigods of science,’
Logan's discovery remained influeniial for several decodes afier 18C0.

rl

Legan elso assisted and stimulated the interest of young botanists
such as John Bartrem, On his death in 1751, Logan left his great
scientific library to the City of Fhilesdelphia.

mmvrid Rittenbouse

An excellent example of a self-taught colonial scientist is
seen ifn the cereer of David Rittenhouse {1732-1T96), a Pennsylvania
Farr- boy, who made himself mester of Jewlos's Principia. In an
gulogium delivered tefore the American Failesophicel Soeciety on
December 17, 1796, Dr. Bernjamin Rush simted: 'Without literary
friends or society, and with but two or three books, he became,
hefore he had regched his four an? twentieth yesr. the rival of the
two great wathematiciens in Furope!™2

YFrederisk B. Tolles, 'Fhiladelphkia's First Seientist, James
Logan, " ISIS, 4T {1936), 28.

EEenJamin Rush, An Bulogium, Intended <o Perpetuste the

Memory of David Ri.tenhouse...{hiladelthin, 179&}, p. 9.
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Az 8 boy Bittenhouse Link%ered with tocls z2nd studied mathe
matics, He bheceme a successful clock and instrument meaker. In
ITST he began consiruction of an orrery (a mode) simuleiing
wlanetary motion), vaich was purchased By the College of Hew
Jersey (Frinceton)., This wes described as a "master-viece af
ingenucus wechariss.” Rittenohouse made 2 second orrery, after
the model of the first, for the Csllege of Philadelphia. Rush
in his eulogium renarked: " EKis mathematicsl instruments have
ween esteemed by pood judges to be superics in eccuracy and work-
menship to any of Lhe same kind that beve been Imported freom
Furope. e

In making kis observation of the transit of Yenus in 1769 for
the American Philocsophical Soeciety, Rittenhouse built an dbzervatory
and a transit telescope; the telescope was said to be the Tirst made
in America. He made a Tairly eccurate estlmate of the distance of
the sun from the esrth as well ps a disceovery of the stnosphere
surrounding Venue, In 1775 BEittenhouse delivered the annusl oration
before the Americmn Philoscphicsl Society, speaking on the history
of astronarmy., In 1785 he iuvented e eollimaiing telescope which was
one af the first fo have zpider webs in & telescone's eyeplece., In
1793 he discovered a comet.

on zevernl]l oceasions Rittenhouse's engireering telents were
called upon and he surveved the boundaries among various colonies
when territorial disputes arose. He served ag treasurer of
Pennsylvania from 1777 to 1799 and TFresident Seorge Washington
appointed him first director of the United Ztates Mint {1792-95).
Littephouse's discoveries were published in the Transsctiions of
the Americern FPhilosorhiral Society gnd he sucrceded Benjsmin
Franklin as president of the gociety upon the latter's death in
1731, RERitienhouse was also reciplent of many honorary degrees
end he was elected to membership of ihe American Academy of Arts
and Sciences in 1782 and of the Hoyal Society of London in 1795,2

John epnd Willism Bariram

In 1728 John Bariran {21839-.1777) laid out a botanlcal garden
of five acres on the west bark of the Schuylkill River, at Xingseszing,
neer Gray's Ferry, and he tuilt & house of hevn stone with his own
kandas. The grounds are now & part of the FPlitladelphis park system.
Bartram wis eqcouraged in his sysiematic studies by James Logarn.
Hence he leerned Latin in order to rend the works of the Swedish

i1v1a., ». 10.

Zpn early account of his iife is William Earicn, Memoiwds of the
Life of David Rittenhouse {Philadelphia, 1813). A recent biography

iz Edwnrd Ford, David Rittenhouse, Astromomer-Pabriot, 1732-1766
{Philadelphia, 29407.







botarist, Carl Linneeus. On various collecting expeditions

Bariram trzveled from the Grezt Lekes to Flordda, In his gerdens

he cultivated and studied the specimens collected on nis journeys.
He experimented in nybridizing and sent specimens Lo Buropesn
gcientists and horticulturalists. Ee corresponded with many Engiish
scientists and with Linnacus who called him the “greatest natural
botanist in the warld." Another correspondent was Peter Collinson,
0 Cuaker merchant in England, who was Intercsted in horticulture.
Bartram and Collinson corresponded Tor nearly fifty yesrs and
Collinson located patrons in ingland for Aariran's exreditions.

Vken the Swedlsh botanisi and student of Linneeus, Peter Halm,
treveled in Worth Aprerica on e natural history survey from 1748 to
1751, he was assisted in his studies by Bartram. IYn 1765 George III
eppointed Bariram as hls fmerican boranist. PBartram contributed to
the Transactions of the Royel Society of London end he was one of the
ocriginel founders of the American Philosophiesl Society. On April 25,
1769, the Royal Academy of Sciences at Stockholm elected him to
memhership. Many scientiste gethered st Bartrem's gardens which were
a fevorite regori of Benjamin Franklin end George Washington.

Tha eldecr Barwram trained his son, Willien {1739-1823), who
varticipated in his work and continued it sfter his father's death.
William Bartrsm became & Dotanist in his own righié as well as an
criithologist. Like hils father he published an account of his travels.
ilsc he prervared a list of American birds, which wems the first ex-
Eensive study on Americen oxpithelegy.d

Cadwgllader Colden

Dr, Cadwallader Colden (1688-1776) was a versatile practicing
physician who wrote mwedical trestises end studied mathematics,
rhysics, astronomy, snthropelogy, snd botany. Born in Ireland, he
graduated from the University of Edinburgh, then the best medical
college,in 1T0%, He served gs lieutenant governor of Hew York froo
1T6L to 1776 and was & loyalist,

flis Prineciples of Actionsg in Matter published in its definitive
edition in 1751 at Lendon was his most significant work., In this
chscure and technical study he attempted fo exvplein the force of
grevitation and dared to grapple with the larger preblems of Hewionian-
ism. He explained the universe in materiailstic terms end virtually
ruled out supernaturalism in his bellef that all existence dependes
on metter and motion., Pesides gravitstion he alag studied the noture
i Llight.

lHElen G, Cruickshank, ed., John pnd Williem Bariram's America:
Selections fram the Writings of the Early Aoerican Fesuralists [Gerden

City: The Hatural History Library edition, Ancher Books, 1861}, This
volume contains a bicgraphical sketch of Jokn and Wiliiam Zartram foop
1ltarm J, Yovmans, ed., Fioneers of Selence in fnerics (Nev Tork,
15957, ) R
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Despite his theoretical apnroasch, he teinizined an utilitarian
attitude toward science which was probavly most evident in his medieal
treatlises. Fe authored s Treastise on “ounds and Fevers, contributing
to rateriz medica.

In the fField of pethematics he wroie 4An Introduction to The
Doctrine of fluxicns, As an American botenis:t he was considered

second only to Partram. He classified nla-~is in the wiclnity of hLis
hore, Coldengham, and supplied Lintaeus with deseriptions of the
flora of NFew York for publication in she Transsctions of the Roval
Zoclety of Upsala. In the field of anthropology he 1 repembersd Tor
hiz opbjective treatment of the Indisns In his History of the Five
Indian Nations, the firsit wolume of which appeered in L7e7.1

John Morgan
Dr. John Morgan (1735-39) served his apprenticeship under a
Furcopean-trained physician, Dy, John Redman, in FPhiladelphia. To gain
further training from British doctors he became a medicel lieutenant
in the Pennsylvenias militia during the lrench-Indian iler. Cneeg Le
learned a1l he could Trow the areryr he attended the medical schioel at
the imiversity of Edinburga.

Morpan objected to the apprentice system of training doctore and
developed a plan to reform Americen medicine. He persunited the Lrustees
of the College of Philadelphia {later University of Fennesylvenie) to
esteblish the firsi medical schaol in Colonlel America. In arguling for
his plar Dr. Morgan stated: 2 'Qh! let is never be said in this city, or
in this province, so happy in its climate, and its soil, vhere couzmerce
has long flourished and plenty =zmiled, that science, the amiable
daughter of liberty and sister of opulence, droops her languid hesd, or
Tollowe oehind with a slow urnegusl pace, I pronounce wlth confidence
thiz shkall not be the case, tut, under your proleciuion, every useful
kind of learning shall here Tix a favorite seat, and shine Torth in
meridien spiendor,”

The medical school was founded in 17G65.  Hergan lectured in
materig medica and Dr. Willism Shippen, Jr., lectured In enatomy
and surgery. Morgan was the greatest medical teascher of the ecolonial
period and he urged his students to experiment and specialize. in
1762 he organized the Philadslphis Medieal Socilety. Fram IT7S to X777
he served as Cirector-general of hospitals and physiciesn-inechiel of
of the American Army until removed by Congress. He was cherged with

neglect and wrongdaing, but later exonerated by “Wasbington ard by Congres

lfor an excellent summarizetion of Colden's scientific Interssts
and contributicns see Max Savelle, Seeds of Liberiy: The Gencsis ol the
Pmericen Mind (Few York, 1948), e, UL-%5, ©3-IC0, 105-00, 117, 2P1-26.

Z2as guoted in ibid., p. Bh.

ITames T, ¥lexner, notiors oz Horsebach (Hew York: Tirsht Collies

.






Jaret Elict

The Rev. Jaret Eliot (1885-1763), = sraduste and later trustee
of YTaele College, was a minister, physician, botanist, end agri-
cultural scieptist. He is particularly noted for his experiments
in agricutture aad mineralogy. He glso introduced sericulture into
Commecticut. He authored the first agricultural treatise in Ameriea.
The first of his six esssys entitled, Esseys Upon Fisld-Husbandry
in New Englend, was published in 1748, The esseys were campleted in
1761 and appesred in cne volime witk an index. He deseribed the
drainage of swamps, crop diversification, sneep breeding, diseases of
wheat, and egriculiural lmplerents.

Vher Fliot convinced himeell that black particles in ses send
were magnetic iron, he hed s workman at his son's iron works swelt
some send Into e bar of iron. He wrote about this successiul
experiment in his Fssay on the Invention, or Ari of making very goed,
if not the best Iron, irom black sea-cand. For the essay he earned
B gold meiel from the London Gociety for the Pncovregement of Arts,
Vanufnctures and Cammerce. Flicot also trained gbout fifty medical
students and hes beern called the "Father of regular medical practice
in Connecticus,” 1

Benjemin Frenklin

thile Benjamin Franklin (1706-90) wes leas of an exact and
mathematical scientist than either Winthrop, Colden, or Rittenhousze,
he oeired 2 grester reputstion as a practical scieniist and inventor.
It iz true that his peliticel and dlplomatic careers were Important,
but science dominated his thinking., His scientific interests pervedad
his long life from the time he was a young Drinter in Fhiledelphia until
e was & venerable sagc. Franklin was the first Aperican to gain inuver-
natipnal fame. Contemporaries called him "the Newton of Electricity” el
and his two greatest achlevements were his electirical kite experimen:
and his Invention of the lightning rod, Although he was primarily
Ter:gus as an electricien, this natura] philosopher was alse interested
in mgriculture, astronomy, eeronautics, botany, chemistry, ethnolegy,
geology, mathematics, medicine, meteorology, navigation, end peleon-
tology. For example, Fraoklin wes the first meteorclogist in fmerice.
He wrote on this subject froa the time of his return trip from Londoq
to Fhiladelphia in 1726 until his long-rengs FPorecasts ir 17686, He
studied wind currents, eclipses, and the causes of storms.

1Herbert Thoma, The Doctors of Yale College, 17028-18515 and the
Foundlng of the Medical Institutlon (Hamden Conm., 1960), pp. 17-27.

P

Eﬂleveland Abbe, 'Benlewin Franklin as Meteorologist,” Froceedi-i:
of the American Philosophicel Society, XI¥N (May-Sept., 1906),pp. 1li-sb.
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When Franiklir witnessed scme electrical demonstrations performesd
by Dr. Adam Spencer in Bozton in 1743, he iomediately mcguired s deep
interest in electriciiy. The nexi year Spencer repeated his perforrances
in Fhiledelphis with the delighted Franklin ascting as his agent. Then
Frenklin bought Dr. Spencer's spparatus and obtained other eguipment.
In lTLT he tegan & serles of experilpents in Philadelthia thet were to
engross hls atiention for several years,

Franklin tuilt s laboratory in his home, meiing improvements in
condensers end batteries. In 1748 he retired frow his printing busine:zes
gc he could devote more time to his stwdies. He made mn apalyeis of the
newly invented Leyden jer. He discovered thet the cherge in a Leyden
Jar is negative on the inside and positive oo the outside and he dencn-
strated that the two charres balance emch ather, Until Frenklin's
experimenta, a theory of ftwo differen? kinds of eleciricity hed been
accepied, Frankliin asserted that there was only cne XKind of elssiricity
and he cantributed the concepts of plus and minus charge. Although kis
ene-fluid electrical theory was not entirely correct, Franklin approsched
the modern conceptior of the electrical nature of matter. Moreover, he
originated words like batiery, condenser, conductor, armaturs, electri-
eian, snd positive and negative elect rlclty

Frenklin reported his findings to Peter Collinson in Enpgland and
these were printed in 1751, as Experiments ang Observations ol Electrlcltv,
made at Philedelphia in Ameriea, by Mp, Benjemin Fremklin, nnd COmnUTL -
cated in geveral Letters fo Mr. F. Colllnaon, of London, F,R.Z. The TooK

wB5 the most significant one produced in Awmerica during the eighteenth
century; it sppesred in five English editions end in three French
editions, one Italimn, and one German, The climex of Frarklin's studies
with electricity was his femous kite experiment of 1792 in which be
demonstrated that lightning was electrieity. He was spon awarded mary
honorary degrees by tolleges and upiversities at home and ebroad and
the Boyal Society in London swarded hiz the Copley Medal., Frenklin's
experiments had great urilitarian velue, His ziudiles of heat and
ventilation elac had prectical use; for oxemple, he invented the
Franklin stove and meade useful suggestions in regerd 4o elothing, L

Alexander Garden

Dr. Alexender Garden {1730-91) of Charlesten, Seuth Carclina was
& physician and botanist who hed setiled in Americe shortly afier
earning his medical degree in 2753 from Marischal College (later

lThe Jiterature on Franklin iz wvoluminows, For & clessic study
see Carl Van Doren, Benjamin Frerklin (New York, 1938}. ilso see
Verner W. Crana, Benaamxn iranklin end m Rising Peovdle (Boston, 1954)
and Roper Eur]ingame Benjemin Franklin, The First Mr, American { Werr
York, 1955).
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for 135G}, p. 36,

Aberieen Uriversity) in Sectland. e corresponded and exchanged
rotanicel notes with Colden and Jobwn Bartrem., While gsore exact than
Bartram in hie sclentific methed, Garden was obscure in comparison.
He alse corresponded with Linnseus, Colldnson, and Johonn Gronovius,
the Dutch botgnist, who muthored Flore Virginica (1739433,

Garden classified the flora and fauna of Caroline and hed an
interest in the oedicine) properties of plants. He contributed &
paper on the electric eel to the proceedings of the Royal Society
of London, In 1763 he was elected a member of the Royral Society
of Upsala end in 1773 s fellow of the Hoyal Society of London, As
a Tory he roved to Englend, after the American Revolution broke ocut.
John Ellis, the English neturelist, named the "gardcnia" in recognition
of his botanleal work.i

Seientific Societdes

Frokbably the firet scientific society organized in Foglish
America was the Boston Philosophicel Sociely. Formed in 1603, it lasied
only briefly and was headed by Incresse Mather, Members met to discuss
ratural philosophy. It has been said thet Wolferdus Seppusrdius, =
Iutei seholar, utilized data gathered by ithis seciety in his Philoscontia
Heturalis,©

The earliest permanent scientific sceiety was the American
Prhilosophical Boeiziy proposed by Benjsmin Franklin in 173, In the
form of a circular letter Franklin issued a "Fropcsal for promoting
useful knowvledge mpong the British plantations in America." Jmong
the princtral feelures of the "Proposal® were the follewing: >

"That one Soclely be formed of Virtuosi or ingenlous Hen
residing in the geveral Colonies, to be ealled 'The Americen
Fhilosophical Sociefy who are to mairisin & constant Correapondence,

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

"That at Fhiladelphia there be slways at least seven
Hembers, viz. a Fhysician, & Botanist, a Mathematicien, a
Cliemisv, & Mechanicien, a Geographer, and a gereral Natural
Fhilosopher, besides a President, Tressurer and Secvetary,”

lpouie B, vrighl, The Culiural Life of the American Colonies (Wew
York: Harper Torchbooks edition, 1932), pp. 230-31. For the wvery few
references on Garden sce Dell, Tarly fmerican Scisnce, pp. 58-59,

2

Oliver, History of American Tectnolosy, p. 32,

3Eﬂmin G, Conklir, "A Bricf History of ihe American Ihiilosopiicesl
Society,” {Reprint Trom Year Bock of *lie American Fhiloscphical Socirty
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The American Phnilopgophical Zociety was actually preceded by
& Junto esteblished by Franklin in lTET}- Hence the chenge of the
local Fhilaedelphia Junto, consisting of Franklin &nd his friends
interested in science, into en inter-colonial society was & broadeniny
of its purpose,

The American Philosophical Society was inactive hetween 1Thh
and 1768. In 1768 it was united with = rival orgenization called
the Arerican Soclety whose origin was ftracesbls to Franklin's
original Junto. At the election on January 2, 1769, Franilin was
made president. Upon hils death in 1790, he was gucceeded by David
Rittenhouse, Among the sarliest members were John Bartram, Cadwelladexr
Colden, and Benjemin Rush. The Tmansactions of the Soclety is the
is the oldest scientific periodicel in the United Stetes, being issued
gince 1TTY. OCwver half of its flrst volume was devoted to papers on
the transit of Venus in 1799. The Sociely was the Tirst organized
group fto consider agriculiure as & science end it made date available
to farmers. However, mention should be mede of the Wew York Eociety
for Promoting Arts which wes organized in 1766 to advance agriculture.

In 1780 the American Academy of Arts sand Sciences was Tounded in
Boston. John Adems waz one of its sponsor:s end James Bowdoin served
a5 first president. Similar in structure fo the fmerican Philosophical
Goeicty 1ts merbers Ineluded seholars and noteble citizens of Boston
and Cambridge.

The Rowyal Society of London, organized in 1862, was the scientifie
cernter for both Englond and the colonies, Seversel Americen scientists
were elected fellows and Ehey snd others published their discoveries
in its publication. John Wintkrop, Jr., was the first fellow elected
from the colonies. Another was Williem Byrd 71 of Virginisa, who had
sccumelated his scientific library at Westover.

Ag related earlier the Philsdelphis Medical Scciety had been
organized in 1768 by Ir*. John Morgen. A Massachusetts Medieal
Society was established in 1781, Another early scientifie group was
the Salem Marine Society which had been organized in 1766.3

lgee Peter 8. Du Ponceau, An Historical Account of the Origin
and Formation of the Americen Fhiloscphical Sorciety (Fhiladelyphia, 191k).

€Rodney H. True, "The Early Develomment of Agricultural Societiss
in the United States," Apmuel Report of the American Yistorical Asso-

cigtion for the Year 1920 {Washingten, D, C,, 292%), », 29&,

3A brief summerization of scisntiilic orgenieations appesrs in
0iver, History of American Technolomy, pp. H2-87.
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Fole of eoloninl colleges

The colonial colleges were all amall and their primery purpese |
was to train ministers of verlous reiigions. HNonetheless, the
colleges offered study in science. In orpganizing the currieulum
at Harvard College during the 1640's President Henry Dunster in-
cluded courses in mathewmatics, physics, asironomy, and boteny.
4t Tirst Aristotelian vhysice and Tlotemsic astronomy were taught,
tut graduelly the way was prepared for the teaching of Copernican
arnd Fewconian scisnce. In 1606 a slgnificant change occurred ab
Hervard, when Charles Horton's naturel sciemce textbook, Compendium
Physicae, wns adopted, This text helped to spread the scientific
diecoveries of the Prlightenment in Wew England.

As wentioned previously Governor John Winthrop had donated e
telescope to Herverd in 1672. In the early eighteenth century the
college acguired sufficient scientific apparatus to open m special
room 85 2 "Philozophy Chamber." Irn 1727 Thomes Hollis endowed a
chair in mathematics and natural philosophy. The Jirst incumbent
was Isaac Oreenwood, who Introduced new courses in mathemetics and
taught Newtonien physics. He was succeeded by Jobn Winthrop IV,
who held the chair for over forty years and teught the most advanced
seientific idems in the colonies, A fire in 176k destroved nll of
Harvard's sclentific apparatus, tut It was replaced within Tifteen
yeare by auperior equivment,

{ther zolleges did not pursue sclentific endeavors as vigorously
as Hearvard. Aristeotelian theorles prevailed at ¥ale until well into
the eighteenth ceptury. FPresident Thomas Clar of Yele studied comets
and meteors, but when he resipgned in 1766, science at the college
capme £o & virtuel standetill. Then in 1770 Yele finnlly established
a chair of mathemeiics and netural philosophy.

As early as 1711, Williem and Mary College hed appointed a
professor natural philoscphy and mathesstics, but he was not
successful. By the 1760's Willism and Mary acquired an able scientist
end stimulating professcr in the person of Williem Small, whe hed a
profound influence on his young student, Thomas Jefferson. In leter
years Jefferson stated that Small "probably fixed the destinies of my
life." 1In 1755 & medical school was orgenized et the College of
Prhiladelphia, leying the feoundation for the Uniwversity of Pennsylvania's
later eminence in madicine. Within s few years ¥ing's College also
founded a medical school.

Afre first chapter of Cochen, Scme L.arly Tools of Awerican
Scisnee, is entitled, "The Hiztory of Science at Harvard.™
Louis Y. McKeehan, Yale Science: The First Hundred ¥Years, 1701-1501
{New Yorx, 1947). Theodore Hornberger, Selientific Thought in the
American Colleges, 1638-1800 {Austin, 19457,
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Topularizetion of s¢lence and the impact of Newtonianism.

Almenacs, magazines, and newspapers conveyed knowledge of
gcience to the common people in colonial Americe. Benjamin
Frenklin's Poor Richard's Almanack and Pathaniel Ames's Astro-
noical Iuary were papulariig;ausf science; both spread ideas
of Copernican snd Wettonien science. The Americen Magezine
(1757-58) devoted space to originel problems in the study of
mathematics., At lemast one book, ark Catesby's The Nmtural

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

n cecasion colonial newspapers presented sclentific idems
and controversies. During the Boston smallpex epidemic of 1721 &
newspaper war raged over the velue of inoculation. FPeradoxicelly,
Cotton Mather, the Congregational clergyman who hed combined g
strange mixture of rationalism and superstitien, favored iroculation.
Mether, an advocate of Newtonlan science, had been elected a fellow
of the DRoyal Society of Londonm din 1713, He persuaded Lr. Zabdiel
Boylston to inoculate patients against amnllpox, Jawes Framklin
end his young hroiher, Benjamia, opposed Cotton and Tnerease Mather.
Bepjamin Franklin at the time was only fifteen end he lafer admitted
his error. 1

Tn the Boston Gazette of June 17-2h, 1734, e Harvard College
ingtrctor advertised that during his summer vacation he would
offer lectures on astronemy, using "the Orrery, and mll such
Machires, instruments and Schemes as are used by Astrancomers,...
except only that it wants only of Sir Isasc Newton's Reiflecting
Telescopes, which Few England hes not, as yet, been honoured with."
Ae an enticement to fewales the instructor sdded:© "If the Curdosity
and Desire of Knowledge, justly sdmired in the Fair 3ex should excite
any of Them; fthere will be some Expedient found out thet They mey bte
gratified twice a week in the Afternoon, with thelir uwsual Tea and a
Femiliar Astronomicel Dialogue.”

Hewtbonian science profoundly appealed to the Americen peaple in
the esighteenth century, snd it af'fected nll aspects of intellectusl life
and reached a1l clmsses. It Tostered raticnelism, forcing religion to
edapt iteelf to science, In colonisl America the hew ceience of ob-
servation and controlled experiments helped to free men's ninds,
bringing sbout an exchange of ldees that encouraged mutusl criticism.
It led to s degree of cultural unity as evidenced in the formation of
the American Fhillosophicel Soclety. Although fmerican stlence was noo
es advanced as EBuropean selence, the colonists endeavored to zeep -

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

Ipne newspeper coniroversy between the I'ranklins end ihe Mathers
over inoculation is described in Frederie Hudsen, Journallsw in the
United States (New York, 1873}, pp. €7-T1 and in James M. Lec, Hisbory
of fmerican Journelism (Garden City, Rev. Ed., 1923}, pp. £9-31.

< ps guoted in Willard G. BEleyer, Main Cwrrents in ihe Fictory of
fmerdcon Jousaslism (Zaston, 1927), vp. 73-1F.
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abreast and their scientists contributed some data to the body of
knowledge. From Its colenisl baginnings American sclence has been
utiliterian in scproach. Hence it was not swprising thet Zenjamin
Franklin, a significant scientist of the world was zlso Americs's
greatest colenial! inventor,

II. AMERTCAN REVOLUTION ERA, 1776-1789

Msruptlon of science,

The Hevolutlonzwy iar hed an edverse effect on science, In
fact geientific progress begen to decline even enrlier because of
the tensions in 1774 and 1775. The demends of war pushed science
intg the background ss many zcientlsts entered wmr sctivities.
Seientific journals svuspended publication and many libraries were
destroyed. GSeveral importent stientlsts became Loyaelists and left
the colonies,

Seientific ectivities hod been primarily urbsn and the lprger
eitiea, Boston, Metr York, Wewpert, Fhiladelphia, and Charleston weTe
temporerily otcupied b+ the British. The war closed the normal channesls
of eommunication betveen American and Europesn scientists whe found it
diffieult to exchange idess, Shortly efter the outbreak of the Revos-
lution, Cadwalleder Colden end John Beartram dled. Alexsnder 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 war, FProvincial
troops used Harvard College tuildings as barrecke and the library
gnd geientific egquipment were removed to the countryside for sefely.
At the College of Philedelphis American Lroops oceupied the buildings
a8 barracks; leter the British wvsed them &= & heospitel, King's College
was occupied by Americen froops end then by British Troops. AL the
College of Williem and Mary i1t appeared at first thet scicnee might
benefit wvhen Tories were removed from the fmeulty, The Rev. Jumes
Medizon becemse president and he wes enxious to improve the sciences,
In 1779 Thomas Jefferson mtterpted to cultivete science in reforming
the unlversity, but as wer ceme to the ares the college elso became
e hospltal.

The work af gelentifTle secleties waszs also dizrurted by the
Tolitical tuwrmoil preceding the war and then by the conflict iftseif.
For exsmple, the Americsn Fhilosophicsl Seciety failed fo hold meetirgs
for nine months in 1774 because of e preoccupation of members with the
Coercive Acts. Meetings were not held between Jamuary 1776 end March 1775
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becpuge of the Britich oceupetion of Thiladelphis and hecauge of dispuiles
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 influencse.

Despite the disruption in science esused by the Revolution, ioprove-
mente were made In medicine as Americans learned from British, Fre=ach,
end Hessian doetors. Several medical handbocks were published to 23id
doctors serving with the Contirental Army. Dr. John Jones published
hig Flein, Concise, gnd Fractizal Remerks on the Treatment of Wounde
ené Fractures (New York, 17{%). Dr. William Browvn, pnysiclan general
of the Middle Department, published his Fharmacopogis 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 dentigiry were also
learned from the French during the war.

A mumber of scientists came with the invaders. Johann Devid SchopT,

a Heseian physicien, wrote ahout Americen geclogy, climate, nnd faunz

6 w=ll ms wateriz medica upon blis return to Germany. The Rev. Frederick
¥. Melgheimer, A German acholar serving as cheplain of a reglment of
Prunswick dregoons, stayed in America after the war; he later hecame a
professor at Franklin College and the first American entomologist.”

Scjentific organlzations.

As relsted In the previous chapter, the American Acedemy ol Acts
and Sclences had been organized at Boston in 1780, Its purpose was© 4o
"cultivate every amrt and science which tends to sdvance the honor, dignity,
end happiness of a free, independent virtuous people.” Harvard feculty
mexbers held many of the offices in the organizaeiion. A mumwber of dis-
tinguiehed Eurcpeasn scientlsts were elected as nonresident newbers, in-
cluding the English chemist, Joseph Friestly, the Swiss mathematieian
and physiclsi, Leonard Euler, and the French astronomer, Joseph Jerome Lo
Francels de [alande, In 1785 the Acadery published the first volume of
ites Memoirs with se¢iions on astroncmy, nefural phllosophy and naiural
history, and medicine.

The Magsachusettis Medical Society was founded in 1731. It was
granted power "to examine Al Cendidates for the Practice of Fhysic and
Surgery.” Eesides regulating the medical profession the society alsc
furthered medical knowledge hy exchanging information with other medical

fPoth the disrupting and the beneficinl influences of the Revoluition
upon fmerican science is described in Progke Hindle, The Pursuit of
Science in Tevelutionarvy Amerien, 1735-1789 (Chapel Hill, 1956),TD.239-37%

25 guoted In Oliver, History of Amesicen Technolozy, p. 8%,
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socistiazr toth a% home and ebooad. 1o L7900 the ooonoity oublished iis
first volume of Medicz| Pepers. An cerlier medical crganization wes

the Medice) Soclety of Sharou organized in 1779 by physiciang from
Connecticut, Messachusetts, and ¥ew York., 1In 1751 the Medicel Socicty
of Wew Jersey was revived and encouraged & clinical approach to medicine.

Noted scientigts.

Dr. Benjemin Rush {1TkA-1813} hes been eslled both the father
and the "vempire" of American medicel practice. A pupil of Ir Joln
Morgan end an epprentice of Dr  Jokn Redman, he studied at Edinburgh
A Thysician more then = scieatist, Rush was sometimes an unscientific
physician. In setwaliiy he never experimented, but relled upon thaeorsiic
remediez. Although he prescribed bleeding and purging, he became the
most influentinl Americen physicilan of his time. He was & professor of
chemistry at the College of Philadelphia from 1769 to 1791, After ivs
merger into the Univerzity of Pennsylvania, he continued his lectures
before prospective doctors until 1812,

Rush served as £ military dector in 1777 end 1779. In this capacil:
he wns quite able, publishing his pamphlet, Directions Tor Preserving
the Health of Soldiers (Lancmster, 17r8). He blawed the meny deaths of
Americen soldiers on the officers who neglected enforcement of hygienic
regulaticons.

Dr. Fush wvms also an imporfact political lezder. He had signed
the Declaration of Independence and became a member of the Contirental
Congress. From 1797 to 1913 ke vee Trespurer of the United Stetes Mint,
He wrs B member ¢of the Pennsylvania ratifying conventlon, and in ihe year
of the Constitution was ratified he wrote: "All the doors and windows
of the temple of nature have besn thrown open by the convulsions of the
late Revolution. This is the time therefore to press in upon her
altars.”

Fush worked diligenuly, though unscientifically, during the
Thiladelphia yellow fever apidemics of 1793 end 1T97. He was an ardsnt
reformer. who opposed slavery and favored temperence. He puthored an
influential temperance tracl entitled Inquiry inte the Effects of
Spiritucus Liowors upon the Buman Zody.

Through his lecturing and writings Rusk probebly influenced
nore mrospective doctors ihen eny other medicel educabor of hiz day.
He was the author of Medical Inguiries asnd Ubservations published in
Tive volumes from 1780 fo 179¢  Ferhaps his most significant contributic:
¥was hls Medical Inguiries snd Cheerveiions upon the Diseases of the Mind
(1812}  This wems the first systematic study on mental diseszes He
urged humane trestment of the insane and proposed thet the insane be
treated by coccupetione]) therapy. _Some of his ideas foreshadowed the
retheds of modern psychoanalysis,

1Flexner, Doctors on Borscheck, pp. S7-110.  The stendard blography
iz ¥aihar G, foodwan. Zenjamin Rush, Thyegicign and Citizen {vhiladerphia,

2955 A
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Among the American scientlsis exiling themselves from the
colonies hewaunse of Loyalist sympathies werz Dr. John Jeffries
(177h-18318) and Benjerin Toommson {1753-1814). Jeffrics wos e
Hoston physician who imd gredusted from the Universifty of Aberdeen.
He studied meteorology in Hew England. Wher the British evacuated
Boeton, he accompanied the Redeoats to Halifax, Then he served
briefly as & surgeon major of the Dritish troops in the colonies
After the Revolutionary Yar, he settled in Ilondon and wrocticed
medicine., In the 178G & Jeffries becama interested in "eerostation”
g5 balloonirg was calied gt the time.3

Gn Hovember 30, 173k, Dr Jeffries and Jemn Pierre Dlanchard,
a French aeronauvi. made in England the Tirst scientific observations
from a belloon.€ In the mscent Jeffries obtained specimens of the
urper nir whnich were mnalyzed by Henry Cavendish, the Bnglish
chemist and phvsieist, who determined that their chemical composiiien
Aid not Aiffer very much frem thet of air at ground lewvel 3

On January T, 1735, Jeffries and Blanchard made the first crozsing
of ihe Eaglisli Chennel by air. In 1790 Jeffrier relurned to his native
Bogton precticing there untll his death.

Penjamin Thompson or Count Sumfaord, & physicisi and adventurer,
waes born in Woburm, Mazsachusetia in 1753. As a Tory he spled for the
British during the Revolution. In 1775 he went to Landon end beesme
Undersecretery in the Ministry for Cgroline and Georgis. e recurned
Lo Americd "as a' cavelry officer wiith ithe EBritiah Arcy, raxsielpating
in the dcvesiation of Long Ysland. Ailter the American Dlevolution he
returned to Curope and began one of the most remarkeble cereers in the
history of acience, entering the service of ithe Elscior of Bavaria,
who made him Count RAumford of the Holy Boman Dpmpire in 1792, Count
Rumford mede significant studies in bellietics and invented a device
to measure the power of gunpowvier.

Count mumford alse invented many heating deviees such as potis,
kettlez, pane, and stovee. A heating engineer, he designed the
modern Tireplasce and fluye. He develcored 3 caelorimeter and a photo-
meter, meking improvements in lighting Hiz preatest contribution,
hewever, was in physics. and thils discovery was tlhat heat iz g feorm
of energy

1pirk §. Struik, Yankee Science in the Meking (Boston, 1943},
pp. S4-35.

20, U Gibbs-Smith, Balloonine {London, 19k8), n. 33

jﬂ. Yolf, A Hisveory of Science, Technolory, & Philasophy in
the 19th Century (Nevw York: Herper Torchbook Edition, 19%51),

Tol. 11, m. 5A0.
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Fumford was also s founder and patron of seientific Bociecies.
He founded the Royal Instituticon in London in 1800 end plenned the
organizeticn of the Davarisn Acedery of Arts and Sciencen at Munich
in 1801, He donnted $5,000 1o ihe Reyel Society in Lordon end a
like amouni to the fmeriecen Academy of Arte and Sciences. The latier
orgenization has awarded ile Fumford Medzl for regearch in hest and
light. Count Fumford also esteblished a professorship at Hervard "of
the application of science t0 the art of living;" Jacob Bigelow ue-
came the first incumbent. Dr. Bigelow was a botanist and professor
of materia wmedica., Runford nad learned uls first lessens in science
from Frofessor Johm "Hinkthrop at Earvard., Alihovghn Count Rumford, 1+
the opinion of many contemporaries, wes consldered to be something
of & ropue, Americans heve tended to remember only his genius ms a2
gelientist. 1

IIT. EARLY REPUBLTC, 1790-1829

soientific socistice znd eduestion,

In spile of their nelloisl rames the American Philosophical
Spelety ared the American Academy of Aris and Sciences were not
national institutions in their esrly history. Although they atiempiod
to pettern themgelvee alter the greel Europesn scientific zsocietiles,
they were more local in cherocter. Yet Philsdelphis snd Boston were ihe
geientilic and cultural centers of the sarly Republice  The colleges
offered no advanced treining in science and the federel and gtate gororn
ments offered few inducements to scientific adwvance. Thoupl: facilillies
for srcientifiec and technological research and iraining were lerpely
undeveloped, lhe new government was anxicus Lo fosler scientiflic
discoveries and inventlons. Freeident Washingion in his Tirst anmiel
message to Congress, January 8, 1790, siated:®

latruik, Yankee Science in the Making, pp. 35-38; Cohen,
Some Farly Tocls : GF Amsrican Science, pp. 72, 29, 37, 00, 1"9;
lTitchell Tilson, American Gcience anﬁ InVEﬁplon L FTguorlal
vistory (Mev York, 1954), 1p. 2h-31. T

SJares D. Dichardson. A Conviletion of the Vezez i Fﬂq Tarﬂfs

of wrae Presidents, 1700-19¢7 (fashington, L.C., 15)9}, vol. T s
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"“he advancement of egriculture, commerce, and zmanufactures
by all proper memns will not, T trust, need recommerdation; bun
I can not forbear intimating to you the exvediency of giving
effectual encouragement as well to the introduction of new and
ugeful inventiors from abrosd as to the exerlions of skill and
geniug ip producipng them st home, and of facilitating the inter-
equrse between the distant parts of cur country Dy a due attention
te the posi-office sand post-romds.

"Nor mn T less percueded that you will sgree with me 1n
opinion thau there iz nothing which can betiar deserve your
petronage then the mremotion of =cience and Iiterature. "

In 1792 Dr. James Wopodhouse end oiher chemists organized the
Cremical Society of Philadelphim. It has been asserted that it vas
the first chemiesl sgeiety in the world. Ancther chemical society
was estebliched at Philadelypnia in 1411 with James Cutbush as
nresident

Through the efforts of Dr. Plward Cutbush ard Thawsas Law, the
Columbian Institute wWas organized at ¥ashington, T T in 1716 as a
national scientifie group. Lecal bosiress and professional mer, some
eivil servanis end amy and naval officers, many Congressxen, and six
Cabire’ members hecame members Amonp the scieptists and stetesmen
enrolling were Henry (lay, Cherles Wilkes, Ricuaerd Bash, Joel R.
Poinsett, and former Tresidents John Adame, Thomas Jefferson, and
Jemes iMadison.

THe objectives of Lhe Instituie were to foster practical arts
and sciences, ito study sgriculture, to encourage mechanical and
gelentific disvoveries, and to offer its findings Lo the Tederal
governmen: Congress issued a charter to the Institute in 1618 and
granted it Tive seres of land for a botanical gerden near the Capitol
Althourh the Institute was fairly active in the 1820's, it never
received financial assistance from Congress which it had sought.

The tecshniesl papers on methematics ernd astronary read before the
Institute by ¥Willlmwm Leamberw, s pension ox'fice clerk, pointed out
the need for a nationel cobservatltory.

Trhe Connecticui Acedemy of Arts and Sciences was establighed In
1792 ae the [irst siate scndemy of selences. The Pivst of mamy coity
arganizations ta foster technical education was the MNechanics Instliute
established at ZEoston in 179%. At Philedelphia the Tranklin Institute
wes founded in 2824, In 1826 this orgarizebion begen vublishing the
dJournal of ihe Frapelin Tnstltute under the editorship of Thomes P.
JOnes, professar of meehanics at the Universiiy of Pennsylvania The
Jchﬂal disseminated mechanical, scientific, ond technical data. It
became the officisl orgen of the United S*aies Fatent Office and frca
1828 untl) 1843 it recorded Ameriecan patents. ©

loliver. History of American Techpelory. o 352,
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The first substantial netural history museum in ihe United Steies
was established in 1412 ag the Academy of Watural Sciences of Phil-
adelphie. This institution mede Fhiladelnkin sreasdy %nowk as the
nation's scientifie capital, "the Mecce of American blologists.”

Anong the Tirst egriculiural societies formed in the early
Fepublic were the South Carolineg dgriculiure Sociely {1735], the
New York Sociely for Agriculture. Arts, and Manufactures {1722},
and the Mpzszehuseits Soeiety for Promoting Apriculture {1796)
By meuns of their publicaticns these societies encoursged seientific
agriculture.® ¥n 151 the Wew York State Apriculturzl Society wes
ectahlished through the efforts of Governor De Witt Clinton. Biephen
Yan Funsselner, the Society’'s president, engaged Amos Eaton to meke a
gealogical survey of Albeny and Rensselmer Couniles. Daton slac wade
a survey of the Erie Canel route from Albany to Buffalo gnd these
surveys won him fame s the "Pather of Americesn Geology.

In 1919 a groun at Yale Tollege interested in geology formad
the Americen Geology Socisty.  Amonz the rounders were Professor
Benjemwin Silliman of ¥ele and Willlam Maclure, the Scattish peologist
and pioncer scholur of American geology. Meclure's Observations on ihe
Geology of the United States (1809) sigralized the beginning of Americn:
gmenlogicel writing of a scientific wnoture. The next year Archibald
Bruce began o publish the Americen Miaernlorical Journgl, the firsg
geology publicetion in the United States. Williewm Meclure served ag
president of the Americen Ceclogicel Society until his death in 1950
The society then declined in influence and disappeared.’

At the opening of the nineteenth cenbury colleges and uvniversitias
began ts plve wmore emphesis to science and technology. 1In 1802 Yale
Collepe appointed a young lawyer, Benjemin S8:1liman {1779-186k), as
its first wrofessor of chemistiry and rmtursl history. He at oncc went
to Philadelphle and attended The lectures of Benjemin Rush, Benjamin
Barton, ond Caspar Wister. 3illimen 4id not give his first lecture
until 1604, In the fa}l of that year the Ysle Corporeticn sppropristes
$3,000 to porchase books end apparatus for use in teaching chemistry
end physics. In Aprdl 1805 Sillipen sailed for Burore to spend the
grpropriation.  Besides buying egqulpent he also studied in London
and in Edinburgh. Upon his return to Yale in 1006 he decided to
specielise in geology. T 1808 be began delivering oubliec lectures on
chemistry and geoloyy. These pomular lectures were well recelveld Top
meny years by audiences in the larger cities in the country. In 1878

lH.T. Young, Bioclogy in Americe (Boston, 1922}, op. hE=53.

PTrue, "The Farly Development of Agriculturul Sccieties in the
United Siates,” pn. 208-99.

Joliver, History of American Technology, n 151

LLI-I;,re, Culbural LiTe ¢of the New M¥ation, p. 91: Carrcll L. eccd
#ildred A. Fenton, Gianls of Geglogy [Gerden City, 19523, «» 134
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S5i1limar estabiished the American Journal of Sediences and Arts, lates
renamed the Mmerican Journe!l of Science  &illiman Lrained a nomber
of students ~ Among thegse were his gon, Benjamin. Jr sand his son-in-
lew, James Dwight Tiana_

As mentioned in the previous chapter, Jacob Bigelov occupied the
Sumford chair at Harvard from 1816 to 1829. His lectures, which were
started in 181&, became vopular both with Hervard students and withk
Bostonians. He discussed such subjects as architecture, chemistry,
engineering, mechanics, snd mineralogy.

Tn 18925 the Berneelser Polwtechnic Institute opened at Troy.
Hew York It was founded by Stephen Van Bensselaer "for the purrose
of instrvcting persons who mey choose to enply themselves in the
application of science to the common purposes of iife ™  Professor
imos Eaton, a lawyer and brilliant seientisf, was the heert snd soul
of Lhis firsi institute of practical siudy Courses were offered in
astronomy, botany, chemistry. civil engineering., and geology  Laboru-
tory work was siressed ir dnstraction The earliest_school of agri-
gulture i the pation was estgblished at Hensselaer

Hoted scientists

In 1792, when Dr James Woodhouse. Dr Benjamin Push, and others
hed founded the Chemical Seriety of Philadelphia. & revolution was
stirring within tke world of chemistry  Anteoins L Lavolsier, lhe
French chemist and feciher of modern chemlsiry, in the Tresiise on
Tlementary Chemistry (1770) explained that the reml basis of cambustion
was oxygen  He exploded the "Phlogislon" itheory snd reformed the
romenclature of cheristry Dr Semuel T Mitchell introduced the new
theory to Columbia College in 1792 and in the vages of his Jjournal.
vMedicg) Hepozitory. Lavoisiler's theories were debated Ir Jawes YWood-
house, who had teen treined in medicine by Rush, popularized the
doctrine of Lavpisier in his students' leboratery manual, The Young
Chemist's Pocket Companion {1797). Woodhouse taught chemistry at the
University of Iennsylvenip and attpcked the phlogiston theory, whick
most chemists, including Joseph Priestley, had mccepted.

Dr. Thomes Cooper (1759-1839), an English physicilan, came to
ite United Stetes in 1T92. As 8 teacher he helped to spread the new
concepts of Lavoisier's chemisiry in Amsrieca. ©On April 5, 1811, ke
wag arpointed professor of chemisiry and minerslogy at Carlisle Collcoge
(later Dickinson). He favored the practical application of chemistry

lThcr:sJ T™e Doctors of Yale College, pr. 123-86; Strulk, Yenkeo
Seience in the Making, Tp. 160-G2.

2
Oliver, History of American Technoloey, vp. 130-51.
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and alsg believed thet chemistry should be relsted clesely o other
cultural subjects. He taught for five years at Carlisle where he

made chemical experimenis and wrole A Practical Treatise on Iyeing

and Calieo Printing, Following teacting positions & the University
of Pennsylvenia snd at the University of Virginia, he became professcr
of chemistry at the Collesge of South Cerolina in 1819. The next year
ne wes appolrted president of the college where he evolved into a
leader in education as well as a leader in Seouthern politics.”

Ceorge Washington {1732-99) end Thomas Jefferson {1T43-1526)
hed mutual interests in selentific apricuiture. Beth kept diaries -
and gerden bogks in whiech they described the agrieuliural and horii-
cultural practices at Mount Vernon end Monticelle. Weshingion's five
farms et Mount Vernon were comparable in gcme respects to agriculturel -
experiment stmptions. He tested seeds, practiccd soil conservation, cn-
gaged In selective breeding of cheep, raised excepticnal wheat crops,
anfil tested new machinery. He corresponded with the English agricul-
turalists, Arthur Young end Sir John Sineleiy. Weshington was asso-
cinted with the Fhiledelphis Zoclety for Propoting Agriculture founded
in 1755, In his lact annual message to Corgress, December T, 1796,
President Washington proposed boards of egriculture o collect ond
diffuse information and to encourage '& spirit of discovery and imp-ove-
ment.” However, thE govermment did not create a commissioner of egri-
culture until 1882,°

Jefferson was more of a scientist than Weshington., Besldss agri-
eulture, Jefferson was interestsd in archaeology, astronomy, botany,
chemisery, <thnalogy, ewxploration, geology, mediclne, palsontology, and
inventions. Although his knowledge was not always complete nor entirely
correct, be did s greet deal o sdvance the stavusg of sciense In the
United States In a letter of appreciation ko President Willard of
Harvard College for his receipt of an honcrary Doctoraie of Laws,
Jefferson wrote:

"The botany of Amerieca iz far from exhausted. ite
mineralogy is untouched, and its zoology totally mistaken.
¥We have spent the prime of our lives in procuring your stu-
dents the preciocus blessing of liberty. Let them espend
theirs in showlng that it is the great parent of seience
and of virtue, srnd that a naticon will be greai in both
ways In proportion ems it is freel”

lJaFfe, Men of Seience in Americs, pp. TH-103,

CRichkerdecn, Megseges and Papers of the Presideniz, Vol. I,
r. 202; Ulysses T, Hedrick, A History of Morticulbure in fmerica

to 1860 (¥ew York, 1950),1m. 160-75.
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Jefferson's reputation as & scientist wes due primarily to his
liotes on the Ztate of Virginie which ke bhad prepered in 1781, He

described in detail-Eﬁgtgapograghy, natural history, snd natural
resources of Virpinia, The btook was First printed privaiely by
Jefferson in Paris in 1789. An English edition was published at
Tondon in 1788, The first Aunerican edition ves published in Phila-
delpkia in 2788 and the next yesr a Gevman translation was printed
in Leipeig.

Beginning in 1765 Jefferson served as president of the Americen
Philosophical Soeiety lor eighteen years fle negisted in writing toe
first Americen paper on paleontology fTor the Speiety in 1797. AL his
farms in Montieello Jeflerson practiced scientific agriculcure and
invented wew machines. Wkile on his diplometic misgsion to France he
carried out scientifie investigatilons in Europe. As I'resident of the
United States he used his high office to encourage scientific advance.
Ee wes Torced to reslriet his personel scientific pursuits to a ceoriain
degree, but he had once said that nature had intended him "for tke
tranguil pursuits of science” and that "science is my pession; pelitics
ig my duty.”

Jefferson like Frenklin geined mn internatlonal reputation as &
sclentist end invenbtor. EHe also hed an utilitarian attitude towerd
gcience. Although Jeffereon made no basic coniribution to eclence
such as Frenklin had in electricity, he possessed wider interests
“han Franklin, Jeéfferson had a greéater appreciation than any of his
countrymen of the vglue of science In promoting the genersal welfare of
ithe young Republic.

Joseph Priestley (1733-18GL), the English clergyman end chemist,
found psylum in the United States alter his house and personel effects
had been burned beceuse of his sympethy with the Frepch Revolution.

In 1794 ke and his wife setiled in Northumberland, Pemmsylvania where
they regided in the same house with the Thomas Cooper Temily. Priestley
taught his experimental technigues in chemistry to Cooper, Tr. Jamas
Woodhouse, and Dr, John Maclean, who became professor of chemistry at
Princeton. Uhen Priesiley died in 1804, Cooper continued to use
Friestley's chemical laborstory and epperatus. TFriestley's greatest
work had already been completed before his caming to America, yet “he
discoverer of oxygen was Influential ig American scientific cireles
during the lmst ten yesrs of hi=s life.

Constantine Samuel Rafinesque (1783-18L0) wes en imporlant bolenist
end neturalist in the United Siates vho had been born in Congtantinople

For details see Ddwin T. Martin, “homas Jefferscon: Scientiat
{(Hew York, 1952).

SwWilson, Arerican Science and Invention, pp. 32-35
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of Frenck parentage. He treveled thraughout the United Siates on
cellecting expediticons end described many new species of plants and
fighes., Consldersd an evveniric, he found 1t difficuli to wmake &
livelihood in the United States. After being refused & number of

eollege positions, he wes finally avpainted professor of totaoy,

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

Wathaniel Bowditch {1773-1838), a self-educated aslronomer and
mathemgtician, was born in Salem, lMassachuseits, e cade five ses
voyages in the Chineg snd Fast Indien trade hetyeen 1?95 and 1803. In
1799 he yrepared the first Amerfcan edition of J. 6. ¥oore's The
Pracftical Hevipator, which he erpanded mnd published in 1502 as The Hew
fmerican Practicsl Navigetor. In compiling +his work, Bowditch used ile
mamuscript logs that had been ¢ollacted by the East Inul& Marine Sociaty
of Salem. le transleted sand mede commentaries on four out of the five
volumes of Plerre Simor leplece’s Celsptial Mechanics, A% his own ex-
pense he made this valushle work sveileble to the Tnplish-spesking
world. Bowditch also wrote on comebs, meteors, and solar eclipses.

The "arithmetic sailor” assisted in making seemanship a science
and his grestest work, ThE EEE fmericen Fractical Mavigetor, haz gons
thyrough soores aof edltlons For over a EE;tury and s kalf mariners
tave relied on Bowditch. Since the 1860's the book has heen published
by the United Stetes Hydrorrephic Office and is know as E.O0. Ho, 9,"

meaning the ninth publicetion of the Eydrographic Office,

Famous naturallists

Alexander Wilson [1766-1813), the ornithologist, wes born in
Seotland. A weaver and peddler he came to the Unitcd States in 1794,
He became a teacher in rural schools in HNew Jerser and eastern Fenne
sylvenia, Kls nelghbor, Williem Bartrmm, interested him In ornithology.
Aezisted by Alexander Lawson, who prepared plates of ihe birds described,
he tegen publishing his American Ornithclogy in 130%.  In nls travels ke
Journeyed through the easiern stoates, down the Miesissippi, ard to the
borders of the Socuthwest., Wilson has been celled the father of fumericen
arnichalogyr.

liaffe, Men of Seience in Americe, pp. 10k-85,

ZRobert T. Berry, Imnkes Ztargerzer: The Life of Hatharniel Bowditoh
{Hew York, 1941i). For g shorier peconnt see Poul B, 4ink, 'Hachaniel
RBowditeh: The Practieal HNavigabor," Americen Heritape, XI (Aug. . 29462),
Tp. 50-60, §5-91.
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Vilson's suceessor, John James fudubon {1704-1851), was born in
Santo Domingo. As = Doy he studied art in Parls. Waen ne was 19,
he became mansger of his father's farm at il Crove, Penmsylvania.
Az a hobby he zketched birds. Tn the forests of Kentucky aad Chio
he hunted rave birds., For a short period he was e taxidermist in
the Westerr Mugeum et Cincianati. In 1826 he went to England to
lock for & publisher and brough® out the volumes of his Birds of
America from 1827 to 1838, This work was palled as m classic. His
Ornithclogical Biograply (1832) and Symopsis of the Birds of Forih
fmerica {18739} next asdded to his fame, "'

Thomas NWuttall {1786-1859), an Enpglish botenist and ornithclogist,
ceme to the United Stotes in 1808, His interests in plante was en-
couraged by PBenjemin Barton, the FPhiladelphism botanist. Nubtall
traveled in 1810-11! elong the Kansas, Tlatie, and Missocuri Pivers.
Frem 1818 to 1820 he traveled inm the interlor of Arkansas, From 1827
4o 1B3% he was curator of ile botarical mardens ot Harvard. In 1832
he published A ¥anual of tie Ornithology of the United States and
Laneda. ST T o

In 2834 Nuttall journeyed Across the Rockies +to the Columbis
Biver. e =ailed Lo Pawali and ther to California. t San Diego
Richard Henry Dmna was surprised to see Tuitall; in Two Years Before
the ¥gsi, Dana wrote: I had left him quictly seated in the chair of
Fotany end Ornithology in Hervard University, and the next I sav of him
he was strolling about Zan Diego Leamch, in a ssilor’s pea-jackei, witi
8 wide strew kat and berefaopt, with his trougers reolled up Lo his hneuos,
picking up stenes and shells.™

Nulktall returned to the East around the Morn with Dana sbeard “he
Alert. He resided in Philadelphia uniil his return to Pogland in 1847,
Although his writings were not as significent as those of Hlson or
Auduton, he did classify many new genera and species. His explorations
in the wilderness and to distent lands were surely ar indicetion of
resl acientific interest az well ms personal couraes.

Seierntific contributions of exploring expeditions.

While Jefferson’s interest in exploration was primarily expension-
ist, it had s strong ecienlific bent. Whon Jefferson wasz Amhassador
“o Tranee, he and Jokm Peul Jones conversed with Jonn Ledyavd, "the
American Marse Pelo," who plenned en expediiion te the ¥orihweat cosan
Jefferson suggested to Tedyard that he treverse Dussis and Siberia, and

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

23truik, Yankee Seience in the ¥aking, pp. 266-6%,
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from Kamechetke cross to Alaska where he might find passage to Footko.
Then he could journey eestward into the wiknowa Interdior of Horth
Mmerice. Ledyard #siled in an atiempt to sein the putronage of

Empress Catherine of Mussia, bat ke succeeded in ¢biaining the suppor.
of Bir Jogeph Bonko, presidsni of the Royal Society of Lordon, as a
sponzor. By the Tall of 1785 Ledyard vrote to Jerferson Lhat he

was preparing bo cross Siberie. Ledyard reached Irkutek and was ready
to =ail with Cepiaein Billings of the Pussian navy, when he was arrciica
on February 24 1788, by two Cossack police and brougkt beck to Meaguon.
Ledyard's romsntic dream enfied. and the next year he died in Ceire.”

In 1792 JefTerson persuaded the American Philosophical Boclety
to finarce gn expedition by the French scientist, Andre Vichaux, who
intended 4o "ascend the Missouri River, cross the Stony Hountains, Al
Aescend dowm the neareat river to the Pacifiec." Jefferson drafter
Fickmsux's instructions to "take notice of the country you pzss through,
its genera) face, soil, rivers, mountains, its vroductions--animel,
vegetable, and mineral.” He also instructed him to make astronomical
chservations, to study the aborigines, and o search for fossils.

O Jamuary 13, 1803, Jefferson asked for an appropriation of
#2,500 Lo finance the Lewls and Clark Expedition. He stated:2 "The
interests of commerce place the principel object within the eonstitutiona
pawers and care of Coagress, and that it sbowld incidentally advanco the
geopraphical krowledse of our cwm continent cen not bubt be an additionsl
gratification," ihen Congress epproved, it esteblished e new preceders
of appropriating money on basis of the commerce elause for & sclentific
exploration, ¥oreover, thke Army was to sponsor the erpedition and it
was to explore foreign =oil.

Captaln Meriwether Lewis spent several weeks at the American
Ihilcsopiical Society in Fhiledelphin for a seientifie briefing.  He
learned how o make celesiiel observatiorns, to collccet flora and faunz.
end to study the Indians.

The Lewis and Clerk Expedition of 1804-1800 made significant dis-
coveries in bLobteny, ethnoleogy, geography, geolomy, and zoolasy. A vast
mine of pecgraphlesl informetion and considereble dala concerning the
Indiauns, partvicularly those of the Plains, were accumulated. Dried
plants, fossils, rock specimens, and Indism utensils, weapons, end itam:
of clothing were collocetcd,  The Jjournels keph on bLhe expedition were
gradual 1y published, bub notv in a satisfactory wmanner.

1tﬂr0thy . Johanzen and Charles M, {zates, Empire of the Cclunmig;
A Pistory of the Paeific Horthwest {Few York, 1935G], pp. 59-43.

ERicharﬂson, Vessages mnd Fepers of bthe Presldents, Vol, I, . ach,

3& Iunter Tupree, 3cience in the Federal Government, & History ﬂ{
Pclicies and Activities to 1940 {Cambridge, 19%T). Tp. FO0-28.
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After the Louigisne Furchase, Jefferson planred suprlemental
expeditions up the Red end Arkansee Riwvers. On April 15, 180%,
Congress appropriabed £3,000 for this purpose. In the winler of
180Lk-0% Sir Villien Iunbar and R, Georme Hunter wade & scientific
expedition up the Cunchite RBiver ir Louisians, In Mey 1800 the
Freeman expedition of Qivilians end soldiers set gut Lo explore
the sourcs of the Ked River, but it failed because of Jpenish resistente

Fext Jelfferacn sent out an Army expedition in 1806 under Lieutcr:zat
Zebuwlon HontEomery Pike ik an attempt to discover the source of ithe
Missisaippi. Although the expedition A1d not succeed in iis purposes,
it was deemed g success and Tike was sent on a second expedition in 1307
to the Soutimrcst. Pike was icprisoned by the Spaniards end his meps
and papers were confiscated. ile vas taken to and detalined in Chihunhug
and eventually relessed on the Louvisiana border. From memory he made
hig valusble report in 1510 which added to the geographical and scientifl:
knewledre of the Southwest,

Luring the “ar of 1812 further western expeditions were delayed.
With the reiurn of peace in 1815 interest in thege was revived. Jeohrn o
Calhoun in his capaeity as Secrelary of War organized the expeditions
of Maior Stephem H. long of the topogrsrhical enpminesrs, In 1817 fong
selected glies for forts on the Arkanszas River end then on the Missiceipp

As part of an oversll military plen the ¥ellowstone Expedition of
1812, cormanded by Jong, was senit out to discover the source of th:
TMatte, TRed, and Arkansas Tivers and the principal tributaries of ths
Missouri. Amonpg the scientistz in the party were Thomas Say, B Zooiosizt.
Pugust E, Jescup, & gecleoglst, ond Dr., Bdwin Jemes, a botanist. For over
a year these scientists collected mineral specimene, plants, insecls,
end skins of mnimals, and siudied geology and weather conditions. Thomes
Say studied ile severel Indian trilesz and ileir vocabularies, Althcugh
the expedifion was laergely m Tailwre, since it had not discovered tiw
eoirces of either the Platie Hiver or the hed River, the scientilic
results were g decided improvemenl over those of the Lewisz and Clark
Expeditior. The collections were classified and studies were pub-
lisked. James, Say, and Long wrote an Jccount of the Expedition from
Pittsburgh to rhe Focky Mountpins which wes publisned in 1823, Thonas
Sy {1T07-1834T slsc wrobe various zoolonical papers end Dr. Joan Torrey
studied the Aried plapts that hed been colleected by Tr. Jemes.

In 2323 Caltoun sent out ancother expedition headed by Long.
Tromes Zay served ar gzoologist and totanist and Professor Tilliem
Keating of the University of Pennsylvania served as geologlist. The
rarty ascended the Missizeippi apd reached the scuree of 5t. Peter's
Tver. In 1895 mt London the Harrative of Ap Taxjpedition to the Source
of the 5i&. Peler’s Hiver was publislied in two volumes, oCne mondred
paEEb were AcvoLed Lo Say's notes on insecls,  Bay's collecticn of piante
and Flowers were studied Ly Lewis David wvor Scbweinitz, a hotarlsi, wh-

lleroy R. Eafen end Cerl C. Pister, Yestern jmericn {Englewoc?
Clitts, 15503, yp. 18736,
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suthored a Synnpsis nf Horth Agserican FunFl in which over 1,200 new
species ond seven new genere were included. -

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

In 1802 during the Jefferson edministraticon the Corps of Fnginezrs

of ten cedets and seven officers was created and conatituted the Mil-
lipry Acedemy at West Point. A tredition of French mepthemptics and
an Iinterest in science existed from the beginning. In 1815 Crozet,

one o Napoleon's englreers, hecame heed of the englneering departeant.

In 1816 and 1817, Sylvenus Thayer (1785-1872), a gredunte of the Azof-
ecy cless of 1808, studied the theory amd practice of fortifications
in Frence. From 1817 to 1833 Tluyer as superintendent of West Point
lmproved the svience und engineering departments. French textbooks

were used and the eflucaiionmnl coacepts of the Ecole Folyiechnic were
introdueed, West Point engineering sredustes became the most skilled
engineers In the country. Thelr skills were eslled upon to perform
engineering work for Eavilian projects and on the reilrosds in the

twenties and thirties.

Tn 180T President Jefferson egreed to alicw a gecdetie survey -
of the coast Dy the Swiss geodist, Ferdinend Rudolph Heseler. How-
ever, diplomatic probleme arising from the Napoleonic War caused
the Coast Survey to be suspendcd. Hassler then taught mathematics
et West Polnt for two years pnd at Union College for another two
years, Desgpite tie war, Hassler wos in England fram 1811 to 1818
parchesing inetruments for the govermnment for its proposed survey
of the Atlantic coast, Fipelly in 1816 and 1817 he begen his f£ield
work, but in 1818 Congress pessed an act steting that only ermy or
neval officers could be employed inm the Coast Survey. For the next
twelve years the Navy mede locel surveys, but they were of oo real
scientific welue,

After the esteblishment of the Office of the Chief of Engi-
neeres, the Corps of Topographical Fngincers becare important in
various suwrveys. By provisions of the Survey Act of 1324 the
Corpe developed a plan for western and for Atlantic ccast canals
and for & road Trom Washington to New Orlesms., Ey 1825 army
engineers were improving the navigetion of internel waterwnys end
working on the national rosd. 3

lJaffE, Men of Seience in America, pp. 138-42; Dnpree, Science
in the Federsl Government, pp. 25-29, 3536,

cAmerican Militery Fistory, 160" 1953 {Uashingua-L D.C., 19593,
p. 11G: Struik. Iankee Sc1ence in the ndklnF, E. 245

Iupree, Scieuce in the Federel Coverrment, pp. £9-33, 36.
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I¥. FRE-CIVIL WAR FERIOD, 1830-13460

SeientilTic surveys.

The United Simtes Coest Survey wes revived in 1832 and
Ferdinand R. Hegsler became superiniendent for the second time,
Hassler fought for civilian control and gcod pay for scientific
personnel. Most of his assistants were Arpv and Navy officers whem
he had to give additione! treininz. Hessler worked north and south
from New York, and by the time of hils deeth in 1843 the Coast Survey
hed covered an area from Point Judith in Rhode Islend to Point Hinloper
in Delaware,

Alexender Dalles Bache succeeded Hassler as superintendent, hold-
ing the position from 1843 ta 1867. Beche continued the survey of the
Atlantic coast and the Gulf of Moxico. Among the meny studies he
arganized were one of the Gulf Siream, one of the megnetic force of
the earth, end studies on the depth of the otesns and forms of animel
life. In 1851 at Bache's suggesition Louwis Ageesiz sfudied the corel
reefs of Florida for s ten-week period while sboesrd o Comet Survey
schooner. Exuwracts from hisz study were printed in the snmial renost
of lhe Coast Survey in 1852, Bache gleo introduced a greafer use of
scientific inslruments; foy example. the electric telegreph was used
in determining longlitudes.™

The Horth Caroline geological survey of 182L-1828 was the first:
of & series of importent state surveys. It wee mede By Dennison Olm-
sted, who verforwed the entire task elone and received no compensation
except for traveling expenses. The resultis of the survey were pub-
lighed.

In 1830 Massachusetts eunthorized e surver by Edward Hitcheock
25 geologicsl surveyor and Samnsl Dorden es trigonometrical surveyer.
Hitcheock published the final report of his survey as early ss 1833,
it classified minerals, degcribed mountains, catglogued animals and -
Plents, and the part on “"Seientific Geoclezy"' has beem called a text-
vook on geology.

The Meesachusetts survey made the netion swere of 1ts resources
snd the need for exploring them. In 1837 Hitecheock made & second
survey and published hies final report in 184%1, By that yenr eighteen
oiher stetes had underteken geclogicel surveys. The New York gec=-
logicel survey, begun in 1030, was of specigl importence heceuse it
ineluded e Etratﬂgrnphic record made by the eminent paleontologist,
James Hell,

' mE r————————
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Struik. Tankee Science in the Meking, pp. 196, 282, 32L-25.

_ 2Ibid,, mp. 183-80; Merle Curti, The Growth of Americhn Theught
iMew York, 1943), p. 327.
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Seieptific contribg&égﬂ§ el axnloring expedltions.

Benry Rowe Schooleraft {lT?S-lBSh], con of the director of the
femous Van Rensselaer glessworks, explored the miners)l deposits of
gouthern Misscuri end Arkanses in 1817 and 1B18. 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 1835, and then served as superintendent of
Tndien affeirs in Michigen until 1841, He mede studies of Indian
customs and foiklare. Although he gained a reputation as an
ethnologist, his informetion wes not entirely cerrect. Schoolerafi's
most notevorthy trin was his government sponsored expedition of 1872
to the upper Greet Lakes. |The perty discovered Leke Itasce, the
gource of the Miseissippl.™

The Topographical Engineerz of the Army made important surveys
and estronomicsl observations while mapping the West, The most fomcus
of the military explorers was John (0, Fremont, who served his appren-
ticzship with the French scientis and methematician Joseph Nicolas
Mieollet, vho ccmmended an exploration of the Minnesots River in 1%33.
¥rement lenrned mapmeking snd was trained in exploring by Nicollet.

Fremont's Expeditions are best remembered for popularizing the
Weat and for paining him the urmerifted title of "the pethrfinder. --
The reporte of the first two expeditions were published by the gov-
ermient in large editioms and in a private printing. While the
expeditions were-geientific in charscrter, they were utilized oy
Fremont for self-agprandizement and the third expedition beceme
invalved in the conquest of {alifornia. Wanetheleseg, scientifie
reports were preversd, Tlors and faune were collected, and ercellent
maps were dreffed by Charles Prewes. Feports of the secomd and thirsd
expeditions had the first accurate accounte of the erystalline rocks,
granitic, metamorphice, and voleanlie et the coxe of the Sierra Nevmads,
These reportes were widely read mnd considered veluable by pgeclogists, Z

IRcbert E. Riegel, Americe Moves West {New York, Rev. -7d. 19h?}.
p. 327: Cardinal Goodwin, The lrens-Mississippl Weet {(1803- 18531
A HMistory of the Acquisition and Settlement (New York, 1922),Tp, 09-50,

ZCerdinel Goo@win, Jokn Cherles Fremont: fn Fxplanetion of. -

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

Liogrephy of the Geﬂlogy and Minersl Hesources of Callfornia to

Decemter 31, 1930 Dy Solon SAetd |Cacramento:  [Hvielon of Fines

Fulletin o, 1Oh, 1933}, tm, 2-3.
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On Auvgust 11, 1838, Secretary of Navy Jemes K. Paulding ordered
Lisutenant Charles Wilkes io command ihe Mnited Stotes Fxploring
Expedition. Wilkes with talents in asgtroncmy, navigation, and
terrain deseripiion waes a logicel cholee. 4 week lpter six navel
ships comprising zix hundred officers and men, including a corps
of scientists, set sail from Hempton Remds., Among the civilian
seientlsts vwere mineralcgist Jemes Dwight Tena, botunist William
Rich, horticulfuralist William D. Breekenridge, philologist Horatlc
Hele, naturalists Titian R, Femle and Charlee Fickering, snd con-
chalogist Jonn P. Couthony. The expedition spent almest four years
in exploring the Antarctic replone, the islends of the Central Pe-
¢ific, and the coast of Western fimerics. Wilkes had special in-
structione to devote slx months to exploring the Facific slope, snd
to seurvey San Francisco Ley.

The expedition remped many scientlfic treasures, gollecting data
on anthropology, ethnology, zocleogy, geology, weteorology, boteny,
kydrography, snd physics. Many charts were made based upon the
surveys and these were used by the Wavy even as late ag YWorld War IT.
The netural history collections were arranged and described by the
National Institute. The seede and plants collected by the expedition
forwed the basis for the United Stmies Potanic Gardens. In 1844 the
Nerrative of the United States Exploring Expedition During the Yesva
1338, 1635, 1850 "!:HI“ 1347 wee published in five volumes with an
etlae of five maps. An etlas of fifty~five cnarts wee published in
1828, By 1876 a total of nineteen volumes had been published.

In & =ense the expedition served as a training ground for young
American scientigis who gained needed field experience. TFor example,
Jemes Iwight Dane, the eminent Americar peologist, wrote on the
gezology of the Hawailan Tslends end of Weshington, Oregon, and
California.

In 1851 the Havy sent out the De Haven Expedition to the
Aretic o search for Sir Johm Franklin of the Britisk Povy. o
1853 to 1855 Blishe Kent Kene headed a second expedition into the
#Aretic., The teoprephic Soclely of Hew York, the Americen Philo-
ecphicel Cociety, the Sriihsonian Institution, the Coset Survey, and
the Naval Tbservalory assisted wilh the scientific aspects of the
expedition. In 1856 Kane authored Arcilc Explorations.

The Worth Pacific Eaxploring Expedition of 1853-%5 surveyed
end mapped the North Pacific Ocean and had the assislance of leading
gcientists and scientific societics, In the fifties the Naval
Astropomical Erxpedition io Chile was made Wy Lieutsnant James W,
Gilliss. The Pmcifiec Reilroad surveys of the fifties dispatched
by Becretary of War Jefferzon Devie mlso hed importent scientific

1lDanial Herdarson, Toe Hidden Cceste: A Biography of Admiral
Tharles Wilkes {New Ycrk 1953}; Anderson, 'Ficheers 1n the Geology
of CalxiFornia," p. 2; Dmpree Science in the Federal Goverrmork,
Fo. G0-G1. T T
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asnects, cantributin§ “o the Wwnowiedzc of ithre flova, Taure, and
geclogy of the West.

Farly Antkropologists and Ethnologists

The infant sciences o Antbropology and Ethnology began to develon
in the lnited States prior to 1860, Among the first in these fin~lds
wes Celeb Atwater (1778-1867). Atweter wes Torn st Vorth Adams, Koo
sachusetts, and greduwited from Willimws Colleme in 1804, After re-
siding in Hew York Clity, he settled at Circleville, Ohio in 1815,
Here he proncticed lew and devoted hiz spere time te the study of
the earthworks end othzr antiquities in the state of Chisc. His
first paper on this subject was jublished in 1820, in the American
Antiquarium Socisty's Archreclogia Americane, Volume T. twater
sontinued his efforts in this fiel)d mrd also published nccounvs of
tis visits with varioas Indian tribes of the Middle West in 1829
and the emrly 1830's.

The pioneering work of henry Rowe Schaoloraft (1793-136k) es an
ethnologist mwawing stndiles of Indien cusiome and follklore hes already
been mentioned {see pea@ge 32), but the generally recogmized "fatler
of Americen Anthropology" was Lewis Henry Worgan {1818-1881). Morgan
was horm rear Aurora, Mew York snd gradusted from Union Collegpe atb
Schenecteady, New York in 130, He wes admitted to the ber in 18G4
and settled at Roshester, W, Y., din 1891, vwhere he resided for the
remainder of his 1ife.

Wher Yorgan returned to Aureora from college in 1840, ke Joineg
2 scercen society called the "Gordien Knot," which was petierned alter
the Iroguois Confederacy. ter makirg a study of the Irogucis Indians
the society became knowvn as "The Grand Order of the Trogueis,” with
HMorgan ams its directing spirit, snd its chiel purposes to study =snd
Treserve Indian lore, to educaic the Indiens, and to reconcile %lum
to the con@itions imposed by civilizetion. Morgen's casusl interest
in Indiar matters was thus trensforwed info o gericus investigesicn of
Iroouois institutionz and customs, which in turn led him te turther
research emong other Americen Indisn tribes end finelly in the fieid
of World Anthropolopy.

As a result of his service Lo tke Indians, Morgan was adopted -
into the Hewk clen of the Senecs tribe in 25k, This induetion sd.
mitted Morgen into the immermost eouncils of the tribe and gave hin
every facility for pursulng his studies. Morgen began publishing bBhe
resuliz of his studics 1n 1846, In 1BED the University of the State
of HNew York mede en approprietion for the enlargement of its Indien
collection end placed Morgan in charge of this project, His book, =
Lengue of the Ho-de-no-ssu-nee, or Ircoucis (1851}, although 2 picners.
ing work, has been called’ the first sciemnbific account of a Indisan
trite." By 1862 Morgan had extended his studies 4o the Indian triyec

lDupree, Siedenee in the Feders] Government, pp. 94-99.
EDictinnary of Americar PBicaraphy I, k15,14,
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of the middle West, ultimetely recording aotes on the kinship systems
of scme 7O tribes, His mejor work, Anclent Society or Resesrches in-
the Lines of HNuman Progress, wes published in 1877-T4. 1In it ne pro-
rounded the doctrine of the common origin and psyehic unity of ell
races of men and gsserted that they passed through successive stages
of savegery, berbavism, ond civilization. Fig theory that the family
tad evolved from a state of promisculty and hiz interpretetion of
kinship terms brought about much atrimonicus debete. Although anthreo-
rologists today find Morgen's evolutionhary scheme snd methods, as
apptied to primitive society, extremely tenuous, hig conclusions hac
far-reaching Influence in his day,

By 1869 Morgen hes elso extended his interest to Indians of the
Southwest. WVisiting that aree in 1878, he played s role in launching
the first steps to preserve the ruins of the Fueblo Indisns.

Finelly, Morgan wos igstruwmeptal in orgenizlng the secticm of
inthropology of the American Assccistion for the Advencement of
Selence in 1875 mnd was its first chbeirmen., In 1879 he was alzo

4
"

elected pregident of this assocletion. t

Smithsonian Thstitutian.

By 183, when the original charter of the Columbian Institute
for the Promotion of Aris snd Sclences expired, the organization had
derlined ir influence, Two years later it wes supergeded by the
Hational Institute for the Frowmotion of Scilences, which had been
organized Tty Secretary of MWar Joel K. Folasedt, The new crganization
cared for the aspecimens coliected by scientisis of the Wilkes Expedi-
tiosn. The National Institute tried to contrel Smithson's beguest, but
in 1846 Congress created the Smithsonian Institution. The National
Tnstitute and the Smithsonian Institudion funciioned side by side
until 1861. In thet yeer the Inctifute ceased and i%s collectioms
Ttecams part of the Smithsondian.

Althoupgh the Smithsonien Institution teceme known g the -
"Ameriecan Tressure Houss of Science,” it was much more then a re-
pository for collections. Under the capable leedershin of its first
secretury, Joseph Henry {1797-1878), the Smithsonisn engaged in re-
seerch in pure science with utild terien goals. In his Pirst annual
report %o the Board of Rerenis of December 8, 1847, Henry snnourced
that the first publication of the Smithsonien Institution would be
an ethnologlezl study. He also relsted thet prepavetions had been
mode "for instituting variocus lines of physical research. " As an
example, he mentjoned the subjeet of terrestrizl megnetism which
besides Its thecretierl interest hed a "direct reference to nevigotion
o the various peodeticsl operations of civil and military life.”

1p. J. Stern, Lewis Hemry Morgan, Socisl Fvolutionist
fChicarpo, 1931).
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As another subject of reseerch Henry mentioned "an extensive systen
of meteorologlcal Dbservatiﬂnf, Tarticularly with reference to the

rhenomena of American storms. én his second snnual report, dated

December 13, 1849, Henry steted:

"The first volume of the Smithsenlan Corniribtutions to
Knowledge has been published and partially distributed. It
cotgists of B single memcir on the Ancient Monuments of the
Misgissippi Valley, comprising the results of externsive ori-
ginal surveys and explorations by E. G. Squier, AM., end
E.H. Imvis, M.D, Tt iz illustreted by forty-eight litho-
graghis plates, and by two hundred and eeven wood engravings.

The mechanical execution of the volime will beer comparison
with that of sny publication ever issued from the American press.’”

The Spithsonien Institution incressed and diffused scientifie knowl-
edze In implementing the purposes of Smithson's bequest, Tt was the
firat ocrganizetion in the United States to perform general scientific
work with e reguler staff., It organized sclentific studies in the
nation, varticularly in the field of anthropology and meteorology.

In fact Henry started the weather report system by organizing a

corpe of cbheervers and by using the telegraph for simultenecus
reparts. 3

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

in 1852 the series Wnown as Miscellaneols Collections was begun-

The publications were disiributed free fto the more importent de-
rositories throughout the world. A museum mnd en exhibit ball were
raintained. Populsr lectures on Scicnce were presented in Washington.
D.C. Greants were made fﬂg origimal sclentific investigaticns, siim-
uwleting privete rescerch.

Havral Observatory.

Complementing though conflicting with Henry'=z meteorclogical
work, vwes that of Maithew Fontemine Maury {1B06.73), the "Famthfinder
ot the Seas." 1In 1830 the Secretary of Navy orgenized the Depot
cf Charts and Instruments. Twelve years leter it became the Fawvsl

1"Firet Remort of the Secretary” in Eighih Annusl Report of ths -
Regents of the Emithsonisn Institution (Wasbington, D.C., 1854),pp. 1hi-ba,

Tnstifution {Washington, D, C., 1961).

2Tbid., pp. 156-57.

IThe best account of the Smithsonian is Paul K, Oehser, Sgns of
Science {New York, 194k3}; for a brief accoun: gee The Smithsonian
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Obzervatory with Maury serving as superintendent from 1842 to 1861.
Moury wes more interested in cceenograpty then astronomy. He cone
ducted researches on ocesn winds mad ecurrents, moking wind and
current charts of the Atlentic, Pecific, and Indien ocesns. Maury
studied the 0ld loge of ehips erd used merchant ship and naval
vaptaing as observers. He ecollected his 2nta throughout the world,
end he issued a geriee of Wind and Current Charts and published
Saiting Directions, Moury's directions were & grent edvantage io
commerciel shivping interests in thet they reduced the {ime of
message from port to port.

Maury develeoped B tystem of universal meteorological cheers
vallons, Through his influence en internetional congress met et
Brussels in 18%%,-attended by scientists of ten commercisl natioms.
He mchieved world-wide cooperation in hie work. In 1855 Maury
authored hie Phyeical Geogrephy of the Sen which wes the first
textbaak of wodern oceenography. L

The congquest of pain.

The demonstiration of the effectiveness of either as mn anes-
theeia was o great American selentific discovery made -in 1BL4G by
the Boston dentist, William Thomas Green Marton {1319-68). This
triuwmph wae to revolutionize surgery, At the suppestion of
Ir, Charles T. Jeckson {1805-1873}, n physicien and professor
of chemlistry, Morton tested ether on enimals and himgelf. In
1845 Dr. John Collins Varren, = surgeon, mede the First public
demonstrotion of ether as a surgicel enesthesie 1n an operetion
rerformed on Cctober 16, et the Massechisetts General Hospitel.
Ir. Morton edministered the ether to Gilbert Abbot, the patient.
The next month Morton end Jeckson received n prtent for the use
of "letheon." From 1842 to 1846, Dr. Cravford W. Long {1815.73),
a Georgia surgeon, hed aleo used ether as an anesthesia in per-
forming elght private gperstions, but he Aid not publish an account
of hiz work until December 184&. Morton's effortz to profit fram
his discovery brought conflieting cleims from Jackson snd Long,
and algo Ir. Horece Wells, & former partner of Morton vwho hed
privetely exgperimented with ether in 1844, As & result Morton
became involved in controversy and litigetion, Mtimntely
Morton's clelm was recognized, when he was elected to the
American Hell of Feme in 1920, Shortly after Morton's successful
demonstretion of 18L6, the English mediesl journel, Iancet, stated:Z

lﬁ stendard biography is C. L. Lewis, Matthew Fontaine Maury:
The Pathfinder of the Seas {/innepclie, 1927}.

PAe quoted in Jaffe, Men of—Science in America, p. 167, who
has & chapter on Morton, pp. 154-74; also see Flexner, Doctors on

Horseback, pp. ET3-32h for a chavter on long and.ﬂcrtﬂn
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"The digeovery of Dr. Morton will undoubtediy be placed
high emong the blessings of humnn Enowiedge and discovery,
That its Aisceverer should be en fmerican is & high honor
to our trenestlentic brethren; next to the discovery of
Frenklin, it is the second and greatest contribution of the
Wew World to srience.”

Selentific meetings, orpenigetiions, and publicetions.

In 1831 eboui five hundred chemists end menufacturers ettended
the First chemice]l econvention in the netion held st HNew York City.
In 18k4 an important precedent was established when the firsi
Seientific Congress wac held at Washingion, D. €, Scientists of
such gtature ag Matthew Fonteine Maury snd Aleypnder Tallae Pache
read papers and verious meetings were held on astronomy, chemistry,
geclagy, metegrolomy, peleontology, physiology, end other subjects.

In 1842 the Aszociation of Americen Geologists and Naturalists,
the Tirst permenent sclentific orgenlzestion of national srope, woas
organized at Philedelptia, Tn 1848 it became m general professicnal
society, being renemed the American Association for the Advencement
of Science, One of the purposes of the Associstion wes " to hold
periodiesl meetings, anl to premote intercourse between those who
are cultiveting science in different yarte of the United States."
The AAAS also tublished its Proceedings.

After 1840 the number of scientific journails end magazines
increesed. Among these wvas the popular end permanent journal,
Scientific Amerdican, first published in 1845,  Science texthbooks

Blso began to appear in this pericd. In 1846 Jemes and Robert
Hogers avthored s chemlistry textbook which ensbled colleges to
introduce courses in thet subject. Jemes Taight Dena, while &
professor netwral history et ¥ale, wrote hls Mamurl of Ceclogy
{1862} end his Textbook of Geology {186k). o

Seientific schools.

Although egllepe education was bosed primevily uron classi-
enl studies In the decades before the Civil War, colleges and
universities were heginning to offer degrees in selence and
engineering. The School +f Arolied Chemietiry wes sstablighed at
Tale Callege in 1847 with John Pitkin Norton emd Renjemin Sillimen,
Jr., ae professorz. Nine years laeter en effort was nede o raise a
permanent endovment for the Yale Scientifie School. Joseph E.
Sheffield, =& razilroad promoter, provided s bullding and gave gifts
ta the school., In 1861 the school wes named the Sheffield Seientifan
Sehool end its primary interest becmme the besching of chemistry.

In 134T a seientific school was ocrgsnized et Harvard, Ten
years Jater 1t wms endowed by AbRott Lawrznce, The primary objec-
tive of the Lawrence Scientific School was enginecring, but i%
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did nov heve an engineering lsboratory until 1892, In 1051 the
Chandler School of Sciences and Arte was estsblished in Dnrtmouth,
The Massachusetis Inatitute of Technology wes granted a charter
by the Massachusetts lepielature in 1861, Four yeasrs 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 ccritaein mmeunt of scientific
instruection. In 1827 nn astronomicel cbservetory wms built at
the University of North Carolina. In 185k this instifution opened
g "School for the Applicetion of Science to the Arte" and offered
8 bachelor of science degree, By 1852 South Caroling College had
an astroncmical observetory in opersction. #Among the science teschers
at this college before the Civil War were John end Jozeph Le Conte.
In Lexington, Henmtucky at Transylvania University Constentine Ssouel
Eefinesque taught netural history and B. . Bishap teught natursl
philogophy. Dr. Eugene Milgard in his Report on the Geolupv and
Agriculture of the State of Mississippi (1960) scknowledged his in-
debtedness to Frofessor “Hllicm D. Moore of the University of Mis.
glgsippl for aseistance in the systemntic arrengement of the survey's
collections., While the Southern ¢ollcges as a whols vWere probably
ol ag adwenced in their geieniific curriculs as those of the Horth,
they demonstroled s grest interest in the nmatural selences.

Among the Bouthern people there ewisted g populer interest in
science, Erientifie leciures fomnd receptive nudiences in the
South. The people reed scientific artieles in their newspapers and
magezines. Mony stiempts were mmde to establlsh scientiflc mugeunsz -
bt thaese were generslly vnsucceesful; en exceptlon wes the Charlec-
ton Museym which becrme an edmirmile scientific orgenizetion.

fmong the significant s¢cientists of the 013 Scouth was the
Yirginia plapnter, Edmind Ruffin, who conducted experiments for
restoring the fertility of Virginie seil, In his Essay on Calearecus

Manures {1832) he reported that marl, a clay deposit mixed with cal-

cium ¢arbonate, corrected exhousied scills to sn extent that they
could assimilate fertilizers. In 1860 he authored his Notes on the
Cerc-Brake lands of Alsbama end in 1961 he wrote his Agricultural,

Geoleopical, and Descriptive Sketches of Lower Narth Cercolina and
the Simiiar Adjmeent Lands., As & result of his resesrch and

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

Dllver Hlstcrg_of Mmerican Technolopy, "pp. 237-38, 2he-ks,
Lrulx, “arkee Science in the Meding., pp. 337-C7.
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Moses Ashley Curtis, the North Carclina botenist, published
many Important papers in the Amerilcan Journal of Sejence, the
Journal of the Acedemy of Natural Seiences of Thiladelphle, and

the Journal of the Linnaean Society of London. In 1860 his Heody
Flants ar Rorth Carglina appeared ns Part III of the Geolegicel
and Hatural Hlstnrv Survey of NorSh Carolina.

A brilliant geoleogist of the 0ld . South wes Oscer honuvgomery
Lieber, who had worked on geologicel surveys in Mississippi and
Alpbama. In 1856 be beceme State (eologist of South Carolina and
publisked the Egports of the Geosnostic Suryey oi' Spuih Crrolina
(1857-60). In the sunmer of 1BGU he accomparied rrofessor r Charles
8. Vensble on an astroncmical expedition to Labrador,

Scientists of the 014 Scuth made contributions to the nationel
seientific societies. Mamy Southerners were sctive in the work of
the American Philosophical Society and of Lie Smithsonian Institu-
tion. William B. Ropers of the University of Virginia served as a
president of the pmerican Assceintion for the Advancement of
Seience, and on the eve of the Civil War, Freserick A. P. Barnard,
preszident of the University of Mississippt, Tas its president .t

v. CIVIL WAR ERA, 1861-1865

Morrill ket of 1862,

The Morrill Iand Bill was fixst lotroduced into Congress in
1857, It first passed in 1859, but was vetoed by President Puchanan.
With the opnosition of Southern Congressmen and Senators removed by
the Civil War, the act passed and was signed by President Lincoln
on Juty 2, 1862, The sot granted some 13,CC0,C00 acres of the public
domein for the support of industrial snd sgricultural education.
Entitled, "An Act donating Public Imnds %o the Severel States and
Territories which mey provige Colleges [lor the Ienefib of Agri-
eulture and the Mechanie Arts,” the measure gave a great impetus
to the moverent for state univer*itles

hile the ecause of sgricultural education benefited, scienti-
Fic and engineering education also benefited. The Morrill Aot hed
teen written so that both astablished collepges and new ones might

IThemas C. Johnson, Jr., Seientific Interests in the 014
South (Fewr York, 1935},
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use the fupd, ALccording to the ek, "the leadlng objlect shall be,
without excluding other scientific and classical studies, and in-
cluding military taciles, to teach such branches of learning as
are related to agricultuvre and mechanic arts.” Senator Justiao 5.
Morrill kad not intended that the schools anly benefit the farmers,
but he expected thep to be scientific in purpose. Connecticut was
aone of the first stotes to accept the land serip ard it wsed the
money entirely for the Sheffield Seientific Schoal at Yale College.

As 8 result of the Morrill Act new colleges such a3z Zornell
and Furdue gnd state uvniversities such as those of Chio and Illinols
were establlished. VWhile some stofes =014 their lands unwisely om
the market, others were more careful. The cleseic example ig
pornell University in Mew York which benefited tremendously {rom
the Morrill aAct, A bill providing additlonsl funds to the land-
graunt colleges was finally passed in 1890, Ey that time over fifty
eolleges had been established under provisions of the historice
measure introduced by Justin 3. Morrill, whe "lighted candles of
wisdom."

The Netional Academy of Sciencees.

The Horth was greatly aided in the ftask of winning the Civil
tar by the possession of superior scientific and technical skills,
Fresident Lincoln recognized the value of seientific research when
e signed the act on March 3, 1063, crenting the Fational Academy
of Belences. While the Acedemy d4id not significantly contribute
to victory in the Civil War, its creation established en important
precedent for twentieth century military conflicts. The article of
incorporation stated:

“Ihe academy shall, whenever called upem by any depart-
ment of the Govermment, investigate, exmmine, experiment,
and report upon any subject of scierce or art, the actual
gxpense of such investigations, examinations, experiments,
and reports to be paid from cporopriations 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 Sciences wes
held on April 22, 1363, =nd Alexender DTmllaz Bache was elected
rresident, The membership at first was restricted to fifly, but
tue 1imit was removed in 1870. Among the prominent mecbers were
Louis Agassiz, VWoleoit 3ibbs, A4se Gray, Joseph Henty, and Benjenin
Silliman, Sr., and his son. Pache appointed five pumbered commit-

lHEnr? S, Commager, ed., Qocuments of fmerican HEistory { Mew
York, £th ed,, 1958), %ol, I, pp. WIE-13; Fabian Irarklin, Tee
Life of Denicl Coil Gilmen (Wew York, 1920), pp. TO-T3.

Zhe quoted in Richardzon, Messages and Papers of the Preciden®s,
¥, . Lo,
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tees which studied: (1) weights, messures, and coinage, [2) ways
to protect the bottoms of iron ships from salt, {3) the magnetic
devigtion of the corpess in iron vessels, (4] the hydremeter in-
vented by Joseph Saxton, and (5] the question of continuing
Yeury's current charts and seiling directions.”

United States Ceast Surver.

In mddition to being president of the Nationel Academy of
Sciences during the war, Bache was alsa superintendent of the
Coast Survey. TIn May 1861 he propeosed a commission to devise
tlans for neval cperations against the Socuth. The commission as
arganized included Captain Semuel F. Du Pont as president, Commander
Charles H. Davis as secretary, Major John G, Barnard of the Corps
of Engineers, and Bache, The commission gathered date useful for
a blockede end selected objectlves for amphibicus operations. The
conmmission planned the successful azzault on Port Royel in South
Cerolina, After the Port Boyel victory, Iu Pon:i was able to ex-
tend the blockade of the South.2

Smivhsonlan Institution.

The wnr curtailed mary of the scientific sctivities of the
Smithscnian Institution, For example, its weather reporting system
wae disrupted by the secession of the Southern stabes and oy re-
strictions placed on the use of the telegraph. However, the museum
continued teo szponsor expeditions such as those of Dr, Elliott Coues,
an frmy surgeon and eminent ornithelogist, In Arizone aad ifew Mexico
and of Robert Kepnieott in the central pert of Canada. Kennicoti
Journeyed from Chicago to Fort Tukon and beck during the peried
frem May 19, 1859 to February 11, 1862. He studied faune and
ceclogy of the region under the Joint sponsorship of the Smithsordsn
Institution and the fudubon Club of Cricage. Turineg the winter of
1861-62 Kemnicott catelogved his Avetic collection at the Smithsonini.
In the June 1863 issue of its Collections, he suthored "Descriptions
of Four New Species of Spermophilus.” In March 1865 Kemnicoti ace
pepted the position of Chied of Explorstions of the Vestern Union
Telegraph Expedition to Alaske with the stipulation that he coumild
aproint a corps of assigstance, who would collect specimens for both
the Chicago Acadenmy of Sciences and the Smithsonien Institution,

IDupree, Sclence in the Federal Govermment, pp. 141-46;
Oliver, History of American Technology, pp. ehh-27.

“Tupree, pp. 132-33; H. A. Du Pont, Renr-idmiral Samuel Francis
Du Font, United States Mavy, A Bipgraphy (llew York, 1526/, pp. 1C5-1%

3Dupree Seience 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 Tools of var,

AL the UWhite 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
informed Linceln of his plan Tor & militer: Gelloon reconnaissance
which included a telegraphic sir-ground cowmunication. On June 15
Profecsor Lowe demonstrated the practicability of his balloon for
military observation. He took up a telegraph wire and sent Lincoln
the "First Balloon Dispatch,” resdinz as follows: 1

"Ta Freaident United States

This point of observation commends en area nearly fiTty
miles In diameter--The city with its girdle of encaspments
presents a superb scenc--I heve pleasure in sending you this
Tirst dispatch ever telegraphed I'rom &n merisl stetion and
in acknowledging indebitedness to your encouregemen® for the
cpportunity of demoastrating the aveailaebility of the science
of aeronauties in the pilitary service of the country,

T.5.C. LOWE"

Following the demonstroticn, Linecoln geve Lowe & leiter of
introduction to Generel Winfield Zeott, but the Genersl of she
Army digpleyed no interest at their meeting. On July 2%, Lincoln
wrote =2 note to Scott, stating:® "yi11 Tieut. Genl. Scott mlezse
see Frofessor Iowe, once more eboud his balloon?™ When Scott re.
fused wo see Lowe, the professor returned to the White House and
informed the Preasident about hiz inability to obtain the appoint-
ment. Lincoln themn took Lowe in person to the Winder Building
where General Scott finally listermed and agreed *o accept the
idea of a balloon corps.

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

Lowe's telegrephic reports in several militery maneuvers vere

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

lis quoted in Robert V. Bruce, Lincoln and the Tools of War
(Indianapolis, 1956}, p. H6.

LHDy P, Easler, ed., The Ceollected Works of Abrahem Linceoln
(Mew Brunswick, 1953} Vol, IV, ©. WEC.

3Bruce, Linceln and the TMoola of Yar. Tp. 85-28: Patricie
Jahns, Matthew Fontaire Naury & Joseph Henry: Scientisiz of he

Civil Var ! Hew York, 10481 i, PD. 1To-T9.
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In addition to wellecorns the Civil War asleo witnessed the use
of ironclads. Selentific and technoleogical lessons were lewrned
from the engagements between the Virginia and the Monitor at the
Battle of Hempton Reeds. Among other neval innovations were the
efforts of the Cunfederate States Navy to produce “submarines”
end Torpedoes.

fmericen military medicine improved as &8 resuit of the Civill
War, The Medical Department of the Arwy which had betr io ¢ con-
dition of confusion end incompetence in 186) was well-orgnnized
by 1865. An embulance corps, tese hospitals, and field services
were established and mees medical examinelions were given. The
Medlcel Department was required to maintain vast records which
were later used for resesrch.  The Ammy Medicgl Museurm aid
Librery grew out of the war and became & great center of medicel
bibliography. A few doctors engaged in research during the war.
For example, 5, Weir Mitchell studied neurclogy end wrote Gunshob
Wounds and Cther Injuries of Nerves (1864}

American physiclens for the first time crgenized and opereted
large general hospitals. They lmarned the velue of trsining and
discipline in nursing. Mamy couniry doctors were forced to be-
come surgsons, The ganitery Iessome of the Civll Uar helped o
Trepare the nation for the public health movgment vhich developed
in the last third of the nineteenth century.

1Jemes P. Baxter, The Introduction of the Ironclsed Warship
(Gambridge, 1933); E. F. Potter end J. R. Fredland, eds., The United
States ond Vorld Seg Power [Englewood Cliffs, 195“3 Ch. 18

€Ivpree, Sclence in the Federsl Covernment, pp. 178-30;
George W. Adams, Doctors in Blue: The Medical History of the
Union drmy in thc Civil lar {Wew York: Collier Books Bdition,

1961},
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vI, IRDUSIRIAL AGR, 1646-1913

Inmect of Dnrvind so.

Imrmrinizm had 8 tremerdous impact upon scienee, religion,
2rnd industry in Yhe United States. The Darwinian cortroversy,
which raged afler 1559, beeame part off Lhe already existing
conflict between science mnd orthodox interpretation of the Dible.

Lowis fgassiz {1807-73) was the most vocal eritic end antag-
enist of bhe Darwinian thocories, He opoosed the theory that new
species originate and survive by the process of paturel seleciion;
instead he held to the generally accepted belief that all specles
were immiteble sinece Crestion.

The 2wiss naturalist had pained interpational recognition
before his migration to America in 184, He had beecome famous
eeeuse of his glacisl theory which had broben new ground in
geolomy.  He had published The Fiskes of Brazil {1829) and the
Fistory of the Fresh Water Fizhes of Central Furcope (1039-L2}.
From 3808 until his deeth hc wes s rrefessor of natural history
a2t Harvard's Lewrence Helenmtific Scheol, e introduced the
lahoratory method in zoology, end cncoursped Axerican naturalists
to exemine the internal funetiong of animals instead of concentrat-
Inp on ¢lassificefiion. Agassiz made zooleopical exploretions to
Erezil in 1865, to Cuban weters inm 1849, end jusi before his death
he traveled around the Horn to Californie. FHis collections became
rart of thke Harverd Mosecum of Comparative Zoolomy,

Apassiz's colleapgue at Harvard, asa Gray [1910-88), was the
pusstending seientifie proponent of Terwinisr. A distinguished
Lotanist, Gray hed collshorsted with John Torrey in preparing the
Flora of Horth Amcrics {1838-k3), Ar a proftessor of natural hiscory
at Harvard he rode cambridge the centeor of American Lotanica *Lu-
dies, He wrote ferxtbooks, menuals, and cother tooks on bolany.©

Tarvin had corresponded with Gray before his Oripgin of Species
had eypesred and Gray was the First fmerican scienlist to defend the
new theory. In e review of On the Origin of Species by Menrne of
Metural Sclection {1459), appearing in the Farch 1900 issue of

IThe heat hicgrephy of Agsssis is Tdward Lurie, Leouls pgessiz:
A Life in Science {Chicago, 1360). An parlier one is Charics F.
Holder, Lculs Apanosliz, His Life and Work Lﬂtw York, 1893).

Eén nutstanding blogrepky is A. IHunter furree, fsa Gray,
1810-1888 (Cembrides, 1960). -
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ihe American Journal of Science, Gray cxplained both the views of
Darwin end Agasciz. He surmarized their differences in one sen-
tencs ags folleows: "The theory of Agsssie reperds the ordgin of
species end their vresent genersl distributien over the world as
eguelly primordisl, equelly superneiurel; that of Darwin, as
oqgually derivative, equally natural.”

Gray attempted %o remove the obvipus materielism from Derwin's
theory bty asserting that natural selection 4id not cxelude the hnand
of God from neture, Gray's crgoument in Tarvinisn controversy was
that Darwin's theory hed ne zpecial relastion 4o religion and that
oe could believe in God affer accepting evolution., Gray's many
erticles on the subject were published in 1875 under the title of
Darwiniens.

Agassiets rejection of Darwinism impeded ite accepiance amonpg
Hew Fnpland scientists. Grey defended Darvinism only siter recon-
eiling it with religion. Jeffrics Wyman {181b-T4}, a distinguished
professor of anatomy in the lawrence Scientilic Schocl and curetor
of Lhe Pesbody Museum at Harverd from its organizetion in 1866,
wointained s neutral position., He stated:l We arrive at no resson-
able thepry wkich tekes a position intermediafe between the two ex-
tremes.” Vyren rede this statement in 1863, In e letter of 18TL he
stated: <

"It is 3 cwious Ffact that the opponents of evelubion
heve gz yeb started no theory except the prepesterous one
of Immedinte creation of esch species. They simpiy deny.
After meny trials I have never been gble to pet Agassiz to
eormit kimsell teo even the wogt penerel statement of a con-
ception. He wes just the men who ought to have ta%en up
the evolution iheory and wvorked it into & good sheme, which
his knowledge of embryology and alzeontology would heve
ergbled him te 4o, He hes lost &8 golden opportunity, but
there iz no use in talking of thet.”

Wymarn's researchk on the anthropoid spe contribuled to the
dizcusaion on evolutieon. In 1307 he wrote the first scientific
description of the gorilla 25 & senerate species of ape., Just
prior to his death Wyman noted that nan “must heve gone throush
fa period vhen he wes passing out of Lhe enimal into the huen
gtete, when he was not ryet provided with tools of any sort, and
vhen he lived the life of a brute.” In preparing his Descent of
Han {1871), Darvin used the meterial eollected hy Uyuan.

las guonted in Druik, Yarkee Science in the Making, ». 312,
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James Dwight Dana (1813.95), the geologist, remeined publicly
Eilent on the Larwinimn coniroversy botween Agessiz and Cray, but
when the fowr th edition of Dana's Menusl of Ceclcnv an“eaTEd in
JEQS, he eccepted most of Dervin's concept of men's ris

Luring the Civil Var Yele's Shefiicld Secientific School sent
a premising young graduate, Othniel Charles Marshk (1531-99},
Hurope to study vertebrate paleontology. Narsh improved his own
gcholarship, and elso obieined Tor Yale Collepe the Peabody Musoum
of Maturgl History by maneuvering the philarnthropic instincts of
his wealthy uncle, Gecrge Feebody. During four summers, beginning
in 1870, Marsh led parties of Yale studcnts and graduates inta the
Western prairies and Pockies in searck for Lone fossils, Marsh's
[irst mejor moaggraph was Odentornithes: A Monopraph on Ixtinch
Birds of Norlk Arerica,

Thomes Henry Huxley, the Englisk viclegist, credited Mersh with
bridaing the gap between the reptiles and tre birds. Huxley said:
"The discovery of the toothed birds by Marsh completed the series
of transitional forms between birds and reptiles and removed
Mr. Dorwin's propasition that "many aniral forps have been utterly
lost" from the reglon of hypothesis Lo that of demonsirable fact.”
On August 31, 15320, Dervin wrote & letter to thrsh, stating in part
a8 follows: " Your work on these old birds and on the meny fossil
asnimpals of N, Americe kes alforded the bost support to the theory
of evolution, which has appesred within the last 20 years..."
¥arsh alsc collected horse foseils and exploded the theory that
the horse had originabed in the 01d Yorid by Aemonstrating thet
the horse wvas indigercus ito fmerica,

In 1252 Marsh was appointed Veriebrate Palecontologist of the
United States Ceologicel Survey and in 1887 Spencer F. PBaird ep-
reinted hip Honorery Curator of the lepertrest of Vertebrote
Faleontology in the United States Mationel Museum, From 1883 4o
1895 ¥arsh was mlso rresidernt of the Meotionmnl Acedery of Sclences.
Thile with tlhe Geclogicel Survey from 18862 to 1852, lMNarsh colleched
a mase of meteritals. The Swrvey published his Dinpgzaurs of Moyth

fmerica and hls Vertebrate Fossils of the Denver Basin in 1895.T

Mew Morld of Chemistry.

Josiak Willerd Gibbs (1£33-19C3), z Ysle professor of mathe-
matical physics, in nhie studies of themodynasics revolutionized
aceepted concents of ‘he Lehavior of matbeor and enerpy in ite
arpiication to scveral sclentiric fislds when he published his
raper, Or the Fguilibriwm of Heterogeneous Substances, in the
*TBHSBCuICﬂS ol the Connecticut Acadermy of Aris and Sc1ence* in

;p grm_jg

1870, EHis phese rule” was & grest Americon contritution “a ure

lokarles Schuchert end Clers ¥, le Vene, CO.C. Marsh: Ploneer
in Yaleontcloey {Hew Haven, 19L0}. Jaffe, an of Seience in Arerica
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chemistiry, but fmericsn scieatisis did not realize the signiticance
of his generalization until yesrs later. Tt developed the funda-
mcntal princisles underlying chemisal equilibrium, His highly eb-
stract "phase rule" hed a mumber of importent industrial applicetions
in the field of gilorse apd in “he marufaciure of Poritland cement,

The German chemist, Wilkelm Ostwald, celled Gibbs "the Tounder of
chemicsl eornergetics.”

Gitbs performed guech of the pround work Tow the science of
rhyzieal chemiztry, Ile did pionecr work in vector anmlysis, in
statistical meckanies, and in the neasurement of crergy. From hie
studies develorments were made in radioactivity, the theory of
relativity, elecirackemistry, colloid chemistry, and mclesrn synthebice.

Although Gibbs was eleched to the Mational Academy of Soiences
in 1877, &nd was avarded the Rumford Medel of ihe American Acaderry
of Arts and Sciences in 1879, he was not well knewn in Ameriecan
intellectual circles. Im hia blographical sketch of Gibtbs, Bernard
Jaffe has stated:l "(ibos wasz a grest seicntist who strove bo bring
order out of the heterogcnous mixtures of metals and selbs in scluiion.
fle was also a symbol of fmerica sirupgsling to bring system and law cub
of the chaos of an expanding irdustrialism,”™

Tdward “illisms Morley (1835-1923) was a grecat American chemist
and plysicist, who is best remembered for his serles of experiments
with &lbert A. Michelson. The two men made the Michelson-Morley
ether-drift oxveriment at the Cese School of Applied Svience in
Cleveland in 1857, Tue neture ond significence of this experiment
will be subsequenily explained in this chapter under physics., In
lQDEHDh ¥orley emlco wade experiments with Deylon 0. Miller on She
cther-drif..

In 1868 lorley aceepted an offer from Western Reserve University
to a professorship in naturel phileoscovhy end chemistry. In addition to
hie researches inp the ether-drift, Murley also atudied the wariationc
of atmospheric oxygen content, thermel expansiorn of gazes, and the
densities of exypen and hydrogen, <

Hew Astroncmy.

In the Indusirial Age a nevw science of esbronomy arcse which
wes named astrophysics. Whereas the earlier asironomy ettempted

1Jaffe, Men of Science ip America, p. 388; Jeffe's full shketeh
BNTCAYS oh TP. 307-30.  Also sec Floyd I dovlur, The Sty dr of
Chenistry {¥ew Yorlk, 1930), sp. T7-TH.

2

Jefle, MHen of Seience in gmerice, p. 956,
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to find out how the heavenly bodies move, the new astronomy ettempted
"to determine ile present constitulion and the evolutionehistory of
the stars, the comets, *he sun, the plarets,." Spectrum spalysis,
celestinl photometry, and celestial photography beceme the three
major lines of research. Astrophysics, the deughter of astronomy,
was directly related to chemlstry, iechnicz, and physics.l Improved
telescopes and lareger abservatories were built, The cbservetories
were supported by universities and staffed by Adiztinguished scientists,
Research in the newv astronory was costly, and philanthropists such as
James Lick and Charles T. Yerkes gave the necessary financisl] assist-
Rnce,

Among the =minent sstroncmers of this sge was Maria Miichell
(1815-89), the first wopan to be admitted to the Amcrican Academy
o Arts and Sciences. Ag n young glrl she hed helped her Tather,
¥illism, a Nentucket nstronomer, with his obzervations, On Ocbober 1,
1357, ¥erie Mitchell discovered a comet. As o result she galned
international recopnition ard was awarded the gold medsl of the
Kirg of Denmark. In 1865 she was enpolnted to the chelr of ostronomy
end director of the observatory st the newly tounded Vassar Collepe
vhere she studied the sun, Jupifer, and Saturn, Eer brother, Henry
Mitchell (1830-1902}, became the leading Anerican hydrographer. He
served with the United Stetos Coast Survey from 1849 until 1888 and
authored sueh works as hiz Tides and Tidel Fhenamena {1868}, After
her death an observatory was dedicated to her memory at lantucket
and her ngme wes enrplled in the Americsn Hall of Fame in 1922.2

Benjemin Peirce {1809-80) was s professor of mathewatics and
astrenomy &t Hervard freom 1833 until his deach. He was also con-
sulting astronomer for the Nautical Almanoe from 18LS to 1857, and
FPeirce succeedsd Alexander D. Eache as superintendent of the Coast
Survey Trom 1867 until 187,

Feirce was noted for hisz accurate ceoppuiation of the general
rerturbstions of Uranus and Meptune and for his research on the
*ings of Saturn. He wrote papers in a new mathematicel figld,
Lineer Associative Algebra, first lithographed ino 1870, and then
printed in 1901, in the ifmerican Journsl of Mathematics.

lradward 8. Holder, Hand-Beok of the Lick Chservatory {fmn
Franciseo, 1%88), p. 817z,

SHelen Wright, Sweeper in the cky: The Life of barie Mitchell,
First Veoman Astroncmer in Americe LWew Lors, 10497,

3struik, Yankee Science in the Meking, pp. 330-35.
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Eenjamin Apthorp Oould {192L-2%) was tre Tirst Arerican
astroncmer to be trained in FPurope. Fe founded the Astrovomicnl
Sournal in 1849, From 18535 io 18%% he was diroceszor of the Dudley
Observatory in Albary, Wew Yorli. Ke vas sssocigted with Teirce 1n
tke leonpitude department of the Coast Survey Trom 1552 to 2867,

He adapted the telegraphic method to obtain the longiiude difference
between Yashington and Greenwich by using the firgt trans-atlantic
ceble,

Beginning in 1865, Could studied ihe southern celestisl hemisphere.
In 1370 he organlzed the Cordobe Ubzervatory in Arpentina, and in 1272
he established meteorolopical stations south Lo Tierre del Fuego. Heo
determined magnitudes of southern =tears which were published ir Urano-
metria Arcenting in 1379, le also prepored zote catalopues of the
sorihern stare whichk were publiched in Regpultados del Chservatorio
Hacional Argentins en Cordebe [L18572-93).1

Samuel Plerpont fangley {1934-1905) was both & famous estronomer
and an seronauticsl picneer. As an essistant astronower at Harvard
Chservetery he discovered two Taint starz in the grent neubuls in
Sagittarivs, For s yesr ke taught mathematics at the Haval Academy
and directed i%ts mastronomical observaiory.

From 1867 to YBBT Lanmley was professor of astronomy and physics
ac the Universivy of Fittsburgl: and director of its Allegheny Obser-
vetor:s., Ho invented the bolamever ard vsed it ip 1878 to make spectral
reasurements of zolar and lunar radialion. His paper on The Bolopeter
and Radians Fnermpy (1881} becarme a scientific classie, In 1881 Lengley
organized an expediiion to Mount ihitney in order to study the quancityr
and guality of the sur's radistion to ilhe earth,

Vhile al the Uniwversity of Fittsburgh, Langley first developed
hiz imterest in the theory and practice of heavier-than-air £lighs.
In 1837 he became Secretary of the Smithsonlan Instituiion and bepgen
to concenvrete his studies orn perorautics. Duriap Langley's fcnure
as Secretory e Astrophysical Obscrvatory was established at the
Smithsonian. Niz writings were collected and published as The Tow
Astronony in 1838, Langley received many honors, being elected to
the Foyal Zoeiely of london, Royal Cocdety of Ejinburph, and the
Avcademia dei Lincei ol Tome.2

13truik, Yarntee Secience in the FHaking, . 336; tie dindex af chis

ook and its reviged 1902 editicn Toth erroneously give Could s life
sran as 1737-1500, inziead of 182496

b . _ . S

“Jefie, Men of Selence in fmerica, pom. 331-5%; Paul H. Oehser,
Cong of Seience: The Ctocy of 'he Pmithgonian Institution and Tis
Ieaders, {Few York, 1949), pp 110-1%0.







Sinon Heweost (1535-19093, a prafessor of mathematics ot ke
Haval Observetory, was a leading astrorcmer of the natisn. In 1875
he was offered the direciorship of the Harvard Observatory, but
decided o rempin in zovermpeni service., From 1877 to 1897 he was
superintendent of the Hauiical Almanac, The Maval Chservalory and
Houtical Almanase enjoyed their golden spe during Mewcomb's ircum-

Lency. Assisting Fewcomb, was the eninent astronomer George 'W. HiLL,
who studied the theory of the moflons of Jupiter and Ssturn and who
devised & new method to caleulate the moon's motion. From 1884 to
1794 nnd from 1898 to 1900, Hewcomb was a professor of mathemetics
and astroncmy at Jolns Hophins University. Throughout his career

he contributed to scientific tournels and authored euch bocks as
Popular Ascronomy (18783), The Siars (190L), ard Astronomy Tor [wvery-
body (1902, 1 -

George Tavidson {1825-1911), the asironomer and geogravher, had
n long career wich ¥he Coasi Survey om Lhe Pacific Coasi. He arrived
in California in 1850 as head of anh astroncmicel end trienpulation
rarty, In 1857 Davideon erected m small observatory on Rineon Hill

in EZgn Francizcn, He later built & temporary observateory at Washington

Souare in San Francisco where he interchanged time sigrels with the
Horvard Observatory using the telepraph. On Fersh 18, 1863, Super-
intendent Benjamin Peirce infcrmced Tavidson that the success of hils
telegraph work dad "attrected the sttention generally of the public
on ke Atlantie.”

Devidson worked to establish a lerpe observaiory on ithe Facifice
Conet. His proposel eventually materiglized through the henclficience
of James Lick. However, Cavidson Tavored a Cierra Heveda site. TUhen
Lick decided on a site in the Coast Nange, Davidson ended his rele as
an adviser to Lick. In 1879 Tevidson built a small ohservatory at
lafeyette Park in San Frencisco where he performed his Coast and Geo-
detie Survey work until ihe 1906 esrihquale,

Fdward Singleton Bolden {18MW&.291h), = WYest Point greduste, was
gh Aastroncmer ot the Movel Chservaiocry in Washingtoa, D, C. from 173
urtil 1#79. In 1851 he became director of the Washkburn Cbservalory
of the Universlty of Wisceonaln, /After serving zg Tresident of the
University of Californias, he became the first director of the Lick
Ohservatory orn Mt. Memiltom Trom 18588 until 1897, In 1989 iolden
founded the Astroncmizal Sccietly ol The Pacific+3

1Eupreo, Seience in the Pederal Government, p. 18%: Struik,
Yankee Hcience in the Makingz, p. 330

EGEDTEE Davidson, 'Letters and Reporis to Benjamin Peirce,
Superintendent of United States Coast Survey, 1866-1875," (Manu-
scripts, The Hetional Archives, Veshington, D.C.). Oscar Lewis,
Ceorre Davideon: Floneer Vess Coast Geisntist {erkeley, 1954},

3Dupree, Seience in the Federa) Government, p. 1i; Holdern,
Hand-Taal of the Lick Obgervatory, tassim.
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Ldward imerson Darnard flﬁ??-l923} was on vhe stalf at Lick
Observatory for elght years and in 1295 he becarz an eshroncmer an
Yerkes Observavory. He discovered Tive satellites of Jupiter and
Lthe nebulous ring around MNewa Auriges. Vhile et Lick Ohservatory
he berar to whotosgraph fihe Hilky iax.

Sdward Cherles Pickering (18LA-1919) was direcctor of the
Parvard Observatory from 1375 to 1919. He wes famous for his
work in stellar spectroscopy and in stellaer photography. In L391
he established an observation stavion ot areguipa in Peru wich the
pgeistance of his brother, William Henry Fickering {1870-1938), an
sstroncuer who had discovered Phoebe, tie 9th satellibe of Saturn.

Ir. Geurge Ellery Hale (18¢3-193%) was the organizer and direchor
of the Yerkes Cbservatory of the University of (hicape., Eale hed
persuaded Charles T. Yerkes, a wealthy Chicagosn, to donate the funds
for a2 telescope, Hale was slzo the orpanizer snd direcior of the Found
Wilzon Solar Ohscrvetory from 1904 uniil 1023,

About 1891 Hale invented thne spectroheliograph simmitanecgsly
with the Treneh astrovhysiclist, Honrd Alexarndre Teslandres, lale
did significant research in solar gnd stellar speciroscopy. He also
performed editerial work for fhstronomy and Astrgphysice in ihe early
1890's end later for the Aztroptoroical Journal.

Taservatories.

Tre Allegheny Observatory of fhe University of Tilisbhurgh was
Tounded in 1860, Ttz prircipal instrument was & 13-inch Fity re.
tractor., Yhen Langley was director, il bocame the leeding cbhservetory
on watiers relaving to solar physics. The lilersl gifis of Villiem
Thaw of Pitbshurgh was the source of meir swmport.

Harvard Observatory,which began opermtions in 1547, hed a digiir.
guisied kistory under such directors as William Crouch Bond, Cecrge
Falllipe Eond, Joseph Winlechk, and Edward Cherles TPickering. Tis
rrincipal inskrument was & 1%-inch Mere refractor with whieh George
Miillips Pond dicecvered & new satcliite off Seturn in 18LE ard smade
his extensive studies on Zaturn in 1890, on ihe nebula of Orion, and
an the great comet of 1898, ihen Fickering became director in 1877,
te emphasized resesrch in prtrophysics.

IThe Lick Chservatory (Berkeley: L2th ed., 1951}, p. 20,

2Holder, Hend-Bock of ithe Lick Observatory, o, 14,

BIavid £. Voodbury, The flass Gilanu of Pelcomer {Mow York,
19584}, pp. 7-18.
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The Lick Chservatory aton Wi, Hanil—on was the Tirst rosearch
gbservatory in ihe Far Yest, The Lick Trusiees provided a 30-inch
equatorial refracior, a 12-inck equatorial refracvor, &nd & 6 }-inch
meridan cirele insiriment, Vhen the Urniversity of Calilernia acquirod
the observatory in 1383, it was considered its "crowning posscesion.”
For elever yenrs the 36-inch telescope at Lick Observatory was che
largest in the world., Edward ©, Barnerd discovered the faint fifth
satellite of Jupiter in 1892 at the new cbservatory. An etlas of
the meon was prepared b the Iick steff based upon phoiographs made
with its pgreat plasgs, The gstroncmers at Licx performed pioneer worlk
iz itlke study of sunspets erd double star systams.

The University of Southern Colifornia planned a telescope To
putdo the Lick Observatory, bul the regents could not obtain the
money o pay leas-maker Alvan G, (lark of Cemtridgeport for the fwo
Iige lass disks that he had ordered from an optical firm in Paris.
A5 B result the University of Chicapge was pble to acquire the lens
for 2 UD-inch telescope at iis Yerkes Qbservatory which opened av
Williams Bay, Wisconsin in 1897,

The decision of the Carnegie Institutien of Washingten, D. <,
To build the Mount Wilson Colar Obzervatory in the San Gabriel
Mountains was made upon a recommendation of fameel T. Lengley in 1502,
Twe years later Dr. Oeorge Zllery Hale was appointed director. Its
principal irsirument st first was & ©0-inch reflecting telezcope.
The obszervabory steff concentrated upon the ztudy of the sun. The
comprehensive studies of sunspots at Hound ilson resulied in the
annourcement of a general theory of sunapots, In 1906 John D. Mooker
of Los Angeles gave Mount Vilsen Ohservatory the money to sequire a
telescope mirror of 100-inch aperiure,

Aerponautics,

As related before, when Zemuel F. langley becams Gecrefary of
the Smithsonizn, he emphasized aerorautics. In 1891 he authored his
Experiments in Aercdymamics. In 1893 Albert ¥, Zalm and Cetave
Chanute argaETzed an international conference at Chicapo on serial
navigation. Among vhe sciemntisis attending werc Lanpley and PBobert
B, Tiurster, director of the Cibley Zchool of Mechanlezl Enpginsering
at Cornell Uniwversity. Parers rresenled at the meetipg inciuded those
by Dr. Zanm on "Stabilicy of Aeroplanes and Flying Mechines," Langley
on 'The Internal Ugrk of the Wind,"” end lewrence Hergrave on "Flvinsg
¥achine Motors and Cellular Kites."

lHolden, Harnd-Book of the Lick Chservatory, wp. 113-17; Villiarm i,
Campbell, "A Brief listory of Asironomy in California,” in Zoeih 5.
Eldredpe, e=d., History of Colifornis {Hew York, 1215}, Vol. V, op. 23—
Tl; George E. Hale, Ten Years' llork of 2 Mouatain CObservatory: A Bried
Account of the Mounit iHison Solar Cbssrvaiory ot the Cornegle Institu-
Tian ol Uashinmson {*mshington, D.C., 1915). - )
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Ir the early nineties Iawgley buili his aerodrcmes. Co Coto-
ber 2k, 1294, he launched an aerodrcme for a flight of about two and
a balf seconds. On Novewber 28, 159%, Aerodreme Mo, & Tlev three-
ouarters of & mile, - T

Dvuring the Spanish-American Yar Lanpley was asked to Tuild a
Flying maching that cow?d be used in aerisl reconnaissance.  Tangley
sccepted and engaged Charles M. Manly, an engineer, %o build an
engine in the shops of the Smithsonian Institution. The completed
flyirg mackine, designed to carry a pilol, failed iz ¥wo trials on
Cetober § and Docember 8, 1903, FKine deys afier Langley's second
Tailure, the Wright brothers succeeded in conguering the glr.  Al-
though Langley was ridiculed by the press for bis Tailure, he was
on the right path and he is considered a pioneer in the theory and
consiruction of heavier~than-air machirves,”

fmongm other American ploneers in aeronsutics were John Joseph
Yontgowery and Qc¢tave Cheanute. A= a student st Tt Ipgnatius Collepe
{University of San Franeisco) Vontpomery Tirsc stndied the problems
of flipht and earned his bochelor and masber af science degrees, In
1353 he studied the flight of gulls in the 5an Diepo ares and built
nis first gtider. He made controlled winged f'lights neer Olay.
Montporery's report at the Chicago conference in 1293 impressed
Cetave Shamate, who elso bepan ta experiment with plidsrs near Tan
Diego. In 1390 Monigomery becare e physics proTessor at fanta Clara
Collepe. He continved his experiments with gliders until his fatal
wishap on Coteober 31, 1911, near Evergreen in tle Sants Clara Valley.

Ccteve Chenute (1832-1910) in his Progress in Flying Machines
{10894) brought together much informeiicn acauired by both Turepean
and ferican flying mackine experimenters. He had also anthored
Aerigl Favipation {1891). Chanute designed & number of gliders.
Fiz reatest concribietion was that he designed movrsble control sur-
faces and Inis gliders hed good stabiliby in Flight. The Uright
brothers later acknewledged the value of Chanute's experizents and
designe.

lJeremiah tdlbank, Jr., The Firel Confury of Flisbl in America
(Frincetor, 1943), pp. 180-92. Devid G. Cooke, 1he Ghory Of Avialion
{Hew York, 1053}, pp. 37.41.

EKenneth M, Jobneon, Aerial Califeornis: An Account of Esrly
Fripght iw MNerthern & Southern Californie, M40 4o Uorld Var I { Los
Engelas, 19EL17, tp. 11-20; 'Jobn J, liortgomery, Fioneer Airman,”
Union Title-Trust Tapics IV [Sepi.-Cot., 19%0), p. 12

BCQQEE, op.oit,, . 30-31.







Medern Fhysics,

President Daniel Coit Gilman ir launching the new Johns
Hopkins University in 1875, selected Henry Augustus Rowlend {(18L8-
1901) as the first professor of physics upon the recommendation of
Genersl Michle of West Point and of Professor James Clark Maxwell
of Ceubridge University, Turing a conversalion at West Todnt
Cilwern became acquainted with Rowlend's intellectual powers and
unusugl aptitude Ffor experimentel science., At the time Rowland
was an assistant instructor at his alma water, Rensselaer Foly-
technic institute in Troy, Hew Yark., Gllwen later said that
Rowland hed told him his dreams for sciernce and that he had told
Rowland his dreams for higher education. Arter Gilman reported
the interview to the Johns Hophins Trustees, they replied: "Engage
thet young wan and take him with you to Furope, where he mey Tollow
the leaders in his seience and be ready for a protessorship.”

Thus Towland began his twenty-six yesrs® career with Johns
Hopkins University. He invented concave gratings used in chserv-
Ing the solar spectrum. In 1879 he made an z2ccurate determination
of the mechanieg] equivalent of hest., In 1838 he completed a large
Phovorraphic Man of the Zolar Spectrum. He prepared a table of
solar Speclrul wave-lenghhs which appesred in the Astraphysical
Journal in 189%-97. Rowlend also discovered the ragnetlies effect
of electrie convection, and he investipgated alterrmting currents.

Albert Abraham Wichelson (1852-1931), the firsi American
seientist to receive s Nobel Frize, was born on December 19, 1852,
in the Polish town of Strelno in Germen territory. Tn 1854 the
Michelsons moved {rom Poland to Hew York City. In 18956 Michelszon's
father opened a Ary-goods store at Murphy's in Calsversas County,
{alifornia. When Albert MHichelson was thirtcen, he was senc to
San Franclsco Lo attend Poys High Scheogl. He 1ived in the home
af the schocl's schalarly principal, Theodore Hradley., The sckool's
curriculum stressed mathematles, natural sciernces, and languages.
Frincipal Bradley encouraged Michelson's solentific interests,
and put him in cherge of the scientific epporstas at the school
then located on Powell Streetf,

After his graduation in 1859 from Boys High School, Michelson
returned to his home which was now loceted in Virginia City, NHewvada.
Mickelson decided to apply for an appoiontment to the Maval Academy
at Anmapclis. Or June 10, 1869, he passed a written examination,
but failed ic win en appeintment. Armed with letters Irom hiz
Congressman and from Theodore Bradley, young Michelson decided to
apperl directly o President Grant. He journeyed to Washinghon
by ihe new trenscontinental railroad. Michelson's personal ples
wvith Fresident Grant on thke Yhite House sleps asasisted him in

'Pabian ¥ramklin, The Life of Daniel Coit 0ilman (Wev York,

1910}, pp. 197-99; Florien Cajori, A History of Fhysies (iow Yoals
Dover edition, 1962), pn. 177-78, 205, f2l, Za3.64, 264, 325, 328,
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winning the appointrment to Aznarolis.

Following his graduation and two years of duty at sz€a, Frelgn
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 3i. Louls meeting of Lhe
American Association for the Advarcement of Secience and pressated
e paper entitled, "Experimeatal Determination of the Velgeity of
Light,"™ which sppeared in the April 1573 issue of the American
Journal of Science. Simon Hewcomb, the retiring president of the
American Association far the Advancemeni of Science, was greaily
impressed by Michelson's erxperiments and supported further experi-
ments, Heweemb was able to get Michelszon transferred to the Hauti-
¢al Algenac Office. However, Michelscon shorfly left Hewcomb and

took leeve from the Navy for further training in German and French
universities, Vhen Michelson completed his Eurcpean training, he
endeovored vto dbimin a professorship of mathewatics at the faval
Academy. #hen he Tailed in Llhis attemot, he resigned his commis-
sion in the Hevy on September 30, 1851. Almost immedietely Wichel-
son was appointed professor of physics at the Cnse Schopl of Applied
Seience in Clevelsand and ziven a leave for the pcademic year 188182
to continee his resenarch in Eurcgpe.

In 1389 Michelson resigned from the Case School and becare a
professor at Clark University in Yorcester, Massachusetts, Uhile
there the Roval Sociely of London awarded him ite Rumford Medal,
Because of a conf'lict over maney with President G, Stenley Hall of
Clark University, Michelson accepted the ofter of President William
R. Farper to head the departwent of physics at the new University
of Chiecego., EHere he carried out researeh prolects iIn his effort
to make Chicago s center of spectroscopic activity. Michelson's
fame grew and he wes ewarded wany honorery degrees. He receiwved
a degree from the University of Farisz in 1895 ond the scarlet robe
of Cambridge University in 1899. - Poth Michslson and Mark Twain--
two Calaveras County celebritles--were bestowed honorary doctors
of law degrees at Yale Undversity in 1901, From 1901 to 1903
Michelson served as president of the American Physiecel Society,
and in 1923 he was elected president of the Mationel Acadewmy of
Selences.

Michelson's entire life was concerned with the provlem of
the speed of lipght. HMe was the First to defermine the gpeed o
light. He ipvented several sclentifically wvalueble optical instrus
menks.,  Tor exomple, ke invented an ivproved interfercmeter for
mezsuring distances by means of the length of light waves, As
mentioned earlier, he perforred the famous ether-drift experiment
with Morley in 1837. This experiment demonstrated that the abso-
lute motien of the earth through ether is not measurable. Michel-
son's revelations in physics bocame 8 starting point in the develop-
mews of the theory of relativity.
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The slgnificance of Michelson's great scientific work ras
renlired in his 1life €ime, In 1007 he was gwaprded the Hobel TPrice
for Thysies, receiving it for his experimencs in messuring tho
speed of" light, Thirteen years after hiz death the Michelzeon
Laboratory of the United States Naval Orduance Test Station at
Chira Ialke, Californie was ramed in his horner.

Mickael Idvorsky Pupin (1858«193%), professor of electro-
pecharics at Columbia University from 1901 to 1931, was born in
Yuzcslavia and came *o the United States in 137L. Ye was both m
scientist and inventer, He did research in theoretical science
ard utilized the results on practienl problems. His inventiors
are discussed in whe Lhistory of inventions seclion, but his major
writings ore mentioned bhere. In 1895 ne authored Eleciro-Mamnetic
Theory ard in 1923 he wrote his autebiograplty ertitled, From Immigrant
to Inventor, which won the 192h Pulitzer Priee for Diograpby or Auto-

iorranir. &
biagraphy.

Robert Andrews Millikan was horn in Morrison, Illinois in 1868,
He teught at the University of Chicago from 1896 teo 1021, In 1921
he Pecace director of the Torman EBridge Leboratory of Fhyslcs at the
California Institute of Technolomy. Millikan wes ercdited with being
the first to isnlate the electron arnd to measure ite charpe, Most of
his writings apreared after 1913, and are beyond the scope of Lhis
strdy: however, it should be mentioned that e received the Hobel Prize
in Plersics dn 19230 Millikan was the second American io be so honored,
Michelson being the first.

¥edicine,

American smedicine made tremendous strides in the Industrial Age.
In 18&% President Charles W, Eliot of !lervard University initiated
reforms in the wedical school. FPeansylvania, Columbia, and other oldes
universities Aid likewise, Jobns Hopkins University began fnsvruection
in medicive in 1386 and opened 8 mediczl school in 1993, Tbs medical
faculty under the hrilliant lemderchip of o, “illiem Henry Welch
attrocied sble students throughout the nation.

1
Bernerd Jaffe, Mickeoleson and the Speed of Lighi {Garden City:
Loubledny Anchor Crigimal, 19607; Cajord, A Historw of Physics, wp 150,

17L-78, 190, 322-25; Archibeld J. <loud, Lowell High Gehool. San Francisco,

1856-19%¢ {Pale Al4o, 19S6), pp 1T-18.
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Miectel Pupin, Frem Iemigrant wo inventor {(MMew York: FHew
Edition, 1025},

3Cajari, A History of Fhoysics, pp. 389-31, 335, 380, 3L, 368.69,
371; Robert &, illikan, Eutohio;r&mhy_{ﬁeu Torlk, 19507 1. A, ¥41%ikan.

e Tmst FifMashn Years of Foveies M TProceedings of the Amorican Philn-

sophical Sadlety a7 (19.5) pp. GO-78,






The American dNedical Assceistion had Dbeen founded as early 88
1847, but it did not have a scientific jouraal until 1583, In 1890
the Association of Anerican Medical Colleges was Tounded. In co-
operation with this new orgarization and the sftate wedical licensing
beards, the Americen Medical fssociation reformed medical education.
In 1985 the Association of Americen Physicimns was creanized, and in
1501 :ihe American Assoclation of Patihologisis and Pactericlogisits wes
arpanized.

Ore result of the wany Anerican pedical digcopveries of this
pericd was the ermpdication of yellow Tever. IDr, Walter Reed {1851«
1902}, an Army surgecn, in 1900 headed a commission, dincluding Jazes
Carrcll, Jesse V. Lazear, and Aristides Agramonie, which investigated
the iransmissior of yellow fever. Dr. Cerlos Finiay of Havara had
recognized that the hedes Aemynbi wosquito could transmit the disease
from yellow fever péfientﬁ to non-immune persons, Ry controlled ex-
periments the cormissicn proved Finlay's views. Uplortunetely, Lazear
Aied from the bite of an infected mosquitio, ard Carrell acquired lhe
disemse in non-fetal Forrm, The rosearches of these medieal heross im-
rroved sanitation in the tropics.

Pr. Tilliam Opawford Gorgaes (1954-192C) as chiet ssnitery officer
fraed Havena from che seourpe of yellow fever st the turn of the conlury.
betdng as chief sanitary officer for the Panara Caral Commission, Trom
190h until 1913, he eradicated yellaw Tever at Fanama, end made the
building of the canal possible,

“he work of Dr. Howerd Taylor Ricketts {1871-1910) zerves as
an exemple of how the discovery of & civilian pathologist alded puklic
healoh. PFollowing his studies in dermatologicsl pathology and tlastory-
cosis at the University of Chicago, Ricketts proved the theory fhat wood
ticks transmitted Rocky Mountain spotted fever. Ee slso discovered that
body lice transmiv tyohus, Uafortunately, he died from Lyphus fever
while investimating it in Mexico with PFussell 14, Wilder.

The Arcrican Fulidic Health Association was established in 1872,
with Dr. Stepben Smith being elected as its Tfirst president. Only
Messechusetts, Celiforhia, Virginia, snd the Districe of Columbia had
eatablisked boerds of health prior Lo 1872, The new organization per-
formed impartant work in encouraging the state povernments to develop
public henlih standards, Members of the Associstion carried on sig-
gificanrt researches in btacteriolesy with its wractical applications
to public healsh, L

lrrancis R, Packard, Ihe History of Medieine in the United Stntes
{# vols,, Hew Torlz, 1531Y: E=mond R. Long, A Higtory of hmerican
Fatholemy (Springlield, 19562); ¥aryclk P. lavenel, ed., £ Folf ventury
of Fublic ¥ealth {Hew York, 1921).







Advences In other scelences.

Thoras Hunt Morgen, ihe enminent American zoologist, was born in
Lexington, Hentudy in 1966, He was = mrofessor ab Colurbie University
from 190k to 1926, and then becare director of the Kerckhoff Leboratories
of Biological Sciences at the Californiez Institute of Technology. In
1933 he was avarded the Nobel Frize in physioclogy end medicine. He
discovered mweny of the mechanisims irvelved in heredity, He experimented
in the new field of genetlce, demonstreting tlet physical charscteristiss
were transmitted by "genes.” His research brought about madifications in
the theory of evolution. fwong his early tublications were Hegeneraiion
{1901), Evolution mnd Adeptation {1903}, Fxperimentel Zoology (1907), and
Heredity and Sex (1913).1

Herbert Mclean Evans, the enatomist and embryoclogist, gredusted
from the University of Californio and then did graduate work at Johns
Hopking University, In 19C0 he demonstreted the origin of the wvascular
trunk from capillasries. He beceme a professor at the University of
Celifornis where he performed significant research which is beyond thke
chronclogical scape of this historicel survey+2

George Washington Cerver (c. 186h~19h3}, the negro botznist,
chemist, and agronamist, was born of sleve pavents in Mlssourld during
the C€iwvll VWer. He carncd his bechelor and mesier degrees of =cience
at Iowa State University. He had e brilliant resezrch career et
Tuskegée Institution in Alnbema where he was director of the Demartment
of egricultural receareh, e pyplied science to epriculituwral practices.
He was particulerly successful with his peanut experimenis wvhich re-
sulted In many edible end Industrisl uses. He sleo developed new uses
for the sweet potmto and for the pecan. Cerver's scientiflic work wvas
important in giving the Southern farmers the plenters ¢rops that they
aonld sell profitably.

Fole of the federnl government.

Vhile gcience declined in the militery services after the Clyil
War, scientific resenarch in ithe Department of Agriculture end in the
Department of Interior developed. In 1879 the United Staetes Geo-
legicel Survey was formed ms z permenent bureen within the Deperiment
of Interior. Clarence King wans the first director snd he was suecceeded
by Jokn Vesley Powell in 1881, FPowell made the survey national in scope
and hired s large nurber of sclentists. Although Fowell cxpected
rractical results from govermsent scleénce, he 4did not neglect basic
research, As related eerlier, he hired Othniel C. Marsh es Chief of
Prlegnotology. While the werin work was conterned with proparing a

1Jaffe, Men of Solence in Armerica, pp. 303-LEY.

®rpia., pp. WoB-G6.

3Oliver, History of Americen Technology, . 5437 Dies, Titans

of the Sail, pp. 180-81,
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topograpile map end 6 geologic map, Towell also orpganiced a chemical
laboratory in Washington. In 1892 the appropriation for the geological
purvey was cut and work was restricted to topography.

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

In the early eighiies an economic ornithology secticon was estob-
lighed within the Divisicn of Entomology of the Department of Agri-
culture, In 188& it became the Divislon of Ecomomic Ornithology end
Marmelogy with ©. Hart Merrisp (1855.1542Y as its heed. In 1896 it
was renemed the Division of EBioleogicel Survey. It cerried on a re-
searel program in natural history.

Seientific interest in forest protection wes urged by In. Franklin
B. Hough at the American Associztion for the Advancement of Beience
meeting in 1873, Iun the pext decade Torestry work became a division
of the Department of Agriculture under Bertihard E. Fernow. Charles
Spregme Sergent, the Famous Amerlcsn arboriculturist, made hls signll-
jcant "Report on the Forests of North Ameriea” Tor the census of 108G,
Hough, Ternow, end Sergent were ploneers in the conservation moveeent
and woerformed importand scientific work in leyiag the foewundaticn far
ar expanded role by the federsl government.

Significant landmarks in the federal scientific eetablishment
vere creation of the Netimnel Burceu of Standards in 1901 and the
Bureau of Mines in 1910. Both of these bureaus engaged in applied
research Tor governneatal end private agencies.

In 1883 the Cerartment of Agriculture established a Veterinary
Divieion under Daniel Elmer Salmon (lBSD-lth]. The nexkt year Congress
provided for 2 Bureau of Animal Hesbtandry, snd Salwon served asz its
chielf from 1884 to 1905, He started a2 meat inspeciion system and
devised methode to suppress the conftagious diseases of cettle.

Ir. Theobald Emith while working for the Buresu discoversd the

organism causire Texas fever: he demconsirated that [t was tranamitted
bty & cattle tick. In 1393 ike Durepu's Tinal revcrt on Texas fever
appeared, and it indicated that government science hed wede an Important
diacovery.

The pessage of the Eatch Act ip 1887 provided for the estsbiish-
ment of egriculturel experimental stations in all states. This law
was second only to the Morrill act in importance in fosbering scientific
agriculture. 1

lDupree, deience in the Federel Government, po. 1h9-83, 195 -270:
Savenel, A Half Century ol Public Health, pp. 41h-19.
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From 1853 to 1912, Dr. Harvey Washington Viley {134k-1930),
who had been = profeesor of chemistry at Purfue University snd
Btate Cherdst of Tudiana, headed the Bureau of Chemistry of the
Department of Agriculture. He lgd the campaigh sgainst Teod
adulteration and assisted in winning enactment of the Fure Food
and Drug Act of 19¢&. He mlso studied the beet supar problem.
45 en apostle of pure Food Viley won many honors. He was elected
president of the fmerican Chemical Sociely, =nd he presided over
the firet world congress of chemlets meeting mt Chicege in 1892,
Trom 1399 to 191k he wes mlso a professor of sgricultursl chenistry
at Ooorge Vashington University. His major publiecatlon wes three-
volume work entitled, Principles and Proctice of Asriculiural Anelysis
(189%-97). 4

Exvploring expediltions,

The Mavy hed nothing camparable to the Wilkes Expedition in

this pericd, In 1869 the Bureau of Navigetion dispatched scverel
expediticns to examine mn isthmien canal rouie. p[pyal officers

operated the steamer Albatross in its research in mearine bicleey

for Spencer F. Haird, the Commissioner of Fish end Fisberies., Zera L.
Tanner served as caphtain snd Seaton Schroeder served as executive officer
and navigator.3

In 1881 Lieuterant Adolphus ¥, Greely commended en Army expedition
to Lady Franklin Pay to establich a station for sciemtific observations
and for geographical diacovery. In the spring of 182 James B. Lockwood
with 2 small detmchment explorced the northeastern coeeegt of Greenland
in latitude 83% o4t N, a4 relief vessel failed in two attempts to
reach the expedition. The Adetachment ther abandoned its ship and re-
treated scuthwards in beats. Lockwaod died at Cane Sabine, and when
relief mrrived in June H8hL, ﬂnly geverl men hed survived out of Ioolk-
wood's party  of twenty-four, More successful was the Arctic ex-
pedition under Lieutenant P. Henry Fay of the Signal Service which
erected a metecrological and astronomiceol cbservatory at Point Barrow
in 1881. In the field of explorstion fomy expeditions in the interior
of Almskn were made in the period 1883 to 1885,

lDies, Titene of the Soil, pp. 152-55.

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

3Se&t0n Schroeder, A Half Century of Haval Service {Vlew York, 19223,
TP, 199-=TG,

lLPercg,r Sykes, A History of Eyplorntion {Wew York: Harper Toreh-
book edition, 19017, pp, 320-2L.

55&njamin F. Gilbert, "Arts and Sciences in Alaska: y&h-1010."
Journal of the West I (Oct., 1962}, p. 1h6,
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Erpience in the Far YWest

The first scientific speoiety on the Pacific Comst, the Californis
Academy of Sciences, wns established at Zen Froncisco in 1553. In
1B59 several residenis of San Francisco formed the Pacific Observatory
Asepcistion, bt thelr propoeal to ereci an ohgervatory wes not raal-
ized. ! The greesi develepments in Celifornia in the field of astroncmy
have already been described elsevhsre in this chepter. In 1870 the
Sen Franciseo Microscopicel Society was organized by members of ihe
California Academy of Sciences. In 1381 the Geographical Society of
ihe Pacifie was esumhlished et Zan Frencisco with Georpe Devidson
serving as 1us president for thirty years. In its Transactions end
Froceedings articles on geoprenhical and selentific subjects were pub-
Yished.

Several Scuthern Celifornie citics orgenized natural history
societies beginning in the 1870's. The San Diego Sopiety of ¥aturel
History published the Wegt American Scientist Trom M08h to 19319, In
1896 the Southern Californis Academy ol Ociences WaEs organized at
Losg Angeles.E

Geological surveys were first made in Ceglifornia in the early
Fiftles. In 1860 Josish Dwight “hitney wes made Stete Geologist and
his survey lested until 157k, The Vhitney survey accumulaeied much
gsgientific dmte and acted a5 2 treining school for several ooientists
such 0s William H Brewer and Clarence King whoe were fto gain nationsl
recogrition. In 1876 ‘he Calitrornie State Gealopgicel Society wWas
orpanized nt San Francisco. TFour years later it evolwed into the
State Wining Boreou and exisis btoday as the Division of Mines and
Geology. Several Californis geologisis such gs Joseph Le Conte and
Andrew . lawson beceme netionelly prominens through their scholerly
writings.

1Eenjumin F. Gillert end Edvard J. Farrell, "Cultursl Berinnings
of San Trancisco,” Sern Francisco “uarierly ¥V (Spring. 1949), op 5-7-
Robert €. Willer. ' The Celifornia Acedory of Sciences ard the Eerly
Hisiory of Science in the WWest," Californim Historical Society Cuarterly,
¥XI {(Deec , 2942Y, . 36G3-T1

2

denry 7. Zplitter, "The Develomment of Science in Los Anpeles
and the Southerr California Aree (1350-1900}," Guarteriy af the
Historical Sceiety of Southern C-lifornie, XOVIII (19250}, pp. 90-140.

3prank . fnderson, "Ploneers in the Geology of {allfornie.” in
folon Zhedd, Bibliopraphy of the Geokozy and Hincral Bescurces of

ColiTornie {Sacramento, 1933}, Dp. -24.,
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Besldes the sclentilfie end medicel societies and the geological
survey, California schools and colleges encourspged scieniific studies
Then the California Stete Wormel School was loceted a* San Francisca,
Ir Henry Gibbons, an eminent leocal physicien, lectiured on botany.
After the school moved to Sen Jose In 1871, Henry B. Norion, George
Kleeberger., end Voloey Raltan were smong the early instrucicors In
science. Fon%ten had euthored g botany manuel eptitled, A Fopular
California Flore. -

In 1968 the nevly chartersd University of Celifornia engaged
the Le Comte brothers to mssisi in laying = strong foucdation for
geience instruction. John Le Conte teught physics and Joseph Le
Conte taupht gecloey. John C. Merriem, the first gredusie student,
wan gttrancted to the University of California by the writings of
Joseph Le Conte. Merriam later beceme s noted paleontologist and
president of the Carnegie Institution.Z

Stenford University during its first yzar of existence in 1891
established Yhe Hopkins Merine Tiological Laboretory at Pacific Grove,
Eangterr and Buropean soientlsts made studies there and the results were
rublished in scientific jowrnals, Among the early science Leachers
hired at Stenford were John €. Braoner in geclopy, Charles Henry
Gilbert in vertebrate zoology, and John 14 Stillman in chemislbry.

The Celifornin landscave attrected mony field noturelists  For
exanple, Dr Jemes Cogper studied Yhe fauna end ornitholegy of Celifornis
Tor over JTorty years Jantos YaAnius, a Hungerian naturalis., collected
srecinens for the Srithsonisn Institution during his Army zervice mt
For:i Tejon from 1857 <o 185G Igter s g tide cheerver with the Cogst
Survey atv Cape San Lucag in Lower C liforrnis and then as United S.ateg
Consul at tenzanillo, Xantus apain sent specirens to the Swithsonian ©

John Muir explored Yosepite beginning in 1848, gnd was to devise
a controversial hypothesis concerning “he wvalley's ovigdn in glacial
erosion.  Mulr studied the wildlife, mountains., sand valleys. of Celifornis
end lhe glaclers of Alaska. Mulr wes Lhe author of books end magazsine
ariicles and a founder of the Sierrs Club  Ele first book, The Mouniains
of California (1894), hed a wide distribuilion While ¥uir was not an
ayact scieniisi, he wae a great lover of nature vho presched conservetnion
at en opportune Lime.

lBenjamin F. Gilberi, FPionears For One Hundred Years, S.n Jose
Stete Colleme, 1857-1957 {San Jose, 195T), p. 205.

2i1lliam . Ferrier, Origin and Developmen: of the University of
Californie {Berkeley, 19307, pp. 5al-3s.

30rrin L. Ellioti, Stanford University, The Pirsi Twenty-Five Ycars
{Stenford University ¥ress, 19317, PD. 92-99, LO7-08.

ll'HEmF:y M. Hadaden, fantus, Hunggrian Haturalist in the Fioneer ‘lesu
(Palo alto, 1949},
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Edward Palmer {1831.1911), the plant explorer of the “est. collected
archaeological}, ethuological. end zoological speeimens. He was e scien-
tific_FxploreT who helped %o malte dnown the flora nnd feura of the Far
Wezi, =

David Suerr Jordan (18%51-1931), an eminent bialegizt and educator.
wes ong of the Best knovm scientists in the Yest., A praduate of Indionz
ledical College, he tgught in three univergities before he beecpme presi-
den: of StanTord University in 1891  Jordan made hiz greatest contri-
bution to secience mz en ichthyolegist. He siudied the fishes of the
rivers of the Middle Vest end e South end in the waters of the TPacific
Cozst from Zen THerg o Seetilse., Mis publicztions on ichthwelopy were
mumzirous end of scieptific value. For exemple. he esvthored wizk Barten
Y. Dvermann, The Fishes of Forth and Middle Arerice (IBQEFIQDU}.E

Luther Burbank {1349-1926) as a young truck gardemer in Massachuo-
sotis was influenced by his reeding of Darwin's Variation of Animels snd
Plzntas Upder Domesticaiion. He developed the Burbank potmto. In 137
he moved to Santa Rose, California where he eslablished e nursery and
cardens. He experimented with plants and tested Darwinian theories. He
improved old varieties, combined wilé@ types with degenerated cultivated
types, end develope? new Torms of plant 1ife. 3

A theugh BPurbanly the bharticuliuralist was called & scientist by
Mavid Sierr Jordan and olliers, kis methods were actumlly more like
those of en artist. Hiz metheds were nobt entirely ocriginel, but he in-
cregsed the econowic values of plant lile.

1Hagers ifeVYeugh, Fdwerd Falmer, Plani Explorer of “he American
vest (Vormen, 1956),

“Rocivel 1 D, Hunt, Celifornie's Stetely Hell of Fame [ Stockton.
1950}, po. k2o-3h

3among the biorraphies of Durbank are Walter L Houard, Luther
Burbanl: A Victip of Fero Worship {Walthem. 1945) and Henry C Williams.
Tuther Burbanlk: Hig Lile and Work { Hew York, 191%): also see Tavid
Sterr Jordan and Vernon I Kelloge, The Selienvilic Aspeeis of Tuther
Jurbanik's Vork (3an Francisco, 1909 ).
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PART 1 {Continued)

A HISTOFY OF THVEWTICHS

VII COLOMIAL FERTOD, 1400-1775

Transmiszsion of Furopesn tools and Lechnology

The Tirst settlers of Virginia cuickly reslized thel sucecessful
colonizal.ion depended upon the tranenleniing of skills, tools, and
technolories to <he YMew Yorld, Ir gn «fTort to save the Jemesiowmn
settlemeni Captain Johm Smith in 1600 urped officials of the London
Company to send nim 30 carpenters. husbandmen, blackesmitihs. and
masone, racher than & thowgand additional peonle similer Lo the
genillemen already in Virginia. The origirsl felly of sdventurers
searching for tremsure ceased, snd Lhe company began to ship skilled
ertvisans with tools. implermenits, and utemgils. Onee 1he Jemesloum
seltilers began to produce pitek, tar, clepbeards, pearlash. and tobecco
the survival of the colony was made pogssible.  Arong the Filprims
settlins st Plymouth were mpary gkilled hushendmen and artisans vho
brought tools and technigues from Fngland and Holland. The leler
colonists were also skilled nrtisans. For exanple, William Penn
in mdvertiging for emlgrants soupht industiriowns husbondmen and
mechenics,

The existence of abundent rew materiels in colenial Awerica
encouraged crude manufzceiures. Foresi resources enabled the colonistis
Lo engage in lumbering, shipbuilding, the manufacture of naval stores,
angd the making of potesh. A plenliful supply of wood fuel permitied
them to make iron, glass, brick, and potiery. HMineral resources,
particularly irop ore, were also aveilable.

Ealonint creftsmen.

Alvtouph the colonisl economy ves primarily agriculwurel, erafte-
men nlayed & signifiecan: rele in Americen development.. To Lhe seven-
teench century Jmericen craflismen and hustendmen had o struggle in
the wilderness ito make 2 livipg. Under the rural end Trontier cone
ditions mosc implorants Leceme fgrmers Crefis actually did oot
Tlourisi in colonial Americs unuil he eightcernth century when the
popilation begen to double every lwenty yeers A & gresiter urban
econoryy cvolved the demend for the producis of craftsmen increased
After 1763 the Znglish colonists sought more ernd more to foster home
indugtry end to become self-sufficien..

lGliver. History of Americen Technolosyr, pp. 1-10.

ictor 8 Clark, Hissory of HManufacturee in the United States
{Mew York, 1920). Vol. I, mp. T%§%6
»







In ke sevenicenitk century household manufaciurinpg was more
impor.ant in Arerica than commercislized industry A lebor shoriage,
the lack of capitsl, poor itranspertation, end ihe small market were
amony tie faciors that ac first hindered the prowil of industrisl
enterprises. In general colonial iandustiries were small and simply
converted row materials into crude products.l

Arrieuliuaral ivmplements.

In coloninl Americe where land wms plentifid gnd labor was scarce
the farmer was ot concerned with soil conservation, bul he was arxious
o adopt lator-seving devices. The colonial fercer improved ihe axe.
che plow, and the nerrowv _ He ususlly substituted the cradle for the
hand seythe to cut prain.

In the late colepial period Jared Bliel of Connecticu.. who wes
bo:l a practical and scientific agriculiurelisc. experimented with a
seed Arill in an atiempt io simplify and improve the one perfected by
the Enplish epriculdturalist, Jet'oo Tull el o'e agsiscance of
Presidert Thomas Clap of Yale College and of EBenoni Hylllard., a masiler
wheelyripht. Fliogl invented a plow and drill woniclh was capable ol onein-
ing furrows, Aropping seeds and Teriilizer. snd covering them in one
aperelion ATier Fliot's deatlh, Denjmmin Gale ioproved the macline, -

Clothing and leaglwer fndustrics.

In the berlnning the colanistis depended upon Fngland for clotbirpn
AfCer sheep were jniroduced into the coloniez the nroduction of
clotking begen Indians and irappers supplied colonial eettlers with
doe and huek sking and hides were ioporied From the Spanish West Indies
aking & leather industry possible.  Alsc linen produciion developed

In 1538 five wemvers arrived at Howley, Maszachusetis. Here the
firsi cloitlk was magrufaciured in Enelish America. By 1700 cloih
mprafacturing =xiszled in most colnniﬁs, Yt it was mosily manufsciured
by the farily in ihe household unit.

Thomes Beard, a shoemaker, was a TasSschEcy slocard the Mayflower,
end ho became pilonser of the fmerican boot snd shoe trade. 31
srtoempkers and tanners were plying their trades in Virginia. as well zs
cultiveting the ground.

‘rarl Brideahauph, The Colonial Craftsmen (Chicago: University
of Chicapo Press, First Phoenix Edltion. 1901}, pessim,

EDliver, Higtory of fAmerican Technolory, 7. 23

3Bridenbaush, Colonizl Crafteman. vp. S0-51- Herbert Thoms.
The Tochors of Yale College, 1707-181% (Hemden, Cowun., 1910), p. 13.

hGliver. Fistory of American Technolorir. np. 37-Y4%. mrrorte were
mode to introduce the silk industry at Jamestowm in 1607 and the linen
induskry in 1612,
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In 153 Philip Kertland began the manufaciure of shoss &t Iynn,
Massachusetts., In 1750 John A. Tagyr established a shoe shop ac
Yynn, Hiring akilled craftsmen to specislize on specilf'ic operations,
he starled & Tactory system on a small scale.

Transportation and communication.

Swall craft were built in Virginie as esrly as 1611l. Rowboats
snd shellops Were copsbrucied bty the colonistis for comstsl travel
The first major skipbullding was begun in Few Englend #n 1823. On
July 4, 1631, the thirty-ton sloop, The Bleszing of the Bay, was
built For Goverror John Winthrop, By 1670 Masssachusetts had pro-
duced T30 wvessela, In Lhe geventeenth century the wmein shipbuilding
centers were gt Bosion, Charlesion, Salem, end Scituate In 1690
a naval vessel, tte Falkland, was consirucied for the Foyal Havy atb
Portsmouth. Hew Hempshire. This warship was built by cclonisl ship-
wripghts urder contract in & priwate shipyard.

Fennszylvania was another center of coloninl stipbuilding. By
the time of the American Revolublion shipbuilding was & major industiry
in Philedelnhia Cerimin technologicrl sdvances were mede in Americam
shipyards For example, in 1713 Andrew Fobingseon devised a “schooner”
Lhat rode The water's surtfecer its speed ard maneuverability presarmed
Lthe later development of the elipper ship In Che elghueenth censury
siiipbuilders in England were elarmed by fmerican competition

Cn the river hishways of fmerica ihe colonisves Lraveled in cances,
flatbeats., and ferries Land travel in Colonisl Americe wms nrimitive
Fords were poor and bridges were few, tuil the cglonists developed some
vehicles, After 1700 che Amcrivar sedan and the gig were devised The
Conestopa wareon was menufectured in the Conestoge Valley of Lencas.er
Counvy, Pemnsyvlvania. It could “rensport we Yo four Long of Treiphl
with salety over the hills of Tenngyivania. After 1750 sbtagecoach
lines were in operation between bosion and Few York and beiween New
York and Thiladelphie,?

Irom and sieel products.

AL arn early date iron ore was dlscovered in the peat bogs and
ponds of eastcrn Massachusetts., Joinm VWinthrop, Jr., organized ihe
"cmpany of Undertakers for the Iron="orks" in London in 1641, Thisz
group erecied an iren foundry and forge at Seugua, Massachusetts in 16AT.

IDIiVET. Fisiory of American Technology, Tp. 37-48- Ceorge Houghton,
"How the fmerican Shee Has Tecome Ssandard,” in The Meking of fmerics

2oliver. History of Americen Technologry. pp. 49-60; lioward T
Chepetle, Tle Pistory of the Ancrican Sailinm Mavy (Wew York, 1949,
pn. 3-%L.
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TAfter obtaining iron ore deposits. Joseph Jenks, a metalvorker and

mechanic. produced scme iron by using see shells and corals for flux
gad by usins charcaonl as Fuel Jenis and other rechenics produced
hinges, horseshoes, oots, and pens for Bostonlens. In 1654 Boston
engeged Jenks to build "an Ingine to carry water in case of fire "
Even prior to the Savgus foundry. an ivon foundry hed been established
al, Falling Creek, Virginls i 1520.1622.

By 1710 iron manufacturers irn the molher country sere comrplairning
of competitior from the colonies By 1750 furnaces, Torges, and mills
were operating in dew England, ihe Hiddle Colonies. Marylend, and
Virginia. A few soeel producis were also produced in the colopies 1

Glassmaking

{leesmaking was the Tirsc industry in Faglish fmerica.  As carly
as 1608 German sad Polish crartsmern in Vivginia made glass, niteh, car,
and soapeshes. Tn 1630 a glassworks was esteblisbed et Zalen, Masse-
chusetts It wes subsidized by the General Couri. Caspar Wistar, a
Gerzan emigrant, was the successful ploseer glazs mapulacivrer in
colonial America, He esteblished hie plant in Saler County, Weat
Jersey in U738, mamifacturing hobtles, zable crystel, and window glass.
Since glasﬁ was g lwoury in eolonial times, iis manulacture was nol
extlernsive.

Eotents.

Alivouph mamfeciures were not hignly developed and inventions
were Tevw in Colonial Americe. bounties, subsidics. and monorelies were,
nonesreless. rracted o skilled craitsorer ab various times. These
benaficlal mossures encourazed boil old skills and new fnventions.
Moreover, a depgree of retent sroteciion alse develeped in the colonies.
Whet was probebly the Firs: patent was granted o Joseph Jenkz by the
Massachusetis General Coure. On Mey &, 164, he obleined e fourteen-
vear monopoly for improved sawmilles and scyihes By 16%5 Jenks had
developed & new iype of scythe.  He made vhe Blade of the heavy Crpglish
sovihe longer snd 4hinner, snd he strenpihered i by welding an iron
tar along its beelk.

Cererally colonial pelenis were for processes raiher Lhan for
mackimes Vowerer, Rowland NDoughcon of Boslion was granfted & soven-
year batent in 1738 for a theodelite. During the lasi ceniury of
the coloninl period only South Carclinza pranted palent. preTfecilon for
new machirery. TIn 1091 South Cerolina enacted what was probebly the
first general petent lawv in Americs, "for ke belter encouregment of
the making of enpines for the propagaling ihe staples of ihis calowy "

.
Oliver, pp. &6-73: Dirl J. Strutkx, Y¥aries Seicnce in +the Making
{Boston, 19%), pp. 10-1l.

Z0liver, History of Arerican Tectrology. pp. TH-T5.
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In 2737 and 1733 Coutk Cermlina Ty specisl ac%s sranted patent rigts
L three inventors of rice . clesning mechiies &

VITI AMERICAN REVOLUIYCH ERA, 17751739

Year indusiries

Despibe ity lack of poveromental power the Coniinencal Congless
initcigted berculesn efforts o meot the demandz of war Twrn before the
Revoluhion che Continentel Conpress bad encoursged devolovmer . of menu-
factures afler massing cwhe nonimportation arreerments  When ascual bFos-
£ilities broke oot ia L7775, the colonies poEsessed sufficien. ifvon o
meet mililary repuicerenits A line of Torpes plreedy exisied Troo Few
Hampshive to Souch Cevolina T insure en sdegumie sunply ol war ma-crials
Congress and coloniel lepisleiures offcrcd ewards for wroduvcing i-on
wooclen poods. polesh. and firesrms Workers ernloyed ab furnaces and
Torfpes were oxernled from militory gervice

The Conncericut Jourcil of Ealeiy reguisitiored he Leleville
furrnece owted by & Tory &td rromercd i@ Lo ces” cannon and ermuni~ion
Guns for New Yori foros were nroduced a3t this furnace  The Penngyivanis
pnd MNewr Jersey furneces were called unon Lo mapnfeeiurz war sunrlies in
177" and 1776 becsuse of ilheir oroximiiy to ile mejor scene of rilitary
operations Hence ilie Durbam Iron Worlks in Ponnsylvanis cassi cenhen
and the Corpwa¥lis fuprnece in Leancaster Couniy. Pennsylvania ces’ shot
and shells

Be'ween 1776 and 1787 ordience nlanis were also es.eblisied at
Fhiladel~ltig &t Yellow Sprinecs Peonsylvanie “mrincfield Massachuse s
end Frederickstury Virginig  Coloniel punsmiths had made ercellent
rifles several deceades before the cuthresl of ke Revelusion  Abou:

1770 the so.called "Pennsylvenis rifle” hed been dssipned Its long
vgrrel end rified bore cremted g wearon of prept velociiy ard scouredy

lDliver History of Americen Tecknolomy. n., 67 Cyrus H Aaderson
"The United 3tates ratent Lews  in Science and Inven-ion edi.ed by
Ie Folleie rmp 380-83%- Clark Hiscory of Mamfsciureés in the Uniha
States Yol I =p 47-%3 T T

?Gliver Hislory of American Tcchnolopy. pp. 91-93
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apd 1t was used effectively at long range mgainst the British Red Costs
Coloniel riflemfn engared in sniping and guerrills werfare vore dowm
Dritich morale.

The colonial soldiers Taced g zepricous shortspe of sunrowder Follaw-
ing Lexingion and Concord ell availsble punpowder was seized and measurcs
were talen o encourmre morc prmoduction.  Powder miills were built in thoe
vicelnity of Philedelphle and Lancasier. Pennsylvania Five yeers after
the defest of Cormvmllis. Pennsylvenis had Lwenty-one nowder mills The
exrlogives indusiry contimued to flourish in America sfter the war

At Bunker Hill the Mmssschusetts troops suffered fram a lack of
punpgwder, With the assistance of Paul Revere, who had studled wlll
technigues in Philedelphis, Massachusetts euthoritlee were aghle to
erect a_powder mill at Canton which supplied powder for the Massachusetis
trocps.

Durlng the war General George Washington pointed ocut the need for
trained engineers. Four skilled French engineers served on Washington's
staff and they assisted in building fortificetions at Veller TForge end
Yorktown. Thaddeus Kosciusko, the Folish patriot, was sppointed colonel
of epgineers in the Confinents! Army, &nd 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 & member of the
Teonsylvanla Commlties of Public Safety he experipented on improving
ammunition intended for use in rilfled cennon and musksts, After the
Revolutionary War ended, efforte were made to found a West Poirt
Academy. A school was established in 1794 to train englmeers, of which
there wae & great shortage in Americe, but the lnstitution was destroyed
by fire in 1796, and the academy et West Point was not reestsblished
until 1802.3

Among Lthe inventions made during the American Revolution to counters
ect the superiarity of British naval power wes & unique iron chain con-
structed to strefch across the Hudson River at West Point. FPeter Town-
tend, master of the Sterling Iron Works, forged a chain 500 yards in
length. Completed in April lTTﬂ, it welghed 180 tons, had 750 links,
and was held in place hy twelve tome of anchors. The chein was in-
tended to prevent the British from gaining contrel of the entﬁre river
by blocking the river. In this teek the chein was a failure.

A p— | P il

TRoger Burlincems, March of the Jron Men (New York: The Universel
Library edition, c, 1960}, pp. 1.19-3%.

Eﬂliver, History of American Technologr, Tp. $96-97; Clark, History
of Memmfaetures in the U.5,, Vol. L, p. cea.

Jotiver, Wistory of American Technology, pp. $3-99.
4

Burlingame, March of the Ircon Men, pp. 1hb-h6.
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David Bushne®t {17h27-182L4), an officer in the Continental Army,
invemted n subtmarine best, the mredecessor of the modern submarine.
Applying the theory of the mropelling screw, which had been conceived
by the Swiss mathematician Temniel Bermoulli, Bushnell constructed e
wooden craft cepable of submerging when weighted with lead, The
Turtie was & one-man submarine driven by a crank which fturned a screvw
mrapeller., The vesgeel traveled at g speed of three miles per hour.
One oar moved the boat horizontally snd another moved 1t vertically.
It had s smell conning tower for the operator's head end had windows.
Two autometic ventilating tubes enabled the gperator to submerge for
a thirty mloute 1nterval.

The welird creft also econtained a2 device %o sttach a mine or torpedo
to the hull of an enemy wvessel. The mine conteining over 100 pounds of
povwder was gttached near the stern of the craft by & screw. The mine
was 8 timed bomb with m gunlock and a elock. One Auguet night in 1776
the Turtle plioted by Sergeent Ezra lee iried to ettach its lethal
charge to the tmll of the 6lb-gun H.M.3. Easgle, flegship of Admirel Howe,
in New York harbar., Lee maneuvered the Turtle ageinst the side of the
Eegle, but he wes unable to attaeh the egg-shaped bomb to the wership’s
wooden hull which wis protected bWy a copper eheathing. Lee was com-
pelied to surface; he relessed hie mine and 1% exploded in the East
River,

The submarine experiment falled as & weepon of warfare, but ita
principle had been demonstrated, Although the government refused to
give additicnal support to Pushnell's subearine lnvention, the next
year he svcceeded wlth two experiments in mine wmrfare.

Wool processing and spioning.

In Qctober 1776 the Continentel Congress offered s clothing bounty
to men wllling to enlist for the duration of the war, Uatil 1T77T
elothing supplies were either largely procured from imports or from
prige goods of priweteers. In March of that year James Mease wos
appointed Clothier=Ceneral and was instructed to develop a sound

alothing supply Eystem.e

To meet the demend Tor undfarme certain luprovements were made in
wopl processing, The war had cut off the supply of hand cards and

1Ib1d., Tp. 146-48; Oliver, History of Awerican Technology, Ip.
lDD-lDl E.P. Potter and J.E. Fredland eds., The-United States and
Horla Sea Power {Englewood Cliffe, 1955) pp. ©56-57; Bernard and Fe'm
Brodle, From Crossbow to H«Bomb (New York: A Leurel Science Original,
1962), p. 116.

2For an eccount of the Continentel Army uniform see Johan ©, —
Fitzpatrick, The Spirit of the Revolution {Boston, 1924), pp, 117-38,
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Americans hnd to produce thelr own. Carding wae done by hand ané
uguelly by the hends of women and ¢hildren, & young Delaware in-
ventor, Oliver Evans (1755-1819), invented a mackine which cut and
bent the teeth., Later he introduced a device which ineerted the
bent teeth in e lesther freme. Evans'a card-meking wachine was &8
remarkable improvement In carding.l

Ancther wartime Improvemens in clothing manufacturing was rade
by Christopher Tulley, who made improvements on a spinniag machine.

Hiz invention enablaed & single operstor to spin twenty-four threads
of cotion or wool at one time,

I¥ EARLY REPUDILAC, 1790-1629

Tranklin, Washington, and Jefferson as lnventors.

Benjamdn Frenklin died on April 17, 1790, shortly after the
leunching of the newr Republie which he hed helped te creste. Az the
greatest fmerican colonial seientist snd Imventor he had begquenthed
the young Fepublic a technological tradition. His theories had
assisted in operning the electrical age and his utiliterian epproach
towards inventlons had produced guch practicel deviee gs the Franliiin
stove and bifccels.

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

lﬁurlingame, March of the Iren Men, pp. 139-%2,

Eﬂliver, History of American Technoleogy, . 101.

3For Franklin's other inventions see Roger Purlinguwme, Fenjamin
Franklin, The First ¥r. Arerican (Hew York: Signet Key Book, 1955},
Tp. BT=97.







Gzorpe Weoshinzteon's chief seientifilc interest catitored in agri-
culture. He frequently zttempied to cosipn Tarm irplemants, Tor
cxarple, he desipgned an eutomatic seeder. As president he constantly
encouraged scientifiec pursults end inventions. !

Amcng the feunding fathers Thores Jefferson probably possessed
the greatest Taith in the ultimete benefit {o the general welfare of
advances in sclence end technology. While on his diplomatic mlssion
o France, Jefferson studied mechanical irmventions in Burcne. After
observing the clumsy plow used by French pemsants, Jefterson conceived
8 woldbonrd besed on mathematicel principles in 1788, Jefferszon's
ddaprammaiic explanation of his mcldboard was published in the Trans-
actions of the Americen Fhilosophical Society. In recognition of hia
inventiion the French Academy of fAgriculture ewzrded Jefferson a gold
medsl in 1805, TIn its ciltetion the Acedemy stated: “Americe received
the plow from Burrope; it iz admirable that America shouwld give it back o
to Furope, its gift perfected."” HModels of the improved plow were exhib-
ited in tke French Hetionel Fuseum of Watural History, in the Wational
Conservatory of Arts ard Crafts e%t Faris, and in the Fhiladelphie
Soctety for the Bramotion of Agriculfure. Jefferson corresponded
vith Jethro Wood and others concerning improvement of the plow, Howe
ever, the priaciples of plow construction as developed by Jefferson were
not actually used by American Tarmers. At s leter dste, when VWocd's
plov was introduced and used by Tarmers, the Trinciples developed by
Jefferson were Tinglly incorporzted 1n plow.

Jeffereon wag interested in conveyances, wachinery, and implementa;
Tor exemple, he deslgned or altered carriages, gigs, and wagons. He
invented a hempbester, end devised a leather buggy top, e swivel chair,
and a dumbweiter.

Patent Act of 1790,

The besis of all petent legisletion in vhe United States ia the
clause in the Ceonsbituiion vesting Congress with power "to promote the
progress of sclence and useful nris by securlng for limlted times to
puthors and inventors end exclusiwve right to their respective writings
or discoveries."” The first patent nct was sipned by Tresident Wash-
ington on April 10, 1790. 1t euthorized the grenting of patents with-
out exXamination of the pricr art., 'Any useful art, menulacture, eng*ne
machine or device or any improvement thereon not befnre knovn or used”
could be paterted for fourteen years. The aukhority to arant petents
was given to the Secretary of State, Seeretary of War, and Attorney
General., Thomas JefTerson ag Secrctary of Staete wes the first fdwin-
igtrator of the patent sct and he has been called, "the father of the
Anerican patent office." The first patent was preanted to Samecl Hopkins
of Vermont for "a new method of meking pot ond pearl ashes.” The second
vatent was given for B pew process of candlemaking. Cliver Evans re-
celved the third petent for improwed Tiour mill mnchinery.

1Uliver Hictory of Americen Tectnology, pp. 108-12,

2Fdwin T. Martin, Themas Jefferson: Scientist (Hew York, 1952},
op. 47-100 discusses his interest in imverbions,
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The first boord was vericusly narmed the "Patent Doard,”
"Patent Commission,” end the "Ccrmissioners for the Promotion
of Useful Arts." The Beard believed that inventions should be
"sufficiently ueeful and important.” Jefferson usually handled
patent applications, snd decided whether or neot to grant a patent.
An aoetdment of 1753 to the patent act was intepded to simplify
vrocedurs; i1t zliowed patents to be granted upon the applicant’s
oath's that his inverntion was origiral. Detween 1793 and 1436
unimportent emendments were sdded to the patent act. An act of
July 4, 1836 marked the virta of the wodern patent system. The law
defipitely established an examination system and created the Patent
Office. >

Hamilton's Report on Memufactures, 1791,

On Decerber 5, 1791, Alexander Hamilton, the Secretary of
Treasury, issued his most significant economic paper, the Report
an the Subject of Magufactures, in whieh he wrged the introduction
of new pachines in manuAacuuring. He expressed his belief that
the nation should diversify its labor force and develop a high
degree of sllls. Hamilton provosed a national fuend to attract
skllled wechanics and to lmport new machines, Moregver, he even
favored peying & premiwm to inventors of nhew mamnufacturing nro-
cesses. Althouesh Varilton's idess concerning inventions were too
advanced to bte adopted, wmany of his oiher ideas were accegpied.

Agricultural implements and zilling machinery.

In Ef9T Chavyles Hewbold of Philadelpkia took out the first
foerican ratent for a cast-iron plow. Although Jefferson and other
gentlemen farmers were Ioterested in 1t, the farmers refused ko
geeept it, believing that the iron would pofzon the soll and cause
the growth of weeds, In 1800, two brothers, Robert and Joseph Smith
of Bucks County, Pemnnsylvanin, patented 2 cast-iron plow that was
uzed in Pennsylvania and HNew Jersey until 1850.

In 1814 Jethro Wood {1774-1834), a farmer of Cayuga County,
New York, obtained his Firgt patent of a cast-iren plow. In 1813
Waod oblained a second patent for his "improved” cast-iron piow and

lﬂyrus W. anderson, "The United States Petent Laws,” in Science
and Invention edited by La Follette, pp. 351.83; Harry Fur%h Inside
the U. 8. Fatent Cffice (New York, 1559), pp. 1h-2h,

2 James B, Walker, The Epi¢ of &mericer Industry {Wew York, 19+9)
pp. 30-%1; Holert B, Marrls 12 Bagis Tdeas of Alexander Har11tcﬂ
(New York: DIocket Pooks, Inc., 1557}, pp. 27586,







sales reached 3,600 that year.l tapd's secopnd plow wes the first cast-
irpn plew to be generally accented in the United States. His plew was
made in separste pileces and a broken share or moldbcard could he
readily replaced, The demand for 3ron »lows increased and the manu-
facturers of ood's plows could not supply them in sufficient quantity.
Wood's patent was infringed and he devoted his last yeers in an effort
to protect his invention.?2

In addition to his cerd-meXing machine Oliver Evans also invented
flour ©ill machinery. By the 1790's Evans obtained patente on his
rachines which elevated grain mechanicelly t¢ 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
operations were wmade without any manual operation. Victor S. Clark in
hig classic study of Armerican manufactures stated: 3 "This may have been
the first instance of any uninterrupted process of mechanical manu-
facture, from raw material to linished product, in the history of in-
dustry, "

Rise of the fackory system,

Samuel Slater (17€8-1835) was born in Cerbyshire, Imgland, As =
young apprentice he learned coftton~svinning in Englarnd during the
Industrial Rewolution when inventions radically changed the textile
Industry. He become familiar with cotton-spinning machinery and the
inventions of James Hargreaves and Servel Crompton,

Slater wms an apprentice in the fectory of Jedediah Strutt, who
was a partner of Richerd Arkwright, the inventor of the spinning frene
which had revoluticnized manufacture of cotiton yern, In 1785 Silater
was attracted to the United States by an article in a Fhiledelphia
newsraper stating that s bounty had been mid Tor the design of e
textile machine.

Zleter had memorized the secrels of fArkwright's poatents and with
the financial support of lMoses Brown, a retired cerchant, he bullt an
Arkwright cotion~mill et Pawtucket, Fhode 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 durinr the Hlneteepth
Century (Berkeley, 1531]), pp. 22-23.

EBurlingame, March of the Iron Ken, . 224,

3Elark History of Mamufactures in the I, 8., Vol, I, p. 179; elec
soc Hoger Eurlingame Machines That Pullt America { Bew Yorh Signet
Key Bock, 1955, pp. 25-29.
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the water-powered miil produced the first cotton yern ever manufactured
automaticelly in the United States. The ingenius Slater helped to
start the Indusirisal Revolutiom in America. In 17921 the first mill

was closed and a new Ffactory was built to handle all processes OF

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

Cotton gin.

In 1793 Eli Whitney {1765-1825), a recent Yale graduate, invented
the cofiten gin which removed seeds from the cotton bell, The inventicon

was concelved while Whitrey was a guest on the piantation of Mirs. Nathanial

Greens in Gecrgis, Whitney entered a partnership with Phineas Miller te
panulacturs cotton gins, but before he could gt his invention vatented
it was copied by others. hitrney arnd Miller were unable o make profits
because of infringements and lengthy litigation, #Whitney's Invention
caused the cotton Industry to exgand and it shackled the South with
slavery by revitalizing the peculiar institution.8

Tnireduction ol Iaterchanregble Parig and Hess Froduc.ion.

At some date shor:ly befare 1735, B Frencrmen namsd La 3lanc
tepals fne manufacture of rugkete on the gyglenm ol Interehangeshle naris
Tor the Frepelh fHoveryment, lmcrinery had een developed sufTiciently so
firish itbe complete Lock, but tle work on the Larrels and stock “ras
5111 done by nard. Thomas Jeflerson, fascinaned &y this conceps.
vigited La Blanc end reporied or fumusi 30, 174+ " He presenced me
phe paris of T0 locks telen to pieces. and arranged in comparizents,
T pu. several topetier myself, Lakisy; pleces al hazerd az “hey come

ta hand, erd iher fivied in [l most perfect manner.”

Jatficrson's eTforss o induce La Elere 3o cone o che Ihited
Stanes wore unsuccessul. bul Jelfersorn ivfoimed Ili diney of ulicse
Frecch eliores.  Feiling to profi’ Trom the cotton odn. Waiiney now
looked for some oLber cccupation. and be goizoed upon he corcepe of
producsion of irterchenseable parss. In ithe spricg of 1758 bte ovio
lined his plan io the Tecraiary of e Trepswry: "I should tike o

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

arnola vhitridge, "Eli uhltney, Hemesis of the South,” American

Hertitage, VI {April, 1955} -10; Holland Thompson, Ehe dge ol
Tnvention (New Haven, 1921§, . 32- 32
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undertake the menufaciure of ten to fifteen thousand stond of arms.

I om persuaded that pachinery moved by water, adaoted to thls business
would prestly diminish the lgbor and greatly facilitate the manufacture
of this article, Machines for Torming, rolling, {lesting, boring,
crinding, polishing, ote., may a2ll be made uce of to cdvantage.”

Secretary of War (liver “Welcott, 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, Yhitney at
cnce seb to work, but tire was recuired Lo ercct a factory and Lo
design the nceded machinery, and two years passed belore his mill ou
Vhitneyville, Conrecticui, was able to begin operaticons in 1800, Further
diffieulty with devising machinery hindered Fhitney’s pionecring eiforts,
and eight morc years passed before he was able Lo complete the contrac:
by delivering the last of the ten thousand cuskets in 1808,

He did belter, however, with his sccond United Ghotes contract for
fifteen thousend muskeis; swarded in 1812, he completed delivery wAthin
the specified two ycar reriod.l

Te 1901 Simeor Norih was also awarded a Covermment contract [for
produzing pistols and he began mamifacturing these weapons on e system
sopewhat similar to Whitney's, first at Berlin snd laler at kiddlevowm,
Connecticut.

While bobh Whitney and Horth devised mechinery to de s porilon ot
the work, much of the task of producing vhese arns 22111 hiad to he
done by band and their machinery was aiso rot precize snoupil so that
the parts of their weapons were truly interchangzeeble.

The next step in trhe evolunion of interchangeable parts and mass
production wes effected by Jokn Herris lall (1773-1941) of Fortland,
Meine, On May 21, 1811, Hall, a boat builder, took cut a patent on
a breeck leading flintlock rifle which he had invented. His ef'forts
to kave tlisz wespon edopted by the United States Army failed irn 1313,
tat in 1817 the Government purchased 100 of Hall's rifles for tesbing
purpeses. These extenslve trials werc not completed until March 19,
1819, when the VUar Tepertmert signed a eontract with Hall Ter the
mepufacture of his rifTles at the United States Armory et Eorpers Ferry.
Under this agreement, and in consideration of 51,000 plug his zelary
af 350 o monlk zs an Assistent Armorer, HEall was to supervise the
production of 1000 of kis rilles.

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

Piphott P, Usher, A History of Meckanical Invention (Cambridge,
Hevised Bdition, 19%k), 3I7C-301.
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Hzall arrived at Harpers Forry in Mayr, 1519, and wor eesigned
United Stetes lgnd on the Islend of Virginius, in the Snenandoah Hiver,
g stort distanee from ke U, -5, Musket Factory. Hell proceeded to
Invent gnd dzvelop the waler-povercd, precision machinery needed to pro-
Auce his rifle by o completely autcrated process, which reguired no
hand work other thian gssembling the individusl perts. The first .
thoueand rifles were completed in 1855 and the secord thousand by 1827, ¢

On -Teruary 5, 1327, n special commission of weapon experts, ap-
poinited to examine Fall's rifle arnd machinery gt Harpors Terry, re-
poriad o Coleonel Georpe Bondord, Clief of Ordnance:

"Tv is well-known, we telieve, that arme have naver yei been made
g0 exactly similar to emch otlker by oy other process as Lo reruire no
parking of Lhe several parts srd so that those parts, on being changed
wenald suit equally well when applied to every other nril, By the
machines we have examined effect this with a cortainty and preclsion we
ghould neob hawve Leljeved bil) we witnessed the cperations. To determine
this point and tesl thelr uniformivy beyond sll controversy, we repuesied
Colemed Lee. Jupsrintendent of ile United Stetes Armory at this place
to gend Lo Hall's aermory Tive boxes containing 100 rifles menulactured
Lyr him in 1824, snd which bad been in the arsensl since thal period,

Ve then directed Lwo of hisz wvorkmen 2e strip off the vork from the
stocks of the whole HIO, end alao to Lake to pleces the several partsz

of the receivers, so-called, and to escatier them promisecuszly over o
larpe joiner's work boneh, ©One kundred stoeks were then brought Jrom
Hall's aroory which had been just finished, and on waich no work or
rounting had ever bheen mui, The workmen then ccomenced putting the

work teken from off the stocks brought from the Upited States arsenal

on to the one huadred new stocks, the work having Loen repeptedly mixed
end changed by us and the workmen also, gll this was done in our pres-
ence, and the arms, as fast as they were put together, were hande=d Lo

us end mimitely exnmined. We were unable to discover any inaccuracy in
gry of thelr parts fitbing each other, and are fully persugded that the
parts fitted, azfiter gll the clanges they must have undsrpone by Lhe
workmer, as well as those made desipnedly oy ws In the courses of fwo

or three davs, witli as much accuracy and correciness as fhey did vhken on
the stocXks to which they priginelly belonged., In uniformity, Sherefore,
in the component paris of small arms is &n imporiest desideratum {whieh
ve presume wWill nol be doubled By smyone the lesst conversant with the
subject) it is in our opinion completely sccomplisled Ly the plen whichk
[all hrs carried inio efiect. Ty no other process Wrown to us {and ve
have seen most, if not all. thai are in use in the United Stetes) could
erms be mede so exactly alike as to interchange and reaulire ne marks on
bt different marts. And we very much doublb wheiher the best workmen that
may e selected from ahy ermcry, witl ike aid of the best maclines in use
glsevhere, could, in a wlhole life, make a hundred rilles or muske:is tlat

lovarlotte Judd Foirvairn and C. Mead Patterson * Captain Hall,

Inventor," The Gun Remor:, V, Mos. 5 & 6, {Ceiober & November, 1979)
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would, afver belng promiscucusly mixed logether, fit each other with 1
that exmect nicety that ig to be Tound in those merulactured by Hall. ™

Whlle Uhiiney was fthe first in the United States to experiment with
the system of interchangeable parts ard mass produciion, Jobn H. Hall
was the first to Sranslete these theories inco reglity.

In 1828 and 1829 the Government let contracts for producing the
Hell rifle to Simeon North of Middleton Connecticut, Henry Deringer of
Philagelphia, Roberl and Johr D. Johnston of Middleton, Cornecticut, and
Reuben B1lis of Mew York Ciiy. All these contractors except Worth, how-
ever changed or voided their contracts because they were unakle Lo Luild
thke precision machinery io prodece the Hall Rifle, Only Forih, with
Hell's assistmnee, was eventunlly able to fuli$1]l hisz contract, although
Torth's rifles never reached the same hiph degree of perfection as
achigved hy Hnll,<

Hall's maszs production technigues were also applied st the United
Sipgtes Mosket Factory st Harpers Ferry and the United States Armory at
Suringfield. In the mid 1850's the British government decided to medeorn-
ize its arme producticon end zent s specisd commisgzleon e the United Slates.
AfLer a careful study of the publie and privete armories in this eouncry,
the Dritisl: Government hired the Master Arrorer st Herpers Ferry Arnory
to establish gnd superintend the preat Enfield Armory in Erglend where
fmerican technigues and machinery were uiilized to produce weanons.

Tn 1530 the mass production fechnigues spreed from the erms in-
dusury to the eleck malking icdustry. Terry and Chauncoy Jerome of
Commecticut were pioneers in this Tleld. Terrty bepan the process by
making wooden clocks in large lots and Chauncey complefed it by sub-
stituting hrass for wood in the wheelwork. Tne use of hrass pormitied
+the vheels to be prepered expediciously and accuraptely by sicamping shem
with dies from sheeis of brass. This icehnigue led to the moss proe-
duction of cheap brass clocks.d

IMational frerives, copyr of remort in the rescarch files of Harpsrs
Ferry Haticnal Meonument.

“Feirbairn and Tetterson, V, ¥o.d (November, 1959) p. 19.

Jpvbott P. Usner, A History of Mechenicel Invertions, 330-H
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Introduction of steam power.

Two Englishmen, Thomas Savery and Themas Hewceomen, introduced
the first successful steam engine. Their engines wers used to pump
water out of the coal mines of England., James Watt, the Scottisn
Inventor, invented the medern condensing steam engine in 1765, MHis
improvements made the steam engine more than a pump and it wae con-
verted into m pachine thet could move the wheels of industry. In
partnership with Matthew Bouiton, Watt mamufactured steom engines
at the Solo Engineering Works nemr Birminghem frem 1775 to 1800,
The stesm engine beceme a mechine thni revelutionized industry and
introduced the modern factory system.™

Qliver Evans, the “latt of America,” constructed the first high-
pressure engine in the United States. As related sarilier Evens had
invented a carding machine end had improved milling machinery, In 1801

Bvans demonstrated thet his engine could drive machines to ground plusber

and saw marble, Twa years later he wes bullding engines in his Fhila-
delphia shop near the Schuylkill River. He constructed s steem dredpe
for the city of Philadelphla %o clean the docke. MHe constructed a scow
with an engine which ran on rollers by steaz to the river. The vehicle,
christened Oruktor Amphibolos, had its rollers replaced by a stern
raddle end it stesmed oo the water., This S5O, which was alsc a steaa-
boat, has been cplled the first subtomoblle.

A Conmecticut clockmaker, John Fitch (1743-98), was one of seweral
inventors who successfully operated stearw~driven beats in Americs be-
fore 1790. In 1786 he built a small vessel with six side paddles ard
ropelliing machinery., Two years later Fiteh bujlt EEE Therton with
three poddles at the stern; the wessel bhad & maximum speed of elghd
miles an hour. By 1790 Fitch mointsined o regular passenger service
on the Delaware River between Philadelphia snd Trenton. However,
Fitch's steamboat never mede a profit, Another picneer steamboat
builder, James Rumsey (1T43-92)} of Marylend, begen his experiments in
1774, In 1787 he demonstrated = boat on the Potomac which was driven
by atreems or jets of water foreed through the stern by a steam pump.

John Stevens (1749-1838), a rich Mew Jersey landowner, became
interested in the work of Fitch and Bumsey. In 1791 Stevens obtained
patents on a vertical steam boiler arnd an Ipproved steam engine. In
the 1790's he mode experizents with steamboats, In 1802 Stevens built
g swall twin-serew launch, the Little Juliena. In 18C5 he built a

b, 7. Decker and Waldemar Kaempffert, "Putting Steam To York,"
A Porular History of American Inwention edited by Waldewar Haempdfert
(Mew York, 1g2L), Vol. I, pp. LO7-Oh; R.J. Forbes and E.J. Dijksterhuis,
4 History of Science and Technolopy (Baltimore: Pelicsn Book, 1963},
Vol, II, pp. 374-81.

®Decker and Kaempffert, "Putting Stemm to Work,” pp. 4BL-B88.
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larger steamboat, the Phoeniz. In June 18C3 the vessel pade the first
ccean voyage In steonm navigation from New Yark to Fhiladeliphkie. For
several years it plied the Delaware River btetween Philedelphia and
Trenton.

Robert Fulton {1765.1815) was born in Lancaster County, Pennsylvania.
For over ten yesrs he was an artist painting portreits in Philedelphia
end England, A4About 1793 he becawe interested in mechenical experiments
and studises. In 1796 he wrote a treatise on canal navigation and in-
vented s submarine in Paris. In 1802 Fulton wet Robert R. Livingston,
the United States Minister to France, who was interested in steam
navigation, Fulton and Livingston agreed to construct a steamboat to
ply on the Hudscn between New York snd Albany, After making experiments
on the Seine in 1803, Fulton returned to the United Statez in 1806. The
Clermont was constructed on the East River. On Avgust 9, 1807, $his
steamboat commenced its femous voyage Tfrom New York to Albany. It
atesmed 150 miles in thirty-twe hours, The returmn trip to Hew York
was made in only thirty hours. Although the Clermemt was not the first
steanbeat, 1t was the first one operzted at a cost which could Trove
profit&ble to its owners, Fulton suctceded where others hod failed be-
cause he coebined the mechanical knowledge of both Eurcpe and the United
Ztatez, He possessed the ability to improve his deslgn as he builw
guccesslive zteamboets. Fuliton more than any one el=se made the steamboat
a practical vehicle of transportstion. In 1911 Fulton, Livingsten, and
Nicolas Roosevelt launched the New Crleans on the Chio River at Fittsburgh
as the first stemmbcat on Yestern waters. In 1812 it steamed from Pitis-
burgh to Hew Orleans, marking the start of inland transportetion in the
United States.l

Ircn Andustryv.

The basic processes of ilron-making underwent few advances in this
period. The demand for additicnzl iron oroduction was met by incressing
the number of furnaces rather than by intreducing new furnace practicas.
However, after the War:of 1812, Issac Meason introduced the rolling and
ruddling method of refining iron at Plumstock in western Pennsylvania,

In this era Pittsburgh hed its beginnings as the "Iron City of
America.” The first Toundry had Been built in Pittsvurgh in 1805, and
the first puddling and relling mildls were erected in 1819, Dy 1825

eight roliing mills and nine fcoundriles were in coreration at Pittaburgh.E

IFor details see Jemes T. Flexner, Inventors in Actien: The Story
of ihe Steambost [New York: Collier Rocks Edition, 190627,

F-'f:l;u.'«*er‘,, His4ory of Americsn Technology, pp. 166-G7; Clark, History
of Manufgctures of the U. 5., vol. I, p. 412
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Textlle and worlen technologr.

The many inventlons of the textile and woolen industries in the
reriod of the Eerly Republic brought sbouwt an end to the homespm age.
In 1328 John Thorpe of Providence, Rhode Islsnd, invented the ring
spirner which engbled fioer yarn to be spun at higher speed.

Arthur and John Schofield introduced power carding and spinning-
machinery ia 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 inpenious card-
making machinre. In 1820 John Geouldirg invented his condenser and
then years later Willism Crompton of Massachusetts petented his loom
in England which enabled fancy woalens to be waven on povwer machines.
Creorpton's loom, however, needed ccortain ivprovements which were made
in the 1850's before i% wes sdopted in the United States.t

Transportation.

As population meved from the seaboard areas into the interior a
need arose for imuroved means of inland transportetion. Cenal con-
struction was urged ns early as 1772, The first important canal was
congtrueted around the fells of the Comnecticut Biver at South Hadley,
Massachusetts. Tt was built with the assistance of Dutch capital and
campleted in 179k, The Middlesex Canal counecting Boston with the
HMerrimack River was started in 1794, and was opencd to traffic in 18¢L.
The construction of the Erie Canal frem 1817 to 1825 which connected
lake Erie at Buffalo with the Hudson River, howvever, opened the great
Canal Age,which extended into the 18507s,

The buldlding of the Erie Cenal fave American surveyoers valuable
experience. The canal has been referred to as the Tirst fmerican
engineering school. For example, Canvess Yhite (1790-1834), who
plonned the lecks and gates, discovered a "natural cement" with hy-
dreulic properties which could be made from e rock discovered near the
canal linc. Methan 5. Roberts (1776-1352) enupervised building of the
Tlight of five locks at Leockport which were ¢ut out of solid rock.

Ir peneral the constructlon of roads and turnplkes was left o
local authorities, but in 180G Congress auvthorized construction of the
Cumberland Read or Fational Turypike, a broed paved hightay twilt scross
the mountsins. By 1818 it was opened as far as ihecling, Virginie on
the Chic River, a distance of about 120 mlles fromw Cumberland, Maryland.
In 1433 it reached Columbus, Ohico,

The Tirst important surfeced rcad was the lancoster Turnpike built
Trom L1792 to 179%: it was a sixty-six mile toll read running west frow
Fhiladelpkia, Other states imredietely cousuructed similar burupdhes.

lUliVﬂr, Histery of Awmer
Hlztory of lanmufscturcs in th

con Technelery, pp. 162-63; Clark,
U.0., Vob. I, 1. h2h, hit,
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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) wae born in Hartford, Connsctiout. 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 Fotepts Avms Conrany became venkrupt, buu Celt was
eble to regain his patent which ke had relinguished to the comTtany.
Finally during the lexican Var the Colt Revolver was accepted wy the
povernment., Eis firet order for ome thousand revelvers Were manu-
factured in Uhitney's Tactory. Vhen the crder was completed, Colt
opened his own factory at Hartlord. Elisha K. Root supervised bullding
of the new f{actory and i%ts machinery. The Colt factory becamtc the
lenmding arms factory in the world and 1t improved upon the meSs produce-
tion techniques of Jphn Ar1l. The Colt Revolver alsc Tacilliated the
settlement of the Grest Plains becsuse 1t enabled the whites to Tight
the Indian on horschack.l

Valcanlzation of rubber,

Indla rubber becams a creze in the United States in the esrly
143075, In 1533 E, M, Chaffee of Tositon end others established the
Aoxbury Indis Rubber Compony. The company manufactured caps, shoes,
coats, wagon ecvers, and cabin covers. Other companies were organized
in Massechusetts and Hew York, but the mroducts were scon reduced to &
melten state. Charles Goofyear {13¢0-60), an amateur inventor, began
ecxperiments to irprove rubber when the sc-called "India-ruboer fever'
was subsiding. ffter several yeers of disappointment, in 1839 Goodyesr
avcidentally discovered the process of vuleanlezetion, Turther experi-
gents enabled Gocdyear to produce a new streichable matelial which wes
resilient, waterprcof, apd an excellent insulator., 1Ia 18LL4 he patented
the procesz, His invention was spplied to meny uses and becare atl
Important item in industiry.

Tialter Hunt invented several items between 1532 and 1859, Arong
these were 8 machine for caling nails and rivets, ice plows, 8 repeat-
ing gun, velcelpedes, and the safely pin. In 1832 in a Wew York Clty
shop he bullt a zeving rmachine erhiodying the eye pointed needle and
the shuttle. FHunt gave up his ddea in 1839; lzter he attoopted to
obtain a pabent, but 2t waszs denied on the ground of abandonment,

Beginning ir 1043 Elias Howe (1319-67) worked on the design for
a sevwing machine, Howve was assisted [inencially by George Fisher, who
rrovided a home for Howe snd his family in Combridge while he produced
his pzehine, The sewing meehine patented by Howe on September 16, 1846,

1Roger Burlingare, Machines That Bullt Armerica, pp. 52-94;
Holland Thompsen, The Are of Invention, ph. 87«91; Valter Prescott Hebb,
The Great lains (Rosten, 1931), pp. 170-79. Also sec Uehb's ariicle,
‘The Story of Some Praivie Inventfons," Nebrasks History, XTIV
(Dew., 1953), pp. 23k-35.

]
“Thompson, The Age of Invention, wp. 197-T7h,
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was the real beginning of the sewlng machine industry in the United
States. However, Howe's pechines were never put on the market., Unable
to secure capitel et hame, Howe went to England eand seld his English
patent to a corset manufacturer.

Improvements wers made on the sewing nachine in 1849 by John
Bachelder and in 1850 by Ailen D. Wilson. On August 12, 1651,
Isanc M. Cinger (1811.75) was issued & patent for a sewing machioe
capctructed Trop his own desipn, While Singer's machine was 2 decided
Improvement over Howe's, he mlso uzed an eye-pointed needle. [Howe sued
Singer for patent Infringecent. After winndng his case, Howe agreed to
e pooling of sewing wachine petents.  Seven companies formed the pool
and Howe received a2 rayaliy for every machine seld. Later Singer in-
vented several devices which further ioproved the sewing mechine, making
1t useful to industry and a houschold necsssity,

Transrertation.

Eefore the pdvent of the raiiroad the principal monulacturing
centers of the United States were located near the coast or near
navigable waters. As carly as L1786 Oliver Evans of Philadelphia had
abttenpted to obitain the right to orerate "steam carriages" in Penmsyl-
vanig and ilaryland. As related in the previous chapter he hud demon-
strated in 1804 {hat e steam carriage could Tun,

The greetest exponent of adopting the stes: locomobive in Americs
wes the inventor, Jolm Stevens, who bad built a practicsl steamboat in
18C3,  In 1815 Stevens recelved the first railway charter in the Unitcd
Stetes from the State of New Jersey, ihile Gearge Stephenson was still
experimenting with stearm on the Stockton and Parlington Bailway in
Englard, Stevens built & rask-rail engine. It was propelled by a cop-
whkesl engaping a rack bolted to the ties. In if26 Stevens tullt a cir-
cular reflrcad track st Hoboken. He operated an ewperimental lovo-
motive with a maltitvbalar boiler which he had invented.

The Tirst locogotives used in the United States in a commercial
vay were lmported from England. In 1527 Horatic Allen imported a
Stephenson locomotive, the "Stourbridge Idon." A trial run was made
on the tracks of the Delaware and Hudson Canal Railroad by Allen as
egngineer, The locomotive drove over ihe rood successTfully, vut since
it was too heavy il was socon wiithdrawvn Trot: service,

¥parnwhile, ip 1827 the Maryland legislature suthorized the Ealtimore
and Uhieo fo build & rallroasd. Peter Ccoper, owner of the {enton Ivom
Varksz in Baltimore, designed a small leccmobive called the "lom Thumb,”

lJGhn A. Boshard, "The Sewing Fachline,” in Science and Invention
edited by lLa Follette, pp., 339-3C: Telter Lyon, ' Ysaac Jinger and his
Wionderful Sewing Hechine,” Anerican Heritare, TX {COct., 1063),
op. 34-38, 103-cg,
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It lLiad one cylinder, weigbed one ton, snd hnd between che ohd one-
and-a-half horsepower. In August 1830 it drew a car with passengers
on & 13-rile track frem Daltimore to Ellicott City. Im Junuary 1831
the "Best Friend of Crerleston" began operation on the Charleston
and Harburg Railroed, The engine was degigned by Horatio Allen, who
had left the Delaware and Hudscon. The loceomotive was built by the
West Foint Foundry ab Cold Springs, Hew York. It pulled Torsy pas-
sengeys in four cars; later this enpgine exploded. Allen next de-
signed the “South Carelina" mounted on two piveoted trucks which pers
mitted the wheels to follow a sherply curved track, This ildes was
an inportant Arericen lonovation and inventlon,

fn Augnst 9, 1831, the "'De Witt Clinton,” the most Tamous of
pioneer American locomotives, was tuilt at the West Point Foundry for
the Fohavk and Huedson Railroad. It ran from Albany to Schencctady
and wlth three coaches of pessengers it went fifteen miles an hour.

In the early thirtiles Matthias ¥, Beldwin {1795-1866) studied
Englishk loccmotives and then constructed "G1d Ironsides" for the
Fhiladelvhie, Cermantocwn and Horristown Railread., This engine was
modelsd after the British type, but Ialdwin soon bLepan to use his
own ¢concepts in locomotive develorment. By 1839 Baldwin had built
120 locorotires,

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

After the successful vernture of the ztecamboat MNew Orleans, a
runber of improverents were made o dmerican rivercraft. As early
as 1812 Daniel French and Henry Miller Shreve {1875+1851) begaa to
build steambeats in Erownsville, Pennsylvania, on the Honeogahiia
Fiver. In 181L Chreve aczquired an interest in one of the ploneer
stcamboats on the Mlssissippi. In 1810 he deeifned and launched the
Wwashington, the protoype of the western river steamboat, with shalleow
draft and high-pressure engines mounted ¢n deck. Stcom navigatlion on
the Mizgissippl and Ohio rivers thereafter became practical and steom-
Torts gssisted in cpening the West.

anldLmar Facmpffert, A Popular History of American Invention
{Vew Yerk, 1924}, Vel, I, v, 3-07 relates the story of Ameriean
railrcading. DBurlingame, March of the Tron ien, @p. 24h-92; Thompson,
The pAre of Inventicn, pp. TH-53.
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Technological advances were also pade in ocean craft., In 1816
packst lines vegan plying between the United Suatzs and Lurope. By
the 1930's regular =zallings were run betweer Doston and Philadelphia.
The packet ships developed a new desirn., The drag alt was slininated
and the ship was able to sail on more sven keel. In 1839 the Roscious
of 1009 tons, the largest packet ship yet built, arpeared.

I lBhE the first of the aztual clippers, the Baichow, was launched
for tke China trade. Th= nawzl architect, Jobkn ¥. Griffith, designed
Lthe vessel Uhlch was the epriicest large ship of the extremely hollow Low
type. The mos famﬂus of the ¢lipmer builders was Ponuld HeKey {1820-20),
vho built 160 vessels in his Cest Doston yards, Avong his speedy cliprers
vere the Flyipg £leud, Soversign ¢f the Ueas, and Great Hepublic. e
cllppers were Lﬂbdgﬂd in trade witn California and the rer Coast. Uish
treir speed and large cargo caracity *hey enjoyed a brief But gloricus
EUCCESS.

The first ocean steamship was the dmeriean built steamer Savennalb.
On ¥ay &5, 1819, she seiled from Zmvannah for Liverpool, making the
Tassage in 25 days. A combinallicon seil and siear ship, she wag equipped
with awxiliary steampower, The Dritish werc the Tirst to develop sub-
sddized steomship lines. Ia 1845 Congress finslly passed a measure
granting wail contracts. Two yeers later Edward K, Collins and hils
associates were pranted a m=il contrzet between Hew York and Liverpool.
Collins engmped the naval ayehiteet, George Steers, and four paddies
whesl steamers modeled after pachet ships were huilt in the yerds of
tilliam i, Brown and of Frown & Bell in Hew Yorl. The wessels powcred
with 20C-horscrower steam ongines averaged 316 miles in a day. With
ihe coming of the Calirornia gold rush two lines of stesmers were onensd
to Tenara by Gecrge Law and William i. Aspinwall., Ir 2 ten-year veriod
the Facific Moil Steamship Cempany carried 175,000 rersons o Califarnia,

Jobn Fricsson {38C3-89), the Swedich engineer and inventor, camc
to the United Stetes in 1839, Fricsson had experimented with storn
rropellers in England.  In 1937 ke tuilt a screv steamer which was
Jaunched or the Thames, FHe also designed a S0-horscpower engine for
the iron screw steamer, Robert . Stcckton which sailed across the
ftlantic in 1839 and was used as = tug beat on the Delewarce and Raritan
Coonl.

Fricsson's acgueintance with Capbeain Robert F. Stockton of the
United 3tates Mavy was o faclor in hiz selection to surerintend the
Tuilding of the U.5.5. Frinceton. The hull of the vessel was huilt ot
the Fhilagelphia Tavy Yard and the wechinery by the eaginesring Tirm

1D‘iver, History of American Technology, . 191-201; Carl O,
Cutlecr, Creyhouncs of the Sea The Story of the ﬂnerlﬂan Clipper
Slidp {hcw Yorn, 1930}, po. 8(-15@ Man viliers, '"The Drive Tor
“peen at Sea,” Arerican Heritese, VI {Dcn., 19H§3 op. =83, 100100
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of ilerrieck and Towne in 1852 and 1843, The OSheton vessel was 164
feet long and had a 30) oot beam, Tts original serew propeller was
xnowvn as "the Eriesson” and consisted of a ceést brass hub with six
arms. In 18L9 the criginal propeller was replaced by = six-bladed
screw without any supporting drum. The Prlnceteon was the Tirst screw
stean warshirn end also the first warship In which 211 machimery was
below the water line, A trapic accident, causinp the death of both
the Secretary of Iavy end the Secretary of War sboard the Frincclcon,
was caused by a gun explosicn, Sltheough Tricszon was blareless, the
Iriendship betweern Capbtaln Stockbeon and Sricsson was breached.  Hore-
over, Stcekton tended to take credift for Ericszscn's inventions and
[riecsscr vas never paid for his services whick in reality merked the
beginning of the steam navy of the Unites States.t

Corrmnications,

In 1823 Robert Hoe (1784-1833) ouilt the Tirst cylinder press
in the Uni%ted States., Witk his =on, Richard ¥, Hoe (1812-1865),
made several other inprovements; in 1944 they devized the rotary
combined cylinder press. Hovever, with the Yegirning of the first
penny nevspaper in 1833, o speedier press was needed. In 1847 Richard
Heoe invenced the revelvine mress Thirteen Years leter newspapers in
large American cities relied on Lhe Hoe Lightniag pregs. The inven-
tions cf the Hoes made possible the mcdorn newspaper,®

Joserh Henry (1707-1878) was the scientis{ Lehind the invention
of the telegraph. In 1831 he publizhed the results of his researches
on Yhe desig ard construction of eclechromagnets, Four years later
he demonstrated the electromzgnefic relasy vriaciple. Henry sent
currents from g meltiple cell bettery throuch s mile wire fto an
clectris ragnet which rang 2 oell.

Ir 1332 Samuel F. B, lorse {2791-1372) became inierested in
Sravsmitting sipnals and messapes from a distance, llorse conceived
a telegraphk, end was assisted by Joseph Henry, Profcosor leonard D, Gele
of Columbiaz Univerrity, and Alfred Vail. Ia 1837 lorse bogan to give
successiul demenstrations, By 1843 be gainsd Coagressional support
ard ;30,000 was appropriated to bulld a tolegraph line between Vashing-
ton and Baltimore. On May 24, 184, Horse transpitted lLis firct
messarme over the olectrocmapnetic telcgrapn.

Irrary . Bennett, The Stegn Navy of the United Ctates {Fitta-
turgh 3893), pp. Gi-Th; Jaces P. Dexser, 5rd, The Inmivoduction of the
Ircnclad Nershig (Cathridgc, 1933), po. 12-2 G,

o
“James H. Collins, "The Story of the Printed “ford,” in 4 Popular
History of fmcrican Inventions edited by Kaempffert, Woli, I,pp.EhJ-SE.

3Eogcr Imprlingmme, Ccientists Bekind the IHF rntors {Hew York: Avon
Bock, 1900), 1. L2-5%; Thorae Dowlscn, Joseph jicrry, Fis Life and lork

{ Princeson, 195G}, pp. 208-34; titeneil Wilsen, "Joseph Ienry' in Livds
in Scierce odlted by Dennis Flanagan {Hew Yﬁra, 1957), Tp. 1i#1-53.
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Apricultyra) implements.

Among the many advances in agrisultural technology in this rericd
wers the steel plew and the reaper. In 1237 at his blacksmith shop in
Grand Detcur, Iliincis, Jokn Desre (1304-86) iwrented a plev of saw
steel, Sinece saws Were scarce and expcasive, he at first irported
steel Trom Germany. At o later date he was able to place an order
for steel with e fimm in PFittsburgh. Deere’'s plew Turrowed the stickyr
Ti1linois soil guickly with an econcmy of labor., In 1843 he added =
foundry te kis shop, erabling him and = rartner to manufacture LCO
plows. TFeour years later Deere moved o Moline, Illinois, and inersased
his annval producticn to 700 plows. Ik 1857 his firm attained an
outrué of 10,000 plows, OCiher renufeciurers besides Deere turned cut
stesl plars on a factory Lacis and they werce widely used in the prairies.

The wost sipgnificant agrlewltural ieplement invenbed in “his ere
was ike reaper. The sueccessiul regper inverted bty Cyrus Hell MeCormicl:
{18c92-8%) vas the twenty-third American renper that was pateuted.
MeCorvick devised severn irporiant principles, Ope of these wmas to hows
the horse dAraw the machins from the side, Ho also had 2 knife, divider,
fingers, reel, platiorm, and wheel., The moeving perts were peared to the
wheel to walkc tkew autcmwatbtic, His first trisl was mode in 1331 on the
Tamily farm in the Valley of Virginia., After meking improvements,
MeCorminl: obtained his first patens in 183k, He sold his first mechines
in 184C, and in 1844 he establisqed a small ractaory &t DBrochiport, IHew York
e Lake Erde, and one in Cincinaati.

To capitaniive on the preirie markedt MeCormick opened a larpe Tactory
in Chicago in 1847. At fivst be formed & parinership widh uilliem 2.
OJgden, Dut socn bought bdm oub. By 1851 HeCorpick was producing one
tEliousand reawers a year, During the Tifties ¥eCormick became rich,
His reaver won the grand grize in 1851 at the Londen Dxposition, and
by 13592 he nad mamufactured 50,000 rcapers. The significance of the
reaper was that it made grain-greowing on the prairies poszgivle, Dnrires
the Civil VWar it freed derihern manpower for the armies, and igfen-
ablad ike WHorth to feed part of Kurope besides its own people. ©

1Oliver, History of fwerican Technology, p. 22%; Rogin, The
Introduetion of Farm Machinerw, np. 353-3%.

ZRogin, po. 04-93; Cdaward J, Dies, Titans of the Seil {CLapel
Hill, 1919), pp. 77-83. —
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XI CIVIL WAR FERTOD, 1861.123695

Ares and weapons.,

In the first part of this study wrenticn has already teen rade of
thie cxperlmentz with balloons and ircnocleds during the Civil War,
Uoon the cutbresk of the war five csnnon factories existed Iin the
north: atbouth Hoston; Cold Springs, [.Y.; the Azes Foundry at
Ohicopee, Massachusettz:; the Phoenixville Foundry outsidse Phil-
adelphia; and Pittsburpgh, Ta. By 1863 ather factaries were buils
at Frovidence, Boston, Portland, and Seading, The West Point
Foundry st Cold Springs, Yew York manufactured the Parrott rifled
fun and the large Redran smoothbore gons were cost at the Fort Pitt
Foundry in Eittsburgh., In 1849 Lisutenant Thomas JeTfersen Rodeman
had devised a process Cor cotling the large cannon cast hellow al
the ¥ort Pitt Foundry. In 1861 Captein Robert Tarker Parrott ine
ventod a rified cannon which used cylindro-cpmical shot, The Vest
Point Foundry, at Celd Springs, N.Y., of which Parrott was president,
supnlied the goverrment with these big puns during the war. Charles
James of Bhode Island and Zenjamin Hokehkiss also experimented with
rilflsd ¢annon and rifled projectiles. While some wmilltary leaders
at Tirst opposed the acceptance of rifled cannon, experirents with the
new cannons convinecd President Lincelrn and the pecple generally thet
they were supericr.l

At the beginning of the war the Horth had two Federal armories at
Springlield, ¥assachusetts ard Harpers Terry, Virgloisz, that could
marnufacture zmall grms. The latiter was barned by the Unicn Army on
April 13, 1861 to prevent its capture, but Virginia state trcops were
eble T2 sirip it of zome rachinery which was tzlken to the Richmond and
Tayetteville Confederate arsenals, In Hartford, Connecticut the Colt
Armz Worke and the Sharps Fifle lierks inerensed their preduction of
srall arms, Other private amrories din the north alsoe vestly increased
their capaclty during the wer,?

A number of advances in weaponry vere made during the Civil ver.
Frezident Lincoln, who was anxious to ftake advantage of the Horth's
superior technological abliities, pecame rarticularly interested in
ordmance, Tor exarple, Lincolrn ordered machine guns called "the

L.
“Clark, History of Manuwlasiures in the U.5., Vol. II, pp. 10-1T;
Aruce, Lincoln and the Teols ol kar, owp. L4T7-50.
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Union Repeating Gun.” 'This gun is sald te have been invented by
either Rdvard Mugent or Villism Paluer.l on Jevemter 4, 1862,
Richard J. Gatliag (1818-1003) petented his inverticn of a rapld-
fire gun called thre "Gatling gun.” Thiz multitarreled machine gun
was crank-cperated, Toward the erd of the war 1t was used by
Admdiral Porter and by General Butler, bul it was not officially
adopted by the United States Army until 1866.2

President Lincoln was 2lso interested in subwearine inventions,
He endorsed a subparine built Ly a Frenchman, ¥, Brutus de Villerol
and he reccrrended consideration by the Favy of a submarine nrorosed
Ly Qliver B. Pierce. The Hevy alsc cxamined a submarine model devised
by Tazcal Plant, Lut it was not accepted, A rocket torpedo_invented
bty Flant proved to be & similar failure in & demonstration,

Transtortation and cormunication.

The Ciwil War was the first war in which the railrcad was used
a5 @ vegron Lo give armies movility., General DO, MeCallum directed
the Union's militearyr railroad operaticns., During Sherwan's march
througl Geargla in 1864, MeCallum wes able to deliver 1,000 tons of
war moterials eack day. The electric telegraph was also adapted to
military purnecses. The Union Army developed an electrical cormuni-
cation deviee called the Beaydslee ragneto-zliectric telegraph set.
It was rortable and could signal over several miles. The instrument
wes developoed by George V. BEeardslee and adopted by albert J. Myer, tas
Unicn chief siprel ¢iTicer. The "Flying Telegragh Train" consisted of
two Berrdslecs in o wapgons along with band reels, Tive miles of
insulated wire, and 200 lance poles. Althourh the Beardslee sysiem was
successiul in the Battle of Fredericksbturg, it was discarded in
Hovenber 1863,

Food and clothing,

Purchases of clathing and boots and shoes for the Unden military
Torees stimulated manulacture of these items. The sewing rachine was
introduced into Lhe producticn of uniforws and shoes, The shos industry

1Bruce, Lincoln and the Pagls of Var, pp. 118-23.
2

Toid., 1p. 200-91,

3Toia., vy, L76-78.
h

Eugene F, Hort, "Sevolution in Technoleogy arnd lomistics," Army
Digest,XVI (Aug., 195i} Tp. 10C-13; #arvic Bentner, TTT, The Civil
Uar Dictionary (lew Ymrk, 1959), B. Gb.
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changed [ron household to Tactory manufzcture, A mechaniesl device
for sewing the uppers to the soles with great speed was first patentzd
by L. K. Blake and later improved by Gordon McKay. The Moekay sewing
rachine was put on the market In 1862, It ennbled & worker to =ew
severel hundred peirs of schoes in a day.l

illlam Underwood, an Anglishman, introguced the capning industry
to the United Etates. Shortly after his arrival in America in 1817,
he established a Business 1n Hew York where he preserved fruiis and
pickles in glass jers. JXn 1825 Thomas Hensett began to preserve
oysters and fruits in a tin canicter, introducing the term "canning.”
The canning industry was not importart until after 18L0 when the
corrercial canning of oyetere and fruits started in the Paltimore area,
With the decline in the price of sugar chout 1B60 the industry was
appreciably stimulatcd and salmen canning dsveleped in Califeornie, and
then om the Columbim River 1B6L-6T,

I 1361 Gail Zorden opened = factory in Wassaic, New York, where
ke condensed and canned milk, The Urnden Ammy commandeered the entire
outrut for seldiers. As a result of ipprovements ip canning fruits and
vegetables were carmed. 2

The Civil War stimulated the inventive menius of the Arerilean
reople, At the heipht of the war effort more patentes were isszued in
the Morth ihan ever before in the entire ccountry. Expehsion of the
apriculiural implement, food processing, clething, and shoe industries
gave an inpetus fo new inventicenz., Teo scolve the problem of labor
scarcity many labor-saving machines werc devised. The Patent Report
Tor 1803 indicated that 40,000 reapers and mowers were marufactured
and sold for that year. The Daltimore Farper and Mechanic estimeted
that 55,??5 reapers and 33,025 mowers were manufactured for the 1864
harvest,

Confedcrate torredo and submarine warfare,

The preponderance of Union sea power cavsed the Confederate
States to reply upon the use of torpedoes, mines, and submarines
in an effort to compensete for its lack of a navy. HMatthew Fontelne
Maury resighed from the Maval Cbservatory Tollowing the secession

IClark, History of Manufsctures in the U.S., Vol. II, Tp. 20-33;
Emerson D, Fice, Social and Inducsfiriszl Conditions in the Horth during
the Civil War {Hew York, 1910), pp. Co-92.

®Cliver, History of Arerican Technolemy, ¥p. 271, 201; Clark,
History of Manufactures in the U.S., Vol. II, p. 33.

3Eite, Sovial and Industrial Conditions in the Horth during the
Civil “ar, pp. 99=1C007 1pin, The Infroducticn of Ferm WRcHinery,
FL. 91-92.
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of' his netive Virginia., He devised a plan for a syster of torpedo
deferse and persuaded the Confederate pgoverntent to appropriate

450,000 for a naval submarine battery servicsz, ‘'Torpedoes’ or mines
were planted in Southern harbors for defensive purposes. Mine warfazre
took a toll of over twenty Cederal warships, but shortages of materials
and insulated wire hampered Comfederate torpedo manulfacture.

The Confederate States experimented with several submarines, but
they proved impractical. The Fioneer built Ly private partics sunk
quring a dive. A second subtmarine surk in shallew water, A third
submarine, the Hunftley, sunk the U.S.5. Housaternic off Sumbter on
February 14, 186L. However, the Hunley Became caught in the hole
that ner torpedo had %ora in the Housatonic and she went down with her
vietin, The Yunley was the first dzep scbmersible. Her huell was a
boiler and she had diving fins and bellast tapks, A crew of eight
rowored the vesgel with 2 kand-cranked propellor,

XII INLCUSTRIAL ACE, 18066-1913

ciecl indusiry,

Tn 1857 Williar Kelly [1811-85), of Kentucky, an fmerican irone
raster and inventor, had patented a preocess for making stecl inewhen-
sively by blowing air through molten rig Lron to oxidice Bheo excess
carbon and othe:r impuritices. Helly ronmed his procesz "pneumasic” or
airblevwn,” An Engliskman, 3ir Henry LBesscmer, had dizcovered the sarnc
process in 1854,  Bessemer added six operings near the bottom of his
copverter through which sir could be blown uh and inte the molien
metal, Yhen Bessemer applied for a patont in the United Btates, Kelly
protested and in a court action Dessercr failed Lo obtain an Americon
patent, In 1862 the Cambria Iron Works in Jolmstown, Pernsylvania,
enpaged &elly to build a converter, A demonctralion proved tlat the
converter would work, but no steel was wade. In 1BGL the Helly

lrbniel frmen, Yhe Mawy in e Civil Tar; The Atlarntle Ceoast
{Mew York, 1898}, pp, 1O, 1L7-%3, L57-€C.

SWttekell Vilson, Averican Science erd Invention (Mew Yo, 1951,
. 210-11; this Yook Fas picuures of the Submarines zs does Theodore
Aoscoe snd Ired Freeman, rictwe History of the U, S, lavy {5evr York,
1956, nas. 8311-16.
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Fnevratic Progess Cowpany, orgunized by William F, Durfec, htullt a
converter in Wyandotte, Michipan, where steel was made. Abeut tne

sane tire Alexander M. Holliey of Troy, New York rade steel in an ex-
perimental way under rights acouired from Bessemer in 1865, A&
threatened patent wer was averted, when Helley Ecught the Kelly paternts
and corbined the two processes, In 1207 the [irst steel rails rolled
in the United 3tates were made at the Combria Werks in Jobastown,
larpe-scale produsticn of stecl Ly the new rethods was quickly extended
in the ezrly seventies,.

Following the intreduction of the Bessemer precess, improved tlast
furnaces were built., James Gayley (1855-1920), an American inventor
and mctallurgist, invented & bronze ccoling plate for the walls of
last furnaces which was patented in 1821. Three yoars later ne in-
vented the ary-afr blasi.

In 1858 Abram &, Hewitt introduced the omen-hesrih sethed of meking
steel in the United Stetes at the Cocper Hewitt Company in Trenton, At
Tlrst there was little demsnd For this type of steel which was more
cestly and Iimited in use. About 1579 technizal Improverents wers intro-
duced which increased the capacily of opcn-hcarth plants, In 1892 the
United Stetes production of open-hesrtl ingois resched GTG,GCD tahs
comparcd with 4,125,000 tons of Tessemer stecl. By 1900 the open-hearth
Plapts rroduced over helf ithe Lonnope of Besgeper steel, The supericrily
of the open-heartl rocess was due to the fact that 1% could enplory a
greater variety of ores anf also becausc cpen-hecarth steel was tourher
than Besseper steel. By the ond of the ceniury the United States led
cther noations in steel yroduclbion and the fmerdican econcry was Lased
upon stesl concumptlen, wiich wes utilized in making reills, locomoliives,
ships, and skysorapors.

Petrolen.

In the lote 1840'= a fou individunls searched for an inexpensive
illuninent as o substitute for wiale oll becpuse af the hiph nrice
charped by the Hew Bed®ord vhalings interezts, In thze United Btates
Abraz Gessner had distilled oil frem coal as emrly as 3845, end be took
cut & patent Tor an ifmproved iilucinating oil in 1854, Cescier ecalled
Fis groduct "xerosene,” but it was nov popular because of its smcll,

i the 1350's Colonel A,2. Ferric madc an atteomt tao devise ¢ lamp whick
would burn petrsleum. A6 this some fime Semuel M. Kicr wasz selling ro-
Tined potrolewm: from Bis zalt wells Tor medieinal puryescs, In 185h
George A, #ezell and Jonathen G, Eveletl, twe llew York lowyers, bepan
to nrosrect for 9il in Peangylvania, Two years later Disseil comeedwed
the iden of drilling wells for oil., Cn Mareh 23, 1858, Dissel and
Lweletl formed the Cenece Cil Corpany and enpogzd Colonel Zdwin L, Drake

lOL:iver, History of Ancrican Techaolosy, . 3120 Clark, History
of Farnufsetures in the U,S,, Vol, II, pp. 23:-"9: ifoger Murlingime,
Fapines of Domooracy: Toventicns znd Scciely in Mature frmerica {Few Yors,
M) o Sh-T2,







as field superintendent. At Titusville on 04l CreskK Drake started
for oil, but his workers were floofed by water. Drake next declded
to drive an iren pipe through the water, quicksands, and clay down
to bedrock, Obtaining the services of William A, Smith, who had
drilled deep salt wells for Sapuel M. Kier, Drake Srove 4y feet of
pire to bedrock. After cleaning this out, the workmen drilled to

a depth of 69% test. On August 28, 1859, a vein of o0il was struck.
"Drake's Folly" started o produce L0 barreis of oil a sy and the
relroleum dndustry was started. 4s the indusiry expanded oil purps
were introduced., In 1864 Colonel T.4.L. Roberts ratented a torpedo
which vas used in "shooting” wells, Many teols were invented to solve
vhe problems of oil production, TFor exerple, the rotary drill was
deviced in 190 for usc in the szandy soil of the Texas oll fields,

Hining,

The applicaticnh of machinery has been an important Aperdcan
contribution to wiring progress. FEdvard E. Mattisen, & rative of
Connecticutl, is said to have invented the process of hydraulic rining
in 1852 or 1853 at American Hill, lecated north of Hevade City,
California, Mattheson 4id not patent his yrocess and several California
inventors wade devices Tor use in the now process.  Scme writers elaim
thalt the process was invented at Yankee Jips in Placer County, Celifor-
nig, Here it was introduced by Colonel William MeClure, Eydraulic
mining Cloupristed In California until) about 1883 =nd spread fron;
this state to other parts of the mining worla,?

J. J,~Couch oF Fhiledelphia,utilizing a French inventlon, mads t)e
first rock-4rill 4n the Undited States in 1300, If wmz operated by stean,
btut apprarently did not funetion well, With che assistance of a
Bostor inventor, J. M. Fowle, he improved it, Couch and Fowle built
a rerfected drill in the railroed shops of Fitcbhburg, Massachusetts,
Charles Burleigh bought the patent rights in 1866, celling it the
FPurleigh drill, This compressed air drill was used in boring the
Hoosae railread turnel in Western Massachusetts in 1867, also in
the Colorado mines, and it was later used on the Sutro Tunnel to tap
the Comsiock Lode et Virginia City, Nevada in 187Th.

After the discovery of silver-lead ore =t Leadville, Colorado
it lﬂTT, g mwber of inventors includipg Simon Ingersocll, A.C, Rand,
Georye Githens, and Herry C. Jergeant further impreved tompressed air
drilis. Abcut 1897, J, George Leyner, a Celeorade machinist, invented
the jackhermer. '[The plston wmoved up and down and acted as a hagerer,

lDliver, History of Arerican Technology, Tp. 331-44%: Guy &,Mitckell,

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

20 he Togan, "History off Minirg and Milling Metkeds in fzlifornin,”
in Geelopic Guidebook Alony Bighway 49--Sierrsn Gold Bel: { Sarn Frane
clsco: Idvision of Mines, Bulletin 131, Sept,, 1540), p. 31: Bobers I.
Kelicy, Gold vs. Crain: The Ivdraulic Minirs Cogtrocorsy in U5lifc 70 's

© TR T e TGlendele, 3959), p. ST, o







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

Bofore the California gold discovery the stemp miil hed besn
introduced from Europc into the southern Appelachian gold mines.
But the erude Burcpeen mill was rapidly and vastly improved in
Celifornia. By 1558 there were over 280 gquartz mills in Califeornia end
the pumber of stemps in these mills was 2,610, The foundries end ma-
chine shops of San Franeisco such as the Union Iron Works, manufactured
much ccmplicated mining machinery. The experience gained in construct-
ing rachinery for the early quarte mines of Caiifornia and later Tor the
Comstock and other cines in Xevada enabled San Franeisco machindstz o
produce the {inest stamp :11ls and mining egquitment in the world.

Several notable minihg inventicms were also mwade in Zan Francisco,
For exarple, Joseph Moore and George W. Dickie of the Risdon Iron Works
invented the {emous Chollar-Noreress Pump in the 1880's,

In 1860 Philip Deidesheimer of E1 Dorado County, California, vas
enployed to timber the third gallery {175 feet undergreound)} of the
Opkir Mine on the Cemstock. He dlnvented & systen of timbering known
as the square set {timbers locked together in hollew cubes and emch
cube interlocked with the next in endless series)} which was widely
adopted among miners for use in large end deep ore chawbers, In 1863
G.F. Doetken of Auburn, Californls obimined a petent for an lnsxpensive
chlorinetion apperatus which was an inprovement over the process of
serarating gold Irom surifercus suphurets first discovered Ly the
Germen chemist, Flattner. The famous V-flume was invented by James W,
Haines of Genea, Wevada in 1868, to transport lumber frem the mountain o
for uze on the Comstosk Lode.d

Lurbering.,

Turing the Industrial Age the irverntions of many fmerican Iumben.
ren conbtriboted te the rapid rise of ihe lumbering industry. Sevoral
of these inventions were developed in the Far West, The flume was
used to transport redwood logs in the West about 160G, The Tlume of
the Fresno Flume and Irrigetion Compony had Leen built originally for
irrigation purposes, but in 1891 it was used for cerrying lumber from
a sawmill at Shaver to e planing =ill at Clovis, Califernia, a distance
of 6% miles.

LJames H, Cellins, "Mining Ceoper and the Nobler Metals," in A
Fooular History of Americen Invention edited by Kacmpffert, Vol IT,
FE. GH-TO.

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

2nd ed., 1857}, pp. 35-Tk; EFodman W. Peul, Mining Froctiers of the Fer
West (H#ewr York, 1963}, -=x.32. T 77 )
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In 1864, Tohn Dolbeer gnd Willimm Carson, two pioneers of the
{alifornlz redwocd lumber industry, organized the Dolbeer & Carson
Furber Ccmpany. The yeer belfore Dolbeer bad applied for & patent
on a wechandcal tallying machine. Its purpose was to ccunt the nusber
of board feet cut during a certain period. In 1881 he deviscd the Dolbeer
Stean Logzing Donkey which ensbled stesam power instead of mon powver and
oxen powor to move the logs through the forests, The inventien,ratented
in 1882 revolutionized lopgging In the United States, sllowing crews to
get the logs to the ailrend and mills in a shorter time. O©On Decenmber 23,
18#3, Dolbeer patented his "Imuroved Logging Frgine.” Both his machlnes
were wied In the redwoed region for the next thirty years.

On Fovember 23, 1883, Horace Butlers of Ludingkcn, MHichigan oblained
a matent for power lop-skidding wachinery. This sybtem of transporiing
logs by wire ropeways was later dmproved by Spencer Miller and G. lialnes
Dickinscn. The Tirst ground skidder with power was operated in the rine
regions nenar Fiteock, Georgio in 1896. In 1897 W.A, Fletcher of Kirby-
ville, Texas invented the first plne logzer. Meanwhile, when reilrosd-
ing became a vitel pert of logging in the 1880°5, warious types of
locemotives were designed to meet the problems of lumbering. In 1835
the first Shay locomotive with gears adjusted to give it more drawing
THHFGY WAS ornufactured.

Electrical lndustry.

The Eleclrical Age was ushered in following the Civil War. The
Tirst electric lighting to have veomercial value was arc lighting. In
1508 Sir lunphry Devy, the English ekemist, gave the first public demon-
ctraticn of an arc light. An electric current supplied by z bettery
was passed bebtWeen two pieces of charcoal. After touching the carbon
electrodes together, Davy drew them arpart, forming an clectric arc
emitting & brilliant light, TFor the next fifty years sclentists and
inventors attenmpted to improve the ere light, bub it repained a labora-
tory instrument,

3Jctm &, Hittell, The Comrexce and Industries of the Pacific Cces
{Sar Francisco, 1882), Tp. BA7-2h, 529-30, 432; Eliot North, EEEEEEEE
¥ining and Mlners_iﬁcrkeley, 19393 PP 59 G0,

1JOuEPh INick, “The Story of Amsriesn Lurbering,” in A Ponuler
History of Amﬁrlﬂan Invention edited by Kaempffert, Vol. II, up. 150.95;
. Brelt Uelendy o Men end g Mill: John Dolhecr, Williaw Carson, and
the Redwocd Lachber Tndustry in fealifoonia,” California Ristorical Soriety

guarterly, XEVIII (¥arch, 1959}, p. “9- L
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Cherles Francis Brush (1840-1929) was the American micaeer in
the investigation of apre lighting, ATter pradusting in 1869 from
the University of Michigan with = bachelor's degree in chemisiry, b
opencd an ofTice as coasulting cherist in Cleveland. In his spere
time ke sxperimested with electricity, building a dyname, With the
financial acsistance of (eorge W, Stochley of the Cleveland Telegrazh
Surbly Comvany he tegar fo produce arc-lighting spparatus, In the Wori-
shoos of this company Brush Luilt an irproved dynene and a simplified
are lamp. In 1377, Dr, Nicholas longworth, & Cinciaonati physician, was
the first to purchase Brush's singie-light generateor and are lamp which
vas used Lo light the porch and yard of his heme. Brush continued to
rake technical irprovements and in 1879 the city of Cleveland intro-
duced street liphting by are lights using the Frush equipment. However,
the Cleveland experirent did not lead to the establishment of ar arc-
ligkting company or even a contract with  the aity.

Meanwhile, the Cleveland Tclegraph Supply Company had obtained
Frush's petents and chanped its pame %o the Brush Slectric Company,
This Cleveland company was represented in Sen Francisco Ly William
Kerr, who was promoting the new lighting epraratus on the Pacific
ceast, At San Francisco Georpe F. Boe and others incorpeorated the
California flectric Light Company. In exchange for stock and a
directorship in this new ccmpany williem Kerr relinguished hiz
rights to the Brush equirrment. 4 plant wes erccted at Fourih and
viarkot Strects where the Brush mechines vere housed, It began operabing
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 was
gpencd on O'Farrell Streeft. In Cetober 1851 u larper plant was erectel
on Jessie Strect between Third and Fourth Streets. In 1888 a second
rovertouse was erected at Townsend Street and Clarence DMlace, HMeanwhile,
in 2879 ard 1830 Brush contral stetions vere built in Wew York, Doston,
Fhiladeclpliia, and otber cities.

Thomas Alva Edigon (1847-1931) was born abt kilern, Ohie. As a
yaunp telerrepher he took jobs at several pleces. In 1565 he worled
a5 B rerairman with the Gold and Stock Telepraph Compony. e dnvented
an improved stock ticker, earning $40,0C0, With this initial capital
he started to manufacture stock tickers and telegrephic devices in iew
York City. In 1877 he decided to devole Lis full time to inventlons,
setting up a laboratory in Menlo Tark, Hew Jersey, and hegan exper-
imerniing with inzondescent lights. For seversl decades scientists had
boen worklng with the incandescent lamp, £disecn was anutious to develop

YWareld ©. Fasser, The Flectrical Nanufacturers, 1375-19C0
I:CambridgeJr 1953}, p. 11-21: Charles M. Colewsan, PuG. and Lo of
Talifprnia: The Contonnial Steory of Pacilic Gas and blegiric Dompany,
1552-15452 {Hew Yori, 19%2), mp. 55-02,
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a light that could be used for hore and of fice illumination since

arc lighting was restricted to strecl and ciher large spoce lighting.
itk tlie mssistance of Grosvenor F. Lowrcy, the Bdiven clectric Light
Ccmpany was organized in 1875 to Tinance the work of the "'fHzerd of
Mendlo Park." OCn Cotdoer 19, 1072, ar incandescent bulb with a filazent
of carbonized cobton thread Lurned for Torty hours, Edison's loams
proved mractical and he secured his hasic patent on Jamuory 27, 1580,
Edison also desipned and manufactured his dynamos, current-carry con-
duits, bulb sockets, znd current meters. In 1382 the Zdison Cempany
orened the Pearl Street Station Ln Ilew York City which was the first
extensive system of ddetributing slectric power. The perfected lncan-

. |
descent lamp orened an entire rew world of elecirical rarvels.—

Jhen electrieity was first introduced, o power could only e
transmitted sheort distances because direct current was erployed,
George Yestinghouse {1046-192LY and iz essociates intreduced alter-
natirg current wherely the flev of current could be increased or
decrezsed by a transformer. VWestinghouse ootained the rotent rights
of a "secondary peneratcr” invented by two Eurcopeans. In 2506 Willism
Stanler ond other enpineers at a Vestinghouse lsboratory in Great
Larrington, Massachusebis devised an alterrating-current lighting syoten.
Shortly theresfter Pittcburgh and Tuifaic installed VWestinghouse gtations.

Gecrge YWestinghouse also developed alternating-current wetors which
were widely used by 1890 for industrial purposes. The introduction of
the ctean turbine in the 1890's lowered Lhe cost of electricity and ex-
randed ivs use in feeftcrics. Eleptriecal cncrgy conild now e transmitted
preat distances Fror larger central stations,

Apricultural technologsy.

James Okiver (1923-319¢3), an industrialist, was born in Scotland.
He came Lo the United States in 1835, settling in Indiana. Ia 1368
he secured a vateni for mwaking a plow from chilled iren, This plow
rroved supericr to the ecast-ircen plow. Yhen Bezsemer steel vyama iniro-
duced, O0liver used steel instead of ircn in ranufeseturing plars at his
works. JAbout 1B06L the sulky plovrs carried on wheels were devised erd
produced oy F,3., Tavenvort anpd Bobert Hewton on & cemrercial scele,
In 1865 F.C. Pfeil invented a pang or riding plow with an operator's
seat,

1Gliver, History of Americen Technolopy, DR. 363-50; also see
Hatthew Jopephson, Ediszon, A Biopranhy {Hew Yarl, 1959 ).

2011?ur, History of &merdican Techholomy, @r. 353-50: TFassner,
The Mertricnl FANUleCLUTers, doro-loGl, op, 210213
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After 187k irmproved corn planters and grain drills assisted
fermers in inecreasing thelr ecreage. In the seveniies many improve-
Tents woere made in the reaper. Autoratic binders were Introduced;
the wirce binder was first used in 1873, but it wes socn rcplaced by
the twine binder. DBy 188C 3,000 twine binders had been marketed by the
William Deeringz & Company of Illinpis,

The combine, a comtlned harvesier ard thresher, became an im-
rorteant technological advance in grain hervesting in Celifornia
durirg the 1930's. The first corbine used in California was probably
the rachinc belonglrg to Geeorge W. Leland, who harvested 600 acres af
wneat ln Alameda County with 8 corbine in lBSh. The mroduction of wvastly
improved combines hegan at Stockton, Cmliferanis in 1876, By 1886 seversl
types of combines were used in the Zncramento Valley and in tho San
Joaguin Valley of Celifornia,

The last frontier of the American VWest, the Great Plains, was
opened in the period belwveen 1870 and 1890, Jlmong the inventions
that essigted in orening this sub-huerild aren was barbed wive. A
comzerciglly practlcal version of barbed wire was irvented by
Joeserh F, 0lidden, a farmer of De Kalb, I1lineis in 1873. His patent
application was disallowed at first, but finally accepted on loverher 24,
187k, Glidden was not the sole inventor of barbed wire, for there were
several who had invented varicus types, both practical apd impractical.

Glidden twisted togebther two sirands of wire so thet they held
pointed wire barbs al short iatervals. He began producing barbed
wvire fencing in a smal? factory at De Ezlk in 1874, The wire manu-
facturing Tirm of Washburn and Meen of Worcesier, Massachusctis bought
inty the Glidden enterprise and began mess producticon of wire fencing
in 1876, While barbed wire Tencing solved thke problem of e lack of
timber on the plains, it was also a significant factor eausing the dis-
appearance of the cattle kingdom. In addition to barbed wire znd Im-
proved fart machinery, certain modificetions made in the windwill in
the 187C's also facilitated opening of the Great Flains.©

Food technolomy.

Hichelaz Apperi, a Partisiar che?, invented & process in 1804
for preserving foocd in hermetically sealed pless containers, His
procesc spread to England and the United Siates, Ezra Dagrett, gbout
1819, was probably the [irst American to utilize this process in this
ceuntry, and his son-in-law, Thomas Kennett, secured patents. At first
Tood was prescrved in gless Jars, but after 1823 tin cans were used,

1... . .
Uliver, History of American Technolegy, To. H3-ET Fcgin,
Introductjoﬁ of Farm Machipery, rp. L10-20.

®uslter Frescott Webk, The Greet Plaine {Foston, 1931}, pp. 295-
218 ard "T'he Story of SOFC Frairic Inventions," Hebraska History XHXLV
(Dec., 1953), »p. 229-43,
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In tke 1850's a2 mechire press te cut tops and botions for cens was
invenced, UUsuelly the focd wes puf through 2 hele in the fop vhich
was soldered over a cap. In 1376 the Howe flozter was designed which
rolled the cans. This machine used solder, but 4oward the cnd of the
century the can becape solderless. By 1985 the menulacture of cans
becare a separate industry. While canneries were established through-
out the nztion, they were concentrated in Cglifornia and Mavyland,

The problem of feoed ferventation was solved in 18?5, wnen I'rofessor
Henry L. Bussell ccompleted his experiments o eliminate the svelling
and mmpleasant odors of canned focods.

In this period refrigeration was also develeoped., In 1879
Dr. Carl Linde produced a practical cempression machine and in 1885
E. E. Hendricl invented an exhaust-siearn: sbsorption machire. About
1877 Gustawvus Svift, a Chicage meat-vpacker, and an enpgincer named
Chase devised a rifrigcrated railrecad car which stimmlated the meat-
racking industry.

Transportation,

The technelegleal Testures of American railreads were vashtly
improved in this cra. Steel rails were substituted for iron rails,
Irproved roadwilding machines were introduccd and oculstanding reilroad
bridoes were btuils, The first stesl-zroh railroad bridge, the Zads
Bridge at St. Louls, vas completed in 197h across the Mississippl
Biver, Jamass B. Eads (lBEG-BT}, an engineer and inventor, uwsed pneu-
matic caissons in constructing foundations for the bridge. Steoel was
alen used to construet railrosd leoccoobives which becnpe larger and
Neavier.

Sleoping-cars were used In the United Gtates as early as 1836,
but the so-celled "bunk" cars lacked eopfort, In 1858, George i, Full.=an
{1831-97) desipgred sleeping cars for the Chicago and Alten Railyosd.
In 186k he desipgned and patented the Pullman car with its Tolding
upper berth, and the pext year he patentzd the seat cushion: to make
the icwer berth.,

hile the hotel-like featurcs of the railroad attrazied more
passengers, the new safety devices did likewise, George Vestinghouse
[lBhG-lﬁl&i invented the air brake which was Tirst used on passenger
trains in 1863, The nexd yeor he orpganized the Westinghouse Air Brake
Company te manufaoture his inventian. vesltinghouse also invented
autematic raillread signal devices,

loliver, History of American Technolopy, vp. 377-90; Clork History of
of Manufactures in the U,5., Vol. II, pp. 507-C3; Vzlter, The Enic cf
fmerican Imdustry, Tip. 166=57; Earl C, May, The Clapning Glam (Hew Youi,

I937), 107-113.
2

Gliver, History of Armerican Tochnolomy, Tp. 415-27.
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Technologicel adwvances in shipbuilding werc not as dramatic as
they had been in the age of the clippers. HMasters of the new in-
dusirial capitalism lacked interest in shipbuwilding because of hiph
construction costs and becmuse of English mredorinance 1ln that en-
deavor. HNonetheless, shirbeilding continued fo make scre progress
in the United 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 Mavy from 1857 to 1903, preduced machinery that made our wur-
chips preeminent end gained for hiosedf a reputation as one ol the
wost distinguished marine enpgineers, For example, his adoption 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 pdate were wade by Heyward A, Hervey
irn 188% and by William Coraey in 1895, The velocity and rsnge of naval
gpuns were increased and Bradlay A, Fiske (185hk.1942), a paval ofTicer
and inventor, Invented s ranges finder of excellent precision, an
electric armunition holst, and an eleectric ccnmunication system Tor
intericrs of warships.l

Andrev Smith Hallidie {1836-190C), the pioneer wire rope manu-

facturcr of San Francisco, established his fectory in 1858, The flat
woven-wire cables manufactured dn his plant were used In the Celilarnicz
and Nevada #old mines for hoisting frem great depths. In 1867 he in-
vented the "Hallidie Ropeway,” a device by which an overhead wire rope
could convey supplies in the mounteinows mining country. TFor twe
yvears Hallidie experimented with an underground ¢able moving street
cars, In 1873 he perfected his invention of a cable car with & grip
capable of seizing and bolding o wovlng cable which moved on a traci
up & steep hill, Cn August 1, 1873, the Clay Street Railroad began
operation, demonstrating & new method of street car transportation.
In the 1880’5 cable car ilines were constructed in most large Arerican
cities; Chicapgo had the largest system with 82 milles of track and 710
grip cars, Despite hiph maintenance cozts, the cable car was puperior
to the earller horsecar.

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

Eiﬂgar M., Kuhn, Cable Car Days in San Prancisco {5tanford hiversity
Fresos, 19hG}; Frank Iarker, Anstomy of the Zan TFranciszco Cahle Car
(Stenford Univewrsity Press, 10GG).

102






Alter the ndvent of the cable car, several inventors developed
the electric street car. Among early pioneers wes Stcphen Dudley
Fleld {18L6-1913), who also invented a multiple-call district tclee
graph box and a dynamo guadruplex telegraph., In 1875 Field aprplied
for a patent for an electric railway which would uze current from a
stationary dynemo and which would be delivered through a third rail
t.o the car-wheels and traffic rails, Ia the early 1880's Thomas
Pdison experimented with an eleceiric lecomotive st ienlo Tark,

Hew Jergey. At the Chicago Railway Exposiiion of 1883, an electrics
elevated railwey was pub inte speredion under the Field and Ediscn
patents.

Charles Joscph Van Depoele (1846-92), the "Father of the Troliey,”
was torn in Belgium in 1846, Az early as 137L he demonstreted the
vracticability of electric traction, In 15883 ke built two scall
electric railwiys and secured a patent, In 1353 he sold his patents
to the Thomson-Houston Flectric Cempany of Iymn, Massgchusetts, and
entered this compeny's ewplay. He budlb zeveral of the sarly olectric
railways in the United States and Canada. In 1883 Leo Deft aiso de-
roeloped a successTul strect car, He instalied car lines in sewversl
rastern citiez and in 5. Catharines, Onterio,

The interurban systen dewvelored from the work of Frank Julian
Sprarue {1557~193h}, an electrical engineer and Inventor, who crganized
the Sprague Electric Rallwey and Motor Cempany in 15854 to manufecture
electric mobtors. He installed the first medern trolley system at
Rickoond, Virginia in 1898. Sprague is considered the “father of
electric traction.” for he invented the multiple-umit systom of
eleciric trein controcl. Within & three-year period two bhundred strect
car s¥stems were built or planned on the Spraguc sysvem.  The elcetric
car quickly replaced the horsecar, and even the ecable car exeept on
steer grades, The sucecess of the eleciric car in urban service ceuzed
its expansion Lo intercity and rural opsration, By 1801 about 15,000
miles of eleactric railway existed in the United States. The interurbas
gystems expanded until abeul 1905, In Lhe end the automobile replaced
the irdusiry, bul was not a real thkrest unbil ebout 1911, The auio-
mobile did Tﬂt reduce the nurber of interurban passengers until
after 1917,

Altheugh the bieyele was first developed about 1300, it was not
widely adopted until tle 185075, The first American to menufacture
bicycles was Albert A, Pope, whe patented a safety bicyele in 1886
or 1887, His first bicycles, rarufactured in a sewing-machinc shop
in Hartford, Connecticut, weiphed aver 100G pounds. Fope and other
bicyele manufacturers hegan to reduce the weight., They made Frares
of thin tubing and slso pui ball bearings in the vheels., Iy 1890

‘7. Commerford Martin, "Electric Cars sad Trains,” A Popular
History of fwerican Inventions edited Ly Kacmpffert, Voli T, DP.

105-33; George i/, Hilton and Jdoin P, Dus, The Electric Interuvhan
Lailwave in Jmerica (Stenford lhdweroity iToss, 1960),
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By 1896 there werc over 4,000,00C riders in the United States and
over 250 bicycle ranuTacturing companies.

The pneuwratic tire and the chain-zrd-sprocket mechoniosm gave
the bicycle srteed, DBicyele clubs were formed and "bilke-racing™ cortests
vere held., In 180 the League of Arerican lheelmen was orpenized and
influcnced the pood-rosds movement., In 2 recl way the bicyele crowe
prepared for the nass production of the antemobile, )

The evolution of the vodern euftemobilc was o pradus) pracess,
Steamedriven cerriages bad existed for nearly a century before the
Germar technician, Mikelaus A. Oito, invented a four-cycle compression-
tyre internal ccmbusticon engine in 1576, The Ctto Engine Yerks pro-
duced ges encines for stationary work, tut not for rcad vehiclews.

In 1054 Gottliek Ieinmler invenied a llght hiphespeed pasaiine engine,
The sare yeer ancother Germsn, Cmrl Benz, buils 2 gasoline autorobile,

In 1877, an Amcrican lawyor and inventor, George B, Selden
{lﬁhé-l@EE}, il a mgascline cupine, He also rmade drawings of a
carriege o be driven Ty o thres-gcylinder cngine mounied ¢rossWise
on the front axle, He applied Tor & patent which was granted om
Hoverlier 5, 1807, for a gesolinc-driven vehicle.

In the eorly nineties seversl fricrican invertors pioncersd in
building auteomobiles. In 1892 Charles E. Dwuyea (1862-1231), some-
times called tlie ' father of the suteorobils,” built a pasoline-propelled
car. I 1895 ke and his brother, J. Frank Duryen, organized the
Luryes Moter Yagon Company at Speineficld, Massochuseiio, Inm 1862
Herry Ferd Bailt his first gascline car, z2rd he tested it successiully
on the road the pext ycar. Hiram P, Mexir developed a gasoline engine
and automobile during the 1890°s, In 180k Elwecd ileynes of Hokeomo,
Indisne built en sutargbils, Panzom E. Olds bad produced & three-
wieel stean vehicle in 1887; in 1896 he began work on a gasoline
vehicle., He wes the first to pub an iancxpensive gosoline autonobile
on the Awxewican merlet, In 1897 Alcrander Winton built the first
larpe cers,

Iy the turn cof the century the Urited Stotes had ecquired the
technologicnl knovledoe to launclh the subomebile industry. Dy the
tine ienry Ford hepan his real production ip 1903, ciher autongiilcs
such 23 the 0lds, Haymes, "irtorn, Locomobile, Feckard, and Cfedillae
hed already von recogaition., Ford refused to joln the Associaotien of
Licensed Aulcmsbile MHanwfacturers, who paid royalties fo ihe owners
ol fthe Hcldon patent. Ford insisted on sizrdaprdization and mess nroe
duction, In 1903 he introduzed the Medel-T, a Iight Mour-cylinder

lJames . Darnes, Yeclth ol the American People: A History oo
Their econcrie Iife (HéE-TEFE:_iﬁﬁﬁjjurp. fi0.11; Purlingesa,
Yacrires That Built fmerdcza, pp. 130-L0.  Pope besen menufacturing
the "Columbia™ bicycle in 1877,
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touring car of 20 horscepower that carried {ive passenpgers, rford
premised it would rurn 22 o 2% riles per pgallon of gasoline ard that
its tires would run 10,000 mileg. This model enabled Ford to produce
& car in large guantity et low price. Iy 1913 Ford wac able to adopt
the moving asseably line, and he had produced a cer for the millions.
The fmerican fanily quickly became pgeared to the auterobile,l

frericans such as Thaddeus Lotre, John J. Montgowery, and Cotave
Chanute had experdmented wilth belicors and gliders in the nineteenth
century, Campel P, Leangley and Charles M. Manly built an internal
combustion eagine Jor 2 flying machine. In their ftrizl flight oY
Cetober 7, 1907, the Asrcdrcme dove inte the Potomae River near
tashington, Vhile thelir cachine did not ly, Lamtley had contributed
kaooviedge of wind resisicrce and szl pressure as well as certain
instruaments,

‘o brothers, Willur and Orville Wrignt, were successful pionzers
of flight., At the irigh® Cyole Company it Daylon, Ohio the too
brothers had a bicycle shop. In 1898 they began to study the mechanice

al Tlight, Defore they atterpted povered I1ight they studiesd the problems

of stebillty, sonlrol, and balance in gliders. Eventually They developed
a wing dzsimm and designed thelr cwn nohter and rropellers.  On Decem-
ber 1Y, 1903, theyr wade the [iret successful Ilight in 2 wmotor-poveresd
airplane st Kit4y Hawk, Morth Carclina., ©On Its second Tlight the plane
remained ir the air 59 seconds and flew 952 {ect. After makicg improve-
rments, the brothers succeeded in ma%ing a circular flight of 24) miles
in 30 minutes at Dayton, Ohio on Ocickber 5, 1905. In 1900 they securcd
a patent for their flying machine, ITn 290U the Ancrican Weight Corpasy
was organized to manufacture alrplanes,s

Cormuni-aticn.

A urnderwater cable fnsulated with gutta percha was first 1aid in
1545 betvecn Fagland and the Surcpean Continent. In 2342 biorsc's sea
cable between Governor's Izland and Castle Garden hod been lsid in the
United Jtabtes. Matthew Fontaire Maury mapped the aclantic flocr-; an
nglichman, Villiam Thomsopn, solved the wroblem of sending wmeocages
over & preai distance without relays, and Cyrus U, Fiezld provided the
organizing peniue to lay the Aflaniic Cable. In 1855 2 cable was leid

-1

conrecting Ergliand and the Unlted Dumbes, bub this Tirst Atlantic ekl

T, . . . ; .
“HY. Perry, 'The Disc of the Automebile,” in A Populer Nliclory
of fun, Invenbions cdited by Keempffers, Vol. I, pv. 13%-T4: Domer

Burlirpame, Ecriry Ford (Few Yovlsr Sigret Key Dock, 1950); Viram T,
Maxir, Horseless Carriage Tays (Hev Yeorit  Dover Edition, 1962}s

» B - g - vy . i S
Zhavid €. Cooke, The Story of Sviation (New York, 1958), pn. ho-ah;
Cmega G. East, Wright Prothers Haticral lHemorial (WﬂﬂhiﬂghﬁHJ [ I

Tational Tark Service, Historicel Handbook Serdos Mo, 3%, 19601)
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failed. In 1266 a8 new cable with technical improverents met with
great success,l

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

In 1871, Alexander Grabam Bell {1847-1922), who was born in
Seotland, ceme to the Unlted States as a teecher of speech Tor the
deaf, TFrem 1873 to 1876 he experimented in an effect to develop the
telephone,  Dell hed his assceiate, Thomas &, ‘fetsoa, design an
instrument, which they called the "harmonic telegraph.” UVhile ex-
rerimenting with this Instrument Bell finally invented the telephone
and received & patent in 1876. At first the telephone was zerely a
curfcsiiy, and Bell end Watson had io give many wublic demonstrations
before the invention was accepted. The Bell Telephone Association was
crganized in 1577, and in 1878 the first tclephone exchanpe was orensad
av New Haven, Connecsticut. Within five years the telephone had wide
cormereial use,2

Ar, Ttallan, Guglielmo Marecni, invenbed wircless compunication
and made successful experiments in 189%, taking out his first patent
in Epgland in 1396, The Aperican rioneer in wireless telepraphy and
redigtelephony was Lee De Ferest, who was born in Counsil Bluffs, Towe
in 1873, 1In 1507 De Forest paterted his audion tube which made leng
dizvance radic possikble. A thres-electrode vacuurm tude, it was used
a8 & detector and ampiifier. The tube detected electrical waves and
relegsed a larpge amount cf electric power from 2 sowree at the receiver
which could amplify signal-making power. In 15008 he installed radio
telephomy on Amerlcan warships. In 1910 he broadeast Pnrico Carusa's
voice oy radlo. De Forest, who patented over 300 inventions, is some-
times referred to as "the father ol radiec.”

Another pioneer in radic scicnce was Michael T, Pupin {1859-19353,
who had been born in Yuroslavie and cemc to the United States in 1874,
He becare a professor of electromechanics et Columbia University.
smong his dinventions was a system of multiplex telegraphy _and the Tupin
eoil which oxtended the ranee of long-distancco telephun}r.3

Larthir C. Clarke, ""I'1l Put & Girdle Round the Farth in Forty
Minutes,"' fmerican Heritage, TX {COct., 1958), mp. 4o-44, 85.06,
Eﬂliver, Hiztory of American Techrnoloay, pp. 435-39: Alexander
G. Bell, "Beginnings of the Welevhone, in Science and Invention
edited Ly Le Follette, pp, 171-82.

J01iver, History of Smericen Technology, Dp. 490-502; dlchael
Pupin, From Temigrant fo lnventor (Kew Yorx: Hew Edition, 1925).
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Business mackines,

In the Industrisl /ge as business expanded a nurber of recording
and tevulating devices were invented. A8 early as 1829, ¥William A, Burt
of Detroit had invented a primitive Lypevriter ealled the "typograpier.”
The medern typevriter was inventod by Christepher Latham Skoles (1310~
90}, a Milwaukee printer, Together with Carlos Glidden end Sanuel Y.
Zoule he was pranled a patent in 1868, Tke Cheles machine, which ke
called a "typewriter” had an up-strike tymwe bar, a circular type
besket, finger lLeys, and a cylindrical roller., Sholes improved his
wrachine o mwake it tywe accurately and rapidly, ATLer Glidden and
Soule relinquished thelr yights, Sholes sold his rights to James
Lensrore. Topnsmore interestod the Remdngton Arms Cenpany in its
ranufacture, and in 1874 the Remingion typewriter was markeied as the
Tiret practical machine.” The typowriter became an essential muchinc
in Lhe business world and it enebled womer to secure positicns in
business and the professions,

In the 1870's Frank 5. Paldwin {2838-1025%) attenyted to improve
the Colmar calculsting machine which had Seen develcoped 1n France.
In 1874 Paldwir exhibited his "arithbmometer” st Fhilagelyhia, In
1902 ho invented an improved calewleting machine which was later
redesigned with J.R. Menroe as the Monroo ealculating machine,
second plenger in revolubtilonizipg lLoolkeeping was William 5, Burrouzbi
[lSET~93}, vhe gave up o Lank cleric's position In Aulurn, New York
Lo experirernt wiih an adding machine, By 183G heo perfected an adding
machine, and phe Auverigas Anichmonc.er Cottrany wos orperdlzed Lo nariet
“he machiline.

Y

In XM7Y James J. Bitty of Dayton, Chio inverted 2 cash repicter.
Ritty Lad difficulties in carketing his invention. TIa 1234 John H,
ztterson acquired Ritty's cowpany and orpanized the Hational Cas
Repister Coampany. The ploncer in develeoning an automstic system of
eompd ling, recording, and tabulating data was Tr. Herman dcllerith,
a stakistician, Ir 1807 he uscd punched cerds to regisver colloceted
Aata.”

Fhoncgraph, photemraghy, arnd motion pictures,

The rhonograph was inverted by Tlomas A. Edison in 1972, While
werlitng on bhe repeablop and enbossing teiegravh, he conceived the
idea of a phonograph. Bdison's first gpachine was crude, tut he mode
izmprovements, In 1901 the Bdison grerephone was put on the Earket.j

1. ; P . .o .

“Harry E. Berbour, "The Development of the Typewriter,” in Science
and Envention edited by La Follette, pr. 203-80; for dctails see Kivnard
¥ Current, The Typevriter and the bea dho lade I8 {Urbana, 1934},

Ewnlker, The LBpic of focricen Iunducbry, pE. 2r0=T6.

Ierene 5, Hoyer, Great Inventions (Hew York: Focked ook dditicn,
1052), pp. 202-66,
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George Enstueon [2054-1932), an fwerican irventor end industial
leader, rerfected a process for making photographic 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 on
coated Taper, wes woupd on 2 roller. In 1888 he inveated the
"Kodak,” a portable hand cemera.

frong the pioneers in motior pileture thotopraphy was Fadwesrd
Muybridge (1830-1904), who photopraphed arnimsls in motion as early
as 1472, vhen he was engaged by Leland Stanford of Californie to
prove that & running horse had all four feet off the ground a2t cne
phase of hls stride.

In 1838 the Edison laboratories at Menlo Ferk, ¥Hew Jorscy started
work on the kinetoscope,  UWikh the nssistance of Willisr K. L. Dicksen,
the Ediscn-Dickson xinetoscope was constructed. As a result neepshown
vwere shown beginnirg in 1894, €. Francis Jemkins {1807-1934%) with thz
assistance of Thomas Armat invented the podern molion picturc projector,
He patented the machine in 2895. Jenkins's inventions prerared the
WE ffr the maling of movies as a nev Torm of commercialized amusa-
ment,

Technical education and dcurnals,

The growil: of scientific and technical educaticon in the United
States was tremendous in this pericd. The Massachusetts Instilbute
of Teeknelagy, Yale's Shefficld Sechool, the lande-grant colleges,
mining schools, atnd other mecherical and tecknieal insvitutions
Tostered dnterest in applied science,. Tr California the Threop
University of Pasedena, prescntly Californla Institute of Techrology,
was establislhed 1n 9L, tlechanics instifutes and merual training
schioals din the different sectiorns of the nation also contributed to
the advence of iechnical edutaticn. Doveral technical and engincering
socletics were established; for example, the Americen Soclety Tor
Fngireering Education was organized in 1893,

The BEngineering and liining Journz) was establisbed in 1066,
It iszues portrayed the new tools and rachines used oy the nacion's
expanding industries. Acong the engineering journals launched in
this era were Ingineering Hews, Hlectrical Vorld, Technolorist, and
Fatlroad and Engineering Journsl, A number of seientific and
technical Journals apheared such as the Americen Chemical Journal,
Amerdicazy Kachinist, and Povular Jelsncs HMonthly. Articles on popular

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

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

i

Oliver, History of fmcrican Technolopy, pr. 309-125 Tobert H.
Fervald, 'Ipogress in frmgineering,” in Dcience and Inventicn Adited
ty Lz Ealleste, prp. 207315, = —
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tyaroresse of American technological edvences,

At the Paris Exposition of 1867 the inveniive genius of the
Americen people was well displeyed. Cyrus MoCormicl won & grand
prize as well mas the Cross of the Lepiom of Honor for his reaper.
Cyrue Field was recopnized snd praised for the Atlantic Ceble.
The Howe sewlne machine was awarded gold medals,

The Cemtennial Exbibition of 1876 at Fhiladelphia had a
HMechinery Hall} +that impressed both foreipnh cbservers and Azericans
alike, The Tamous Corlissz engine of 1,5C0 horsepower was tic maln
attraction. A large nuoker of European inventors, scientists, and
industrieliets came to Philadelpiia to gain kaowledpe of Anerican
wechnoleogy.

A% the Columbimn Exposition at Chicage in 1593 the electrical
exhibits constituted the mwajor technological aztraction. The ex-
hikits of Americanr machines were also a pripary altractieon, The
next year the Chicege faly was copled at Can Francisce by its did-
Uirter Fair held in the Golden Gate Park. The dispiays in ihe
Fechanicel! Arts Bullding were 2 main feature.

The United States exhibited models of its apriculiural, textile,
and minitg mechinery at the Parils Sxposition of 1002, In the first
decade of the twentieth century fmericen technical skills were dercil-
strated ot home in the Fan-dmerican ixycsition at EBufialo, ths ILoulziara
Purchase Exrosition at St. Louis, and the Alasha-Yukon-Pacific Ex-
roeition at Seattle,

A5 the nineteenth century closed the ripened maturity of
American tectmology was evidenced by the exchange of visits belween
Jmericar and Europesn scientists and technicians. Horeover, by the
18007z & considerable mgdber of fmerican mackines werc caported to
mirgpe. For exemple, Acerican shoe machinery was ndopted by several
Germar shoe rmanufacturers, In a report dated April 25, 1898, Frederis
Smory, Chief of the Dureau of Foreign Cormerce of the Departrent of
State, indicated that the reports of consular offices proved a growing
pepularity of United Stetes panufactures. This was particularly
evident in iron and stee? products, labor-saving rachipery and tools,
Loats, shoes, bicyeles, electrical supplies, and locomotives. IHeory
ascerted that in certelr industries produclion surpassed domestic
consumption and that additionnl foreign markets wvere needed if Anerlican
operatives 2nd artisans weres to e kepht employed. TIn 1893 manufacturcs
compriced less than one-fifth of United States exports. By 1903 the

figure bad risen to cne-third, ard in 1912 it rose to M rer cens.l

1Gliver, History of American Technolomy, pp. 297-309; Clarx,
Eistory of Mepufactures in the U.LS,, Vol, 51T, pp. :-Z.
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ZITY  CCOHCIUSION

Stmmarization and trends in sclentifis and technolenicel
history of the Inited States.

Ir the bepinning Awmerican sclentifie and technological ideas
were Primerily sn expressicn of Furcpcan intellectual thought.
In fact the American seientific tyadition wes English in origin, =nd
a similarity remained bebween the two trediticons for a, long time.
However, Afmericen science was always more utilitarisn.” pgg gocn =2s
Mmerice was dissovered Bursrean soience was otimulated by interest
in the new lends. fctually scientific knowledge has always crossed
and rToerossed the atlantie whetlier thers be peace or war,

During the colenlal cro fmerican sclence Woas not specialized,
being feneralized into the two broad 1ields of natural shilosophy
and natural hiztory, Despite thelr generaliceticn the colorial
caturalists were pionecrs in adwancing: Aperican science. & certein
degroc < povelarization has always characterized Arerican scieptific
developmont, This wos true oven in the colonial ora when almanacs
and newspapers dissepdinated sziontifiec data. The Americsn Rovelutioa
tendled at first to dizrupt our scleptific advance, but soon a burst of
seiertiTizs aotivity ocourred. Yhen tlhe Upited States gained their
indertendence, Americans remaircd for o time deperdert uren Europe
for aclentific and technological guidance, vub graduslly facilities I'cr
research and training were irmvroved; roreover, the rationzli governmens
tecame intorested in fostering scientific discoveries end irnveontions.

The existencse of a fronticr stimuwlated the inventive and
seientifie genive of the American ypeople, Hith an entirs continent to
setile inventions were needed 0 reduce distances and to develop the
land. For exarple, locomolives in America bevame hesvier and faster
compraed 1o those of Durcre. To Teme the different frontlers of
fmerice lnwventions such as the Ceolt rsvolver, the reaper, and tarbed
wire were devizsed., The vnigue prollems of the various wining fronticrs
of the Vest cglled Tor soluticn and these were met by American mining
epgincers and inventors who tecaps pregminent in desipning mining
eguivment ard mechinery, Oeience vas fostered by sevoral exploring
evpeditions stonsored by the rationsl government in the peried beforc
the Civil Var., #fs eerly as the 1820°'s a few state goverrnments begen
to wnderizke guological SWrvoys.

Apericans have always beon 3 pabion of Jjoiners and ber scientists
and inventors held mectings and Zormed scientific and sechaologiconl
saclelles. FHany of these crpanizaetiens lsunched publicetions, and the
United Btatos ftoday bhas many scientilic and technical Jouraals thot
date Leck to the last conbury, n the bhegimnning college education

e

Stepher ¥, Mason, 4 History of the Scierces (Ilew Yorl: Coll
Dapl, Hew Iev, ed., U962}, oo 300,
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was based primarily upon clessical studies, but by the 18LE's colleges

and universities began to offor Instrvetion in ssience and engincering,
I"""'E-EI:‘ the Civil War technieczl and sclienuific education was Turiher
Limaleted by the evolution of the lard-grant colleges.

‘e the nation becamre involved in the Civil Yar, The Union was
susitzined in nart becauwse of bt superior scicntilic and technleal
skills of tihe Horthern peoplc. Hovever, scientific and techrolegiced
knovwicdge was nsver sonfined to Ehe more industrial and porulated areas
af the Northeast., Sclentilis interests exicted even in the 018 South.
fcor the Civil Wer as industry spresd into the Soush, technological
advorces vere also mado in that scetion. In the Far lest techniC“’ on
sclantific dovelogmenis occurred virtually Zrom the Lime of the first
settlements with grester advances oxisting in Lhe more pDFulavec AT
gy California,

Inerice’s greatest sclentific end techrolopical advance came altor
the Civil Tlar thn 20 dnerensicg Indestrislieation and vrbanization
ccocurred, In thiz epe ¢if Tinarcce cepitaliern business cxporoded and
Taziory methods and standoardizafions were wifely adophed. Ucoclentists
end inventors were called upon o devise rew businecss machines srd Lo
lmprove weans of factory opcraticn and transporbatisn. The atiracticn
of ﬁﬂer*cﬂr weglth chouraged ircreased imedgrotion So the United Stotes,
and the fmericgn solentific tradition wasz strenpthoned irn chis ers by
the arrivel of pany actual and ootertial Burgpean solertists and in-
ventors,  Hence Albert A, Micheiseon, o Tollshk Iepdgrest, vecsne the
Tirst Americar $o regcive a kiobel Irize in science, The soisnces of
astrenomy, chonlsiry, physlos, and medicine, to meadion only 2 Tew,
rade tremendous zirides in the Tndustrial Age, Ancricans hocams the
foremost ploncers in developing such modern inventicong os the telephone,
sutomobile, and airplane.

Significsree of America's role and ber centributicns.

The major sighificancce of Americen sclectific discoverios and
inventions throvgh the years iz LnuL thess advances ade the United
Staton LYhe weslinleat ngkion in the world. They enabled Amcricans to
e well fed awl gave the zverape man an abundance of the confcrls of
life, lizat ol the dinveniions verc uibilifsrisn and practical,  Besides
giving the Arerican pecple amples Tood, eloihing, ard housing, an or-
nhasis on prodiucivg lator-zaving devices gave them more Zeoisure Tor
educailion, travel, and sntertainpent.

Solonse oad technology are bosicially and raturallsr internabions]
ir tradition witl no race or peoplc hoving 2 monopoly of ilsdom,
Amoricans kave plwveys benelibed fpos tlﬂ coleptiiic and inventive com-
triluclions el obtler peoples. T tern the Undted Stoates zided the rent

the world by its own scienfidlic “nd uecquﬂhogleal knciv-how.  In
Fact by 1000 Amesivan fngenuiiy was welecomsd in mony forcipr lands.
Meny nations, particu1ar‘" Japan and f[ussia, impoliel rashinery [em
The Uodted Steteos.  Aftor the Upendoh-Americac War, wlon the Unilbed
Staves bosmme a world power, Ler mechines werc &luo Inorgduend Into
Cuba and the Philippines,
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In the baccalaureste address deliverca at the University of
Wisconsin oa Jure 20, 1903, Joacuin Nabusco, Brazilisn Ambassador
to the United States, spoke on "The Share of fmerics in Civiliza-
tion." He pointed cut that American inventions had brought zbout
3 standmrdivation and a uwmification. 1In part ke said: '"The age
of Frouklin will not end as the Age of Midas. You have changed the
rhythm of life, you write in guick fempe, and the world is catching
frow you the spirit of rapid fransportaticm....”

American selence and tecknology abeut 1913

Cn the eve of World War 1 the United States was on the threshold
of assuming a pnsition of world leadership. An Axerican fmpire was
created followlng cur victory over Spain in 1895, Tn a large measure
the emse with which the United States defeated Spain was dug to her
technological superierity. Since the eighties the United States had
been emerging as a greet navel power. The new steel nevy and the
superior weaponry of the United Sftates were results of the advances
in American science and techmology. In 1298 the United States passed
Great Britain in iron and steel production. By 1900 the United States
rassed Germany in machine tool producticn.

In 1900 agriculture remained the leading industry in the United
States with a third of the populaticn engaged in farming, but the
mapufacturing industries were of the march, Indvstry was moving west
and south, Its density incressed in the Great Lakes ragion and it
was bringing new pramise to the South., At the turn of the century
as the United States became more urbtenized and Industrizlized, the
naticral govermment and the states began to increase their scientific
functions, For example, the publlc health movement gained momentum.
Also efforts were mede to ingure pure food end drugs, conservation,
end safety in industry. Scientific research beceme an accepted
Tunction of government. 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 ol
Mmerican democracy was soon tested by the dmpact of World War I.

The interplay between seietice and invention,

Scientific discovery {basic or "pure” science)} and invention
(applied science) are related and dependent upon each other. The
discoveries of sclentlsts frequently lead to inventionsz, and con-
versaly scometices inventions lead to scientific dizcoveries, Tor
example, Joseph Henry discovered eleciromagnctiss: onece this phencme
enon was known the telegraph could be lanvented. In Amerlcan history,
rerticularly in the esrly perlod, escisnce has becn more applied than
basic. Although the United States has hed secientisis of intcrmational
standing since Franklin's day, the number were fow until the Trduskbi-dal
Aze,  With the advanee of selentific educaticon in the Tnited States
after the 18370's e greater emvhasis was piaced on basic science,
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In s sepnse the United States received much of its basic science
irop Dorope until more recent times, bul inventions and ergineering
achievements made the United States an industrial glant and world
power by 1200. Throughout our history scientists have sided inventors
and inventors have aloed scientists., Sometimes it is diffiecult to
distinguish between & sclentiet end an inventer. A good example 1s
the career of Michael Pupln, who as Roger Purlingoame appropriately
said: “was the scientist behind his own inventions, !

JRogrer Burlingsme. Seientists Behind the Ynventors (Hew York,
1960}, p. 72. In this Dbook the author explores the interrelationship
between coience and invention,
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The book is a history of the work of artlsans and eraftsmen

in Colonial America. This Is e scholearly study by a competent
American historian,

Burlingeme, Roger, Engines of Democracy: Inventions and Society
in Mature America |New York, 1GhG).

The bock covers the perlod from 1865 and is & useful study.

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

Thls bock iz a brief and populerly written history of the more
significant machines in American history, hut it 1z not a thorough

study.

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

Tnvention {New York: Universal Library edition, 19387,

The book 1s 8 study of the social pattern which mede the United
States, The viewpolnt ls technologlcal inventicn eand 1ts place 1a the
forration of sociel trends. The book is scholarly ond has an extensive
blblicgraphy.

, Seientists Behind the Inventors (Wew York: Avon Paperback
edition, 1960).

In e hisforical approach the suthor demeonstrates the inter-
relationships between seience and inventicn.

Clark, Wicter 5., History of Manufactures in the United States,
1607-1928 (Washington, D.C., New edition, 192%). 3 vols.

These volumes, vwrepared by the Csrnegie Institution, are based
upon orlginel materlals. They constitute 2 detalled and docuwmented
econcmic history.

de Cgmg, L. Sprague, The Herolc Ape of American Invention {New York,
1961 ).

The pook 15 & popular, btut not therough, survey history of
American inventions,

Tupree, A Hunter, Science in the Federal Government: A History
of Policies and Activities to 1940 (Cambridge, 1957).

This iz an excellent and scheolarly study with documenfetlon. TH.
mainly foilows a chronologicel approach, but also has chapters on sach
topies ag agriculture, conservation, medicine, mnd public health,
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Grinneil, Joceph, ed., Sature wrd Science on the Fecific Coast
{5an Francisco, 1915},

The book copnteins articles oy varicus scientists,  Although
it i not = complete study, it is one of the few books relating
Lo science in this ares,

Hindle, Brooke, The Pursult of Szlence in fevolutlonsry fmerieca,
1735-17839 {Chapel Hill, 1956 ).

Thig schelarly ard decumented study hes been hiphly praized by
American historians specizliring in ecultural nistery. The suthor
has an ercellent chapiter on the Awericanrn Fnilosorphical Soclety.

i

).

Jaffe, Bernzrd, den of Science in Arerica (Few Yark, Rev, ed,, 195

The zuthor has writien ebout legders pff Americon science from
Thomas Hericot <o Enrico TFersl., The book is one of the best geacral
Dintories of American science #nd is bazed on thorough research,

Johnsen, Themas C,, Jr,, Scientific Tnterests din the 014 Scuth
{Hew York, 1936},

In thisz goudy of Lthe attitudes of the planters, woliticians, and
rprofessicnal people of the $ld South towerd the netural sciences the
authar atltempted o explode the oyth that the secvtion lacked seientific
interests, The book haz exbtensive footnotes and fo based upon sound
research,

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

Tle firast volume ireats trancroristion, communication, and vpover
and the zecond volume covers hoturs! rescurces and labor-saving machines.
The chapters are wriiiten by varlous speciallists in nen-technicsd lan-
friaiEs.  Thesc volumes sre not entirely sccurate and sre not vassd upon
sound schelarship, Honethelesc, fthey contain much data that is not
readily availshle,

Xursh, harry, Incide the U5, Patent Of{ice, The Story o the Men,
the Lews, and the Procedures of the fmerican FPatens System (liow York,

19%4).
Ckapters tiro ard three deal with the Birdl aond developmeni ol Tl

ratent system from 170C %6 1836. The teok ds a populsr account not
mased apon bhorouwsh researgh,
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Books edition, ?EE&J

The bocok is a history of the work of artisans and creftspen
in Coloniel America. This is s scholarly study by & coppetent
Americah historian,

Purlingams, Roger, Tngines of Demoeracy: Inventions and Socletly
in Mature America (New York, 1940).

The book oovers the peried from 1865 mnd 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, tut 1t is not & thorough
study.

s March of the Iron Men: A Sccial History of Union Through

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

The book is o study of the social pattern which pade the Thited
Stetes, The viewpolnt is technologlcal iovention and its place in the
Tormatlon of social trends. The boek Is scholerly and kas an extensive
bibliography.

, Scientists Behind the Inventors (New York: Avon Paperback

edition, 1960).

In & historical appromch the suthor demonstrates the inter-
raelationships betweer science and invention.

Clark, Victer 5., History of Manufactures in the United States,
16071528 (Washington, D.C., New editlon, 1989). 3 vols.

These volures, prepered by the Carnegie Institution, are based
upon originel materials. They constitute a detailed and documented
econicmic histery.

da Ggmg, L. Sprague, The Hercic 4ge 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 Federal Govermment: A History

of Policies and Activities to k9u0 (Cambridge, 1957).

This is an excellent and scholarly study with documsntetion. Tt
oainly follows a chronological approech, but also has chapters on aach
topics as agriculture, comservation, medicine, and public health,

11k



SLoL

T




Mason, Stevhen F,, & History of the Sciences (New York: Collier
Books, Hew, Bewv. ed., 1962},

This i= an excellent single volume history of world science.
It iz a2 highly resdable survey from ancient times to the present.

Ochser, Paul H,, Scns of Science; The Story of the Emithsonian
Institution and Tts Leaders {(1020-1940} (Few York, 1949),

This iz & reliable history of the Smithsonian Institution
by the chief of the Edltorial and Fublicstions Division. The bock
has e chronology of principal events in Smithsonian history and a
selected bibliograply.

Cliver, John ¥W., History of Arerilcan Techuology (Hew York, 1356).

This bogk iz a cemprehensive history of Americen technology and
invention., Vhile the emphasis is on technology, Tthe study conteins
fuch of valud pertaining to scientific history. It iz a text for courses
in its subject and ia scholarly. The book, however, fAves contain’errors.

Struik, Dirk J., Yankee Science in the Foking {Hew York: Collier
Beok, Rev. ed,, 1962},

This study covers United Stetes sciches and techoolcgy Trom
colenial times to 1865, It is a classic with oan extensive biblio-
gravhy and documentation,

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

The volume is in the Chronicls of America Series. The book
zerely cutlines the personglities of a few fmerican inventors and
relates their significance. It covers the reriod from Benjamin
Franklin to the congquest of air.

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

The book 1s written for the generzl reader and is on account
of the rise of industry, cemmerce, business, transportation, and
eormunication ia the Unlted States, It kas considerable data on
specific inventions suen asz the telephone, mutomobile, and business
machines.

Wilson, #ltchell, American Science and Invention: A Fictoriel

Bistory (Mew Tork, 1954).

The book is a general history of the develorment of Americen
seiemees and invention covering the pericd Trom Frapklin's experi-
ments with electricity to the begimming of “he atomic gge. The
anarrative lacks details, but the teok has over one thousand docu-
mentary plotures.,
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CITES OF TXCEPTTCNAL VALUE

1. Liek Observatory, California ]

Yocation. OSanta Clara County, on Mount Hapdlton, 2l milcs east
of Zan Jose.

Cunership and Administraticn., University of C@lifornias at Berkeley.

Significance, Lick Cbservatory, estoblished In 1888 on top of Mound
Hewilton, was the first great resesrch astronemical observatory in the
Far ilest. Agmong the distinguished American astronotlers associated with
this observetory were Edward 5. Holden and Bdward E. Parnard. The
astroroners at Lick perforred plonser work int he study of sun spots and
double star systems and meny other significant astrancmicsl discoveries
wers zlsc mode here.

Tn 1874 James [dck, who had come to Califernia in 10T and made millions

in selling real estate in San Francisco, donated $7C0,6C0 to the University
of California for the purpose of bullding a great cbservatory. In 1876
Congress granted land for site and this, with later srants, now totals
about 3,100 aercs, Dick gted in 1076, but his trustees provided m 0~inch
equatorial refractor, a 13-inch equatorisl refractor, and a & 1/e-ineh
meridian cirele instrument. When the University of California was given
the completed observetory in 3888, it was comsidered ite "erowning pos-
session”. Until 1899, its 3b=inch telescope was the largest in the world,

rdward Singleton Holden {1846-1914) served as the directer of the Lick
OUbservatory frem 1888 until 2897. A Yest Point graduate, Holden hed

been an astroncmer at the Kaval OLscrvebory at Washingteon, Do O, from
1873 to 1879; he wms next director of the Usshbura Observatory of the
University of isconsin in 1981, and Finally President of the University
of California, In 2889 Holden founded the Astroncmicsl Seociety of the
Tzeific, In 2392 he discoverad the faint fifth setellite of Jupiter, and
an egtlas of the moon as else prepared by the Tick staff based upon rhoto-
graphs made with 1ts preast glases,

Edvard Fmerson Barnard (1857-1923) was another distinpuished astroncmer
vho served on the Lick Staflf from 1528 to 1895. While at Liek he began
to pnotograph the Milky iay and also discovered flve satellites of
Jupiter and the nebulous ying arovnd flova Awripgae. He let™t the Lick
Chsorvatory in 1895 to beccme an astroncmer at the Yerkes Observatory
of the University of Chicepo, at %Williams Bay, Wisconsin,

The modern study of nebulas wes tegun =t Liek in 1893 and more than 33
comets and L,800 double sters have since been discovered and charted.
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Prosept Appearesnce. The Lick Tbservatory 1s situsted on the sumndt
of Wount Harilten, L+, 020 Test altitude. A narrow paved road, making 363
turns in the last five miles, leads to the mile-long ridge at the surmit,
thus wifording an intereeting ascent,

AHlthough subsequent additiens heve bteen made to the observatory's eguip-
rert end Tlant, the eriginel buildings and telescopes are still in use
end intact. James Lick is buried under one of the supporting pillars of
the 35-inch telescope,

The chaervatory is open to visiters from 1 to 5 Im dally, oxcept on
Univerzity holideys.

References, The Lick Cbservaotory (Perkeley, 12th edition, 1951};
Féuward 5, Holden, Handbook of the Lick Ghservatory (Sen Francisco, 1886:
¥ildred B, Hoover, Hero E, and LIithel G, lensch, rewvised by Ruth Teiscer,
Fistorie Spots in Callfornig (Stanford, 1955}, 3héE; California, a Gulds

to the aolden otatc (Jsmcrican Cuide Series) {lfew York, 1954),7 381
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JAMES IWIGHT DANA HOME, CONNECTICUT
Locetion: New Haven County, 24 Hillhouse Avenue, New Haven

Ownership: Dr. Kingmen Brewster, Jr., President, Yale
Undiversity

5ignificance

James Dwight Pana transformed geology from an investigation of
irdividual rocks and minerals into e study of the earth's evelution,
The work of thiz echolar stimuzlated the interest of legions of
Americans in geoclogy, ag Well as bringing him internatiopel feme ez
one of the world'e major geclogists, It was a2 remerkable eccomplishe
ment for the owner of the imposing house et 2b Hillhouse Avenue,

Hew Haven.

Born in 1813 in Utica, New York, Dana manifested an early interest

in geology, While attending the loeal high school, he accompsnied a
science teacher on field trips and began to collect minerals. When

he entered Yele University, Dana's interest in geclogy was heightened
as he sat in Benjamin Silliman's ¢lasses, ©illiman, the first great
teacher of chemistry and geology in America, was not forgoftien when
Imna became a tutor in mathemetics to the midshipmen on board the
U.5.8. Delavare in 1833, after being graduated from Yale. When the

Delaware visited the Medlterranean, Tene continued his study of

geolopy whenever he had the opportunlity to land, and when he returned
to New York in 1834 he carried off the ship a collsction of rocks
and minerals.

Once ashore in America, Dane qulekly accepted an offer to becoma
an assistant to Siliimen, Although he enalyzed rocke for hisz mentor
and created aame geological charts, Dana gtill had & lot of tilme at
his own Alsposal. He used this opportunity to investigate the con-
struction of minerals., Crystallography, as DBna's study wes called,
constituted a new branch of geoleogy, and the young scientist soon
made himgelf one of its leading sdherents, Hig measurement of
thousands of angles in crystals fathered his devising of a mathe-
catical relationship between a crystal's angles and axes. To help
himself in hiz work, he made glass models of crystals, an almost
pioneering step in the Country, The eulminaticn of his study appearsd
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 Dene’'s day, the book pleased the layman as well ms the
selentist, stimlating numerous smateurs to eollect rocks and
Rinerals.
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The man who had written the surprisingly popular gecloglcal
work was undistinguished, except for his mind. About five feet nine
inches tall, Dane wes slender, had deep blue eyes and brown hair,
until 1% turned gray. Plain in his likes and forthright jn his state-
ments, Dana shunned publie 1life; he only lectured to classes because
he had to. He had & vigorous, guestioming and flexible mind, however,
and he mever shrank from sny problem. Meost remarkeble wms his
willingness to change his point of view on sclentific matters, even
if he had %o medify or abandon some of his own idess, Imna married
a2 deughter of Silliman in 1th, and tihen erzeted hisz house on
Hillhouse Avenue,

Although Tirmly established as a geologist by 1837, bDane's
evolutionary, world-wide concept of geology only developed during his
participation in the Wilkes Expedition of 1838.42. Sponsocred by the
United States and led by Lieutenant Charles Wilkes, the expedition
covered a large part of the globe's surfece 1n ite gquest for scientific
Informaticn, Tane had & splendid opportunity to study geological
matters. When the trip was half over, Dana in June, 1840, wrote from
the Fiji Islends that the natives were camnibels and preferred roasted
white men, More lmportant, he said that he hed made almost a hundred
drewings of caverns, craters, mountains and rock formetions. More-
over, he hed collected numerous fossils. After the expedition's re-
turn to the United Btates, Dena epent ten years in producing his
reports. The very nature of the reports, one on zoophytes in lﬂhﬁ,
then one on geology and a Tinsl one on ¢rustacea in 1854, shows how
Lanz's point-of-view had been broadepned. The reports appeared in
beautiful volumes, but io such lizmited quentities because of Congress'
parsimany that Mena 4id not receive copiles of them.

Dana'es appointment as the 5illiman professzor of natursl history
and geology at Yale in 1849, which position he held for elmost Tifty
years, did not Impede his work. Not only did he complete his reports
of the Wilkes Expedition, but in 1862 he published his Manuel of

Geology. In thls book Dana plctured geclogy as &8 vast, global ex-

perilence, showlng from the beginning of time how the interaction of
glr, 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, velleys, plategus and
plaians had been formed. Subsequently, his On the Origin of Continents
and Corels and Corel Islands explained the formetion of mountalns and
coral reefs respectively, His interest and desire to learn never
flagged, and when seventy-four he took his family to Haweli To show
them the island’s volcanoss, There the natives called him "the tock-
breaking medicine mwan."
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Vhen 2 man's age prevents hio from learning, Dena maintained,
then it was time for him to die. Bub even Dana found it difficult
to acceyl the thecriesz of Charles Derwin, Nobt becruse his mind hed
fossilized, tut becmuse his Puritan heritege opposed a mechanistic
explanation of man's development. As the years passed, however, Lons
eecepted more snd more of Ierwin, Finally sgrecing with the Englishmen's
caneept of man's rise. Imha always mainteined, though, that 2 divine
act began the origin of man.

Vhen he died on April 14, 1895, Dena left behind 215 published
works, 2 legecy of faithful teaching end a new concept of geclogy.
All of this entered the mainstream of American science, enriching
it in 2 seldom egualled Tashion.

Present Conditicon

Henry Auatin, a praminent New Haven architect, designed the
house that Dane built in 2849, The two-story, stone building, coversd
¥ith & creem-colored plester, followed the Italian or Tuscan style.
Its flat, overhanging roof, was topped with a low cupola.

Ingide, the high-ceilinged, spaclous rooms reflect the erm of
the house's construction., Large windows provide a maximmm of day-
ligkt., Peautiful pargquet floors are sftill extant, sz is most of the
other decorative detail.

The building now houses the Departnent of Industrial Administra-
ticn of Y¥mle University. Only miuor changes, such as the boarding-up
of some {ireplaces, have been mede since Yale acquired the house in
1962,

Feferences: [Dmnilel C. Gilman, The Life of James Iwight Dana

[Wew York, 1839); Bernard Jaffe, Men of Science in America (New York,
1958); George P. Merrill, The First Omne Hundred Years of Americaen
Gealogy (New Maven, 192&3; Tirk J. Struik, Yankee Science in the
Meking {New Yark, 1962).
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OTHNIEL C. MARSH HOME, CONRECTICUT

Locstion: Wew Haven County, 360 Prospect Street, New Haven

Ovmership: Dr. Kingman Brewster, Jr.,, President, ¥Ymle
University

Significance

The stupendous skeleton of a Brontosauwrus Excelsus Marsh in the
Ball of Invertebrates at the Peabody Muselm of Natursal History in
New Haven dwarfs humen beilngs. This glgantle sauroped dincsaur iived
aons esgo, end it has been only within the last century thet xnowledgs
of it and other archaic creatures has been sugmented. Much of the
eredit For our familisrity with antediluvian enimals belongs to
Othniel C. Mersh, after wham the brontosaurus in the Peabody Museum
was named. Moreover, Mareh not only discovered and studied an in-
credible nmumber of vertebrate fossils, he ploneered in reconstructing
the skeletons of anclent beasts, reptiles snd birds., He, more than
any cother Amwerican, 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 professor of Paleoniology,
developed & passion for fossils in his youth, Born on October 29,
1831, he collected minerals and fos:ils ms & boy. After entering
¥Yale University, he treveled in Mew York, New England and NHova Scotia
during his summer wvecations, seerching for fossils, His second trip
1o Nova Gootias produced the fossil of an unknown vertebrate, and
this discovery confirmed his determination to follow a sclentifie
career, Marsh won his diploma in 1968: for the next four years he
pursued advenced work, both at Yale and abroad, The university
then eppuinted Masrsh Professor of Paleontology.

The young professor possessed physical and mental strength, as
well as wealth, Of medium height, Mersh hed a seolid, robust build,
which stood him in good stead on his collecting expeditions. His
good bumor and thoughtfulness mlso aided him on his Tield trips.
But beneath his friendliness lay & stsel-like will, which propelled
Marsh on an individusl course 1n his work with mncient vertebrates
and caused him to disdein coopersting with others. A celebrated
feud with a rival paleontolegist, Edward Irinker Cope, resulted.
The twe resclute specialists, like erbattled dinoseurs, fought each
other Iiercely, 4o their discred€it and the disadvantage of science.
At the same time, Marsh spent his own Tunds in & lavish manner on
his work. Moreover he Induced his wealthy uncle, George Feabody, 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 feculiy, Marsh inaugurated his
collecting., He led the Ffirst Yale Scientific Edpedition 1o the
American West in 1870, largely wnderwriting its eosts. The thirteen
nembers ©f the group, plus its wmilitary escort, roamed in Nebraska,
northern Colorado, Wyoming and California. Because March 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. Fassils of birds with teeth
{heretofore unknﬂvn}, of niosasaurs or sea serpents, and of winged
reptiles, toothless pterodactiyls, were found, Although these fossils
startled America, the Country wes little prepared for the massive
flow of dinosaur bones to New Haven that began late in the 18T70's.

Mersh, who had not originally intended fo concentrate on dine-
sgurs, hecame ehamored with them in 1377. When he received in that
year a letter describlng deposits of dinossaur bomes in Wyoming,
Marsh sent an assistant %o investigate. And when the essistant wrote
that at Como Bluff, Wyoming, dinosaur bones ley in ftons over a seven
mile ares, Marsh beceme a modern victim of the long-dead reptiles.
Under his direction, digging at Como Bluff lasted until 1892, He in-
sisted upon extreme care and thoroughness in collecting, with the
result that bones reached Mew Haven in excellent condition. Moreover,
Marsh's demand that nothing be overlooked, produced remarkably com-
plete specimens, As box after box of bones reached Yale, the rap-
turous Marsh wac able to dezeribe one new dinosaur after another,
until at the end he had written of eighty new kinds of dinoseurs
and thirty-four new genera,.

Faseinating as they were in themselves, the fossil birds,
reptiles and animalsg that Marsh dug from the ground also gave in-
controvertible support %o Charles Darwin's theory of evolubtion. A
convineed believer in evolution himgelf, Marsh's discoveries dismayed
meny an opponent of Darwin's revolutionary theory. Darwin's foes,
for exampie, had pointed to the difference between reptiles and birds
in discounting evolution. But Marsh's finding of creteceous birds
in 1872-73, with their teeth and other reptilisn cheracteristics, had
11lustrated the genetie similarity between the two femilles, 1In
addition, the paleontologist’'s ammzing collection of fossil horses
illustrated the evolution of the horse from about 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 activities, he did not publish es much a5 he had
hoped to do. MNevertheless, his contributions to paleonkology guide
his guccessors in the scientific world today.
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Present Condition of the Site

Marsh began constructing his home in 1876 and ccmpleted it in
1878, although the interior wms not fully Tinished until 1881. The
tuilding cost ebout $30,000, as did its furnishings. The structurs
ig & massive, three-story brownstone tullding, with a tower. Inside
there are elghteen rooms, the most interesting of them being the
octagoenal reception roam. Marsh especially enJoyed 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 grandewur.

The Yale Forestry School occupies the tuilding, known as Marzh
Hall, today., Its rooms are used as offlces and classrocms, but the
building remains leargely as Marsh erected it. The fireplaces, <orner
cuphoards and dark, heavy woodwork ere untouched. Marsh'e "Wilgwam"
igs now empty, but 1% still refiects the spirit of the builder.

References: Charles E. Beecher, "Othniel Charles Marsh," The American

Journal of Science, bth Ber., VII {June, 1895}; A Century of Science

in Americe (New Haven, 1918); Edwin H. Elbert, Dinosaurs, Their Dis-

covery and Their %orld (New York, 1961); D.A.B.; Charles Schuchert

and Clara Mae Le Vene, 0, C. Marsh, Pioneer in Pelecmtology {New Haven,
1540).
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ZI.I WLITKEY ARMORY SITE, CONWECTICTT

location: New Haven County, Mill River Dlam, Vhitney
Avenue, Whitneyville

Cvmership: Mr. Arthur L. Corbin, Jr., President, idew Haven
Waterworks, 100 Crown Street, New Haven

Significance

There 1z general agreement that few men have egualled K11
Whitney's influence upcn American History. A machine of his, the
caotton gin, spurred the rise of a cotton economy in the ante-beilum
South af the wvery szame time thet his successful development of the
idea of the standardization of perts stimpleted the industrdial
growth of the North, Subsequently, the two sections met in battle,
with the Horth and industriglism triupphing. Whitney is a4 man ve
cannot ignere, then, even if little more than the site of his ermaory
in Wnitneyville remain:s,

When Whitney was born on December 8§, 1765, no one would have
dared to predict that he was fated to change "the ethnologicsl,
economic, politicel, ethical and industrial face"k of America. Tt
ig true thet g2 a youth he vossessed a strong mechanical bent, doing
such widely desperate jobs ms repairing violins and constructing g
forge to make naltls. BPut his parents, suspicious of college and the
supposed dissolute ways of students, restrained him from entering
Yale until 1789, when he wes twenty-three, Fortunstely, his late
entrance d¢id not abash him, and Whitney obtained his degree 1in
September, 1792. Shortly thereafter, he sailed to South Carolins,
to taks & tutaring position.

Cnce in South Carolina, he abandoned the tutoring job; insteed,
he invented the cotion gin., Intrigued by endless talk about the
need for a machine that would really clean cotion of its seeds,
Whitney decided to lnvent that mechine, Iy June, 1793, he had ec-
complished his goal. Whitney's gin's great innovatlon comsisted of
a revolving cylinder, with hook-1like epikes, that tore the cotton
nway fram & stetionary breastwork,

1l
Roger Burlingeme, March of the Tron Men (New York, 1940), 170.
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The possibilities of the gin, espeeially when water-powered,
struck both Whitney snd 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 Southeirn
partner; and the partners planned to build gins and charge for their
use, not sell the machines. Bub 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 Scouth to protect their inlerests. Vhitney
socn discovered, however, that Southerm courts were not too interested
in upholding his petent, Gegrgis courte in particular aroused 1ittle
enthusiase in Vhitney, and at one time he said:

I have a set of the most Depmraved villains to cowbat
& I might a5 well go to Hell in sesrch 05 Happiness
as apply to a Gecrgis Court for Justice.

The legal struggle continued for years, In other Southern States as
well as Georgia, and most of fthe profits were consumed by legal
expenses. Despite Vhitney's small profit from the gin, the mwachine
greatly stimuleted cottonr preduction. So much so, that the South
crew over 2,000,000,00C 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 determination
that guailed before no difficulty. When working oo a project, he
beceme immersed in it, even going without focd or sleep. If this
dedication Tailed to redeem his interest in the gin, it paid ofF
handsamely when he established his ammory. Aside from machinery,
Whitney was interested in 1ittle else, He paid ne attention to
rolitical or socisl problenms, and although he attended church,
displayed no passionate concern with religion. Ferhaps his concen-
tration on machines helps to éxplain his late marriage in Jamuary,
1817, to Henrietts Fdwards, who at thirty-one wes Whitney's junier
by twenty-one years.

Whitney's frustretion frem the battle cver the gin did not deter
him frem applying 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 axms, Whitney prebebly realized

2
Cuoted in Jeannette Mirsky and Allan Nevins, The Werld of ELll

Whitney {New York, 1552}, 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 obvious that
Whitney had carefully develored his plans for en armory, becalse

hiz offer to produce at least ten thousand muskets in two years was
astounding, After all, each cusket produced st that time was an
individuel, hendmade ilem, Hevertheless, OQliver lolealt, who headed
the War Derartment and who was alarmed by a threat of war with France,
entersd Into s contract with Whitney on June 1l 1798, for the pro-
duction of ten thousand muskets within $we years.

The grazing contract fathered Whitney's ammory =t Whitneywille
and the Tirst successful use of machines in wass produection, It
took Whitney over ten yeers to cooplete his first Federal contiract,
rather than two, but by the end of that decade he had created the
Jigs, machines and production methods that made the mass production
of standardised parts possible. His second Government controct in
1812 for fifteen thousand muskets herslded the dawn of a new indus-
trizalism, for Whitney fulfilled the coniract within two years.

The Hew Haven genius had not been the firat to think of the
mroduction of inferchangeable partc. But he successfully applied
the principle for the first time. It is also worthwhile to note
that Whitney’s approach o manulacturing was all inclusive, He,
for example, in determining production costs not only included the
chvigus expenses, but also the interest on the investod capital
and the cost of insurance. Moreover, he btuilt the first mill ftown
in America at his plant far his employees.

Whitney, now effluent, died on January 8, 1825. COne of America's
mest brilliant sons, his legacy will never be forgotten.

Present Condition of the Site

The site of Whitney's amory is ebout s11 thet remains of his
arms factory. Part of Whitney's dam across Mill River has been
incorporated into the present dam, and the foundations of same armory
buildings ere extant. A smell stone building stands on the szite,
end it is purportedly a surviver froo Whitney's day. Purther re-
scarch on that structure is necessery, however, to substantiate that
theory.

The Hew Hewven iaterworks has several buildings on the zite.
One is used by a small menufacturing concern,

“Whitrey's Arzery began production in 1500; the U.5.Springfield fArrory
in 1795, and .5, Arvory at Harvers Ferry in 1801,
References: [oger Burlingame, Fareh of tne lron Men (Lew fork, JGNR0,;
L. Sprague de Camp, The Hercic Age of American Invention {Hew York,
1951); Conctance Mol. Green, Eii Whitney and the Rirth of Arerican

Technology ﬁﬂﬂsﬁonj 1955; ) Jevarnetie Mirsky and Ailan devinz, Thz
Worls of Iz Whitney {Eew York, 19527 ; Diruw J. Strink, Yonkes Seience
in the galvine [0wwr Toel:, 1568, |
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DR. EPHRAIM MC D{WELL MOUSE, KENTUCKY
Lecation: 125-127 &, Second Street, Danville, Kentucky
twnership: Mentucky Medical Society

Signidficance

Ephraim ¥eDowell established medical practice in early Danville,
Kentucky after having studied under Dr, Alexander Humphrey of Virginia
and in Zeotland at the University of Edisburgh snd with the brilliant
rrivate teacher, John Beli, He 4id not study at the University long
crough to earn 2 degree, tut he pained a broadened understending of the
medicine of thet day and perticulerly of anstosy and BUrgery.

In Danville, McDowell collected an excellent library. He was always
a student and, witk the young men studying in his office, carried on dis-
csections during each winter. Very sooin ke had establisked a reputation
a5 the best surgeon west of Philadelphia, MeDowell was not only a skilled
orerator, but possessed all the higher attrilutes which made up the chersc.
ter of & great surgeon--inftence conscientiousness and a serutulous rogard
Tor the welflare of the patient.

In December of 1809, McDowell's skill feced a serious challenge when
ne wag called to aid Mrs, Thompson Crewford. Two local doctors told
MePowell that Mrs., Crawford was pregnant: ke soon realized, howevor, that
she was suffering frof en ovarisn fumor. Pmirent surpeons then uniformly
held that such was the danger of peritoneal intlammation thet orening the
aldomen to extract the bumor was inevitable desth, They believed that ex-
posing the inner wall of the abdomen invariably produced fatal inTection.
AT That time the dressing of wounds, anputations, and care of broken bones
ard crralng, stones, ruptures, and tracheotomies covered the whole Scnpe
of surgery. GSurgecn did not dere invade the sreat cavities of the body,
seme doctors had discussed the possibility of exclising tueors, but no
curgeon had ever been willing to hazerd suchk an operation.

Ir. McDewell discussed these fasts with his patient end rointed out,
neweaver, that remowval of the tumor wes her cnly hore. He agreed that if
she were prepared to fave the risk of deocth, that ke would remove the tumar.
Mro. Crawford acecpted and was removed tc the MeDowell home in Tanville
where there were facilities ard ascistance.

Althcugh ke faced stubbern cpposition im vanville, Dr, MeDowell and
Fiz nephew performed the cperation on Christess Day.  Tre cperation was
successiully completed, but the recl danger still lay shead, wWould the
matient dewvelop the deadly infection, peritenitis? Mrs. Crawford's

125






convaleseonce vas brief and within tventy«five days she resumed the
active life of a picneer houscwlfc., B8he remained in excellont hezalth vetil
her death at the ape of sevenly-nine.

Melowell's operation was one of the most important in the history of
surgery; his cure for the usually fatal ovarian tumor was only a small
rart of his discovery. Zver more significant was his dcomonstration that
the gkdominal cavity could be cut inteo salely, This operation was a2 fore.
runner of a major gart of modern surgery; ites success combined with tha
revivel of {aeszarian zectionz to destroy 2 false taboo ard hlaze the way
for cther surpgocons,

Recognition of MeDowell's work was slow in coming. MeDowell waited
seven Yyears, untll he had operated three times successfully, before pub-
liching anything on his discovery. He then published ar inadequately
written acetount in an ohscure Jourral., The result wes adverse eritieism
at here and abroad. A subsequent article in the same journel, written
after twoe additional operations, hardly improved the situstion. Finnlly,
a report addressed to his old Edinburgh teacher, John Bell, was published
by Johr Iizars in the Edinbureh Hedical and Surpiczl Journal for October
1532k, sever yecars after it was first writfem. In 1827, the University of
Maryiend conferred on him $he honorary dagree of doctor of medizinre.
relowell is considered today to be "the father of atdeminal swroery.”

Fregsent Jondition of the Slte

The Kentocky State Medizal fAsgceisiion has Dought and restored the
Lietotel) home to its origlnal state. The wveren's auxiliary of the Soclety
haz completely refurnished the home in avthentis period pieces, and has
vecured many Melowell papers and personsl items. Of especial interest is
the small bedroom on the second floor above the dindng rocm. This is the
room In which 1t is believed the opcraticn wvas perforted.

Adjoining the housze is the Melowell Apothecary Shop. In 1794,
Lr. Ephraic MeDowell and Dr. Adar Fenkin started the practice of medirine
in thiz zmall two-room brick buildlag. Two years later, they purchased
the building, and it was used by then or thelir sucecesscrs as en apothecary
shiop continuously until 1854, The back rocw was the doctor's office ard
the front rocm was cporaled 25 a vhysicion-owned apothecary shop,  An
aprrentice Lo Doctors HeDowell and Pankin prevared medicines for their
ratients.

The Apothecary Shop hag been [urnished with a ccllection of 1din
ard carly 19th century gpothecary esuipment and preducts,

Lrores T. Flevrmer, Doctors on Horseback, rdoneers of fierican
redicine { Menr York, 19937 ,, 130,
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Tht houso ond shwep ore open deily under the guspices of the Helowvell
touce Coemittes of Lhc Kentucky Statc ¥Medical Association.

Eeterences: "Fphraiv Felowell,” Dictlonary of fcerican Biograpay, 1T
vew Yort, 1646} James . Flexrner, Dociors on Forsctatk, Dloncers of

Arcricen Hedicine {Hew York, 1937); Frank J. Jirka, Azericen Loctors of
nosbiny (Chicaga, 15ha]), o
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NES Plieee, 1%






ARNOLD ARBORETUM, HMASSACHUSEITS
Location: GSuffolk County, Jamaica Plain, Poston

Cwnership: Dr. N. M. Fusey, President, Harvard University,
Cartbridee

Slgnificance

The Arncid Arboretum is Averica’s pre-eminent institution for
research in lignecus plents. Charles Sprague Sargent, one of the
MNation's foremest silviculturists, guided the develorment of what
was criglnally intended to be a2 wodest tree farm for Hervard
University Lor hall a century, making the arboretum vhat it is
today. As & result, the arboretum 15 a thing of beauty to see and
en invalusble fount of information for the study and proragatlion
of woody plants.

James Arnoeld, a suceessTul and public-spirited merchant of
Hew Eedford, provided the means for creating the arborefum. Upcn
hie death in 1868, Bedford bequeathed $100,000 for study and re-
search in elther apgriculture or horticulbure, Tuc of the trustees
of Bedford's estate, both of wham deeply eppreciated the Deauty
and valve of frees, thought that the beaquest should be used to
establich & tree farm, where the scisntific study of trees could
be parsued. Through their effortyg, Bedford's fund was presented
to Harvard University en March 29, 1872, with the understanding
that the university develop a tree farc, to be called the
“Arnold Arhorestum,”

The development of the arboretum proved to be a more Aifficult
task than anticipated, and without Sargent perhaps much less would
have been achleved, When Hoarvard appointed Sargent ss director on
Hovember 24, 1873, the young man, he being only thirty-twe,
apparently rossessed no particularly obwiouws qualificatiens for
the job, He had been gradusted from Harvard in 1862, had served
in the Civil War, hed trevelsd in ZEurope, had done scme additiconal
studying and had warried Mary Allen Robison only two years nrior
to his eppointment. He hed not impressed others with his scholar-
ship, nor had he published any scientific papers. But this tall,
reserved and versistent young wan had now found his ecalling, and
ne became a superb administrator end scholar,

Sargent seid of his early years with the arborctum, *hat no

one hed at first realized the challenge facing them, esvecially
"the man selected to carry oui the provisions of this agreement
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I{ﬁedford‘s 1&5acg?.“l Sut Sargent sgon reslized that the inccome fram
the trust would nct be sufficient to develor end maintein a tree
farm. The impginative direcior then turned his eyes toward the

City of Boston. Fortunately, Frederic L. Clmsted, the creatcr of

Hew York's Cenmtral Park, was then working on the Boston Park system,
and he and Sargent joined forces in a cempaipn to gein the city's
hely in estaolishing an arboretum., Clmsted, spurred by his unfailins
visieon, conceived of an artistically designed arboretum as forming
the esthetic hipkpoint of the city's park system.

“he crusaders foupht for nine years. Finally, an agrsement
signed by Boston and Harvard on Decermber 30, 1852, signified their
triuph over the opposition of ''town and govm," and public apathy,
Aveording to the pact, Boston received the title to the land in
Jameica Plain intended for the tree farm and thet lessed it back
to the wniversity for a thousand years, for a rental of one dellar
= year. Looking to the future, Harvard reserved the right Yo rencw
the lease for ancther thousand years when the oripginel period ex-
vired., The city also apgreed to install welkways znd drives, and
Aarvard agreed that the arboretum would form part of the park systen
and would be gpen to the public. The original 120 scres were also
zdfied to; todey, the arberetum covers shout 260 scres.

With the agresment with Boston signed, Serpgent could concentrat.
o developing the arboretum, 4 basic desire on the part of the
university guided him in this work, if.e. 0 prow a specimen of everr
kind of tre¢e and shrub able to thrive in eastern Massachusetts.
Through virchase and exchange mavy specimens were galned, but it
soon became evident that Sargent would have to seek cub plants for
the arboretum. As a result, travel in search of woody plants
carried Sargent snd his stefl throughcut the United Stetes and Lhz
Far East, It was in the Far Esst in particular that ther found
mrmereus plants which could grow at the arboretum, and expeditions
to Japen and China supplied numerous varieties for the tree farm.
Laborers planted the specimens in groups of species, and within
species by fanilies, As the farm's veried lapndscape, which included
hills, meadows and brooks, was planted, Sergent alsc mwade every eflfort
to make the arboretum esthetically appeeling,

1
fuoted in Samuel E, Morison {ed.)}, The Develoyment of Harvard
University Singe the Inavguration of President Flict, 1c09-1920
i Cacbridge, 19307, 359.
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Wrile cregting the arbeoretunm, Sargent never forget its research
pzpect.  He Legan to test woody tlants immediately in order =o
determine which were suitable for the climate, Ty the time of hiz
death in 1922, the farm had grown 1,200 plante for the first tims.
As the years passed, Sargent alsc built up 2 Yibrary, using his oun
hotanical collection as a start. He also deveoloped 2 herbarsunm,
new of inestimeble welue in research. Moreover, in the course of
his directorship, Sargent profuced scores of articles and several
monumental works., His Silva of HJorilh America stands as his master-
piece, This work, idssued in Tourteen volumes, describes and
illustrates every species and varisty of lree known to exlist in
Horth Aneriea noerth of Mexico.

Despite the value of his publica®tions, Sarpgent’s real mwhument
is the Arnold Arboretum. And since his death in 1922, the arboretum
hze continued to grow and serve, reflecting Sarpent's drive and
scientific dedication,

fresent Condition

The Arncld Arboretum now occupies 265 acres of hilly land in
Jemaica Plain,  Swver six thousand different kinds of shrubs and
trees cover the ground, with each plant bearing a label that gives
ite cogmmon and scientific nome, age and origin, ths run through-
out the arboretum, and visitors ere welcome fo walk in the arbaretisi.
Autcmobiles may be used only by cbtaining s special permit at the
aderinistration building.

References: fArnold Arboretum/, "The Arnold Arboretum," (n.T-,
1.4.); Hans Huth, Hature and the American (Berkeley, Calif., 1957);
Harvey B. Humphrey, Makers of North fmerican Botany {ftew York,

1961); Samuel E. Morisen {ed.), Tue Development of Harvard Universits
Since the Inauguration of Fresident Eliot, 1669-1920 (Cambridge, _
Hass., 1930); Charles Sprague Sargent, The Arnold Arboretum 3
William Trelease, "Charles Sprague Sargent,” Bioagragiical Memodrs,
Wational Acedemy of Seiences {Washington, D. T., 1929).
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ASA GoAY HOUSE, MASSACHUSETTS

Locabion: Middlesex County, 88 Garden Street, Cambridgc
Ovmershin: Mr. Gerdner Cox, 08 Carden Sirest, Cembridge

Asa Gray, who was largely self-taugh®, survived torpedoes
exploded by his pupils 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, déservedly ranks
as one of this Countiy's leading scientists.

Born of parents of English and Scotch-Irish background in
Ganquoit, Hew York, in 1810, Gray mcquired an interest in boteny
as a youth. Then, while attending a small medicel coliege, he
rezd The Edinburgh Encyclomsedia’s lengthy article on botany during
the winter of 1527-28. That article greatly stirmleted his
Lbotanical interest; especially me it said that much needed to he
dene in North American botaoy., Gray's medical studies Turthered
his appreciasticn of botamy, and beTore his graduation in 1831 he
had already begun to collect plants, An established botanist,
John Terrey, of New York, learned of the young doctor's botanical
work and asked Gray if he would like to be his sssistant. COray
assented, gnd medicine lost a promising adberent,

Grey mads rapid progress in hils new profession. largely in-
fluenced by recent Rurcpean developrents in botany, there not even
being an American work on this Country's flors, rey boldly edoplcd
the natural system of classification. Briefly, this system scught
to establish the relaticnship of plants according to the similarityr
of their varicus parts. He thus spurned the long-use@ Linnaean
gysten, which identified plants by the number of stamens and stylces
thet eack had. In 1836, he published his first beok, Elements of
Botany. Two years later, in conjunction with Torrey, Gray rubliches
the first part of the Flora of North Americe. This volume, plus
the succeeding velumes, gave America its =ost notable compendiuc
of known plants in the travelled arcas of the continent, In the
sare year that the first wolume of the Flara appeared, 1838, Gray
atcepied a veaching position at the University of Michigan., For-
tunately for him, the university sent him sbroad for a year, where
he wisited botanists and beotanical collections. While in England
he wmet Tarwin, but discerned no greatness In the British botanist
at that time,
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Three years after his return to Awerice in 1839, Gray
assured & professorship of botany et Harvard University. He
held that position for forty-five yemrs., In 1842, Gray was only
thirty-twe. Very sglendsr, bhe welghed but 135 pounds, hasd e
nervous energy, and alweys seemed to be runhing rether than welking.
He was not en inspiring teacher. Indeed, each pupil knew his
routine, even to the point of knowing when and for what Gray would
call upon him, JFt wes in Grey's early days at Harvard that scmo
of his students enlivened affeire by setting off Tirecrackers in
his classrocm,

A4 prodigious worker, Grey's years st Hervard witnessed his
rise to eminence in botany. As expedition after expeditlion sent
new specimens to Cambridge, Gray and hils eszsistants pounced on
them, classified them and gave thex names, Gray, at the same tine;
produced many books, his twa volums work, The Geners of the Plants
of the United States, in 1849 constituting a brilliant achievemernt.
The work contained plates of plants by Isasc Sprague, vwhich remsin
nodels of effective plant fllustration, and descripticns of those
rlants by Gray. In 1858, he published How Plants Grow, a volume
that sent many s child into the fields to collect plante, In
addition to the preceding, Gray established an scguaintance, by
correspondence if by no other meens, with as wany American and
Eurorean collzagues as possible. HNever one to hide his findings,
Gray, in an unusually cooperstive nanner, readily shered his know-
ledge with others.

Perhaps Gray's most original contribution to the seience of
bvotany was his discovery of the relationship beiween the flora of
eastern North America and east Asis. The publicetion of his
Statistics of the Flora of the Horthern United States in 1856
troved the geograrnical relation of plants in Asia and America.
This discovery led to the rise of & new aspect of botanical study,
plant geography.

Gray, in additionr t¢ his notable botanical work, ably served
science in general when e led the Adefense in America of Tmrwin's
hitterly attacked Origin of Species. Admirehly eguipped to do so
because of his scientific standing, tds personal leadership in his
field, end his well-known religicus Teeling, Gray, who admired

mvin's willingness to acknowledge guestions sbout his work, spoks
forthrightly in behalf of truth in science, Reviewlng Darwin's
book in The Amerdican Journsl of Seience in Merch, 1860, Gray
emrhasized the value of sciehce for science's sake. He wrote as
if scientce and religicn bad no relation to each other, Persomelly
cotmitted to mest of Darwin's views, Gray really pled for scientific
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Treedor., The Britisher wvalued Gray's efforts highly, and after
Gray hed begun & series of articles in the Atlantic Monthly in
July, 1860, in support of Tarvin, the evelutionist praized Gray's
defense of the Origin of Species.

Becaguse of his defense of Darwin, as well ms because of his
own work in botany, Gray remains cne of America's notable scientists.
His death on Jamuary 3¢, 1888, ended a chapter in our Country's
scientific history that was rich In pecomplishpent and humanity.

Prezent Condition of the Site

Gray's house is a commedious, two-story, clapbeard building,
which was built in 1810, The structure has been moved frem its
original site on Garden Street to ite present location, A white
pilaster at either end of the front of the bullding, plus a white
balustrade on the roof, add e striking note to the brown house,

The interior of the main section of the house has heen ap-
parently litile changed since Gray's dey. The main stairway,
woodwork in the rooms, and fireplaces all seem original. A large
room on the right as one enters the house was apparently Gray's
study, This room still contsins dark brovn floor to ceiling cup-
boards,

The house is only in falr condition. Some of the exterior
woodvork has decayed and the btullding neads to be painted. Tt is
not known 1f & studio to the rear of the house is an original
gecticn of the building.

References: A, Hunter Dupree, Asa Gray, 1810-1883 {Cawbridge,

Mass., 1959); Harry Baker Humphrey, Makers of North American Botany
{¥ew York, 1961); Jane Loring Gray (2d.), Letters of Asa Gray

(2 vols., Boston, 1894); william Irvine, Apes, Angels, angd

Victorians {New York, 195%); Samuel Eliot Moriscn (ed.), The Develop-
ment of Harvard University Since the Insveuraticn of Fresident

Bliot, 1863-1029 {Cambridge, Mass., 1930); Dirk J. Struik, Yankec
Science in the Making (Mew York, 1962); ¥illiam Treleasze, 'Charles
Sprague Sargent,” in Bisgrarhical Memolrs, National Academy of

Seiences, {Washington, D.C., 1925},
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HARVALD COLLEGE ORSERVATORY, MASSACHUSETTS

Location: Middlesex County, Cambridge 38, Messachusetts
vmership: Dr. H. M, Pusey, President, Harvard University

Bignificence

President John Quiney Adsms lamented in his arnuzl message
to Congress in 1825 that Awerica 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 outstanding ones, with the Harvard "light-
house” playing a primary role in the rise of American astronocmy.

tany at Harvard College had always exhibited en interest in
astroncry, and the deslre to bulld a callege chservatory probably
arcse near the end of the eighteenth century. Subsequently, s
rekeshif't cbservatory was established, but it proved unsatisfactory.
Itz inadequacy became clear ip 1843, when a paucity of instruments
wrevented the cbservation of the treck of a cemet. This failure
was salutary, however, as it stimulated citizens in Boston, Salem,
Hew Bedford and Nantucket $o contribute $20,000 for a new cheer-
vatory, This collection followed a domation of $5,000 by Dmvid
Sears for the construction of a tower to house s great Lelescope.

William Crouch Bond, who became the new chservatory's first
director, supervised the building of the installation. An astroncmer,
and well-travelled, Bond relied upon his own experience and know-
ledge in supervising the cbservatory ms it rose on a hill in
Cambridge, A tower for the telescope ccoupied the center of the
observatory. When the domed tower wes completed, it had & heipght
of thirty-three feef, but the baze for the telescope, made of great
granite blocks, extended twenty-six feet beneath the ground's
surface. The pier's top carried a granite pedestal, weighlng almost
eleven tong, for the movnting of the telescope. On eitber side of
the tower, known as the Sears Tower, sat two wings when the obser-
vatory had been fully ccmpleted in 1851,

Whilte workmen in Carbridge erected the cbzervateory, skilled
artisans in Municl labored over a lens for the cbservatory's tele-
score.  The group behind Harverd's cobservatory had decided upon a
refracting rather than & reflecting telescope, and had placed an
grder for a fifteen inch Jens withk the same GQerman Tirm that had
built the refractor for Tsar Ficholasz' obzervatory near 5t,Petershurg.
In May, 1645, the Epglich agents for Hapvard visited Munich and
choge one of the twa lenses »rocduced. As events proved, the agents
sad made wa cusllent chedes, for the loss wes of weprnestod quality.
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When the lens reached Carbridge in June, 1347 and was mcunted, the
rublic expressed preat interest and enthusiasm, hoping for new
discoveries in the heavens,

Bond, extremely proud of the new instrument, did not dis-
appoint the new legivas of amateur astroncmers. In 1848, he dis-
covered a satellite of Saturn and in 1850 an inper dark ring of
the same planet, now kncown ns "Bend's Ring.” As a resuli of the
foregoing, plus his study of stars, ccomets and other heavenly
bodies, Bord won a1 internaticaal reputation fer the cbservatory,
Early recopnition of his work had ccrme in 1849, when the Aoyal
Astronomical Socicty of Great Britain had elected hip itz first
Averican Associzte,

Vhen Bond died in 165%, i%t was remarkable that he had accom-
plished what he had., Although wealous in nis work, he had never
Teen free of Tinancilal dirficulties bwecause of the meager budget
the observotory had received from the university. A major result
of the college's parsimeny was thot capable assistents seldeom
renained for long at the aobservatory.

Bond's successors malntained and enhanced the fame of the
obesarvetory, DZdward €, Pickering assumed the dirsctorship i
15?6, and he recognized the possibilities of pholteography in astrono-
mical work, some early efforte in that direction heving already
been made at Harvard., Thus he initioted a photographic study of
the heavens, Under Pickering's direction, the cobservatory also
btegan to creaste a2 library of celestinl photographs, which pow
ineludes 200,000 original negatives, & unigue collection.

At the present time, the cbservatory's operations are world
wide, With stations in wvarious parts of the world outside of the
United States, the observatory continues to probe the heavens in
order to add to man's knowledge of the universe, Mcdern instruments
and cther fevelopments have greatly decreassed the value of ithe
ochservatory's original telesccpe, but the refractor in the Sears
Tover is a btangible link to the founding and early days of cne of
the world's noteble cbservatories.

Present Condition

Sears Tower ig all that remains of the original cobzervatory.
The tower iz in excellent condition, however, &s 15 the telescorpe
in the dore. Indeed, the rocwm in the dome is ouch like it was when
Bond first hesan te pecr at the hesvens through the new refractor.
Cf subsidizry interest to the telescope is Lhe observation chailr,
thich Bond designed, The plush red chair, sttached to the Trare-
work so that it coutd Le moved, provides a startling roto in an
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gtherwise scmber room, An additionelly interesting object iz
the canncnball that is on display, one of many which wers used
as ball bearings in the mechanism Tor the moveable dome.

Reforences: Bolon I, Bailey, The History snd Work of Harvard
OUbscrvatory, 1839 to 1927 (Wew York, 1931}; /Harvard College
Observatory/, 'Toward Fuller Understanding of the Universe,”
(Cambridgc, Maszs., 1956}; A, Pannekoek, 4 History of Astroncmy
{New York, 1961}; James Stokley, Stars and Telescopes {Hew York,

1936).
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"ETUTR DCME," WASSACHUSETTS GENHERAL HOSPITAL, MASSACHUSETTS

Location: Hiddlesex County General Hospital, 45 Milk
Street, Boston, Massachusetls

Omership: Mr. Frencis C. Gray, Chaiiman, Massachusetts
General Hespital

Sipgnificance

About 10:15 A.M., October 16, 1846, a surgeon in the operating
dome of the Massachusetis General Hospitel deftly Pbegan to 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 & pain-induced delirium, Amazed obserwvers,
doctors and students, watched, Two batiered Fpnptian mumiez were
silent witnesses. Faln, from before the time of the mamies and
since, had alweys accompanied operations, but this cperation opened
a now era in medical history. As a result of having inhaled ether
befare the operation, the patient slevnt while the surgeon worked.
Little wonder that the hospital's record of the operaticn says:
"This case is recarkable in the annals of surgery."

Men had long searched for a mesns to alleviste pain while
patients were under surgery. Orium, hashich and z2lcohol had all
been nsed, but without notable success, Doctors and patients
continued to dread operations. Strangoly entugh, 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 proposed using nitrous cxide in operations, Davey's suggesticn
went unheeded; instead, nitrous oxide { laughing gas} and ether
became poypuler es A megns of indueing Jjags, Irconieslly, it was
the frivolous use of ether that caused Dr. Crawford W. Long, of
Ceorgie, to notice that cnme felt no pain when "drunk” from ether.
Struck by the shservation, Long wondered if ether could be used
during surgery, and In lﬂﬁE he successTully operated on A patient
who had been put to sleep by ether. Long publicized neither this
operation nor others of a similar natwre, perhaps because talk of
hic discovery aroused fear in his neighbors., On the cther hand,
Tr. Horace Wells, of Hartford, Connecticut, sought to exploit his
own success in 1844 in pullirg a patient's tooth while he slept

1

Quoted in Francis R, Fackard, The history of ¥edicine in the
Unitzd Btates {Philadelpnia, 1901), 574,






under the effect of nitrous oxide. Wells' attenmpt to arcuze
interest in his lnnovation faoiled, But a former partner of
Wells! wme to gecomplish what neither Long nor Wells did, te
prove to the world that pain could be ended in the cperating
Yol

William Thomas Green MHorton, who ended a partnership with
Hells ip 183, established for all time the efficacy of sther
during orperations. DBarn in 1819 in Charlton, Massachusetts,
Morton attended & dental college in Baltimere in 1810 and upon
being produated joined Wells in conducting a dental parler,
The underteking failed tc be profitable, =zo in 1843 Morten
opened a dental office of his own in Boston and soon enjoyed a
large practice. He also marrled Elizabeth Whitman in the same
year, Despite his success as a dentist, he promised his bride’s
parents thet ke would pive up dentistry for medicine aand thus
entered the Harvard Medical College.

While attending medical school, Morton continued his dental
work., Having devised a new way of incerting falise tecth, Marton
sought to digcover a painless means of pulling dead teeth, He
experimented with warlous paln killing agents, but finally settleq
upon ether as the mwost effective one. On September 30, 1846,
he not only put himsell %o sleep with ether, but alsc pulled a
tooth from & patient put o sleep with gas. Excited by wvhat he
thought was an original Jiscowvery, Morton asked for an ovpportunity
to use what he called his "preparation” at the Massachusetts
General Hospital. Dr. John Ccllins Warren, the hospital's chiel
surpgeon, acceded to Morton's request, and Morton was invited to
particizate in an operation at 10:00 4.M., Friday, October 16.

The dcmed ¢hember atop thie tenfral sectica of the hospital
was filled with doctorsz and students by ten o'cleck on Friday.
Toubt about Morton's claims for his "preparetion’ played on the
faces of most of those present, especially es at 10:10 Morton had
51111 not arrived. Delayed by last-pinute adjustments to his
epparatus, Morton entered the room mbout 10:15, just as Warren
had begun to proceed with the operation. Mortonm guickly moved

to the patient, Gilbert fAbboit, gresped one of hls heands and assured

Abbott that he would feel no pain., Seated in a chair, Abbott
then vegan to inhale ether from a glass tube with a globe at its

end and he fell asleep in sbout five minuvtes. UHarren then operated,

¥isibly impressed upon the comelusion of the operaticon, and at th=
ratient's stetement that he hed fell no pain, Warren said:
"Gentlemen, this is no humbug."
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Since the memorable operation in the "mther dome," man
usz been released fraw an age-old feer of operation, O as
Oliver Wendell Holmes said of Morton's use of ether,

The fierce extremity of suffering has been steeped In
the water of forgetfulness snd the deepest furrow in
tho knotted brov of agony has beoen sooothed forever.

Although the world rejoiced in the use of ether, Morton
derived small practical benefit from his work., When foreed to
anncunce what his “prepsraticon” was, the denftist became involved
in a tragic quarrel involving himself and WVells, snd to a lesser
degree, Long. Put Morton's reel nemesis was Dr. C. 7. Jackson,
an erratic but brilliant scientist, whoe claimed he had teld
Morton about ether when Morton hod attended his medical climsses
and whazse virulent attacks helped cause Moxton's death on
July 15, 1868. Today, long iz credited with the first use of
cther in an operaticn and Morton with proving to the world its
relue in surgery; but when e monument was given to Bostop In
1868 commemorsting the operetion in the "ether deme," controversy
swirling about Morten was still so violent that the donor thought
it "wige to mention no names except the name of the Lord--the
only safec one.”

FPresent Condifisn

The "ether dcme” has hardly been changed since October 16,
1846, Located at the top of the central section of the hospital's
original building {designed by Cherles Bulfinch} and beneath a
dome, the reoom is still used. It is heoped, however, that oven-
tuzlly the famous room will becoms & [UGEWRT.

The rogm has a bare and utiliteriasn look, Two Egyptian
rurmies, the seme 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 wthers sit during lectures,

Capping the room is the dame, through a sectien of which daylight
can be admitted.

2
Guoted in Joseph B, farland, Every tten Qur Neighbor {Boston,
1961}, 1k,

Dirk J. Struik, Yankee Scierce in the Making {Hev York, 1362},
201,
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Relferences: Jages T, Flexner, "The Death of Pain," in Sazusl
Rarport and Yelen Wright, Great Adventvres in Medicine {New Yorl,
1952); Joseph E. Garland, Every Man Cur Heighbor (EBoston, 1961);

€. D. Heagensen and E. B. Lloyd Wyndhom, A Hundred Years of
Medicine (Mew York, 1943); L. J. Ludovici, The Discovery of
Anpesthesla [New York, 1961}; Francis R. Packard, The History of
dedicine in the United States {TPhiladelphia, 1901); Dirk 4. Struik,
Yarkee Sciencc in the Making (Hew York, 1962),
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EENJAMIN THOMPSCN BINTHPIACE, MASZACHUSETTS

Lecation: Middlesex County, 30 Elm Street, Woburn

Cwnership: Mr., Ceeil R, Porter, Fresident, Humford
Historical Association, 2 Poole Sirect, Woburn

Sipnificance

America can ¢loim few sedentists who heve rivaled Benjanmin
Thorpson’s analytical and crestive ability. IEven thowgh he
7led the Country during the American Revolution, this remarkable
renr iz widely regerded ms an American scientist. Moreover,
Thompson's directness, determinstion and precticality stemp him
as being much more American than Duropesk. Like 2 transplanted
tree, he retained the inheritetice of his birthplace,

The future Count Tumford of the Holy llaman Empire was born
in Woburn, Massachusetts, on March 26, 1753. Upon the death of
his father, about eighteen months after Thompson's birth, Thompson
acquired a step-father, whom he despised. Poveriy and hetred of
his step-father hardened the youth, who became an apprentice to
& Boston mwerchant in 1769. He lost that job in 1Tt0, because of
bad business conditions, and returned to Yoburn. There, Thompson
lived away from hame, evidently did some teachinp, and attendsd
some classes at Harvard College. Several years later ke moved
ta Concord {then Rumford}, Wew Haopshire, to teach, where he met
Sarah Rolfe, A wealthy widow, whom he married in Noverther 177C.
Two yeers after their marriasge, the couple had m baby gir:,

The american RHevelution, as 1t did for so many others,
chanzed Thompson's destiny, In Bumford, Thompson had won the
Tavar of ong of his wife's relatives, the pro-Iritish governor
of the colomy, John Wentworth, who appointed Thompson as & major
irn a New Hampshire regiment. Subsequently, the young major fully
committed himself to the King's ceuse, as by the suvamer of 1775
he hed sent information te the British, had been tried for the same
(which he had denied} and had decided to join the English. In
October, 1775, he vieited his wife for whet proved to be & 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 military coperations
in South Carolina znd en Long Tsland, FBew York. After Erngland
acknowledged Americe's independence, the King knipghted Thompson
in 1784,
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Until the time of his knighthood, Thempscon eprerently had
allowed mndition to dcpinate him, rather than his love for
sotence, Put Trox his youth he had been fascinated by the
natural world. ‘hen only fourteen, he had requested an older
friend to explain the naturs of 1light, what happened to cley
when fired, and how winds arose.

A keen scientific curiosity in Thempson accomranied a talent
t0 devise and carry out carefully controlled experiments. Moredwver,
cice Thempzon discovered ansWers to scientific problems, he was
to turn the discoveries to vractical usce. This characteristic
ranifested itself when the ambltious knight beceme an emplcyee
of the Elector of Bavaria,

Thompson so impressed the Elector of PBaverie when the two
met in 17BL, that the Elector invited the young officer to enter
his service, ATter an initial hesitation, Tharpson accepted the
offer, and he spent the next fifteen years in Munich. His success
in serving the elector is indiceted by the fact that in 1788 he
became the Minister of War, Minister of Folice, a MajJor-Genersil,
a Chamberlin of the Court end a State Counselor. The Elector
made him an imperial count in 1792, and Tour years later gave
Thempson the virtual ruie of Bavards when the Freuch threatened
it. Vhile the Elector and his wife enjoyed safety in Savony,
Count Pumford saved Bavaris from its ancilent foe.

Thcmpsond = success in Pavaria stewmed from his seientific
and sdministrative sbilities. He ended beggary in much of
Bavaria by fesding beggars and putting them to worlk, io proved
the Topd value of the potato as o shaple, and alter resistance
against it, the potato became a bLesic food, in Eurcpe as well as
in Bavaria, He devised o pressure cooker, a fuelless cooker and
g gos vanpe o improve the lot of the common man. He creeted
Munich's famous English Garden out of 2 swamp. Moreowver, he es-
tablished a military acedemy, 8 veterinary scademy, and other
educptlonal institutions,

While devising scientifle answers {o soeial problens,
Thompson also applied himself to pure science, investigating
the nature of hest, His contenporeries held that heat was some-
thing ealled "caloric,” a fluid that could be forced out of bodles
in the nature of heat. EBut Thompson, in conducting experiwents.
invelwving the boring of cannon, proved that heat was a form of
energy. The scientist thus established the prineiple of the con-
vertibility of energy, the apvlication of which underlies modern
industyy., Thompson gent 2 pever on his cexperiments with cannon
tc the Royal Scciety in London in 1798, and that repori remoins
2 rejor scientiiic Jandmark,
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In the same year that Therpscr sent his paper on heai io
Lendon, he traveled to England himself. He arrived in Greab
Eritain a5 Lhe Flecior's ambassador bubt Ensland refuscd to
aceept one of her own citizens as anctiier state's minister,
Yevertheless, Thompsen remained in Great Hritain asg e private
citizen for four years. His energy undiminished, the scientist
Toundizd the Rcoyal Institution, proberly the worla's Tirst re-
search center, in 1800, invented the "Fumiord” stove, and helped
to crganize hospitals and workhouses in Eapland end Ireland.

Thogpsen left Epgland in 1802 and spent his last twelve
years on the continent. In 1803, he moved from Munich to Paris,
where in 1805 he married the widow of a fameus French scientist,
Anne Iaveoisier, Within four years they were divorced, she having
beenr unable f¢ abide hisz constant expericenting and he having con-
cluded that she was a harridan. On August 23, 1815, Thompson,
gquite alone, died.

FPregent Condition of the Site

Thompsan's birthpiece was built in the eariy 1700's5. It is
a two-story, clapboard building that has withstood the ravages of
time very well and is nov excellently maintained.

The interior of the house is apparently little chanped from
Thempsen' s d2y. The Tlcoring, paneling and fireplaces are
surgocsed to be original, az is the hardwarc., Thompsen's cradle
iz in the smrall kitchexr, 2nd a rocm oh Ythe second Thicor contains

additicnal. Thempson merorabilia.

Raeferences: €. Raymcnd Adams, "Benjamin Thoempson, Count Rumford,”
Scientific American, LaXI {Dec., 1950}, 380-386; Williem Brags,
"The Contritutions of Count Rumford and Michael TFaraday to the
Modern Museur of Science,” Science, LXXII (July 11, 1930), 13-23;
Bernard Jaffe, Men of Science ia Americe, (Mew York, 1958); Egoa
Larsen, An American in Dwrope (Hew York, 1953}; Dirk J. Struik,
Yankee Science in the Making (MNew Yerk, 1962},
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JOSENE HENRY HOUSE, MEW JEHRSEY

Locaticon: Mercer County, Princeteon University, Frinceton
Cwnership: Dr. R.F.Goheen, Fresident, Frinceton University

Significance

Today®s electrical industry, as well es the conmuniestion
industry, owes & vast deblt to Joseph Henry and his inventione
in the electricel 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 lnventors.

Henry's scientific ability oniy manifested itself guite long
after his birth in Albany, Wew York, on December 1T, 1797. Of
Scotch ancestry, the young Henry exhibited a keen interest in
the stage when about sixteen. 8o attrected was he by the thesler,
that he became the lesder of some local amateur thespians end
vwrote twoe plays. Fate, in the Torm 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 cn Experimental Thilosophy,
Adstronomy and Chemistry Intendsd Chilefly Tor the Use of Youn
Feople., And it, as Henry said, "opened to me a new world of
Thought and enjoyment.”! Abandoning drame, Henry enralled in the
Albanmy Acadery. After his gradustion, he became a professor ol
mathematics and natural philosophy at the school in 1826,

Harriet L. Alexander became his bride four years later, by
whem Henry was to have six children.

Yhen he became a teacher st the Albany Acadery, Henry under-
tock the investipetion of electro-magnetlsm. His independence of
thought is shown by this step, Tor alwost nothing had been done
in electricity since the era of Benjamin Frankiin., The mysteries
of magnetism eclaimed his attention for some time, wvhen one night
he abruptly anncunced to a friend, "Tomorrow I shall meke a famous
experiment."E True to his word, Henry the next day devised the
clectromagnet that iz so widely used today. An electromagnet con-
tains a ceore of scoft metel, around which are wrapped numerous coils
of insulated wire, Henry's contributicon to the maghet, the
insulated wire end more than a sinple coil of wire, so improved
the magnet that it could 1ift 600 pounds with the current of
only one cell. In 1830, Heray produced an induced current by

“Guoted in Bernard Jaffe, ¥en of Science, (Wew Yark, 1958}, 186.

z
Cuoted in ibid., 188.
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daing his magnet, almost 8 year before Micheel Feradey's famcus
experiment.

The Importance of Henry'"s electromegnet was recosmlzed by
the inventor, but he did neot pursue its application. He 3id Build
an electric motor, the worid's first, which incorporated his
mapgnet, but he locked upon that invention =5 conly e toy. Similarly,
he developsd an electric telegraph, both at Altany and later at
Frinceton, but he also failed to exploit 1ts cormercial nossi-
bilities. BSamuel F. B, Morse, with Herow's help, made the
telegraph a practical thing, os Henry admitted in later years,

Henty’s failure to capitalize on his inventions, both while
et Alvany end subsequently, conformed to his general character.
He never regarded apything in scsence or dinveniion as his owm.

4 much broader view goverped him; and as he 5aid at one time:

I have sought, . . . , no patent for inventlons,
and solicited ne resuneration for my labors, but
have freely given their results tg the world;
expetting only in return o enjoy the consciousness
of having added by my investipations fo the sum

of human knowledge,3

Fame he slso lgnored. A tireless sxperizenier, with o simpliecity
of manner, a receptiveness €0 new ideas, and 3 genulne desire to
cooperate with other sclentists, Henry in his unlque way contri-
buted more to the world's knowledpge of electricity then eny

other American.

This unusual Americen was celled to Princeton University,
then the College of Few Jersey, in 1438, Henry teught trere
for the next fourteen years, he being a popular teacher, AL
the game time, he continuoed his owm work, as one author says,
witheut collaboraters and without generous support frcom a
foundation., The lack of assistants and feuandstion support 2id
not inpede his work, for while st Frinceton he produced the
electromagnetice relay {which really made the electric telegraph
possible}, paved the way for the development of the electricsl
trensforeer and discovered the self-induced current, Electricity
only took part of his time, for he also studied problems con-
cerning solar plorsics, the sun, metals and the velocifty of
projectiles, In the summer of 18LL, for exemple, he spent most
of his time blowing soap ibbles in an attempt to unleck the
gecrets of films end surface Lension.

3
Guoted in ibid., 197.
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Iespite Henry's concentration on his investigations,
his fame gpread in hoth America and Eurcpe, I% was no
surprisc then when he was chosen ms the first secrefary of
the new Smithsonlen Inetitution on December 3, 1846, In ac-
cepting the job, Henry knew his own work would suffer, btut he
Telt the call of duty and the desire to stimulate Americacn
zeientifis effort, For the next thirly-two years he headed
the fmithsonian, making it o scientific institubion of the first
rank. He not only concerred himself with the instituticn's
gevelorment in America, but sought to noke it an active force
in the internotional scens. As leader of the ASmithsonian,
for example, he urged scientific bodies to cetelog their popers.
Thus, when the Roysl Society of London produced its Tirst
cataiog in 1864, the Society attributed the work to Henry's
urging of the publication of such catalogs,

Vhen Henry died on May 13, 1878, he had put the Smithscnian
Institution on 2 sound basis. Because of that accomplishment
and his host of inventions, Henry rightfully occupies a leading
pesiticn in the renks of famous American scientists.,

Present Condition of the Site

vhe dear of men, Frinceton University, nov occupies the
Henry house. The two-story, brick and gebled roof building has
besn moved three times from its eriginsl eite. The houze iz
ralnted yellow,

Heferences: Deger Burlingape, March of the Iron Men { Resr York,
17507, 270-271; Themas Coulson, Joseph Henry: His Life and Work
{Princeton, 1950), 107, 221, 233, 335-336G; D. A. B.; Deonald D,
Egbert, (Princetcn, lQhT}, 102-103; Bernard Jatte, Hen of Sclence
in America (Wew York, 1938), 184, 186-192, 197-201; Editk ¥W.Stone,
"Joseph Henry," The Scientific Monthly, XOITIT {Septerber, 1931),
a13-226 (pp. 213-218, 2°1.22%7.
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CHARLES MARTIN HALL HOUSE, OHIO

Location: Lorain County, Gk Best Collepe Street, Overlin
Cwnership: M. 4. A, McGrann

Significance

"Yag," Charles Martin Hall wrote his beloved sister,
Julia, on July 27, 1882, "I reelly think I shall be a rich
inventor some dey."!t When Hall died in 1914, he left an estate
of some 330,000,000, the fruit of his discovery of an inexpensive,
efficient methed of producing aluminum. Hall had succeeded
batter than he had dreaced; it is dowubtful if any other single
invention has produced 2 comparable financial reward.

Hard work helred Hall to win his fabuleous fortune. Dorn
cn Decewber 6, 1863, in Thempson, Ohio, Hall developed en interest
it chemistry as & siripling. His parents had to endure numerous
experiments thet he performed at home. And his youthful zest
for chexistry brought him his first Knowledge of aluminum, which
he read about in an old chemistry texthook of his father's.
When Hall entered Oberlin College in 1880, then, he possessad
more Lhen 2 hazy knowledge of chemictry and aluminum, His
graduation in 1805 found him stili devoted to chemisbry, and
determined to diseover a cheap, effective rmeans of manufacturing
aliminum,

Perhaps the most smazing aspect of Hall's life is that by
1885 he hod determined to became rich and that aluminum would
be his means to wealth. About five feet sight inches tall,
slender, and with blue eves and btrown hair, his passicn for
wealth had led him to read about inmmerable inventors. This
reading ned not only made George Westinghouse Hall's hicro, but
had also alarmed him at how many inventors had lost the profits
earned by inventicns because of thelr failure to safepguard thelr
rights, Hall had thus spent hours studying the petent system
and, 1ike a hermit who hides the location of his cave, he became
extremcly secretive. Moreover, he had hepgun to keep any notes
or other papers related to any of his ideas for inventiocns,
and as early as 1882 he had instructed Julia to preserve some
letters in which he had discussed possible inventions, Tor

1
Quoted in Juniug Edwards, The
1953), 30-3i.
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"They way be useful in a Tuture lawsuit or scmething,”e
Indeed, Hall already had become so vedded to his goal that
apparently he could only spare time for Music end reading.

He played the pianc, and read the Encyclopedis Sritennics
endlessly, simply walling down a volume and starting wherever
he opensd the book, As & friend later said, the Britannica
"was his [Hall's/ Mark Twaln, detective stories, and every-
thing 211 put togsther.'3 Hell never married.

When Hall hed begun to experiment with alumimum in 1681,
rot many Americens knew of the metal. BEuaropsan seleptists nad
worked with the metal for a long time, however, but had not
been able 4o perfect m cheap means of producing it, Ball's
2bl2 end stimuiating chemistry professor at Cherlin College
hed ccrmented on the need for a satisfactory commercisl process
concerning aluminum, remarking that the inventor would "lay up
for himself & great fortune." Perhaps further inspired by his
teacher's remarks, Hall persisted in his work; and after gradua-
tion from college, he esteblished a laboratory in the woodshed
behind his pmrents’ hame and conducted endless experiments.
Success eluded him for months, but on February 23, 10886 he
finally produced &8 few small drops of aluminum. His process
involved the electrolysis of cryolite, which served as a
catalyst for molten mlumna, the rew meterial of aluminum, Once
certain of his discovery, Hali arplied for patents, five of
which he gained on April 2, 1883.

After the young inventer had initiated patent ection, he
sought to develop his process for commercisl production.
Several mtiempts to gain backers between 1886 snd 1888 gave
Hz1l 1ittle satisfsetion. But in the latter year, Hall found
sotne men in Pittsburgh whe were willing to support a major
effort to produce aluminum, which led to the formation of the
Fittsburgh Aluminum Company. A plant wes built, and although

2
Quoted in ibid., 21.

3
duoted in ibid., 165.

|
4
Buoted in ibid., z2h-35,






sone difficulty was ned in perfeciing the omeratlon, Ly June,

1899, the plant was producing an ever growing scount of

aluminan. There was no more dedicated worker in the factory !
than Hall, wno concerned hinself with every aspest of the plent's

operation. The fmpact of the new method is shown by the fact

that the campary's price for & pound of aluminum hed fallen fo

$1.50 by the fail of 1899, wherees its criginel price hed been

$5 2 pound. By Merch, 1891, this plant hod produced a total of

87,73% pounds of alumltum.

The quick success of the concern soon led to its expansion,
In 1591, Hall and his rartners moved to m new plant in Kew
¥encsington, which factory by 15863 could preoduce a thousand pounds
of elumimm & dzy, So great was the demand for the light metal,
however, that in 1895 the concern opensd & huge new factory mt
Nisgara Falls, where chesp electric power was available, By
1307, when the company became the Aluminum Compeny of America,
the concern was making 125,000,000 pounds of aluminum a year,

When the coneern had moved to ¥iagera Falls, so had Hell,
He erected & large house there, btut 111 heslth arfter 1908 curiailed
his enjoyment of it and his npovw vast wealth. Death overtock him
on December 27, 191h,

Fresent Conditicn of the oSite

The house in which Hall lived with his parents until he mowved
to Fittsburgh in 1888 ic over m century old, but its exect date of
construction is not known, It is a8 two-story, painted brick
structure, with a large porch in front and a cupcle on the roof,

At the moment, the building containg spartments, with rooms divided
by plasterboard partitions. But there has been no fundamental
change in the interior arrangement. Moreover, ithe floors, woolWork
and fireplaces are spparently the same as when Hall lived there,
Tke woedshed behind the house has been destroyed. A oinderblock
addition etands in the wwodshed's plece.

References: Alfred Cowles, The True Story of Aluminum (Chicago,
1353); Juniue Edwards, The Tmrortal Woodshed | New York, 195%;;
Kaiser Aluminum Compeny, "The 23rd of rebruary,"” Ksiser Aluminum
News (Jen.~Peb,, 1961}, 14-15,
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JALS LOGAMN HOME, "STENTOR," PEFNSYLVANIA

Location: Philadelphis County, 18th 2nd Courland Streets,

Ge rmAntoHn
Owner: Jares H. J. Tate, Fayor of Failadeiphin
Significance

James Logan, one of the founders of the Aperican scientific
school, is relatively unknown today. Perhaps beceuse he wrote 1little,
perfaps because Benjamin Frankiin's imege is so dominant, the Nation
has shown little interest in a man vhose eruditicon apd work almost
equalisd the sagacity and achlevements of Franklin. Logan "wms a
¥ind of universal =en in the HRenaissance traditicon--statesman, writer,
scientist, philosopher,"l says a recent bicgrapher; and as & scientlist
he demands consideration in any study of American science.

Born in the north of Ireland in 1674, Logen arrived in Philgdelrhia
in 1699 as William Pepn's secretary. Logen, during therext fifty years,
accupied 8 Dey position in the affnirs of Pennsylvania, contribubling
=uch to the rapid and successful development of the colony., His seat
in the ctlony's council underscorsed his political influence, and
betwear 1731-30 he acted as the chiel justice of Penasylvenia'™s cours
gystem. Moreover, throughout Logen's carser he vas the colony's best
and most respected negotiator with the Indians. IH:z public 1ife Aid
not prevent him from anassging & fortune from the fur trede, however,
vhich enabled hdm te retire to his country estate, "Stenton,” in 1730.
Even o, When Pennsylvanla faced 8 crisis in 1736, Logen did not hesi-
tate to re-enter public service, and became acting governor.

Logan's strenuous publie carser did not prevent him from pursuing
his interest 1n science. Even as m youth, his fascinaticon with math-
eratics and boteny had Leen great, and &8s an adult he studied both
intensively., IHe assembled the outstending scientific library in the
English colenies, hisz near Y00 seientific epd mathematical works even
surpasging Marvard College's librery imn 1735. Logan is reputedtn
hawve imported Pennsylvenig'es first copy of Sir Isaac Hewion's
Principia Mathematice. #ore lmportantly, he read and understood thet
morramental work, though ornly €elf.teught in mathematics,

trrederick B. Tolles, "Phlladelphia's First Scientist, James Logan,'
Isis, 47 (195%), 20.
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With such a library st his command, Leger applied himself to
warious sclentific probloms. Numerous published pepers resulted,
one of which deslt with the motion of the moon, enother of which
suggested improvements in the guadrant, and a third of which cutlined
improvements in lemses. Ironlcally, although Logan's great scientific
lpve was mathemetics, he reelized his greatest eccomplishment in botany.

Throuzh & carefully thought oud and controdled exweriment, Logac
proved the vital rele of the male element, pollen, in the Tertilizetion
of corn. The theory of “preformation,” that the wind carried the male
clement to the female elezent in plants, first stimulated Lopsn when
in 1726 he read william Uollaston's Religion of Heture Delineated,
Additional reading comvinced him that a male seed wes just as vitsl
ic plants &5 the Temale s=ed, and in the sumcer of 1727 he tested his
hypothesis oo corn. Logen removed the tassels from some stalks and
tvihe filaments from others, and then he watched the development of the
crnels, The results clearly showed "that the pollen was the male
clement and thot it was necessary for the production of viable seed,"Z
e rcpeated the experiment in 1728, but delayed making his findinge
muelic until 1735-34.

The emnouncenent of Logan's experdiment excited many in Burope.
Yot the members of the Roynl Socisty of Londom at first, it is true,
for when Logan's report was read wost of those present paid small
ettention as they concentrated on dlssecting a German cabbage and
an Indion turnip. Elsewhere, sciantists halled Iogan, the great Dutch
botanist, Linnaeus, writing Logan din 1738 that he zhould be placed
"among the demlgeds of science.’d  Subseguently, the Dutehman used
the results of lopgan's investigation in 2 paper on the sexuality of
vlants that received s prize from the Imperial Academy of Sciences
at St. Petersburg in 1760. And Logen's botanical discovery remained
influential for several decades after 1800,

Even if Logan had not succeeded in his edperiment with corn, he
would still be rememhered in the hilstory of American science. It
waz Logan uwho did se much to stimulete the botanical career of
Johit Bartram. The first bPocks oo botany thet Bartram read, for
example, came from Logan's library. In addition, when Logan died
on Cetober 31, 1791, he left his library to the City of Philaedelphia,
a seientific treasure of Immense vmlue for such & young city.

2
Tolles, "Philadelphiats First Seientist,” 28,

EIbid” 29,






Present Condition of the Site

When Cifty-three, Logan dscided to tulld a country seat. He
chose s site in the rolling hills just west of Philsdelphis, and
work on bis new house vegan in 1727, Completed in 1730, the wansion
was called "Stenton,"” after ILogan's father's birthplace in Scotland.

The house cosi more than Logan had expected, but it well repald
Logan's investment. The building wes a three-story, brick strueture,
with a not too-steeply pltched roof thai was hipped and lat-topped.
Two greet, t8ll chimney stacke rose above the roof. Inside, oo the
first floor, a parlor and a formal dining reom and bedreom behind
them. Additional bedrooms for members of the femlly and for servanus
ere onl the second fleor and in the garret. A specious rocm, running
across the Tull front of the house, served af Iogan's library.

 Poday, the house is in excellent condition. Beaubtifully mainteinzd,

it welcomes visitors as grecicusly in our era as it did In the budilder::o.

References: Ernest Farnest, John and William Bartram {Fhiladelphias,
13%0); brooke Hindle, The Pursuit of Science in Revolubionary
Azerica, 1735-1789 {(Chapsl Hill, Horth Carolina, 1336);

Frederick B. Tolles, "Philadelphlats First Scientist, James Logan,"
Teis, 47 (1956);

, James Yogan and the Culture of Frovincilal
Zmerica (Hostom, 1957).
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AMERICAR PRILOSCEHICAL SCCIRTY HALL, PENUSYLVANIA
Logetlon: Phil&deiphia County, Independence Sduare, Philaﬂélphiﬂ
Ownerghip: Dr. Henry Koe, President.

Slgnificance

There 15 no morée speclent and honcrable learned and scientific
soclety in the United States than the American Philospphical Sociesty
held at Philadelphia for Promoting Useful Knowledse. With its head-
quarters located in the hendsome Iudlding in Independence Square
thet was cormpleted in 1789, thz Soclety, like So mueh else in
rhiledelpnia, traces its birth back to the inltiative of that
vneomnon Fhiladelphlan, Penjemin Franklin.

Franklin, in his long spd varied cereer, founded a owsber of
societies and orgenlezations, two of which loon larzge in the history
of the American Fhilosophical Society., In 1743, Philadelphia’s
saie urged the creation of 8 society to stimulete interest in learoing.
{ertein citizens then formed the Fhiloscphical Scciety, and it is
frem thls society that today's orgepizetion ¢leims direct descent.
But the pew society did not flourish because its members neglected
it, and it is not clear if tha members even met between 1TLL-1TET.
put in 1768 the activity of a group cleiming descent from Franxlin's
sinto, Tounded in 1727, stirred the dormant Fhiloscophical Spelety
into iife, especielly as the rivel group, now grandly celled "The
smerican Sgedlety, held at Philadelphia for Promoting Useful Knowledge,™
consisted largely of people opposed to the proprietary clique in
Perneylvania. To meet the challenge, the Philosophical Society
suddenly chose eighteen new members in 1768, mostly from supporters
of the proprietors, the Penn family. Appareatly, the tup sccisties
fazed a fubture of learned and political cocpetition. Put wlser counsel
pravailed. Instead of opposiog each other in bitter rivelry, the tuc
iroups merged on December 20, 1708, ferming the orgenization that
ourishes today. And, fittingly enough, the founder of the now de-
funet groups, Franklin, became president of the new spoelety.

The newly formed American Ihdloscophical Scciety had high ambition.
Significantly, the society desired to become & truly American society,
to become mwore then just a8 Philadeiphis or Fennsylvenis organization.
Feow members, consequently, came largely from outside of FPhiladelphie
during the remainder of the colenisl era. Moreover, the society elected
corresponding amembars in Furope. These members rontributed little
to the society’s work, btut they heightensed its reputation and eent
books and other gifts to the soeiety. Successful in hettering its
pabership, the soclety failed however to ¢ollect dues, even when
it hired a ecpllector at cne fime,
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T i%s esarly days, the soziety devoted its efforts to both pure
and epplied science. Even though strapped for funds, the soclety,
led by an interested minority, wade prepearations to obscrve the trensic
of Venus in 1769, Fortunately, the Pennsylvenis assembly eppropriated
450 to help in the work, which enobled the socilety to erect an ob-
servatory in Independence Square. The society also helped to stimalets
general interest in the passage of Venus, with the result that a notaenle
series of accounts about the planet’s path were collected., Cm the
practical side, the society undertook surveys of canal routes, experi-
mented with the reising of silk worms end supported sgricultural and
medical study. Despite the fact that there wee no coordinaticn of the
society's endeavors, its early projects remsin meost impressive.

Even though busy with varicus undertekings, the soclety lost
little time in beglondng what 1s now the oldest scholarly Jjourpal
in America, its Transactions. A committes wag appointed in June,
1769, to prepare B voiume of scientlfic pepers, bui the first volume
was not published until 1771. The spclety deliberntely distributed the
bopk as widely as poesible in order to bolster its reputation, and iu
this plan the scoiety was more than successful., Veolume number 1 con-
teined, among other papers, the materisl gathered onder the aegis of
the society from the transit of Venus, which astonished Europesns.
Trnat & pew and colonisl society couwld produce such & work wes amezing,
especially as many older FEuropesn organdzations had never published a
gimilar volume. And frowm 1771 to this day, the Trensacticons have
continued to merit the repulation galned from the first volume.

The Americen Revolubion interrupted the work of the society, but
since then the organdzaticn hes continued to play & leading role in
rromoting knowledge. Now with amem bership of near 600, incluling
both American end forelgn members, the American Philosophlcal 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 organization had no
heme aof its own, the sceiety had petificned the colenial assembly for
a lot near the Pennsylvania State House, now Independence Hall. But
the essembly withheld permission to erect & building there until 1T785.
Orice the 1ot had been granted, the soclety opened & drive to railse
a building fund and authorized a start on the project. Semuel Veughan
designed the two-story brick edifice, but frogress on it nearly
foundered when funds ran low. Only the genercsity of Franklin nade
it possible to complete the bullding in 1789.






Pecause of the need for more room near the end of the nine-
teenth cemiury, the society added a third stery im 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 sppearance, At the same time, it was [ireproofed.

References: Gilbert Chinard, "The American Philcsophical Society
ead the World of Science [1?68 1800}," Proceedinge, American
Fhilosophical Society, 87 {19u4k}; 2dvin G. Corklin, "A Brief History
of the American Philosophical Snc1ewy, The American Philosoghical
Cncletv Held &t Fhiladelphia for Pramcting Tz Userul Knowledze: Year
WGAI 1962 (Fhiladelphia, 1963 ); Erooxe Hindle, The Pursuit of
Seience in Revolutionery Americs, 1735-1789 {Ghapel Hiil, N. €.,
15596 ) , Lhe Fice of Lhe Arerican Phllosophlcal
Deciety, 1746 to 1707 (Unpubltished dissertetion, University of
Pansylvanla 1949); William E. Linglekback, "Fhilosophical Hall:
Trne Home of the American Philosophical Scciety,” Trensections,

tmerican Philosophical Society, N. 5., 43, pt. 1 (1953
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JOSEFH PRIGSTLEY HOUSZ, PZNNSYLVANIA

Locavion: Northumberland County, Friestley Avenue
Northumberland

L

wnership: Governor William W, Scranton, Harrisburg

Significance

America's historic policy of welcoming persecuted foreigner:

has benefited the United States immessurably. The fmerican develop-

ment of the stoe bomb testilies to that. In an earlier peried,
the Country's reception of Joseph Priestley, the brillimnt English
shemist, after he waz driven from Great Britain not only testified
to the democratic spirit of the young Naticn, but alsc stimulsted
hey scientific develooment,

Priestley was born in Leeds, Englend, on March 13, 1733
(cld style). Reared in e Celvinist environment, he decided to
e 4 minister, and finished his theological treining when 22,
He possessed wery liberal views and betame a dissenting minister.
In 1761, Priestley became a teacher at the Warrington Academy,
where he stayed until 1767, % was during this pericd that L
first became interested in chemistry. Perhaps his friendship
witn Benjamin Frenklin spurred his seientific interests, for
that association stimulated Friestley to write a History and
Fresent State of Electriecity. The Royal Society of London
awarded him & membership in 1766 beceuse of that bogok. In the
following year, the neophyte scientist moved to Mill's Hill Chrapel,
Leeds, where his position allowed more time for secientific study.

Untrained in secience as he wasz, Priestley chose a field
that offered great opportunity for new work, pneumsiic chemistry.
The study of gases had attracted attention pricr to Priestley‘s
tire, but it was he who became the "Columbus" of the gasecus
world. And it wes the brewing of beer that caused this keen
observer o investigate gases.

The smoke that hoveresd over beer as it was brewed in a
brewery near Priestiey's residence in Leeds intrigued the minister.
He set ocut to study the gas, and in 1772 he published his initiel
raper on puewmstic chemistry. In It he described hizs experiments
with carbon dioxide; the paper won bim the Copley medal in 1773.
Hampered ®y 8 lack of implements, Priestley devised his ¢wn equip-
rert, most of which has been little modified and ig atill used.
Fageinated with his investigetions, Priestley pursued his study
ard in 177H discovered ane af +the key elements, oxygen., Tt was
an astounding discovery for an individual who had been untreined
in selence mnd who hed only initiated his work m few years earlier.
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FTriestley continued his scientifiec investipgetions after 1774,
although oxygen remained his great discovery, and by 1786 re
had published six volumes of seientific writings.

Friestiley's work in science had not conpletely doninated him.
He continued to be active in religious affairs, as well as
assuming a positive role in political matters. The liberal
religious and pelitical views he espoused maddened many. In
lTBG, the fearless erusader became the lesder of g dissenting
group in Birmingham, which cifiy expressed small iove for a new
back of Priestley's, Corruptions of Christianity. Meoreover, he
gained additional enemies, some of them in pewerful positious,
when on January 1, 1791, he published a strong defense of the
French Rewvelution., The pamphlet fearlessly denounced Edmumd
Burke's castigation of the rewvolution across the English Channel.

Pricstley's courage soon brought personal dissster. A mob
howled through Biywingham for three days in July, 1791, and it
dectroyed the seientist's meeting-house and home. Priestley,
rersonally vninjured, then mowed to London, where he lived for
three years. Alresdy unpopular, Friestley's stock did not rise
when France honored him with French eitlzenship. In these
circumstances, it iz nol strangs that he turned to America.

Priestley's sons had slready migrated to the United States,
and on April 8§, iT94, the scientist boarded the Sansomw for the
trip 1o America. The emigre, who was seas-sick during the voyazge,
lended in Hew York on June &, On the following day, the American
Dzily Advertiser welconmsd FPriestley and his wife, saying that
America "has become the asylum of the greatest characters of the
present age.”l The new immigrant went to Fhiledelphias on June
1, where be was welcomed by the American Philosophical Society.
Ferhaps the Society's members would have been a little piqued
if they had learned that Frisstley wrote a friend, ssying
“I never saw a town I liked less than Philadelphian."< By the
end of August, Friestley had bought land in Northumberland,
vhere he bullt a house,

1
Quoted in Edgar P, Swith, Priestley In Americe, 1794-180k
{Philadelphia, 1320}, 20.

2
quoted in ibid., 55,
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The scientist continued his investigaticns in his new
ncme. Dis most important discovery between 1T9L ond 1804, when
he dled, was carbon monoxide, He also became & member of the
imerican Fhilosophicel Society and contributed several papers
to 1t.

At his death, on February &, 1804, America lost = new son
and the world an eminent scientist.

Present Condition of the Jite

Eriestley's spaclous end attractive house stands on m rise
above the North Brench of the Susquehanna River. The central
section is two stories high mand hes & gabled roof. On itz west
side iz & kitchen wing, end on the east side is & wing which
houvsed Priestley's laboratory. The clepboard for the entire
structure wag kiln-dried on the grounds when the house was built,

The house has been restored after heving fallen Into dis-
repalr many years aiter the scientisit's death. 1% has also been
partially refurnished; the library contains cbjects 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 Maxson Stillman, The Story

of Early Chemistry (New York, 1924},
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Luther Darbenl Home and Garden, California. Classified under
Theme XVILa, Agriculbure, 1883-1506 hoke and garden of the
vlant Dreeder.

John Muir Heme, California. Classified under Theme XIX, Conservoiion
of Natural Resocurces and Theme XX, Sublhene, Literature. 1800-150h
nome of the naturalist.

San Franciseo Caeble Cars, California. Classified under Theme XVILT,
Travel and Connunicaticon, HRelated to Andrew 5. fHallidie’s invention
of the epble eor in 1873.

John Deere House, I1linois. Classilied under Theme XVIIa, Agriculture.
dome of the inventor of the steel plow, 1837,

Frapldlin B. Hough House, New Yorx, Classified under Theme XIX,
Conservation of Hatural [Nescurces. Home of the fether of Americon
forestry,

Jethro “Yood Home, New York. Classitied under Theme XVIla, Agriculbure.
Fortector of the first iren plow, 1813,

pamuel F. 3. vorse Home, kew Yorh. Classilied under Thems AVIII,
Travel erd Coumunication. Perfector of the first commercial
telegrapl,

John Bartram douse, Pennsylvania. Classified under Theme IX,
Development of the English Colonies, 1TCO-1775. Home of the
greal naturalist.

Bobert Fulton Birthplace, Pennsylvania. C¢lassified ynder Theme
X¥III, Travel and Communication. Perfector of the sceanboalb.

Monticello, ¥irginiz. Classified under Thome XIT, Political and
tilitary Affeirs, 1783-1830. Iore of Thomas Jefferson.

Mount Vernon, Virpinia. Classified under Theme XII, Political and
Wilitary Affairs, 1763-1830. lome of George Washingtoln.

Cyrus leCormiclk Farm and Workshop, Virginia. Classified under
Therme XVIIa, Agriculture. Perfector of the mechanical reaper,
1831.

Fdmund Ruffin Plantation, Virginia. Classified under Theme XVIJz,
Spriculture. Father ol s50il conservation.
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Sites in the flational Park System

Eg}ated to this I@ggg

Indcpendence Heticnald Historical fark, Philadelohis,
Pennsylvania,. Franklin Court, on drianne Street, betueen
Chesinat and Market Streests, contains the former site of
Benjamin Franklin's hewe, 1753-1750, His house was razed
in 1810.

George Washlogteon Carver National Monwsent, Diemond, Missourl,

Home of the famour Negro éeacher, 2otanist, and agronomist.

Edizon Naticnal Hlstoric Site, West Qrange, Na2w Jersey.
1B87-1931 laboratory and home of the great inventor,
Thoras Alva Edison.

Harzpers rerry Hationmsl Historical Parx, wWest Virminia.
Mrthoprn estabvlished primarily io commemorats cvents
asiociated with the Jobn Brown Naid and the Civil War,
Harcers erry Nationel Historicael Park also contains

the island in the Shenandosh River on which John H. Hall's
Rilfle Factory was located, It was here thet the fnventor
verfected Lhe system of mass production by the use of
interchanpeable parts, 1815-1841, In the 1840s and -50s,
however, the United States government demolished Hall's
Rifle Pacwory and replaced it on the same site with a
huge modeyn plant khown as the U. 5. RBifle Factory.
Archeclogical exploration has revealed that the founda-
ticns of the 1. 8. Rifle Factory have survived largely
intact. Bub in vlew of the lact that both plants
occupied the same site, it is very doubtful if any
rezains are left of the 11all Factory,

dright Brothers National Memorial, Horth Carolina.
Zere Uilbur and Orville YWright, on December 17, 1%0%,
rade the flrst power driven airplance fiight in history.
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CTHER SITES CONSIOFRED

CALLTORENLA

California Acadeny of Sciences

Lovation. 5Son Franceisco County, in Codden Gake Pari, City of
San Frahcisco.

The California scedemy of Sciepce, established at San Fraocisco in
1853, was the first scientific society on the Pacific Coast.

Its oripinal buildings were destroyed by the grest earthquezs and

fire of 15C5. The academy was then reconstructed at its present site

in Golden fate pfarl, These large, modern ruildipgs incliude the

Hatural History luseur, Slmson African Hall, end the Stelnkart Aquarium.
M1l of these sbructures, with their many exhibits, sre open to the
public,

California Tnstitute of Technolomy

Location. Los Angeles Counbty, City of Pasadena.

fipened on Hovember 2, 1991 under the nare of Throop University of the
Pacific, the Califeriia Ianstitute of Technolopy was & ploncer scientific
and seshnical school in the Far West, Ty the 19308 this school had
growil to become one of the leading technical schocls of the natiom,

tut during the pericd here under consideration (prior to 191k}, it

had reached omly high scbocel lewvel in its teaching.

Arns G. Throop established Throep University of the Pacific in 1891
and made the rmanusl treining departwent its main feature. In 1593

it was renawed Throop Polytechniec Iemstitvte. The early Institute
included 2 collese, & normal school, an academy, and for a time, an
elementary school and a commercial schocl. In 1905 the trustees
decided to separnte the elementary departrent , the normal schogl,

and the ac¢adewmy, leaving only the college of tethnolopy wiich conTerred
Bachelor of Science degrees in elsetrical, mechanical, and civil
engineering. Ja 1910 the name was changed ta Throop College of Tech-
nolcgy, 3nd the schocl moved from its crowded guarters In the center
of Pasagdena to a new campus of P22 acres on the southern edge of town.
The instituite then had p faculty of 13 and & student vody of 34, In
1921 the institute changed its name to California Instifute of
Techoology and began to emerge as an important sclentific school,
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Dr. Ceorge Elle:y Hele (1368-1938), +the Ligiingnishcd saircnoemsy
and first director of lMount Wilscn Obsarvetory, wes one ol Lhc
1905 toard of trustees., iale began to build up the Institutels
scientific stalfl.

In 1213, Tobert Andrews Filiflan bepan poigpend & fuw momths a
vear ab Throop as Diroctor of Physical Reseceren. In 1321, when

Dr. forman Bridge agrecd to provide a reSearch lavcretory in physies,
Dr. Milliken resipgned from the University of Chicago and became
adrinistrasive head of tie Imstitute as well as director of the
Normar Rridee Iatoratory. Miilikan was credited with being the
first %o isclate the clectron &nd measuye its charge, and in 1523
he received the obel Frize in Physics, Lic szecond American Lo be
s nonored since Albert A. bdchelson in 2COT. Another of oany
ciher a2ble scientists attracted was Thomas Rune Morgan, the emirent
Avericen Zoologist, who left Colurbia University in 1920 to beccrmn
the direcinr of the William O. ¥erecithoff Iavoratories of Blological
Seienccs ab the California Insiitute of Tecmnology. Morgan dis-
covercd mony of Lthe mechanisms invelved in heredity. He experi-
zenbed 1n the new field of genetics, demonstrating Shat physical
characteoristics were transmitted by "genes," His research brought
about medificetions in the theory of evoluticn, and he was gwarded
the Nobel Frize in physiology and medicine in 1%33.

The first Ph. D. degrees, nine in aumber, vere avarded in 192k,
By 1930 there were 138 graduate students, 510 vndergraduntes, and
a faculty of 180. Todey there are aboul 70O undergraduates, 550
graduate students, arl a faculty of about 450,

Of the 47 btuildings locnted on the 30-acre campus, onhly one,
Throop Hall, erected in 1510, falls within the limits of this
survey., This structure now serves as the administration building
of the Institute.

Montzomery Femorial State Park

Location. San Diego County, 11 miles scuth of San Diego via
U, 5. ilighwsy IGL.

dere ab Otay Mesa, in 1083, John Joseph Hontgomery made the first
heavier-tnan-aizcraft Tlight.

Cne of the American ploneers in asronauvtics was John Jooeph Monbgoreryas

As 2 stndenb et S5t. Ignatius College (nov the Undversity of Sen
Francisco), ioibeosery first studied the proolems of fligli ard
earned nis vachelor and master of scicnce degrees, In 1333 he
studicd the [1i;ht of gulls in ike San Diego arca and bullt his
Tirst glider. In Aumusi, 1083, he =made the first controlied winged
flignt at Qoay iesa. lontgomery's repori st the Chicapo conference
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of 1393 impresced Ceiave Charubte, snothe> Arericsn vioncer in
aercnautics who was then alsa veginming to experiment with gliders
pear San Diepgo. In 1858 Montgorery Lecamme & physics profcssor at
santa Clera College and continued his experinments with gliders
until his ferial erash on Cotober 31, 1911, near Eversreen in the
Santa Clara Valley.

Montgeomery Mererial State FPerk includes 29 acres of the hilltop of
Ctay lesa, from vhere Montgomery launched his first glider. 4
modernistic momesent in the form of a huge glider wing commenorztes
Montgomery's achieverent. The ares arcund this park is beipg heavily
buiit up wWith residences.

vount Wilson Chzervatory

Location. Los Angeles Cownty, Mount Wilson, 20 wmiles east of
1og Angeles via State Highwmy 2,

Mourt Wilson Sclar (bserveltory, pleced in operstion in 1904, vas
the second of the greal research astroncaical observatories to
Le estavlished in the Far West.

The decision of ithe Carnegle Instituticon of Washington, D. €., to
build the llount Wilsen Solary dbservatory in the San Gabiiel liountains
near Loz Angeles was mads upoh 8 recoumsnéation of Samuel P. langlew
in 1902. Dr. Gecrge Bllery lmle {(19668-1938), the organizer and
éirector of the University of Chicago's Yerkes Observatory at
Willieme Zay, Wisconsin, was mppointed diyector of thne Mount Wilson
Solar OLscrvabtery in 1G04. The principal instrument of the kount
yilson Observatory at first was a CO0-inch reflecting telescope.

The observatory staff concentrated upon the study of the sun.

Their comprehensive studies of sunspots resulted in the annocunce-
went of a general theory of sunspots.

In 1505 Jolm D. Hooker of Lot Angeles gave the Mount Wilson
Observaiory Lthe mone s to acoquire a telescope mirrcr of 100-inch
aperture, By 1917 br. Hale had this huge reflecting telescope in
cperaticn, and until 1937 this wes the world's largest fclescope.

Hale resigned as director of the HMount Wilson Cbservatory in 1923.

In 1928 he induced {he Rochefeller Foundetion to donate 6,000,000
for s 200-inch refractor felescope. The site chosen for this new
glass wes on Fount Palemar in San Diego County. The partly completed
mirror ves received in 1936, bubt it wes not until 1948 that the giant
telescope was conpleted and instnlled at Mount Melomar.

wount Wilson Observatory, %,710 feet altitude, is located in Angeles
Hational Forest on a 1,0%0-acre plateau at the sumuit of the mountain.
The originsl buildings, and £0-inch and 1CO-ineh telescopes are still
in uee, togefher with the =lx more recent instrwments. The observa-
tory is cpen Lo the nublic.
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Pala Alvo Faran {Zadweard Muybridge)

Location. 3anta Clare County, golf course of Stanford University
at Palo Aleo.

Among the pioneers in motion picture photography was Eadweard Huybridge
(1930-190%) wio photographed animals in motion as searly as 1872 for
Lejand Stantford, working largely on Stenford's Palo Alto Farm.

Endweard Muybridpe was torn in 1830 in Kingston-Upon-Thames, Surrey,
Fngland. In 18350 he came to the United States and between 1856

and 1860 established an antigquerien bocistore in San Francisco. oy
1867 he had becoce known 88 s master photogrepher of Western scenes.
In 1872 he was commissioned by Leland Stanford, one of the Central
Pacific Railrpad's "Blg Four," to photogreph the millioneire's
trotter, the raceshorse Gecléent, in rapld motion. GStanford had

& theory that a running horse has all four feet off the ground at
wne phase of his stride. Muybridge conducted this work at Sacramento
vetween late April and the beginning of May 1872. Despite the
technicel limitations of "instanteneocus photography” at that time,
be succeeded well enpugh 4o prove Stanford's point with the caters,
On the strength of Muybridge's firet efforts Stanford invested
during the next decade many thousands of dcllars in the Dhotogrephic
investigation of animel locomotion.

In the early spring of 1873 Muybridge msde s second attempt to
photograph the racehorse Oceident,. This fime he devised a fast
shutter, uwsed new chemicels for faster cmulsiopns, end for great
contrast had the racetrack at Sacramento spread with white bed
aneets, This zscond experiment was a perfect likeneszs of the
celebrated norge. Maybridee colculated his exposure time at
1/500th of a second, the most nearly instantanecus photogreph
taken to that time.

In July JETT, with 5Stenfeord?s epncouragement and patronage, Maybididge
gave up lendscape photograrny for gocd and devoted himself for the
rest. of his life to the glgantic project of recording every aspect
of motion in humans and anipals, until at last the whole world

knaw about the "pictures that moved."

He conducted bis scientilic worl with motion at Leland Stenford's
Falo Alto Farm from 1877 to 1881, then at the University of Pennsylvania
from 1833 to 1892, and finally as a lecturer and writer until his
death at Kingston-Upon-Thames in 1504.

leland Stanford began acoulring his Palo Alto Farm in 1876, and by
1851 it contained more then 8,800 acres. The portion of the farm
devated to the breeding and treining of racehorses was celled the
Falo Alto Stock Farm and was located about one mile west of the
present University gquadrangle.
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Here, Zacing thz track of the Sigck Fuorm, 2 laboratory or studio

vas erected for Muybridge in July 1877. Starting with five caceras,
Huybridge then increased the number to 12 und fipelly Eh, eech placed
at intervals of 12 Inches, with their shutters controlled by mneans

of an electrical device. These preparations were completed im 1978,
and during that year and the next, Huyboidee rade a vast collecition
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 photoprephs. Utilising
an existing instruzent known as the zoewrope, Muybridge devised a
Projecting machine which he ecalled a zofpraxdiscope, for throwing the
Fictures on the screen, thus successfully synthetically reproducing
the suimal'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 complete
set of all the pictures he had takan,

Stanford publiched these studies as The illorse in Wotion in January 1882.

The Palo Altc Stock Ferm end Racetrack, where Muybridge wade his
experiments from 1878 to 1881, is now oceupled by the Stanford
University golf course. There are no origiral buildings lert.

Legter A. Pelton Monument

Location. Yuba County, in the villepe of Cemptonville, Stete Route
03,

The Pelion water wheel, perfected in 1878.1880, was a basic invention
that permitted the rapid develgpment of the hydrosleetrie industry
in the United Sistes.

Lester Allen Peltan came to California in 1850, at the age of 20,
and worked as a millwright in the gold mining Mother Lode Country
of Northern Califernie. At Campionviile, high in the mountains of
Tuba County he built homes, mills, and water wheels. These water
wheels, much in desmand in the mines, attracted his particular
interest, and he began to study the force that mede them revolve,
in an effort tc ffind 2 way 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 1878. By sglitting the
stream of water from the nozzle into two parts and changing the angle
of the impact against the buckets attached to the wheel, Felton
found he could multiply its speed, power, and efficiency. He alse
introduced the use of twin buckets on the wheel instead of the single
line of cups formeyly used,
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Felton esneirucd with his exporinmcrts,  Hd ocbtawand Instruamenis

to measure the efficiency of the wheel. After tryins 40 or more
different shapes of Luckets, he patented his invention on Oetober 26,
1880, He began making wheels of the new degign at Hevaeds City,
California, for guarte stamp wills and for other power uses In

the mills. The Pelton wheel was quickly adopled by the gold migers.

Teltor then moved to San Francisce and in partpnershiy with 4. P. Brayton
organized the Pelton Water Wheel Company in 1888, The Pelton Wheel,

in its perfected form, was manufactured for a wide diversity of uses.
Wheels wers mads up to 20 feel in dismeter to produce many thousands

of horseposwer. They wWers s2lse made as srall as four inches in

diamoker, welphing only 2C pounds, for the operaticn of sewling

machines and dental and other small appliances.

Froduction of a water wieel desipned to sroduce maxisum driving
rower under the high stetic heads characterisiiec of MNorthern
California vater sources was timely. It came just as the hydre-
eiectric enpgineers werelaying placs for the firsy waterpowered
generating plants. The Pelton wheel at cnee became a vital part
of the developing hydroglectric industry. Pelton wheels tadey
drive the penerators in mwany a hydro-nowerhouse in the West and
elsevnere in the world.

The site of Lester A. Pelton's workshoo in Camptonville is marked
by a granite shalt, erecsted in 1929, On top of the monument is
mounted & model of ocne of Pelton’e earliest splitter wheels., There
are no reseins of the inventor's shop.






Other Sites Censidered

ALABANMA

The Hi)l Duilding, Infirmary of Dr. J. Marion Sims

Locetion: 21 5, Perry Street, Montgomery

I, James Marion Sims was the founder of opcrative gynecolegy, a branch
of surgery that bepan in the South ard was develeoped almost entirely by
Southern surgeons., Vesicovaginal fistula had resulted in enormous suf Pore
ing in ¢hild-bearing women and had bafried surgeohs Tor centuries., In
1355 Tr. 5ims received several cases of this kind, which were considered
hopeless, at his swall hospital for Wegroes in Mantgomery. An asccidert
oceurred durirg the examination of his Tirst fistuls r=tient which re-
vealed a uew =pprosch and prompted him to bogin a lonp-term series of
operations. These became a heavy burden on Sirs and his Tardly, but he was
determined to carry then through. Success finally came in the thirteenth
operation; two weeks later the other two ratients were alaze oured.

Chortly after suscess cape in this lenp series of operations, Dr. Zins’
healih failed as a result of an old ailwent. Luring a leong iliness cf
several years duration, e wrote the history of the vesicovaginal fistuln
operation, which appeared in the American Journal of Medical Sciences for
January 1852 and was reprinted scooarately in 1853,

Sims moved to New York in 1853 and soon promphed the establishment of the
Woren's Hospital of the State of #¥ew York. He next spent a decade in
Burope {1862-1872) which was an uninterrupted series of triumphs. He re-
turned to Now York and the Women's hospital in 1B72; in 1876, he was
president of the Americen Medical Associntion: in 1880, he hesded the Amer-
ican Gynecological Society, On November 13, 1883, Dr. Sime died.

A remarkable school of Southern gymecolopists followed Dr. Sime' lead,
Thiz branch of surgery throughout the world was especially active durding
the 19th century. Teday orerative fmrmecology is often merged inte mensral
surgical practice.

The two-story, red=brick Bill Puliding at 21 §. Perry Street in Montpocmery
was the early infirvery of Dr. J. Merion Siks. In the mid-tweptisth century
the tuilding became the offices of ancther surgical pieneer, Dr. L. L. Hill
Wno was the first surgeon to operate guceessfully on the humen heart. The
Hill Building is still puch as it was originally. The Montpomery County
Medical Association has placed o marker comemorating Dr. Simz' weork te the
left of" the entrance,

L
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COREECTICUT

Jemes Gates Percival House

Geolomy, fﬁew Haven, IQEL}, 150,

Lecation: 3381 Pereival Avenue, Hensington, Hartford County

James Gates Percivel, who conducted ore of the earliest and mest thorough
geological surveys in How Zngland, was born on September 15, 2795, As a
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, Lut Fercival soon ebandoned medicine.

This slender, dark-oyed, stoored, and brilliant individvsa:, whe vnfail-
ingly wore the same suit the year round, never persisied in any under-
taking for wvery long. Percival had a peevish, sour temper, and he so
irequently thought he detected animus in others that he found it difificult
te work with ceople. Aside Ircm his devotion to poetry, he wandered from
one project to another; at one tims he served a5 a procfreader for Noab
Webster, In 1835, the State of Connectlout appeinted him as o state
aurveyor, vwhich led to Fercival's cutstanding geological survey of the
Hutmepr State.

The story is told that wvhile makieg the survey, Percival was accosted
one dzy by a farmer. The farmer, stating that he was a taxpayer, =sked
Percival what he was doing, Perclval surprised, snd probably irriteted,
gazed as his questicner for a morent, then tock a few penndies Trem his
rockes and pave them to the Tarmer, saying:

Here is the apount of your contrdbuticon, T would rvather
remit than atterpt to explain.t

The report Porcival produced af'ter his survey astounded everyone. hen

it appesared in 18L2, after the author hed been hounded about it by the
lepizlature, the work contained LHCO pages of undigested fects and detpils,
Yhereas those responsible for The survey had cxpected a orilef rewort, they
received a tome that no one wished to rsad. Subsequently, however, Janes
Twight Imna, an oulstonding American geologist, stuodied Tercival's work
and found much of wvalue in it. In particular, Perzival lad suppested

g bypothesis of mountain formatior that later bhecame accepted., Crushed

al the dezpreciation of his work, =and ungald for his labors, Ferclval soon
retired to the Hew Haven State Hospital.,

At the very cnd of his life, he resumed his geological work, He becare
the sinte geologist of Wisconsin, but his death on Mey 2, 13%5, licited
his acccemplishwments in that rosition.

loueted in George Do Merrill The Tirst One Hundred Years of American
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Percival's heme in Kensington was bulls asrcund 1765. It is a two-story
breilding, whose original clapboards have been covercd with red rainted
shingies, Cutside of that, plus the addition of a surocm, a porch and

a2 dorper window in back, 1ihe house has not been changed. The original
intericr paneling is extant, and the house's corner cupboards and fire-
placses are oripginal, The most interesting rocm irn the bouse is 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 one of the Hation's outstanding
scientific periodieals, having served Srmerican science since Benjemin
Siliimmn fourded it in 1815, It is preotably Sillimen's moss resting
contribution teo secicnce in the United States, but this notatble teacher

and popularizer of science still renis az one of the leading scientists of
the ante«ballur era,

Sillivan's development as a scvientist nrobably surprised hiz as much as

his friends, DIorn on August 8, 2779, in Truzbull, Cennecticut, he entered
Yale when but thirteen. Known therce 23 "Sober Ber,” he exhibited sope
interest in science, but after being praduated in 17%6 he subseouently be-
gan to study law. He passed his law ciams in 18G2, but he never practiced,
Totally unexpectedly, ¥Ynle's president, Timothy Dwight, apnointed 5i11iman
25 the college's first yrofessar of clenistry on Jeptember T, 18502, Unaills
ing to ghirk this challonge, Sillimen accepted the sppolirtment and spent the
next two winters studying chemistry in Thiladelvhia and Princeten. The new
and yeung professor faced his first cless at Yale on April h, 18504, In a
short while, Yale provided a labeorabory for Silliran in the basement of a
new trilding, and Sillimern wryly cormented at a2 later time on his sub-
Eerrancan auarters, saying

Mo did It hapren, I suppose thet o . o the able ¢ivil architect
« + « had recedived only =che yapue impressions of clecistry--

erhbaps a corduscd and terrific dream of slchermy, with its black
artz, its cxpleosions, aed its weoldrd-like mysteries, He appears,
therefore, to have imagined thet The deeper down in mother earth 1
the dangerous chenmists cowld be turied, so muck the hetfer . . "

Williman spent fiftecrn damp, dank years in this cell,
Cllliman's bascment laboratory did not discourage him, and e tought at

Yalc until hiz retirement in July, 1852, Pragmatic, persistent and re-
coptive Lo mew ideas, Silliran mede ¥ole 8 leader in chendstry and geology.

172






A trip to Europe in 1805 both bromdensd his chemical background end stim-
ulated a general interest in geology, Just as he 318 when he organized

the Mavion's {irst geclogicsl scciely, the Awerican Ceclogiczl Socciety,

in 1519, The dynamic professor zlse helped Lo ereate the Yale #edical
School in 1813; and in Y8LG-4T he led the movement to establish 8 precedent-
breaking graduate faculty st Yale., Of course, throughowt his years at Yale
Silliman teught, and numercus men moved Trom his elasses 3o positions of
leadership in the Aperican scientific community, One student, Janes Dwight
Dana, betace one of the world's leeding geolopists.

5illimgn's teaching outside of Yale was also of major significance. In
1634, he bepan to give public lecturcs on geology, which he continued until
1357, and through kis platform appearances he did more "to spread o know-
ledge of science and to stimulate veople to study sclence than any other
teacher of his goneration.' Tt mpst have been a missionary's zeal thai
took hin to the people, for in that day, when {ravel was so difficult,

e spole in such widely serarated cities as Fittsburch, Dew Orleans, Mobile,
and Tt, Louis, as well as in nurerous lesser towms,

A mar of rerarkable cnorpy, Siilldear kad foupd time to estaklish the
Arericen Journal of Selence in 182%. It took almest four years of cndless
toil o make the journal g suceess, but ever since it haos enjoyed an
erviatle positien among scientifie perdiodicals. The wagazine, also known
as 'Silliran's Journal” in its emrly period, exercived a profoundly bencfi-
clal infiuecnce upon science in the Urited States, ecspecially as a forum for
the announcement of the latest scdentific discoveries, It continues to
stimulate the Country's scientists, just as it rowains a unigue memorinl

to 2 great wan long afher his death on Hovember 2k, 188%,

The Sillimanp house bears littls resemblance to the building cocupiz=d Ly

the szientist. pullt bebween 1807-00 by Janes Hillhouse, the howse steod
on Hililiouse Averme whern 3i1liman purchesed it in 1891E for ok, 500,

5illiman socr rade scme changes, ard in 18335 added a wing., After hisz deatlh,
the housc was noved arcund to face on Trumbull Street in 1871; also, a

reow over the Trant Torch vas added st this time., Moreover, the stone wolles
were rouoved in favor of clapbeosrd, Gome years later, Lrick wings vwers
added Lo the hose.

lructed in Ldward Farber {ed.}, Great Chemists (Wow York, 1961), L08.
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 1759, ke wrote thel nitrous oxide
seemefl capable of destroylng physical pain and suggested thet it might
be wzed with gdvantage In swrgical operatioms. Swrprisingly, no one
acted on this suggestion for enother 43 years.

In the early 18LGTs the clTects of laughing gas wers videly discussed.
Wandering charlatans geve deronstraticns, end "nitrous oxide frolies"
were sonstimes held. IT wes in &kls way thet Dr. Cravdford W. Long of
JefTersoen, Ceorgla, begarn e experiments with snaesthesie, Uhen no -
laughing pgas was evallable for a plemned frolic, Long substituled sul-
phurie cther, Ether proved te produce the same sort of iniexiceiion,

Or. Lobg sirewdly obscrved that his guests oeemed oblivious to bruises
that would ordinarily heve been guite peinful, Frem this, Le began to
wonder seriously the use of sther to prevend poin, end finally decided o
mpke the test, On the 30th of Merch, 2842, Dr. Long recoved a small
turor from the neck of one of his friends while he inbaled ether. The
retient gave no evidence of sufferirng during the operation and indiecated,
after it was over, that he hed experienced no pain.

If Lorg had irmedigtely reported this experiment in a medicsl journal,
thers could have been no doubt that he was the discovercr. The great
ether war would never have heen wagzed., However, Long was cavtious end
deterrdned to test the results through other operstions. The first pub-
lished account of Dr, Long's operations did not appeer until 1849, in
the Seuthern Mediecal and Surpical Journal, Fablicaticon seered o have
been prompted by sh account of the exporiments of the Boston dentist,
Williar Theomos Green Mortow, EPeeause Long had net pullished his results,
others redlecovered his teckhnicues independently.

Craviovd W, leng, Horace Wells, Cherles T. Jackscn, and Willler Morton

all shgre In the ddscovery of surgical sneesthesia. Yebt 1t was MHorion's
work that was first annovnced on Woverber 18, 1846 in the Boston tHedical
znd Surgical Jeournal. Morton had acted Indeperdently end conducted expor-

iments with cther on his owm initiative. He baé sssuned thne entire res-
ronzibility for the outccome of his [irst public demonstrations on Eumens,
and he ttws, before aryone 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 spree that he loses
the larger hepor of acqueinting the medical world with its bepefits becpuse
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e delzyed publicaticn of experipents with ether until severml years aiter
the universel acceptance of surgical enaesthesls,

The Crawford W, Leng memoriel in Jefferson, Georgla, was recenstructed
on the fourndation of Dr. iLong's office before 1860 by the physician who
boupgtt his practice. This buellding has recently been restored and bouses
a museuh which was dedicgted and opened to the public in 1997. The memerisl
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 remks of Americarn
goologists between 1820-1260, His thorough and efficiently cenducted
geolagical surveys 1n western Ameriecs not only retain sipgnificence in

the history of Anerican pzology, bub z2lso are reomembersé as having helped
ta develop thet are=.

fwen was born in 3cotland on June 2L, 1307, the third son of Robexrt Owen,
the founder of Hew Harmeny, Indiana., He received his early eduzatiom in
Europe, ond he returned to Londen for study in geolopy in 1831 after heving
been in Yew Parmony since 1833, Upon his return to smerica, Owen ebtended
the Ohlo Medleal Collegze Ik Cincinnati and received an M. D. depres in 14305,
In the fzlicwlng year he married Caroline O, Heel, whom he hed met in

Hew Hermony.

Cwen bogan his geological career in the sare year he married, 1837, Tor'
gome rezson ke hed turnsd froc medlicinc, eccepted a pnsiticn as the state
geoltogist of Indiane. He complebed a rerort Tor the State wichin a year,
ard then he resigned, Within g shori time, however, he beman to work for
the United States.

fwen sccorplizhied his preatest geclogieal weork while worlking for the Federal
Goverrmert. Although reticent and *orgetfel, Owen had a pleasant personal-
ity and singular administrative sbility. Uhen the Gevermmenl commissionsd
him on August 17, 1839, to swrvey 2n cleven thousend square wile ares in
Wigconsin grd Iowa, Owen formed a brigede of 139 assistants, frained then
and set them to work. On Foverber 1h, 1339, Gwen delivercd a completed re-
port on the survey, &Zslde from deseribing for the first time the minergl
riches of the pres, the report stands 2s 2 rmonument to "z Test of general-
ship which has never been sgualed in Amcrican geclogical history,"

lGeorge D. Merrill, The First One Hundred Yecars of Americgn Geolegy,
{Now Haven, 1925}, 193,
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Subsequently, Gwen carried out a geclegical stugy of the Chippews Laond
District for the United States. He covered all of Wiscornsin, Iowa and
Minnesote, and his report of over 600 papges appenred in 1852, Owen was

o talented artist, and his geolegicel drawings in his Chitpewa repori have
hardly been equaled.

in incredible worker, Cwen scrved as the state geolopgisi of Kentucky ard
Arhansas In his last ;zars. He had also become the state peologist of
Indisra for the second tige when death struck hir on Feovember 13, 1860,

When he died, Cwcn was &t work on a report. Shortly before his demise,

g doctor had werned Owem that his illness, plus his constant writing, might
cauee his death within a week, but the geologizt had ignored the prediction,
saying "I only want thirteen days to Cinich . , . /fthe report/,"" apg kad

continued working,

Owen bullt his laboratory in Mew Harmooy Tor $lO,CCG. 9till little changed
frem Lhe time it was erected, the building's towers, pitched roofs and at-
tractive exterior deccraticn give it an exceedingly interesting appearance,
There is only one floor to the building, and aside from the living room, the
rocme are not teo large. Owen designed The building himseld,

INTILNA

Theomas 3ay HGesldence

Location: TPosey County, Southeast corner West and Church Streets,
Wew Harmony

Therps Say, the father of descriptive entemolegy in America; was born in
Fhiladclphia in 1787. Of Huguenot descent, the young Sey developed an
interest i science, which subsegquently led o merbership in the Fhiladelphi
Academy of flatural Seiences shortly after its establishment in 1312, Say
also becare the curator of the Acedemy, but at no salary. With almost no
incore, the young man for months spent about twelve cents a day for food,
eaking little else than bLrend end milk, = lived in tho Academy's head-
guarterg, finding resting at might bereath the skeleton of a horse,

Soy' s partielretion in several expeditions after some years in the Acadery
greatly stimulated his work, A Erip te Florida, which arce he censidsred
a superb place Tor bups {as some =till do), led to Say's initial paper on
cntomelogy, which appesred in the Acadery's Jourrnal. In 1819 and agsin in
1823, #ny mccompanied the western expeditions ied by ¥ajor Stcphen H. Loug.
Slender and kall, Say's ¥white beover hat azused and intrigucd the Indisns

x

lﬁuﬂtﬂd in ibid,, fm. 41, 199-2C0,
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The Fauntleroy House, where Thomas Say bived. Noew Harmony, Indiana
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as much es his bug ecollecting. And doring the long, exhausiing treks,
Say mataged te build notable valleciions of specimens vhile traversing
a little knowm area of Awmerics.,

When the second Lone expedition had ended, Say returned <o Philadelphis
and the fAcademy of Netural Sclences, He not only etiended to his cura-
torial duties, but continued his entemological studies. In 1324, he
pubiished the initial volume of his American Entonclogy, or Descripticn

of the Insects of Horth pmerica., & second volume followed in 1825, and
later a third volwre, tut poor public reception of the work forbade the
printing of sdditlomal volures. This work vonstitutes Say's major selentifi
achievement, as well as ropresenting the [irst great American contributicn
in entocmology.  Say, in his American mtemeolory, descrlbed the geners and
specics of American insecte, plus illustrating the insects by 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 volume of the Entorolosy,
William Maclure, an old benefactor of Say's, rersuaded Say to move to

¥ew Harmony, Indiana, There he could teach and wursue his work, Say
arrived at Robert Cwen’s socialistic compunity in Jamuery, 1826, A year
later he married Tuey Listaire, who proved to be an idenl companion for him.
Travel, teaching, and study kept Say very busy. Ir 1828, he yublished the
third volurme of his Arerdcan Entomclomy, for exanple. Two years later, Say
published his Amcrican Conchology, The pletes Tor vhich his wife had largely
prepared, Four years later, when only fTorty-seven, death cut short his
career, denying to America further fruits of this percepbive, energetic
seientist.

At some time, spd for an undetemmined perdod during his years in Few Hermony,
Say lived in the Fauntleroy House. Built in the carly 1820's, the sturdy,
clapboard building kas housed many {omilies, of which the Say famlly was

the most exceptional, The house iz now & museum, commemorating various
aspects of vThe history of Hew Harmony.

MAZBACHUZETTS

Nathaniel Bowditch House

Locatlon: Essex (aunty, Horth Sireet, Salem

Hathaniel Bewdltch probably set 2 record for discovering errors In a pub-
lizhed work when he uncoversd eipht thousand in g mwanuel of navigation.
Amonr the most grieveus mistakes John Hamilton ¥oore had made in cempiling
his bool,, The Practical Novipetor, was the citation af the year 1800 as

8 leap year--seversl sem disassters resulted. It iz obviecus then why one
of the most remarkable scicntific books ever published in foerica,
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Bowditeh's The New Armerican Fracbical Novigator, rapidly supplanted the
earlier British work on ships the world over.

Bowditch developed his inberently keen, enalyticel) mind lsrgely
through his ovm efforts, Born on March 26, 1773, of o Temily who had
Tollored the sen Tor generations, the young Bowditch received some school-
ing in Selem, Massachusetts. IDut when twelve he beceee an apprentlee to
& ship chandler. Althougk he could study only after work, the youth did
not forsake his infterest In wethemeties. Within &8 yeer, 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 his zesl
and ability, that in 1791 they secured permission for him to use the vol-
umes in Salem's Fhilosovhicel Litrery Compeny. DPowditeh devoured the
treaswres he found there. Indicative of hisz Intellectyr]l discipline iz the
fact that when only elghteen he copied all of the matheratical papers he
fourd in the Transactions of the Roval Sceiety of London. By the sge of
twenty-one, he had read, after teaching hiesell Latin, fir Isaac Hewton's
Frincipie, even discovering an error in it, Moreover, with a French
dictiopary in one hand and & Bible in another, he had learned Irench.

In 179%, the slight, cheerful, bripht-eyed and already gray-haired youth
tvrned to the sea. For the nexi wgine yesrs, with some Lime off ashore,
Bewditeh sailed over the globe. “hroughout his travels he kenl a journal,
Tilled it lsrgely with notes on the weether, or on matters of nevigation.
But when he wisited the Isle of Bourbon in the Indian Qeesan in May, 1795,
his surprise at the easy ways of ithe lalrer sex produced 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 his studies, especislly those
toncerned with navigation., IZven when ke made his lasti voyage, as the
captain of the Tutnem, which he and three others owned, tetween November,
1302 and December, 1303, he purzued his studies. He indeed almost let
the Putnanp sail itself.

It wes in the period between 1795 and 1502 that Hewditch produced his
Practical liavigator, By July, 1759, he had alresdy published two revisions
of Moore's error laden Nawvigator, but then descided to produce s new book.
Tiree years later, in June, 19C2, Bouditch's erudition snd genius appeared
tefore the world in his beok for seamen. Some 27h pages, +the nanual con-
tained ravigational aida, tide tables, astronomical tables, the duties of
officers and a textbook on navigation, The material for feaching navi-
gation constituted s remarkable inncvation, and it prorably stemmed from
Bowditch's atiempts to teach geometry to sailors while on his varigus

1Quoted ir Rgbert Blton Berry, Yankee Stargazer, The Life of Nathaniel
Bowditeh {New York, 1941}, 55.
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voyages, In a short tirme, the book achicved ouitstanding potulariiy.

Ard as a sez captaln later wrote, one after 1307 went to sea with a
"Testawent, & Bowdi%ch, a ouadrant, a chest of sea clothes, and a
mother's blessing.”™ Subseguent editions appearsd during Bowditch's life,
with the author kept busy Wy revisicons, and the Praclicel Navigator, al-
thovgh sorewhet changed, remains the seapan's dearess book.

Lespite the fact that the Fractical Navipator was Powditeh's greet work,

he accomplished additional noteworihy achieverents in science. His siudy
of tue Veston, Conmecticul, meteor of 1867 received applause here and in
Furope. Aside from that investipation amd mumercus other scientific noners
Bowditch's translation of laFlmce's Mecanicue Celeste is of especial in-
terest, From at least the time of his last voyape, boiween MHC2-1803 until
hiz death, the zeientist laboraed over fransiating the Frenchzen's greet
vork on rathematics and theoretical astronomy. In working on Lellace,
Bowditch said that whenever Ne came upor ope of laPlave’s "'Thus it plainl
gppears, " that he then had

hours of hard study before . . . /Bim/ Yo fil} up ithe chasm
and find out and show how it plainly appears.

The Jow was & stupendous onz, and when the first four volumes ol the
transla%ion appesrcd, each contelived over a thousand pages. Death cul shom
Powditen's work on Iaflace's last volume (it iz still untrenslated). Cur
pdmiration for this seientifis contribution, which brought continental
mathematics to Amerieca, 15 Increascd by a reallization that Pewdiich spent

a third of his savings, $12,0C0, to publisk higs translation,

Bowditeh enjoyed more than just suwceegs in science. Althovgh hig first
wife, [lizabeth Deardman, died in the saze year they vere rarried, 1798,
he and his second wifle, Mary Tnger=o1l, whenm he rarried iz October, 13CO,
had & hapoy marriage. She bore him eight children., 4after retiring {rom
the sea in 1603, Bewditeh hod joired a 1ife insurance conrany in Salem.

In 16823, after gccephting & position with a Boston insurance firm, he moved
ta PBoston, Towditch's sherp eye for fipures annoyed the firm's clerks,
put under his direction the compony prospered. Death came te hip or the
afterncon of March 16, 1538,

The house that Bowditch lived in at Salem between 1811-1827, he living

here longer than in any other of his numerous Salem residcences, as moved
from its original location at 312 Ossex Street to its present site on

Nowtl: Street around eipht years zge. It is an early nineteenth-century
building and hae been recently irmproved by the City of Selem for usc by

the Salem Fark Deportment., In working: on the house, the Bsler Park Deport-
ment removed past-Bowditeh partitlions, repairing the walls and Cloors, and
the swall lights in the windowns, On the exterior, the old belustrede stop
the house bas disaproared, as hove the shubters.

1{uotoﬂ ip Dirk J. Btruik, Yankee Science in the Moking {Eew York,
19623 109,
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MASSACHUSETTS (cont'd)

Oliver Yendell Holmes House, "Holmesdale,”

toecation: Derkshire County, Holmes Road, Pittsfield

tost of us remember CGliver Wendell Helrmes because of two of his poems,
"01d Ircnsidcs" and ' The Deacor's Masteroiece, ar the Wepderful 'One-
Hoss Shay.'" Holmes Was more than just an author, heowever, for he vas
& noved doctor of hisz day ond a great medical teacher. Xoreover, his
paper on puerperal Tever 1s g minor landmark in the histeory of Arerican
redicine.

Holmes was boern on August 29, 1009, and his father, & minisier, hoped

that his son would also mssupe the cloth. 2ut the young Holmes rejected
that peth, snd afier teing pradusted from Harverd University in 129, sailed
to Burape in 1833 4o study medicine. In Parks, he benefited from the letest
medienl advences; and upon his return home received his M. DL degree from
Harvard in 1335.

Iolpes subsequently became a member of the swaff of the Herverd Medleasl
Sehool, whick he hoelped Lo make one of the best in the country. He shone

az a8 teacher, especially of aratory, enilivening his ¢lasses with wit and
tumor.  Hever of narrow interests, Holwes alsc wrole on medicine, as well as
other subjeects. Shen Dr. ¥, T, G. Horton proved the value of ether in
surgery, it was Holmes who sugpested that the term "anaesthesia’ be used.
Dven more lLwmpertantly, it was Kolmes vho first cxplained the cause of
muerpersl fever,

Unce surpical methods had been devcloped to aid in childoirth, puerperal
fever, which ceused many mothers to die, immediately broke out. Doctors,
who had been unable to determine the faver's cause, were astounded when

in 1247 Holmes' paper, "The Contapiousness of Puerperal Tever' asscried

that% the Adociors themselves yere restonsitle. By means of siatistical
avidence, Holmes shoved that it was just nob an “unducky” case when a mother
died, but that these in ottendance must bave transmitted the perm 0 Lhe
vietim, The author proved that chance was not responsible when his statist-
icgl aralysis made it plain that ope docter who had lest sixteoen mothers

in one ronth wes more than only unfertvmate.  Holmes also pled for anti-
sepbic practiees, anéd urged doctors to sveld handiing s delivery If they

hnd had s recent case of the Tever.

Although we know Holmes was ripght, hizs colleapgues ridiculed bis con-
clusicpna, As a resdc, mothers comtinued to die from puerperal fever,

It was not until the 12490's that Holmes paper was fully accepted, afier
ather studies of the Tever bhad piven the same anewer. hen Helres dicd on
October 7, 1804, he died in the xnowledge that tragedy in childbirth was
far lcss frequent that it Ted beer in his wvouth.
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Iplres tuilt o sucmer residence an rert of the Uendzll Jorlly lands near
Fittafield in 18L9. New known as "Molzesdale,” the spacious, iwo-shory
buitding afforded Holmes seven of kis most enjoyeble susmers, he spending
his wvacatinns there until 1255, Tt was here that he wrote "The Deacon's
Fasterpiece." Hiss Hell's School for Girls now owne the house and uses
it as a reosidencc Tor teachers.

Charles T. Jaekson Fouse, "MayTlowrer Society House,"

Locetion: Plymouth County, Winslow Street at Narth Street, IMymouth

CMarles T. Jackson Tossessed a brillisnt and oripginal mind, which carried
him 40 a commending positicn in American science beflore 1361, But he also
rossessed a suspiclous, sell-centered personality, which helped to cloud
his regulation and lead him feo the inzene seylum late in 1ife,

Torn in Plymouth, Massachusetis on June £, 180%, Jackson was orphencd
when twelve. A guardian aided him, however, and Jackson was able to
complote his medical studies a% the Harvard Medical Scheol in 1829, e
journeyed to Europe in the same year and stayed until 1832, Theore, he
continued his medical work in Taris as well as studying pgeclogy. Jackoon
3lso traveled throughoui the continent, availing himsell ol cvery opporiunit
Tor Turther wedical ard pgeological =tudy. He nlzo becars veyy interssted
in electricity, and collected soue clecirical equipment to teke back to
Awmerica. When he boeprded the Sully ir the fall of 1832, Jackson probably
rad o decper kuowledge of contemporary science than any other American,

¢n boerd the Sully, Jackson mel Samruel F. B, Merse, a meeting that event-
uwally led te one of Jackson's epic gquarvels. The scicntist and Lhe artist
discussed clestricity ons evening, including the nossikility of sending
mossoges electrically. Morse, stimulated hy the conversation, drew g sietchk
of an electric telegraph wpon returning to his cabin.  And when the Sully
reached frmerica, lorse, alter long and difficult yeers, finally perfected
Wiz ipstrunent, Morse s success caused Jackson to ¢laim that he realily
was ilie inventor of the electric telegraph, znd he tecame invelved iIn &
violent fight with Horse. The quarrel did nothing for Jacksen, exeept to
divert hin Trem his sclentific work and fteo sep hiz energics.

Jackson's caocentrioity slso Impelled Flo into an even mors violent

Jigpute with W, 1. G. Morton. orton, a one-time pupil of Jackson's in
Boston, proved to the world the ansesthetic walue of cther during an
opereticn at the Massachusetic Gencral Hospital on October 16, 13k5.  Sub-
gecuently, Jackson elaimed that he bad told Horton about ether, and that he,
not Forteon, should be reparded as the benefacior of mankind., The frenried
auarrel so seored Lodth particirants tiet it helped to kKill Horiton ond mash-
ed Jackscon into an insane asylum in 1773,
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Degpite his unplessantness end his tragic end, Jzekson's beneficigl
impact on American scionce cannot be dznisd. He not only contributed
inmimerable ideas, but also stimulated many individusls along the path
of secientiiie endemvor,

Fdward Winslow buil% the Jackson house in 1754, The building has been
rreatly alftered since its construction, especially because of & lerge and
felrly recent rear additicn. The original section of the building, haw-
ever, conteins paneling dating Trem 175k,

Splem Athengeoum

Iocgtion: Essex County, 337 Essex Dlireet, Snlem

The Jalem Athenmpeum owns an extrencly interesting elghteenth century
collection of zeientifie works. Added significasce attaches 1tself to
those volumes Lecause in gll likelihood the Athenzeurm would never have
acguired them I it hed not been for the American Revolution,

In February, 1781, asn fmerlcan wessel ocut of Salerm sttacked and captured
the Mars, a British ship. The captor must have been surprised te find
gboard thelr prize a noteble cpllectiocn of scientifie worlis, the scientific
library of Sir Richard Mirwin, of Tublin. Kirwin had intended the beoks
for ar Institution in {uebesc, btut fate decreed otherwise, Uhen the
Filgrim, the Amerircan ship, returned to 3alerm, the vessel's Ovmers placed
the Looks on sale.

& new eultuvral crpanization in Salem, the Philosophical Library, immediatel
exhibited great interest in the Ttooks., And on April 12, 17481, the Thilo--
sopbical Library paid L8S8:10:C0 for the ecollection, thus acquiring =n in-
valuable library, Included in the cgllecfion were most of the trans-
aetions of the French Academy, of the Royal Sceiely of londen, end of the
Cociety of Perlin. The ¥irwin collection slso counted the works of Sir
Bokert Poyle and Sir Isasc ¥ewton. Throuegh the Fhilosophical Library's
forezight, Calem oeme to possess a Engplficent Intellectunl tool, and the
volumes, for exatple, helped to scheol Salem's famgus scientist, Hatheniel
Bowditch, Scme years after 1781, the Philesophical Library merged with
the Soelzl Librsry in Salem to forw the f2lem Athenseurm. The Zocind
Library nad been orgenlfzed in Merch, 1760, end over the years had acquired
g respechbable number of bocks. DBy 1910, wost of the members of the Sovecial
Library also belonged to the Thilesephical Library, which situated led 1o
the merger of the two groups on Mareh 12, 1810,

Since 1310, the Athenacum has occuplied severgl huildings. ts present
home was built in 1907, and is modelled after "Hemeweod,™ the Baltimere
residence of Crarles Carrcl}, The sttractive structure now houses owver
47,000 volumes,

152






[ TIREEUAL T BT
TRIFWHI DRSS TUR(TS ,E_._H.mﬁur._ﬂﬂ_ WReEs 57 1

e EE L]

ey L EL L

el 3o







[T\ HALFSIITER

cemuel Morey Hpouse,

Lecation: Grafton County, Oxford

The antcoedants of the internel combusticn engine are much clder then
1z commonly assumed. One of the first such ebgines was patented in
1326 by Samued) orey, an early fmerican inventor,

Morey was bors in Hebron, Comnecticut, on Oetober 23, 1762, In 1736,
Morey's father moved his Temilly to Oxford, NHew Hempshire, where Morey
lived until he moved to Fairlee, Verment, a short time before his death.
Turing Bls youth, Morey manifested ar aptitude for mechinery, which aided
hig subsequent lumber business., Even when wedl lavnebed on his business
career, Morey alsc studled the propertiez of heat snd light, and over the
years added to his knowledge of those lorces,

Becguee of hils investigalions, Morey became particularly intercsted in
the avplication of steam power to mathines. Dy 1793, he hed xade a

steam operated spit, for which he received his first pateni. Morey de-
veloped additionszl steam driven mechines, recelving sfter 1793 patents for
8 rotary steem-engine and e steam pump. Moreover, he visumlized the
possibilities of a steem driven boat, and had conciructed several of them
by 1797, when he built and demonsirated a steamboat in New Jersey. When
Horey legrned of Robert Fulton's plan for stesuboats, he visited Fulton
end sought to have Fulton'=s plan 1or steambosis, he visited Fulteon and
soulhl to have Fulton sdopht his developments. Fulton rejected Horoy's
offer, but subsequently clalmed Fulion had used his Ideas.

It was in conjunction with his efforts to produce water gas, that Morey
conceived his ges or vapor engine, After long experimentation, Morey
rroduced a “preparing box," or rcarburator, in whieh a mixture of air and
a gas could be made and carried to the engine. The solution of the fuel
problem paved the way for Morcy's internal combustion engine, for which
he received a patent on Aprdl 1, 1825, He carried his englne to New York
and exhibited 1t, but failed to urose iInterest in his invention, Morey,
in spite of public apathy, reaslizmed the sigrificanee of his engine, &nd
correctly predicted that it would one dsy revolutionize transportation.
The accuracy of his prophecy was underlined when he congstructed a beoat
in 1829 ard installed a gas engine, which ensbled the vessel to move
alony at seven Or cight miles an hour. However, Morey egain failed to
secure financial backling.

Morey died on April 17, 1843, Unsing in hic own day, the inventor still
deserves greater attention for his contritutions than he has ¥Fet received,
The Morey house is 2 handsome, two-story clapboard structure. Built in
Y773 by Cbedish Noble, the house wae purchased by Morey in 1799, who made
several improvements in 14, Ameong them were the hendsome docrwsy and
Fallsdian windeow that 5311l grace the house's front,
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Samuel Cuthrie Houze, New York

location: Jefferson County, Sackets Harbor

The discoverer of chloroform, Ssmuel Guthrde, was born in Brimfield,
Magsachusetts, io 1702, Hie educetion included 1itile formal schooling,
Indeed, his father apparently teught him medicine. Guthrie 2id attend two
courses of lectures on medicine, one of which was presented at the Universi
of Fenneylvania in 1815, But even hefore 1815, he had begun to practice,
By the tire he moved from Sherburne, New York, to Sackets Harbor, moreover,
he had a wife, the former Sybil Sexton, and three children.

When Guthrie moved in 1817 %o Sackets Harbor, which was to be bis heome

for the next thirty years, he found that isolated section of How York
virtuelly 2 wilderness, Undaunted, however, he acquired a Tarm, Built g
Louse snd started his work in chemistry. The taciturn, independent and
inventive Cuthrie bullt s laboratory behind his house for his exveriments.
His neighbors highly epproved of hils fuvestlpations, especislly when
Cuthrie produced an excellend vinegar and fine aleghol, He won zven wider-
spplausc vhen he invented the percussion ¢ep and a "punch lock" for explod-
ing the cap, The flintlock musket beczme z thing of the wast as o result
of this iavention,

Guthrie displeyed an arazing versatility in his work. In 1830, he notified
Benjemin Silliman, the gregt Yale chemist, that he had perfected g method
of creating wolasses out of potato starch. Subsequently, Quthrie sent
5i11iman seme chloroferm, which he had produced by distilling chloride

of lime with aleohol in g still mede of corper. And in 1832, news of the
discovery of chloroform appeared in the Asmericen Journal of Oeience, which
was edited by Silliman. Not uniil some fiTteen years later, bowever, wes
the value of chloroform as an anodyme generally recognized. And at just
about that time, Guthrie died on October 19, 1518,

The Guthrie bhouse is a fwoestory, brick structure., It has an attractive
front door, a gabled roof end & rear extension, The main section of the
house has undergone iittle charge, which contrasts with the zuch altered
wing behind the house. Guthrie's lsboratory stoed far back of the house,
and todoy only the laboratery's foundations are extant,

Syrlvanus Thayer, Superintendent's - warters, Yew York

loegtion: OCrange County, United States Military Acadery, lVest Faoint

Sylvanus Thayer, the "Father of tlhie Military Acadery,” was born on June 9,
1785, In 1803, he entered Dartmouth College, where he pursued the

elassical course, but in 1807 fransferred to West 1oint. He received his
degres from the fcademy in 1808, plus a commission e85 a second licutensnt
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in the engineers, Until the War of 1512, Thayer worked on coamstal
fortifications. DTuring the second war with Epglend, Thayer served -
with the army on the Canadien border and in Norfolk, Virginla. Follow-
ing the Treety of Ghent, he sailed to Europe in order to study military
engingering. He had the good fortune to study at the Ecole Polylechaique,
which he enjoyed ipmensely. Moreover, his work at the Eecole Polytechndgue
impressed wpon him the need for gimiiar treining in America.

iTter returning to the United States, Thayer became the Superintendent
of West Foint in 1817. He rcotained this position until 1833, end during
his tenure made West Point sn outstanding militeary scheol., hAside Trom
ending the lexity everywheres evident at the Academy, the Frenchetrained
Superintendent laid heavy stress on irproving the scedemic program, e
horrowed Ireely from his experience in France; morecver, he placed z
French engineer in sherge of the enpineering deportment, Text books of
French origin, either in French or in translation, also become stendsrd
at West Point. Theyer's concern for thoroughness ard proficiency stip-
ulated the develorment of an excellent cogineering department at West
Foint, and from it appeared many capable engineers. Indeed, Vest Point
graduates plenned and built most of the early railroads in America.

Theyer left the Academy in 1933, at his owm reguest. In the Tollowing
years, he supervised the construction of coestal fortifieations on the

Sew Tngland Coast, OF especisl impeortance were the fortifiecations he
twilt in DBoston Marbor. He retired from the army in June, 1063, bhaving
attained the rark of bripadier genersl. Defore hie death on September T,
15872, he hed endowed the Thayer School of Engineering st Dartmouth and hed
egtablished = free library in Braintree, Massachusetts,

The superintendent's quarters, the oldest building av West Foint, wes
largely corpleted In 1820, Humerous additions and chanpes were made in
the following years, one of the most notalble additions being the ironwork
that wms added to the porch during the Civil War. Thayer's office as
supcrintendent was in the begement of the bouse. It is now planned to
restore the office ms a memorial b Thayer.

CHIO

Themas A, Ddiseon Birthplace

Leegtion: LCrie County, Milan

When Themas A. Edison wes born on Tebruery 11, 1847, in Milan, Ohio,
Milan was & bustling, prosperous grain center, Chanping conditlons
shortly cpelled the town's economic dewvmfall, however, and today the
village 1z most remembered becausz of the atbractive brick cottage in
which I'dison, one of America's grest inventors, was beorn, =dison lived
in the lLousz until he was six, when his father sold it end moved to Port
Huron, rehigan.
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Edison's amazlbg career iz well known to most Apericans., A poor

student, he largely cduceted himself, and by sixceen bad slready made
several inventions in telegraphy., By 1869, after much travel, a varicty
of Jjobs, and eomstant experimenting, Edison had secured s lubrative
position in Hew Yorlk, In the follewing yepr, though, BEAiszon established
g manufacturing concern of his own, having received a geodly sum for
geveral of his inventions. Edison gathered arcund himzelf meny excellent
men, mnd his concern has been labelled the first "inventlon factory.™

And he gnd his cohorts 4id prcduce numereous new products, especially for
the telegroph and telephone,

The scope of Fdison's getivities created the need for more space, 50 In
1877 he moved from New York, He first built e lazboratory at Menlo Park,
New Jersey, where be remained Tor a decade, but in 1887 he built an even
larger factory in VWest {range., In the meantime, & flood of discoveries

or developments came from FEdison and his eolleasgues--the incandescent lamp
in 1879, the Pearl Street power plant in New York in 1882, esnd the “Ediscn
eTTees" in 1883, After he had moved to West (range, Edison continued to
startle America with wow thinge., His pionesr work with motion pictures
during the 1890's alone is of the utmost significance.

In eddition to his inventive abillity, Edison possessed mn uhusuel orgent-
egticngl telent. Yumecrous companics were organized by Lim to produce his
inventionz, as he felt there was litile profit in devising new products

ir they were not put to wvse. Today's glgantie Gensral Electric Company,
for example, is in lerge port derived from concerns begun by Edlson.
Ediszon remained su ineatisble worker, even in his last yenrs, The tre-
mendous benelfit stemming from his unremitting teil was unrecognized by -
the Nation in 1928, vhen Congress gwarded him a gold medal for his contri-
butions to mankind, About thrce years later, on Cctober 18, 15931, Milan's
most famous son dled.

The house Edison lived in until he was six wes btuilt eround 1841, The
gabled brick btuilding hes a basement, pround floor, and attie., A llving
room oocupies most of the first fleoy, but ofT of it is the room In which
Fdizon was Dborn, There are mddltional bedrocws on the second floor.

ffter the i¥dizons poved from HMilan In 1853, the house was owned by others
wntil 1894, when it was purchased by a sister of Edizon's. In 190G,
Edisomn heceme Lhe housel's owmer, and alter his death the Edisonm Dirth-
place Asspciation, Ine,, mssumed control of the house. The Asscciation
restored the house in 1947, Unfortunately, only a few items of the
original furnishings of thke house sre now in che buildiog,

The houge does not possess excepitionsl walue because Fdison 1lved there
Tor only about six years and becauses the bullding contains few of Its
origiral furnizhings,
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PERESYLVAITIA

John James Audubon Home, "1l Growve,"

Location: lMentpomwery County, Horristowm

John Jermes Audubon' s brief residence at Mill Grove reminds us of a highly
gignificant reried of his lite. Vhile living in the cemfortable, twoe
story, gabled roof stone house thet overleoks Perkicmen Creek, Audubon
began his study of Aperican birds and met his future wife, His subsequent
carser, therefore, largely stemmed fron his days at Mill Grove,

Born a netural son to Jean dudubon it Zanta Defmdingo on April 26, 1785,
Auduboy arrived at Mill Grove in the winter of 18CL. His father owmed the
house gnd some important nearty mineral deposits, end he had gsent hiz son
to supervise his property. The young Audubon was only nineteen when he
first saw Mill Growve and was poorly prepared, both in trairing end tempera-
ment, to manage his father's Interests., Indeed, shortly after set¥ling
down, he began hunting for both food and sport, roaming the surrounding
countyryside,

ReTore ccming $o America, Audubon had interested himseif in birds. Shortly
after remching Mill Grove, his enthusiasm for studying birds reappeared,

end in April, 1801;JI SOrRe Youho pewees in a2 éove on the Perkicrmen mtbracted
his attention., Intrigued by the fledglirgs, fudubon placed a bit of silver
colored thread around some of the birds' legs. About a yesr later, Audubon
observed two ol the banded pewees some distance up the creelk from the cave,
This, as far as is known, we$ the first bird bharding experiment in fmericsa.

Audubon’s Taseingtion with birds was soon equalled by his interest in Tucy
Bakewell, the daughter of g nearby neighibor., The young naturalist did oot
Tforget her when he moved from Mi11l Grove in the spring of 180%, and gbout
threc years later, on April 8, 1803, they were married.

fvdubon's remarkable subsequent career has been pregentsd elsewhere in this
study. But as short as his stay ot Kill Grove was, 1t 15 understandable
why a leading bicgrapher of Audubon soys it was doubbless tre happlest
vear of his LifTe."

Mill Grove hae been restored and is now dpen as a museum,

Zevid Rittenhouse Birthplacc

Locatien; £0T7 Lincoln Imive, FPhiladelphia, FPhiladelphie County

Cavid Rittenhouse, the of eighteenth-century Arericats galaxy of singu-
larly talented Individuals, was born on April 8, 1732 {old siylie), in
the house built in LTOT by his great prardfather, the first colonial
paper
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paper manuiacturey. The paper mill, just upstream on Faper Mill Run-

frem the young Rivtemhouse's heme, otill s%oed in 1732, but Devid ex- -
hitited a greater interest in methematics ss 2 boy than in paper making.
When he was twelve, an uncle left the bright youth a chest of tools and
some books, Cne of the Ttooks in the beguest especially Fascinated Fitten-~
house, Ioaac Newton's Frincipia Mathepatica, and his study of 1t further-
whetted his interest In the poysicel world, Entranced by Newton, Ritten-
house sbsorted all the sclentific works he could, thus largely educating
himself in the glories of eighteenth-century science. Skilled with his
kands, the future mstroncmer alss lesrned clock making, and when only
nineteen opened a shop in Neorriton., LAbout nineteen years later, in 1770,
Rittenbouse moved to Philadelphia,

Alfhough Hittenhouse excelled in paking clocks and although his eloeks

erc prized todsy, it 1s as = scientlst that he is best remewbered. Through
his own briliience and unending study, Rittenhouse early made his mark

in pre-Revolutionary science, and he remained active in the fleld until

his death on June £6, 1796. He accepted without reservation the Newton-
ian heritepe, strongly believing that sclence was man's best mesns for
achieving happiness, and thus Rittenhouse rejected Christienity.

The scope and ddversity of this notable Americants works iz arnzing.
Turing his life he wade pumerous boundary surveys, the relisbility of

his surveying causing hip to be omployed by Fennsylvania, Delaware,
Yaryland, Virginis, Hew York, FNew Jersey, and Massachusetis, As his
reyutation grew, he received commissions to investigate any wumber of
seientifie matters; 2nd he entered into scientifilc exchanges witin Themas
Jefferson, Benjamin rranklin, end Ceorge iashirgton, He himself probebly
enjoryed his astroncmical work mere than snoything else, and he made and
perfected telescopes ms he eagerly studied the night sky year after yesar.

Two of Ritteghouse’s most important achievements were astranomical in
character. In crder to cbserve the transit of Venus ir 1769, Rittenhouse
constructed the first $elescope to be rmade in America. Throush it he
Lrached Verus from his observatory in Neorriton, compiling accuratc obser-
vations of the planet’s course, ‘Two years before 1769, Rittenhouse had
begun work on his famous orrery, or 'mwechanical planetarium,” Iy 1771

he bad produced two orreries, but only one survives, gnd it beleongs to the
University of Yemmsylvapnla. fThis mervelous instrument simulates the motion
0i" the planets that were koown in Rittenhouse's era, and by using Xnobs

an Individual cen determine the location of s planet on any day within
2,500 yemrs Lefore or 2,500 years after 1767.

Far frow being just e theoreticsl scienmtist, NIittenhouze never hesitated

in azplying his abilities in a practical menner. TDurdng the American

Revolutvion, he supervised the casting of cannon and in numercus other

ways gttempled to further pmerica's firght for freedom. ter independence,

he helped to organize a oational bank and in 1792 became the first di-

rector of the Unlted States mint. For many years he nlayved 2 vidal role

in Americe's preeminent sclentific society, the American Fhilosophical

Sceiety, and he beoecame itz president upeor Franklin's desth in 1791, !
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Shortly before his death in 1796, the Hoyal Cocleiy of London made
Rittanhouse & foreign member in aonor of his work, DBoth that soclety
ard his native lend continue o hold Rittenhouse in hipgh esteem.

Feper MEll Stream still {lows past the Ritienbouse birthplace, Todey,
the two-story, gabled roof and etone hullding is whitewashed, with its
doors, shutters, end frim psinted green., The roof i= steeply pitched,
and g sirngle ¢himney protrudesz from it nesr the center of the bouse.

The front of the house faces Lincoln Drive, the back the stream, From
the back, one enters the ground flcor, which conteins the kitcken and
two other small rooms. There ere three rocms on the first fleor apd two
en the flpor above 1t, There are no Rittenhouse furnishings in the
building.,

Thisz house does not possegss exceptional walue becsuse Rittenhouse lived
there only as a youth and because it is beare of ordginal) furnishivgs,

Benjemiv Dush Birtiplace, Pennsylveniz

Localiony Fhiledelphia County, & mile e2ast of the junction oF
Acadeny and Fed Lion Roads, Frankford

Benjemin Rush was born on December 204, 1745 {old style), in Bayberry,
FPeunsylvania, He received his 4. B. degree [ro; the Uollege of Hew
Jersey, rov Princeton University, in 1760, and began hils study of
mediceine in 1761, He studied under In, Jobn Redman until 1766, when

bhe went to Ddinkurglk, Scotland, to finish his medical treiring. By the -
time be had won his M. D, degree in 1763, he had becowe a friend and fols
lower of Dr. William Cullen, z noted Brifish docter. Pushk ended his for-
elpgn wmedical education by working =t 3t. Thowas' Hospitsal! in London for

a while belore returning to Mmeriea,

Upor his areival in Philadelphis in 1?£ﬂ, rust rapidly rose to an
eninent position in the Philsdelbhie medical world, Vithin five yesrs
he kad built ¢ thriving prectice, as well as having served as fmerice’s
first professor of chemistry at the College of Fhiladelphia. - Afler the
outbreak of the American Fevolution, Fush become the surgeon-gensral

of the ltiddle Department of the Continentsl Army in April, 27T77. He
hed gssumed his new duties for only = short time, when he ecmplalned
atronpgly sbout the appslling state of the army's hospitals, When his
complaints remained unansvwered, he resigned froo the army, baving be-
come disillusioned with George Washington., Indeed, by 1773, rerconsl
relations betwsen Fush and ¥Washington had been ended, they formeriy
having been good Triends.






Onee out of the erwy, Sush resumed his medical career in Fhiledelphia.

He began to lecture on medieine at the new University of the 5State of
Foennsylvenia in 1700 and becems a staff member of the Pennsylvenia
Hospital in 1783, Turing these years, as well es subseguently, he olso
develoned n controversial theory of medlcine, Heswily influenced by

big old mentor, Cullen, Bush attacked the use of naturel healiag methods,
offering instead remedies for each 1llness. Eoreover, Hush scught to
trace every sickness to one causze, the unheglthy stgte of the blood. To
correct that situation, Rusk bled patients, e wos willing, for cxsmple,
to remove ot least foor-fifths of en dindividual's bleood in treating bic.
When the yellow fever epldemic in 1793 overwhelmed Fhiladelphia, Fuch
keeld thal bleeding saved many, Dut W1lliam Cobbett, a pamphlefeer, twrote
that Bush's trepiment geted ms the cause of death in many instances.
Furious, Bush vehemently defended his trestment, but with greslier passiom
than reason,

fside from practicing, Bush engaped in many other wmedieal activities, ‘hen
the University of Pennsylvanin was ¢reated out of the Collemge of Fhiladelph!
and the Unlversity of the Ttate of Tenisylvenia, Fush became a leeding mem-
ber of the wew imstitution's medical stalff. He became & great teacher, and
by the end of his lifce he had tsupght over three thoussnd students. Bush
algo did rewveolutionary work with the insane at the Pennsylvanie Hospitael,
publishing in 1812 his Medical Irquiriss and Observations upon the Diseases
of the tdnd, a ploneer study in the field of psychlatry.

Fushk, who bad married Julia Stockbton in Januery, 177¢, engeged in numerous
gther activities during his life. He bad thirteen children, nine of whowm
survived youth, DTolitics had attxacted him in his younger days, and as a
merber of the Second Continentsl Conpress, he had signed the Declaration
of Independence on July 4, 1776,  ‘ubsequently, he supported the movement
to ebolish slavery, a campaiph Tor tenperance, and a drive fto lmprove
education in Pemneylvania., WYhen he fied on April 19, 1813, Rush had many
detractors, but the brillisnce and diversity of his 1ife remained imoune
to thelr attacks,

Fush's birithplace, which he apparently lived in until he was aboubt Tive,

in a two and £ halfl story stone badlding. The originzl section of the
housc, erccted in the seventeenth eontury, probably vss a one slory, square
tuilding; *the second story had been pdded by the time of Tush's birth,

The stone walls are eightesn inches thick, snd there is a chirney at either
end of the stone secticop of the present reszidenhce,. A three story Irame
addition stands on the right end of the house as yow face the building,
which gddifion wes ceonstructed in the nineteenth century.

The house appears to be in wery poor =cnditlon today, When the writer
visited the house, he wps refused admitience, but it was cbvicus that

the birthplece hes deteriorsted greatly in the pest fev yeasrs. Moreaver,
a residentisl development company ovns the struckure and She housc may be
demolished in the nesr future,
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SCUTH CAROLINA

Doctor John Lining House

Location: 1C6 Broad Street, Charlesion

The recently restored house ot 105 Droad Street in Charlesteon was the
hcme of Dr. Jobn Lindng, physicisn, pionser physiologlst, and experia-
renter in electriecity for s number of years. Lining was the first
{1730) of a group of Scottizh doctors in Charleston to do importent
sclentiTic worl.

Lining firs: turned his attention to the epidemle diseasez which struck
Charleston so regularly. In 1748, especinlly, he made a thorough study
of yellew fever, and sent to Europe the earliest acccunt from America,
of its symptoms and patholomy. This cecount was subcequently published
in pn Edinburpgh medical} journal in 1753.

Tr. Iining turned to meteoroloqy in an mttempt to relate weather to
disepse. Cver a pericd of a ycar he conducted a celebrated statistical
experiment in which he measured the intoke and outpe of hils body. Each
Aay te noted the tempermbture, recorded the humidity, the extent of
cloudiness, the amount of rainfall, and the force of the wind, He thus
noted the efTects of climatic comditionz upon kis own metebolism, These
obeervatlong were, incidentally, the first published records of the
weather in Arcrica,

Iining continued his weather statisties for seversl years, and his
accounts of Tharleston westher were published in communicetionz <o the
Decretary of the DRoyal Soedely in 17%%, Idrning also corresponded with
Benjemin Franklin on scientific guesticons, particularly electricity.

Thoupk not a major fmerican seientist, Lining holds a secure positicn
in the history of scicnee as a distingulshed merber of fthat group of -
intellcetual Americans who played a leeding peart in the cerly develop-
ment of science and medicipne in this country,

EharlEEton Museur

Location: Charleston, Couth Carolina

The Charlesion Miscunm 1s the oldest in the Undted States, In 1773, the
Charles Town Library Socicky began its eolleoctions by aprointing a special
nomnittee for eolloecting matericls and for prorceting 8 natvral hisiory

of the provinee, 1In 1832, trucitecs of the Tollege of Charleston revived
the masenn end loceted it In the college building, After several irancler
and reorganivations, the museun was established 1In 1ts present Lome of
ITutledpe Avermre, beiween (alhoun and Eennetf Streecks, In 1907.
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The museum has endeavored to bulld up a collection representative mf
Incal culture, and Its gellerles sre devoted almast entirely to Sauth
Caroline materials.

There is contimaity 1n the museunm's collectiones; it still hes some of

the speclmens from 1ts earliest pericd. The present museum bullding
ig, however, relatively modern and oot relsted to the original site.

VIRGINTIA

Ir. Williem Brown House

location: 212 South Feirfex Street, Alexandria

Soon after he hnd received his medical degree {1770) from the University

of Edinburgh, William Prown refurned to Americs and sstshlished his practiec
in Alexandria, Virginla, A% the outbresk of the Revolution, Brown began
service s A regimental surgeon. Within about e year, Congress appeinted
tm surgeon general to the middte deperiment of the Revolutlonary Army.

He was next promoted To the office of physician-general to superintend the
practice in Alexandria,

While zerving in the army, in 1778, Brown brought out o thirty-two page
Fharmacopeia designed to serve the military hospitals. It was sdmittedly

a compllation based Iargely upon the Edinburegh Pharmacopelm, but it was
highly =selective and the firet to be published irn the United States, Tta
publication served the guthor's purpose of introducing a degree of uniformit
throughout the seversl hospltals,

The William Brown House at 212 Sooth Falrfax Street is g besutiful two-
story, white clapboard house in the Gl14 section of Alexandria, Thie frame
aver brick house was erccted in 1T7S.

Eelroi, Walter Feed Birthplace

Location: Five miles west of White Marsh, Va., on State 614 at 1is

junetion witk Route 616,

Walter Reed received wedical degrees from the University of Virginie gnd
Bellsvue Hospilial Medicel College (1870} and hegen the practice of medieins
in Broocklyn, In 187k, Beed decided to seek an sppointment in the Avmy
Medical Corps and begen this new career as an ssgistsnt surgeon, wikh the
rank of Meutenent, Eleven years of frontier garriscorn life followed,

In 1890, Dr. Reed gave a new direction to this army career when he re-
turned to graduste studies at the Johns Hopklns Undversity Hocpital while
ke wms stgtioned in Bgltirore, After completing m brief course in clindeal
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medicine, he was ettached to the pathological laboretory, where he
specialized in the comparatively new sclence of bactericlogy. Three
years later, he wag promoted to major end detailled as Curator of the
Army Medical Museum in Washington, and as Prafessor of Bscterioclogy and
Cliniecrl Mleroscepy at the newly organized United Stetes Army Medical
Gehoeol. Here, severel years later, he began his practlesl interest inp
yellow fewer,

When, in 1900, yelloaw fever became especielly severe among American
troops 1o Cube, Reed was made chalrman of a committee to investipgate 1ts
cause and method of transmission, Ohservation led him to discocunt the
then prevalent ides gket the disease was tramsmitted by fomites 1o the
beddivg and clathing 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 discarded notion of Dr. Carlos Finlay that the yellaw
fever paraslite was carried only by mosquitoes, By a thorough set of ex-
reriments, in which some of Reed's co-workers sacrificed their lives, he
proved to n skeptical world that the mozquito transmission theory was
correct, With this knowledgs, American sanitary engincers eradlicated yellow
fever from Cuha. The succesa of the senitery measures in Havana in con-
trolling mosquitoes subsequently made the completion of the Paname Canel
rossible, Yellow fever has since heen largely elimdlnated from the ¢lve
ilized portions of the world.

The hirth of tke father of modern publie heglth st Belroi plantation wns
entirely fortultous. In the rall of 1651, the Rev., Lemuel Sutton Reed
coved with hls famlly from North Cerolina te serve Gloucester Coumty,
Virginia's Methodist congregation, Just before they were to arrive, the
rarsorage burned, Mre. Reed was expecting imminently, The owner of
Belrol plantetion had his overseer move to 8 tamporary shelter and turned
his small frame house over to the minister gnd his family. In that way
it happened that Walter Reed was borc ip a borrgwed cabin conslsting of
twoc rooms and a garret, The house, sbout five miles west af White Marsh,
Virginia, on State 614 at its Junction with 616, has been restored and is
well kept. The Virginia Medical Society owns the vpirthplare end maintains
it a5 B memorial to Walter Reed.

Hatthew Fontanlne Maury Hewse

Location: Virginig Military lnstitute, Lexington, Va,

Matthew Fontaine Maury, the most distingulshed scientist of the South,
well hefore the Civil Wer had esrned the title, "Fathfinder of the Seas.”
iz charting of the winds and curresnts of the neeans had single-handedly
revoluticnized ocean nevigation.

Tn 1842, ¥aury was mzade Superintendent of the Depot of Charts and
Instrurents ip Yashington, which he developed into the United States Navml
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Observatory end Hydrographicel Office. Tf was here that Mgury begen his
study of winds and currents, producing in 1847 his "Wind end Current
Cherts of the North Atlantic.” Fven more significant was his book, The
Physical Geography of the Sea, which was published in 1855, This cereer,
that led 21l the world to acknowledge his leadership in the paritime
sclenezs, was tragiecelly interrupted by the Civil War.

In the fall of 1B6B, after three years of exile abroad, Meury accepted s
professorghip mt the Virginles MIlitary Tnstitute in Lexington. With his
greatest contributions mlresdy behind him, Maury worked, teught, and wreote
at the V. M. I. until 1871. In =ddition to his teachipng duties, he under=
took a physical survey of the netural resources of Virginia. He alsc pub-
lished six or seven volumes, dealing mostly with geography. He lectured-
ell over the country, more frequently after his resignation in 1371, urg-
ing the establishment of the Federsl weather buresu which he had reccompender
before the war., He dled at his home in Lexington in 1873,

The howme in which Maury lived while teaching at the V. M, I. s5till serves
a8 & Tacwlty residence, However, Mpury occupied this house for only a few
of his Tinal years. 1% was not associsted w th the great studdes through
which he pioneecred the sclence of ocsanography.
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DISTRICT CF COLLMEIA

1. ARMY MEDICAL ¥USIUM ABD LIEFRARY

Teeatlon: orrnor, Tik Hreet and Indevendence fve,,

1nru0ﬂ, DL,

]
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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

TERES in ather guarters wiile the eoxisienee < thiz sbrucwurs was joopard-
ized, e frpy Mediesl Voscun iz cgourying iks cen building once agzmin.

Fresent Conditicon

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
amunianes of terrn cowia ovrawenteiion,  The emce;ltnu werkitenshin and
formotions . desipgn of thic structare male it &8 ;meod example of Iate 19650

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 Laboratery, and ilic Derortsent of Historice® Hesesrcl:. The
rropent $ix research conters inelude the Mourt Uilecn and Falotgr Obscrv-
atories. In additicn teo the work of ihess branches, the Institution also
bes cuvcidived bhe work of its reszacoel associzies ot other Instituticns.
Taring Vlerld ¥er I, the interest of ihc Institution in Durihering scicniific
researcn tud it o heln to oendow the etional Acadeny of Seilecces and it

of fshooi, the 2tional PFesesroh Council.

ITesent Conditdion

1 1015, the Institubicn copplicted this Indiana lipestone struciure,
dezi;nch by the architectural firm of Carrere end Hastinge, The claqU;caﬂ
desin is *ET1VEd Trom the architecturc of the Freooh Renalrsancc A breoad
Clight of stairc leads from 10th Streel throush a lavge bronve foor under
the Icpiz portico, Vithie iz a P-slory rotunds, a small auoer

conioronees ovd lecoures, end CXooultlive olffizes on thoe seoond

bty rorm T

Ilame.

3. HUBBARD MEFORIAL JALS

Locaticn:  Southwest Coruer, 5.6 mud M. Strecto, 1, HII
bl i :

Hoshingicon, Do .

o
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Naviznal geegeaphic Sooiety, 17k and ¥ Strevto.

Sipnificance

femorial Mall ctords to Lhe memcry of Sordiner Groenc Hubbard,
ol Yhe Fatliovgl Geoprorhic Scceledy.  The ewecoubive ofTico

i \pku*'y mecgried Lhiz girugeturoe troo 1997 untii 191%. PFaood on &

Wrlie oo membership, the Nolicnal Georrazbie Soziety grew from o ziall
ity o Lhe poraldar Saotliuiion and wmaior sronsor of oelentific
expeditions it iz today., Soientiiie regeoreh suorcored by toe Cociety has
ropged fror the sgeopseaply of thoe peler repricons o the sreheoology of [Hiddle
fmerica, fros the ecnditions of the suratcsphere to the ethnolopy of prim-
itive pecples. [Miring the Lime Lh=i Huhharﬂ Momorisl 10l wos wandor con-
chruckicon, Alexander {rabam Zed: uvececded o father-in-lov as president

of the Seeieby. IS ums ke woo Ilaunelod the Hocleny un its eophasis ol thc
Togulard .acion of recprepky 10 ordzr o fsin 8 wide voxular support for
further soientirlic researsk. Tre wiblic resuinse cauwsed the Soglehy to out-
Erow this struoture vilhin s GPCﬂdc oy dhs oompleticn.,  The completion of
Hunbard Mzl wan grecbed by 2z Scojoty of 2600 mesbers; rembovship has gram
noer Lo over 3 miilien puople,
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Frooen. Sondition

Mbbard Merorizl fall is 2 Degiory, J-%oy siracture wvhick foces 10tk
Strect.  Josunh C. Tﬁrﬂklﬂucr g1 oF. Rusb: Marsknll, avehiteots of Woshingtorn,
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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
indiuding Pear Ademirals Charles Henrrr Pavie and Jekn Hodpers 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.






5. OLD BPATEWT CFFTCE

Lozotiion: F Street, hetwween Til and 9th Streets,
H. W,, Vashingion, D. T,

{rmershiin: Smithsondan Instituabion, Washington, 20 G

Sipnificance

Thiz scructure contained the United Stetes Fatent Oflice from 1340
unkil 1928, firiicle I, Section 3 of the Constitution glves Conpress the
pover'. . . GO promote thne Propress off science ahd uselul arts by securing
Tor limited times to authors end inventcrs the exclusive rights to thelir
resective wrifings cnd discoveries.” rresident Vashippton recemeended
patent legisiation, and the Tirst patent act was ayproved on April 10, 70D,
The current patent sysiem originated ir 1876, piving individualis 17 years
to maime, use, and sell inventicns of their ocwn, The arowth in the mber
ol patenutes issued by the Off'ice owver the years attests to the encouragement
this syoten has given to ipventors. Wher the Fatent (ffize moved to lis
new building in 18k5, it had besun the collection of sceds and scientific
inforepeticn on agricultyre which would lead o the Tormation of the Cepart-
rent of Arpriculture during the CTivil War. In the ztructure, rooms of models
of potented devices stimplieted Azerican inventivenes:z. Morecwver, the
library of the Patent Cifice had the corplets reporis of both the Fronch
and Lhe British patent olfices.

Fresent Consioion

Trne recbrained Greel Daorie desien of the 01d Teteat Of({ice is the
woris o Willizm P Elliot, Robert Mille supervized the ekecuiion of
Fitioh's design, cemplsting the seuth wing in 289G, ¥ills slsc bepan
the cacy wing, authorized in 1353, hut he wes replaced in 1871 by Edvard
Dlart, The erectlon of the west and north wrings coopleted the present
structure by 28467, Althongh Mills Lod tried <o wake the criginal build-
ing firevrsel, a Iire gutted the inverlor on Septenber 24, 1877. Elaborate
nlans vere mode o enlarpge Bhe building, bul they wore never cerried out,
In 1935, ke leng flight of stzirs oo the soutlh side was remcved to accon-
medzte bthe widening of P oStieet,

Inzide the gouth wing, visitcors entered one of severnl ornatc halls
displarying ratent models, The south hall peasured 265 feet long, 63 fect
widiz, and its high, prehed celling rested on several rows of columns.
Fueit of this is boing 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
arter +“e hequer Lecane availalle, the Congress Tinally dECLdeﬁ on the
Torm <f tiwe Inctitotina, aprpointed the regents, and zutherized the con-
structicn o 5 vulildippe.

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 hove alug been chosen Frow the ranks of 2minent scieaticis. The Bureau
of Aneriean Sikaolegy is a center for ethncleogical research oo the Americosn
Indian, The duerican Asscclaticn For Lhe Advarcoment of Zeienee, founded
In 38040, tomg vade the Institution its naticpal headguarters.  In 1471,
‘arwc*" snrouglh the eTorts of Suwencer Palrd, then Zecretaory of the
Inst Srtion, the goveroment esthlblished the Tlsh Lom:ission to study end
ComseTve *rlb velpable ratural rogource,  Sinee ibs incepdion, 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
crlizinel fopetion.







OTHER SITES NOTED

Californis

1. Site of Internaticnal Latitude Observatory (1898), Mendocino
County, at Ukleh.

2, ¥Nurphys (site of Boyhood Heme, 1856-1865, of Albert Abraham
Micheleen (1852-1931), Calaveras County,

Comecticut
3. The Pegbody Museun of Natural Histomy, Wew Heven.

Massachysetts

L. Massachusetts Institute of Technolegy, Boston.
5. Gray Herbariuve, Cambridge.

6. Maries Mitchell Observatmry, Nantucket,

T. Jdames B, Francis Flsodgate, Lowell,

8. Ceorge Whistler House, Lewell.

flew Tark

5. FRensselaer Polytechnlc Institute, Trow.

Pennsylvanig

10. Edward Drinker Cspe House, Fhiiladelphie
12, Franklin Institute, Fhiladelphin.

12, The Academy of Natural Sciences, Philadelphia

Vermant

13. W. A, Bentley Hnuse, Jericho

West Virginia

1%, James Rumsey Meworial, Shepherdstewn.
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CRITERTIA FOR THE EVALUATION OF
RISTORIC SITES AND BUILDINGS

1. Btructures or sltes at vwhich events ogcurred that
haye made en outstanding contribution to, end ere identifled pro-
minently with, or which best represent, the broad culturzl,
political, economic, military, or soclal history of the Netion,
end from which the visltor may gresp the larger petferms of cur
American heritage.

2. Sbtructures or sites assoclafed Importently with
the lives of outsianding historic personages.

3. Structures or sites amassociated significantly with
an Important event fthat best represents some great ides or idesl
of the Amerlcan people.

4., Structures that embody the dlstinguishing characteris-
tics of an architectural type specimen, exceptionally valuable for
g study of = period style or method of construction; or a notable
structure representing the work of a master hullder, designer, or
architect,

5. Archeological sites that heve produced informatieom
of mejor seientific importance by revealing new cultures, or by
shedding light upon perleds of cecupation over large areas of the
United Stetes. 5Such sites are those which have produced, or which
may reasonably be expected to produce, data affecting theories,
concepts, and ldeas to s major degree.

G. Every historic and archeclogicel site and structure
ghould have integrity--that iz, there should not be doubt as to
whether it 1s the originael site or structure, and in the caese of
g structure, that it represents originel materlals and workmanship.
Intangible elementes of feeling end association, althoegh difficult
to degcribe, may be factors in weighing the integrity of a site
or structure,

T. BStructures or sltes which ere primarily of signi-
firance In the field of religion or to religious bodies put are not
of neticnal importance in other Tields of the history of the United
Steles, such as, political, milltary, or erchiteseturel histery,
will not be eligible for consideretiom,

3, Structures or sites of recent historicat importance,

relating to events or persons within S0 yesrs, will nob, as a rule,
e eligible for cansideretion.
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