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TREFACE

The MNasional Surveyr of Historic Sites and Buildings is
8 resumption of the Historic Sites Survey begur in 12937, under
the muthority of the Hisioric Sites fAct of 1935. During World
War II, and the emergency following, it was neccssary to suspend
these studies. The Survey has now been resured as vart of the

The purpose of the Survey, as outlined in the Historic
Sites Act, is to "make e survey of histeric end archeologic sites,
tuildings, and objects for the purpose of determining which possess
axceptional value as commemcrating or illustrating the history of
the United States." In carrying out this basic directive, each
site and building considered in the Survey is evalunted in terms
of the Criteria for Clessification, which are listed in the
appendix of this repcorr.

When cozpleted the Survey will zake recommendstions to
the TMrector of the Hlationsl Park Service and the Secretary of the
Interior as to the sites of "excepticgnal valus," This will assist
the National Park Service in preparing the Hatiocnal Recreation
Plan, including sites whkich may be mdministered by the National
Perk Service to £ill in gaps in the historicel and archeclogical
representation within the National Park System. It will also
recormend nand encourage programs of historiecal and archeoclegical
preservation being carried out By state and loesl agencies,

This study is a Jolnt product. The nerrative section
vas written under conmtract by Dr. Benjamin P. Gilbert, Ireofessor
of History at San Jose State College, California. Historian
Chearles W. Snell, Western Region, San rrancisce, cocrdinated the
theme study. Historians Ray ¥. Mattiscn, Midwest DNegicn, Cmaha;
William Brown, 3outhwesat Fegion, Sants Fe; Horace J. Sheely, Jr.,
Boutheast Region, Hichmend; and 5. Sydney Bradford, Kortheast
Region, Philsdelphis, coptributed the materisl on the ipdividual
sites in their respective regions that nppears in this study.

After completion, ths study was presented to the Con-
sutting Cemmittes for the ¥adtionel Survey of Historic Sites and
Buildings. The Committee consists of Dr. Walde G, Leland, Directar
of the Americzn Council of Learned Societies; D 5. K. Stevens,
Executive Director of the Pernnsylyaniz Historical snd Museum
Commission; Dr. Louis B, Wright, Director Folger-Shakespearean
Library; Mr, Barl H. Reed, Chairman Eneritus American Institute
of Architects; Dr. Bichard H. Howland, Head Curator, Civil Histaory,



Smitnsonian Ingtitution; Mr, Eric Gugler, Member DBoard of
Directors, American Beenic and Historical Preservalion Society;

Ir, J. 0. Brew, Peabody FMuseun of Archeclogy, Harvard University;
Mr., frederick Johnson, Curaior, fobert 5. Peabody Foundation for
American Archeplogy, Phillips Acadeny; Mr. Robert R. Garvey, Jr.,
Executlve Director of the Naticmal Trust for Historic Preservetlon;
and Dr. Ralph H, Gabriel, Sterling Professcor of History Emeritus,
Yale University, and Professor of American Studies, Americen
University,

The over-zll Surveyr, as well ag the theme study which
fellows, is under the general direction of John 0. Littieten,
Chief, Waticnal Survey of Historiec Bites and Buildings, who works
under the genersl supervision of Herbert E. Kahler, Chief,
Division of History and Archeology Studies, of the Netional Fark
Bervice,

George B. Hartiecg, Jr.
Direcior



FART 1

A HISTOHY CF SCIENTIFIC DISCGYERIES

I. COLONIAL PERIOD, 1600-1T775

Evplution of nauticel snd geogrephic science and the discovery

of America.

The revivael of applied science was an imporftent mspect of
the Renaissance opening the Age of Exploretion and causing the
expansion of Western Civiliszetion. The Arabs and the Crusseders
hed transmitied the compass to Burope from China. The compass,

8 device for determining directions by means of & magnetized
needle swinging on & free pivet and pointing to the magnetic
north, was used by the Siliclans during Marce Polo's time. BEy
the beginning of the fourteenth century the compass was generally
used by seiling vessels in the Mediterranean. The dilscovery of
Amperica by Columbuz was &4 regsult of the development of the meri-
ner's compass. Although Columbus had hot acquired knowledge of
the wmethods of mstronomicael navigation, he could plot his courses
by use of the compess and by relying on deasd reckoning.l

The astrolabe, an instrument for determining latitude, was
in uee by Buropesns as early as the thirteenth end [ourteenth
centuries, Tables of soler declinetlon published by Jean de
Koenigsberg in 1473 aided in the use of the astrolabe, By im-
proving the instrument mpariners were enabled to sail at night
by the light of the stars, 1In the Iberian Peninsula the Portuguese
werg the first to use the astrolabe, and it was Intraduced into
Spein by Amerigo Vespucci.

The quadrent, & simplification of the astrolsbe, was ancther
instrument that assisted navigation. Althougk latitude could be
determined, the problem of figuring longitude remained unsolved
untbil ebout the middle of the seventeenth cenfury, when the chronc-
meter was invented, The sejeptific vilews of Columbug and his con-
temporaries werc those of the MIddle Ages and 1n &ctumlity ships
out of sight of land never dnew their exact east-and-west position.
Hence they salled by dead reckoning, csleulating thelr position by
the estimated speed of the ship.

1 Frederiz C. Lang, "The Economic Meaning of the Invention
of the Compass,” American Historiesl Review, LXVIIT {april,
1563), p. 605,
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Tesldes the dmprovement of navigstional ingtruments, eo-
wlovers wero assisted by sdvaunccemenss in the suudy of meosrathy
and astronony. A large number of const charts, caliled portelani,
were wade, These plotted the ¢ocast “ines of Duwrope ond North
Africa with a cohsiderable degree of sccuracy. In 1405 a Latin
transletion of Ptolemy, the great geographer of the Foman Fmpire,
appeared. Hiz belilel that the esrth was round was anccepled again
by mamy Europeans.

In the fourteenth and fifteenth centuriss the science of
cartography centered in Italy end Portugal. In 14319 Prince Henry
the Nevigatar, governor of the southeramost province of Portugsl,
bulit & residence, navel school gnd arsenal, library, and obser-
vatory on the Hock of Segres., Here trained meriners, some of
whom were Italiens, studied geograplhy and navigetlon and sent
out expeditions down the African coast. The use of movable type
made for more rapid printing causing sclentific end geographical
dizscoveries to be widely disseminated. Hore maps were printed
gnd a5 a reault map meking became & science gnd a profession.

#t Frince Herary's naval school maps were studied and corrected,
Havigational iables were lmproved, neutical instruments were
advonced, and new tyoes of sailing ships were deviced by naval
architects gt the school., With larger ships meriners could vesn-
ture into the uncharted Atlanbic.

The discovery of America in 1L92 wae no isolated evens, but the
culminetion of & serics of mweritire develofments, The study of
estronomy, gecgrarhy, end cartography, the improvement of naviga-
tional instrumentz, end the edvencement of shipbuilding were all
factors in lesadipg to the discovery of Americs, While Spain and
Portugal were the ploneers 1in ocean exploretion and In New World
colonizaticn, because of their earlier acquisition of scientific
gend technical knowledge, the latecchmers A5 colonizers Were BOCH
te learn. Shortly afber Spein and Portugal sttempted to divide
the new lands between themselves, John Cabot smiled on his ex-
pedition for the King of Englend in 149T. However, successfol
Enzlish colonization of North Amerilca was delayed until 1607.

bmerica's discovery as g stimnlus o sedience.

¥hile the discovery of Awerica wes mede possible because
of geientific advances, the discovery of new lends in turn stimu-
lated seientific interest in curowpe &5 data concerning the strange
plants ahd animals and the Indians came 0 the sttention of Euro-
pean scholars, America was colonlzed when a scientit'lc awakening
was aatlr in Burope., OScientists cems to the Yew World end sciea-
tific ideas wore to ¢ross and retross the Atlantic. EBurops=an
science had long lesrned lesgeons from the Orilent and was now
ready to learn from Americe.



In the spring of 1585, Sir Valter Raleigh sent out a fleet
of seven shizs commanded by Sir Bichord Grenville to "discover,
search, find out, and view such remote, heathen, and barbarous
lands, countries, and territories not actually possessed by any
Chrictian prince, nor inhebited by Ckristisn people." FRaleigh
selected Thomas Harrioi, & young mnd brillisnt sclentist, to
survey the nev lend, to serve as historian and geographer, and
to prepare an account of the natives, minerel recources, and
flora end fauna of the area.

The expedition landed at Reancke Island in the waters befween
Palmico and Albtemarle Sounds., AL this site of the first English
settlement in Horth America Harriot began to map the aree and to
take pnotes. He collected specimens of andmwals and birds. Pesides
mameala such as the raccoon, otter, marten, and shunk, Harriof
brought straoge birds to England. Among the plants he cerried back
to England were corn and tobacco.® John White, the artist of the
expedition, painted pictures of the Indians as well as of the
plants end the animals.

The next year the first colony wes forced to return to
mgland becausze of hupger and warfare with the Indians. Harriot
never returned to America, bul his scientifiec observations were
published in A Priefe and True Report of +the Few Found Land of
Virginis (1588). In Ensland he conbinued his sclentific research
and becnme FErngland's leading astrounmmer as well as en eminent
rmathematician, His great work, Arils Analyticge Praxls ad
fequatlones Algebraicas Hegolvenda, pubilened posthumously 1n
Té_Sl, had inwventiona that geve algebra its modern form. 2

By the time Jamestown was settled, Puropean scholars vere
gware of the wonders of the lands oversegs, Interest in the flora
ernd fauna, in minerel specimens, in fossils, and in Indian artifacis
of pmerice was Widespreamd. The origin snd religion of the natives
were stedied. The anthropology, bobany, climatolegy, mineralngy,
and zoology of America were studies thet interested the explorers
and settlers. Astronomiesl calculstions based upor chservetions
wade in fmerica were to be of wvalue Lo Burcvesn scoientists.

In colerniel times sclience was not speeiglized nor separstes
into compartments, Tt was gensrelized into two broad Tields,
natural philesophy erd natural history. The former ecmpriged physics,
chemlstry, and mathematics end the latier comprised geology, botany,
ard zoclogy. Actuslly most colonial scdentists investigeted din
both fields and an individual! scientist might be a physician, a
botanist, a rathematiecian, and an anthropolopist.

X Gare £, Dickson, Panacea or Frecions Bane, Tobacco in 16th ¢ enfury

Tlitcrature (New York, 19-0), 132, proves thai tobaceo was ilnlroduved
in wnglapd prior to 1570, coming by woy of Epain.

lperrard Jaffe, Men of Scicnes in amerien (Mew York, 194}, 1.10
3



Field paturalists wers the pioneers in the development of
Emerican sclence. They discovered, described, and classified
the pumerous animels and plents of the virgin land. The naturalists
included physicians, clerpymen, lavyers, wealthy plenters, colliege
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 thegse jmerican natu-
ralists did not edvance new hypotheses, they contributed knowledge
Lo support the theories of fellow scientists in Europe. The early
collectors were {ield oaturalists, but onee learned societies
were estebliched in Ameries, they were joined by museum curatorsg,
whi clasgified the materia} collected in the field.

Moted colonial seientists:

The John Winthrops

John Wintkrop, Jr., €ldest son of the Temous First governor
of Meezsachugetts Ry Colony, and hlmself a governor of Connecti-
cut, was the first notable scientist fto eppesr In Americe. He
callected o scientific librery of & thousand books and his home
begame & scilentific center. He owned what vms probably the first
telescope in the Fnglish celonies. He subseguently presented it
to Harverd in 1672 end it was the first scientific instrmarent
poEsezsed by the eollege,

Jobn Winthrep, Jr. was & student of astronamy, chemistry,
pedicine, and witcheraft, 7e is belisved to be the first American
nember of the Boyal Society of London. He studied celestinl
bodies with his three-foot refractor telescope and in a2 letter
zent fto the Boyal Soclety predicted the discowvery of Jupiter's
fiftk smetellite. In 1635 he organized a "chymist's" plant,- the
first in the colonies, where he produced chemleals needed by the
colonists. He also set up a glessworks s well as a saltworks to =id
the fishing indwstry. Yoreover, 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 industrial chemizt in the New World,"3

*1. Bernard Cohen, Some Farly Tools of American Scienece: An
Aoccgunt of the Fariyr ScimntiTic Instruments end Mineralcgicel snd
Jiologica) Collections in Harverd Unlversity (Cambridge, 19505, n.9.

“The ultimate disgovery of this satellite by the sstroncmer,
Edwerd E. Barnerd, was made in 1916.

3Tohn W. Oliver, History of American Technology (New York, 1956),
n. B6: for a sketch of Linthrop see Samuel L, Morison, Builders of the
Eay Colony fBostDn, 1930}.




Jobr Winthrop, IIT {1714-79) was & noted astronomer and
physielst, who nield the Hollisz profTessorstip of mathematics and
netural philesophy at Rarvard., He oiserved the neture of sun
goots in 1739, The Massachusetfs provineinl legislature assisted
in financing his astronomical expedition to Hova Seotia in 1761
to cbeerve the transit of Venus across the sun. In 1755 the
Pennsylvenia Asgexbly finenced the construction of telescorpes
and cbegervatories for another study he made of the transit of
Venuz, In eddition o o soientifie pevpers on the trenslt of
?enu?, Winthrop also authored kis Two Lectures on Comets (Boston,
175%).

John Uinthrop III was the first Arerican seismologist; he
explained earthguakes in Lems of natural causes rather than
divine punilshments. He read A Lecture on Earthguekes in the
college chapel sl Harvard on November 26, 1755. In this lecture
he described the earthguake of Novemter 18tk that "so lately
spread terror, and threastened desolation throughout New Inglend.”
Actually this carthguake had been harmless, but Winthrop also
studied the desiructive Lisbon earthguake of Nowember 1, 1755,
in which 15,000 persons lost their lives,»

Thomas DPretitle

Thomas Brattle {1658-1713), a prominent Boston merchant and
trustee of Harverd, made significart lunar and solar observetions
with the telescope that Joon Vinthrop, Jr., had donated to Herverd.
He was the first colonial to cbserve the variations of the megnetic
needle. In his lelsure hours he elso compiled an alwanes of celes-
tial motions. His studies assisted in determining the exsct longi-
tude of Boston. He is wost noted for his observation of Halley's
Comet in 1680, which he reported to the HRoyel Society of London.
The data wes cited by Sir Isosc FNewton in tls Principia. In 1692
Erattle condemned the Saiem witeherafi proceedings and he was an
organizer of the Brattile Street Church of iiberal Puoritan dissi-
dents in 1499,

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




ARES TLOAN

Cne af the founders of fAmerican colenial seience In the Middle
Colonies was James Logen ([267h-1751), boianlst and mathematician.
Born ir Ireland, Logan arrived in Philadelphls in 1699 ss William
Penn's secretary, Logan, during the next 50 years, occcupied a Key
position in the affairs of Pennsylvaniz, contributing much to the
repid develorment of this ecolony.

Logan's strenuous pablic career 414 not yrevent him from pursaing
his infereszt in science, He asserbled the ouvtstanding secientific
library in the English Colonies, his near 400 seientific apd mathe-
matical works even surpassing Harvard Coliege's library in 1735.

e published numerous papers dealing with subjecta such as the
motion of the moon, suggested improvements of the quadrant, and
improvements in lehses. Ois grestest accomplistment, howeveT, wWas
made in botany.

In 1727, in & carefully controlled experiment, Logan wroved the
vital rols of the male elament, pollen, in the fertilization of corn,
He repested the experiment in 1728, but delayed making his findings
publie until 1735-36.

The anmouncement of Logan's experirent excited scientiste in
Europe. In 1733 Linnaeus, the great Iuteh botanist, wrote to Logan |
atating that Lagan should be placed "among the demipgods of science.'™
Logan's discovery remained influentisl Tor several decades afier 1800.

Legan slso assisted and stimulated the interest of young botanists

guch as John Bertrewm. On his death in 1791, Laogan left his great
scientific Liorary to the City of TFhilasdelvphia.

Tarid Ritfenbouse

An erxcellent example of a self-taupht colondisl scieptist is
geen in the cereser of David Rittenhouse {1732-1796), a Pennsylvania
Farr boy, who made bhimself master of Jewbto:'s Principia. Ik an
eulogium felivered tefore the Awerican TFhailesophicel Society on
December 17, 1796, Dr. Bernjamin Rush siated: "Without literary
friends or socieiy, and with but two or three books, he becams,
hefore hie nad reached Nis four and® twentieth year. the rival of Tthe
two great wathematiciens in Furope!"Z

Irrederizk B. Tolles, “Fhiladelphkia‘s First Seientist, Jawes
Lagzn," I5IS, W7 {1950), 28.

EEenJamin Hush, An Fulegium, Intended fo Perpetuste the
Memory of David Riutenhouse...(Philadelrhin, 1796}, . .
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Az £ boy Bittenhouse Linkered with tools s2nd studied mathe
matics, He heceme a successful clock and instrument meker. In
ITST he began consiruction of an orrery (a moded simuleiing
wlanetary motion), vhich was purchased By the College of Hew
Jersey (FPrinceton)., This wes described as a "master-viece af
ingenuous mecharisz.” Ritteohouse made = second orrery, after
the model of the firs:, for the Collegze of Philadelphis. ZRush
in his eulogium renarked: EKis mathematical instruments have
ween esteemed by poed judges to be superics in eccuracy and work-
menship to any of Lhe seme kind that hewve been Iimported freom
Furope. e

In meking kis observation of ithe transit of Yenus in 1769 for
the American Philosophical Soeciety, Riitenhouse built an dbzervatory
and a transit telescops; 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 ns a discovery of the atmosphere
surrcunding Venue., In 1775 Eittenhouse delivered the annusl oration
before the Americen Philoscphicsl Society, speaking on the history
of astronarmy., In 1785 he iuvented & eollimaiing telescope which was
one af the firss Lo have spider webe in & telescong's eyepilece. In
1793 he discovered a comet.

on osevernl]l ooceasions Rittenhouse's engireering telents were
called upon and he surveved the bounderies among various colonies
when territorial disputes arose. He served ag treasurer of
Pennsylvania from 1777 to 1739 and Tresident George Washington
appointed him fTirst director of the United Ztates Mint {1792-95).
Rittephouse's discoveries were published in the Transsctiions of
the Americen FPhilosorhieal Zociety gng he suecceded Benjsmin
Franklin as president of the gociety upon the latter's death in
1731, RERitienhouse was also reciplent of many honorary degrecs
and 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 pnd Willism Bariram

Tn 1728 Jobn Bariran {2839-.1777) laid out a botanlcal garden
of five acres on the west bark of the Schuylkill River, at Xinsmsessinm,
neer Gray's Ferry, and he tuilt & house of hevn stone with his owr
kands. The grounds are now o part of the FPlitladelphisa park system.
Barlram was eqvouraged in his sysiematic studies by James Logan.
Hence he leerned Latin in order to read the works of the Swedish

i1v16., ». 10.

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

is Edword Ford, David Rittenhouse, Astromomer-Pabriot, 1732-1766
{Philadelphia, 29407.




botarist, Carl Lioneeus. On varigus collecting expeditions

Bariram traveled from the Grezat Lakes te Florida., In bis gardens

The cultivated and studied the specimens collected o his journeys.
He expevimented in nybridizing and sent specimens to Puropesn
scientists and horticulturalists. PFe corresponded with many Engiish
scientists and with Linnacus who called him the "greatest natural
botanist in the warld." Another correspondent was Feter Collinsorn,
i Guaker mevchant in England, who was Intercsted in horticulture.
Bartram and Collinson corresponded Tor nearly Tifty yesrs and
Collinson located patrons in ivglaswd for Aeriran®s exresditions.

Vkhen the Swedlsh botanisi and student of Linneeus, Peter Kalm,
treveled in HWorth Aperica on m natural history survey from 1748 to
1751, he was assisted in his studies by Bartram. In 1765 George IIT
eppointed Partrem as his American botanist. BPartram contribuied to
the Transactions of the Royel Soclety of London and he was one of tha
originsl foonders of the fmerican Philosophical Society. On April 25,
1769, the Royal Academyr of Seiences at Stockholm elected him to
mermbership. Many scientists gethered at Bartrem's gardens which were
a fevorite regori of Benjamin Franklin end George Washingtbon.

Tha eldcr Barw.ram trained his son, Willian (1T39-1823], wha
participated in his work mnd contimued it sfter his father's death.
William Bartrasm became s Bobapist in his own righit as well as an
ernithologist. Like his father he published an account of his travels.
ilse he prevered a list of American birds, which was the first ex-
tensive study on Americen oxpnithelegy.t

Cadwgllader Colden

Ir. Cadwallader Colden (1688-1776) was s versstile practicing
physician who wrote medical trestises end studied mathematics,
physics, astronomy, snthropelogy, end botany. Born in Irelgnd, he
graduated from the University of Edinburgh, then the hest medical
college,in 1705, He served as lieutenant governor of Hew York froo
1T6L to 1776 and was a loyalist,

fis Principles of Actions in Matter published in its definitive
edition in 1751 at London was his most significant work. In this
gbscure and technical study he attempted fo explain the force of
grevitation and dared to grapple with the larger preblems of Newionian-
ism. He ewxrlained the universe in materisiistic terms end virtuaslly
ruled out supernaturalism in hia btellef that all exlstence dependes
o metter and motion. TPesides grevitotion he alsg studled the petive
of Light.

LHelen G, Cruickshank, ed., John and Willism Bariram's America:
Selections fram the Writings of the Early Aperican Xeturalists [Garden

City: The Hatural Eistory Library editlon, Ancher Books, 1661}, This
volume conteins a blegraphical sketch of Jobn and Wiliism Zariram foom
illiam J, Youmans, ed., Fioneers of Scilerce in fnerics (Now Tork,

el et s Wi e i e

18975 ).
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Despite his theoretical aporoech, he veinizined an utilivarian
attitude toward science which was probadvly most evident in his medieal
treastises. He authored s Treastise on “ounds and Fevers, contributing
to materia medica.

In tke field of metheratics he wrose An Introduction to The
Dockrine of rluxicns, As an American botenist he was considered

second only to Bariram. He classified nla-ts in the wiclpity of hLis
hore, Coldengham, and supplied Linnaeus with deseriptions of the
flora of @tew York for publicciion in the Transections of the Roval
Goclety of Upsala. 1In the field of anthropology he 1 remembered Tor
hiz objective ftreatment oF the Indians in his History af the Five
Indian Nations, the firsi wolume of which appsared in 17a7.l

John Morgan
Dr. John Morgan {1735-39) served his apprenticeship under =
Eurcpean-trained physician, Dy, John Redman, in Thiladelphia. To gain
further treaining from British doctors he became a medicel lieutenant
in the Permsylvania militia during the Irench-Indian iler. Once he
learned all he could Trow the army he attonded the medical school at
the niversity of Edinburgh.

Horpan objected to ihe apprentice system of training doctore and
developed a plan to reform Armericen medicine. He persuaded the Lrustees
of the College of Philadelphia {later University of Fenneylvenie} to
ectablich the firzl medicg) achaol in Colonlel America. In argulng for
his plarn Dr. Morgan stated: 2 '0Oh! let is never Be said in this eify, or
in this province, sc happy in its climate, and ite soil, vhere coumerce
has long flourished end plenty =zmiled, that science, the amiszble
daughter of liberty and sister of opulenes, droops her languid heed, or
Tollows behind with a slow unegusl pace., T pronounce wlth confidence
this ghall not be the case, but, wnder your proteciion, every useful
kind of learning shall here fix a favorite seat, and shine Torth in
meridien spiendor,”

The medical school was Founded in 1765. Horgan lectured in
materig medica and Dr. Williasm Shippen, Jr., lectured in enatomy
and surgery. Morgan vas the greatest medical teascher of the colonial
period and he urged his students to experiment and specialize. in
1768 he organized the Philadslphis Medieal Soeiety, Fram ITTS te X777
he served as éirector-gemeral of hospitals snd physician-in-chief of
ol the American Army uwntil remowved by Uongress. He was charged with

neglect and wrongdoing, but later exonerated by Washingion ard by Congress

lFor an excellent summarizetion of Colden's scicntific interests
and contributions see Max Savelle, Seeds of Liberiy: The Gencsis ol the
Pmerican Mind {Few York, 1948), pp. Uh-k3, §3-1C0, 108-08, 117, 121-2E.

24z guoted in ibid., p. 8h.

bl

3Tanes T, “1exner, ﬂocuorz 5_on Horsebach (New York:
Fooks Bditlan, 1258}, po. Biook,

i
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Jaret Eliot

The Bev, Jaret Eliat (1685-1753}, g sradusate and later frustee
of Yale College, wae o minister, physician, botepist, epnd agri-
cultural scieptist. He is particularly noted for hiz experiments
in ggricutture and mineralogy. Fe glso introduced sericulture into
Comnecticut, He authored the first agricultursl treatise in Ameries.
The first of his six essays entitled, Esseys Upon Fisld-Husbandry
in Wew England, was published in 1748, The essays wers campleted in
1761 and appeared in cne volime with an index. He described the
draingge of swamps, crop diversification, sneep breeding, diseases of
wheat, =nd agricultural implementes.

When Eliot convinoed himgell that black perticles in sem &gnd
were magnetic iron, he hed s workman at his son's iron works smelt
some sand fnto £ bar of iron. He wrote about this successfod
experiment in his Essay on the Imvention, or Ari of making very goed,
if nov the best Iron, from bBlack Sea+£and " For the essay he earned
a gold meSel from the London Gociely Tor the Pncovregement of Arts,
¥enufnctures and Cammerce. Fliot also trained gsbout fifty medical
students and has been called the "Father of regular medical practice
in Copnecticyst,” 1

BenJemin Frenklin

While Benjamin Franklin {(1706-90) wes less of an exact and
mathematical scientist than either Winthrop, Colden, or Ritteahouse,
he gerined & grester reputation as o practical sclentist and inventor.
It Iz true that his political and diplomatic caresrs were Imporiant,
but sclence dominaced his thinking, His scientiflc interests pervedad
his long life from the time he was & young orinter in Philadelphis until
e vwas & venerable sege. Franklin wes the first American to gadin inver-
natipnal fame. Contemporaries ealled him "the Newton of Electricity” end
and his two gremtest achievements were his electrical kite experirmen:
and his invention of the lightning rod, Although he was primarily
fer:ous a5 an electrdeisn, this natura] philosopher was alse interested
in egriculiure, astronamy, geronautics, botany, chemistry, ethnolegy,
geology, mathematics, medicine, metecorology, navigation, and paleon-
telogy. For example, Fraoklin was the first meteorologist in fmerics.
He wrote on this subtject froma the time of his return trip from Londo
to Fhiladelphia in 1726 unti] his long-rengs forecasts irn 1780, He
studied wlpnd currents, eclipses, snd the causes of storms.

1HerbErt Thoma, The Doctors of Yale College, 1702-1515 and the
Founding of the Medical Institutlon (Hamden Conm., 1960), vp. 17-27.

o

Eﬂleveland Abbe, 'Eenjawin Franklin es Meteorologist," Froceedi-cz
of the American Phllosophncal Society, XLV (May-Sept., 1905] 0. 117-7B.
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When Frenklir witnessed scme electrical demonstrations performed
by Dr. Adam Spencer in Boston in 1743, he irmediately acquired & deep
irterest in electricity. The nexi year Spencer repeated his perforrances
in Philpdelphis with the delighted Franklin acting as his agent. Then
Frenklin boughz Dr. Opencer's spparatus and cbtained other eguipment.
In 1747 he Tegan & serles of experiments in Philadelvhia that were to
engross hls atiention for several years,

Franklin built s laboratory in his home, mexing lmprovemenits Iin
condensers endl batteries, In 1748 he retired from his printing busine:zs
5o he could devote more time to his studies., He made mn apalyeis of the
newly invented Leyden jer. He discovered thet the cherge in a Leyden
Jar is negntive on the inside and positive on the cutside and he dencn-
strated thai the two charges balance emch ather, Until Frenklin's
experimenta, & thegry of fwo diTferen® kinds of eleciricity had been
accepied, Franklin asserted that there was only cne Xind of eleciriciiy
and he cantributed the concepts of nlus and minus charge. Although kis
one-fluid electrical theory was not entirely correct, franklin approsched
the podern conceptior of the electrical naturs of matter. Moreover, ho
criginsted words like battery, condenser, conductor, armature, electri-
eian, snd positive and negative elect rlclty

Frenklin reported his findings to Peter Collinson in England and
these were printed in 1751, as Experiments apu Obgervations atl Electrlcltv
made at Philodelphia in Amerieca, by Mr. Benjemin Frevikiin, §nd CONMund.
cated in several Tetters Lo Mr. F. . Collinson, of London, F.R.E. The ooox
wB5 the most significant one produced in America during the eighteenth
century; it sppeared in five English editiens end in three French
editions, one Italimn, and one German. The climex of Frarklin's studies
with electricity was his femous kite experiment of 1752 in which be
demonstrated that lightning was elecirieity., He was scon awarded mary
hongrary degrees by tolleges and uhiversities st homwe and sbroed and
the Royal Society in London swarded hizm the Copley Medsl. Frenklin's
experiments bkad great wrilitariam value, His studies of heat and
ventiletion elso had practicel use; for oxemple, he invented the
Franklin stove and made useful suggestions in regard o clothing.l

Alexmnder Garden

Ir. Alexender Carden {1730-91) of Cherlesten, South Carclina was
e physician and botanist who bed settled in Amerlca shortly after
earning bls medical degres in 1753 from Marischal College {later

lThe Jiterature on Franklin iz voluminows. For e clessic study
see Carl Von Doren, Penjamin Franklin (New York, 1938). dlso see
Verner W. Crane, BenJaan Frankiin =nd s Bising Peovnle (Bostom, 1954)
and Roper Eur]ingame Benjamin Franklin, The First Mr, American (New
York, 1955). e —
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for 125G}, p. 36.

Mveriesn Uriversity] in Scotlead. le corresponded and exthanged
totanicel notes with Colden and Jobn Partram, While gore exact than
Bartram in Tig sclentific methed, Garden was obscure in comparison.
He also corresponded with Linnseus, Colllnson, and Johmnn Grorovius,
the Dutch bohanist, whe eufbhored Flove Virpinica {(1739.43).

Garden classified the flora and fauna of Caroline and hed ar
interest in the oedicingl properties of plants. He contributed g
paper on the electric eel to the proceedings of the Royal Soclety
of London, In 1763 he was elected a member of the Royal Society
of Upsals end in 1773 g fellow of the Hoyal Society of lLendon, As
a Tory he rmoved to Englend, after the American Revelution broke out.
John Fllis, the English neturelist, named the "gerdenia® in recognition
of his botanleal work,:

Seientific Societdes

Frobably the firet scientifie society organized in English
America was the Boston Philosophicsl Socisty. Formed in 1603, it lgsied
only briefly and was headed by Increase ¥ather, lHMembers met to discusc
ratural philosophy., Tt has been said thet Wolferdus Zengusrdiug, a
Duteil scholar, utilized data gathered by ihis society in his Philosomtia
Heturalis,

The earliest permanent scientific soeiety was the American
Prilosoprica) Booisty proposed by Benjmmin Framklin in ITh3.  In the
form of & circular letter Franklin issued a "FProrcsal for promoting
useful knovledgc mpong the British plantations in Americs.” Among
the princiral feelures of the "Proposal’ were the fnllowing:a

"That one Soclely be Formed of Virtuosi o ingenlous Men
residing in the several Colonies, to be eslled 'The Americen
Fhilesophical Society who are to mzainisin & constant Correapondence,

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

"That at Fhiladelphia there be slweys at least seven
Members, viz. a Fhysician, & Botanist, a Mathematicien, a
Cliemisv, & Mechanicien, s Geographer, and a gereral Natural
Philosopher, bealdes a President, Tressurer and Secretery.”

lpouie B, Vright, The Culiural Life of the fmerican Colonies (Wew
York: Harper Torchbooks edition, 1932), pp. 230-31. Tor ihe wvery few
references on Garden see Bell, Tarly fmericsn Science, pp. 58-99,

2

Oliver, History of Americam Tectnolosy, P. 32,

3Eﬂmin G, Conklin, "A Bricf History of ihe fmerican Philosopnicsl
Society,” {Reprint from Year Bock of %he American Philosophical Soeirty

1=



The American Philogophical Socilety was actually preceded by
g Junto esieblished by Franklin in lTET}- Hence the chenge of the
local Fhiledelphia Junto, consisting of Franklin &nd his friends
interested in science, into aen inter-colonial society was & broadeniny,
of its purpose.

The American Philosophical Society was inactive hetween 1T4h
and 1768. In 1768 it was united with = rival orgenization called
the Arerican Soclety whose origin was fracesbls to Franklin's
original Junte. At the election on January 2, 1769, Franiclin was
made president. Upon his death in 1790, he was gucceeded by David
Rittenhouse., Among the sarliest members were John Bartram, Cadwelladex
Colden, and Benjemin Rush. The Transactions of the Soclety is the
is the oldest scientific periodicel in the United Stetes, being issued
eince 1TTY. Over half of its flrst volume was devoted to papers on
the transit of Venus 4in 31799. The Society was the Tirst organized
group fto consider agriculiure as & science snd it made date availablc
to farmers. However, mention should be mede of the Wew York Eociety
for Promoting Arts which wes organized in 1766 to sdvance agriculture.

In 1780 the American Academy of Arts and Sciences was Tounded in
Boston. John Adems waz one of its sponsors and James Bowdoin served
a8 first president. Similar in structure o the fmerican Philosophical
Eonicty 1ts merbers Ineluded seholars and noteble citizens of Boston
and Cambridge.

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

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

lgee Peter 8. Du Ponceau, An Historical dccount 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,” Apmual Report of the American Historimal Asso-

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

3A brief summerization of scisntiflc orgenigations appesrs in
0iver, History of Aperican Technolomy, pp. H2-87.
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Fole of ecoloninl 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 curriculum
at Harvard College during the 1640's President Henry Dunster in-
cluded courses in mathewmatics, physics, asironomy, and boteuy.
a4t Tirst Aristotelian vhysice and Tlotemsic astronony were btaught,
tut graduelly the way was prepared for the teaching of Copernican
and Fewconian science. In 1606 a slgnificant change occurred ab
Herverd, when Charles Horton's naturel science textbook, Compendiim
Physicae, wns adopted, This text helped to spread the scientific
diecoveries of the Prilightenment in Wew England.

As wentioned previously Governor John Winthrop had donated e
telescope to Herverd in 1672. In the early eighteenth century the
college ncguired sufficient ecientific apparatus to open m special
room 85 2 "Philosophy 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 Newtonian physics. He was succeeded by Jobn Winthrop IV,
who held the chair for ocver forty years and teught the most advanced
seientific idems in the colonies, & fire in 1764k destroved nll of
Harrard's scientific apparatus, tut It was replaced within Tifteen
yeare by asuperior eguimment.

{ther zolleges did not pursue sclentific endeavors as vigorously
as Hervard. Aristpotelian theorles prevailed at ¥ale wuntil well into
the eizhteenth ceptury. Fresident Thomas Clap of Yele studied comets
and meteors, but when he resipned in 1766, science at the college
capme £o & virtusl standetill. Then in 1773 Yele finnlly established
a chair of mathemeiics and npatural 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 bis young student, Thomas Jefferson. In leter
years Jefferson stated that Small "probably fixed ithe destinies of my
life." 1In 1755 & medical school was orgenized st 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.

Apre firat chapter of Cohen, Scme Darly Tools of Awerican
Scisnee, is entitled, "The History of Science at Harvard."
louis Y. McKeehen, Yale Seience: The First Hundred Years, 1701-1501
{New YTork, 1947). Theodore dornberger, Gelentifijc Thought in the
American Colleges, 1638-1800 {Austin, 19457,
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Mopulericetion of s¢lence and the impaset of Wewtonianism.

Almenecs, magaszipes, and nowspapers conveyed knowledge of
science to the common people in colonial Americe. Benjamin
Frenklin's Poor Richard's Almanack and Pathaniel Ames's Astro-
nocical Iuary wera papularizers of stience; both spread ideas
of Copernican snd Wewtonien scisnce. The Agericen Magezine
{1757-58) devoted space to originel problems in the study of
mathematics., At least one book, ark Catesby's The Natural

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

n cccaeion colonial newspapers presented sclentific idems
and pcontroversies, DIuring the Poston smallpox epidemic of 1721 a
Newspaper war raged over the welue of inoculation. TFeradoxicelly,
Cotton Mather, the Congregational clergyman who hed combined m
strange mixture of retionaliesm and superstiticn, favored iroculation.
Mether, an advocete of Newtonlan science, had been elected & follow
of the DNoyel Society of Londeon in 1713, He persuvaded Tr. Zanbdiel
Boylston to inoculate patients sgainst amenllpox, Jawes Framklin
end his young hroither, Benjamia, oyposed Cotton and Tneresase Mather.
Benjamin Franklin at the time was only fifteen end he lafer admitted
his error. 1

Tn the Boston Gazette of June 17-2h, 173k, & Marvard College
ingtructor advertifed thet during his sumrsr vacation he would
offer lectures on astronemy, using "the Orrery, and all such
Machires, instruments and Schemes as are used by Astraonomers,...
excert only that it wants only of Sir Isaac Newton's Reflecting
Telescopes, which Few England hes not, as yet, been honoured sith,"
Ag gn enticement to females the instructor added:2 "If the Curiocsity
and Desire of Knowledge, justly sdmired In the Fair Bex should execite
any of Them; there will be some Expedient found out that They umay be
gratified twice a week in the Afternoon, with their vsual Tea and a
Femiliar Astronomicel Dialogue.”

Newtonian seience profoundly appealed to the Americen peaple in

the eighteenth century, snd it af'fected nll gspects of intellectusl life

and remched all classes. It fostered ratienelisnm, forcing religiom %o
adapt iteelf to science, In colonisl America the new soience of ob-
servation and controlled experiments helped to free men's mings,
bringing about an exchange of ldems that encouraged mutusml criticism,
It led to & degree of eultursl undly as evidenced in the forration of
the American Fnilosophicel Society. Although American sclence was nos
es advanced as Buropean science, the colonists endeavored to xeep N

*Florg Caroliniana by the South Carclina botanist Thomas Walter {174%0-

17867, wa= @iao much sdmired by Jefferson.

lThe newspeper coniroversy between the [ranklins and the Mathers
over inocualation is described in Frederie Hudson, Journalisw 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. £3-31.

< ps quoted in Willard G. Bleyer, Main Ciprents in ihe Bictowy oF
American Jousnelism (Zaston, 1927), tp. 73~TI.
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asbreast and their scientists contributed come data to the body of
knowledge. From its colenisal beginnings American sclence has been
ytiliterdian in soproach. Hence it was not swprising thet Zenjamin
Franklin, s signiflecant scientist of the world was zlso Americs's
greatest colenial dnventor,

II. AMERTCAN REVOLUTION ERA, 1776-1789

MHsruptlon of science,

The Hevolutilonzyy ilar 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
intgo the background es manmy szcientlsts entered war sctivities.
Seientific journals suspended publication and many libraries were
destroyed. GSeveral importent stientlsts became Loyalists and left
the colonies.

Seipntific ectivities hod been primarily urbsn and the lprger
eitiea, Boston, Hetr York, Wewpert, Fhiladelphia, and Charleston were
temporerily occupied bt the British. The war closed the normal channsls
of communication betveen Americon and European scientists whe found it
difficult to exchenge idess, Shortly efier the outbresk of the Revos
lution, Cadwalleder Colden mnd John Bartram dled. Alexander Garden,
a8 Leyalist, moved to England. Hence natural history In Americs suffersd
with ihe loss of these botenists.

Many of the colleges were closed during the war. FProvincial
troops used Hearvard College tuildings as barrecke and the library
gnd secientific egquipment were removed to the countryside for sefely.
At the College of Philedelphis American Lroops oceupied the buildings
a8 barracks; leter the British wvesed them &2 & heospitel, King's College
was oceupied by Americen {roore aend then by British Troops. AL the
College of Williem and Mary it appeared at first thet scicnee might
benefit when Tories were removed from the feculty. The Rev. James
Medizon becemse president and he wes enxious to improve the sciences,
In 1779 Themas Jefferson mtterpted to cultivete science in reforming
the unlversity, bul as war ceme to the ares the college mlsc became
g hospltal.

The work af gelentiTle secleties was glso dizrurted by the
rolitical tuzwoil preceding the war and then by the conflict itseif.
For example, the Americasn Fhilosophicsl Society failed fo hold meetirgs
for nine months in 1774 because of e precccupation of members with the
Coercive acts. Meetings were not held between Jemuary 1776 end March 1773
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becpuge of the Britich oceupetion of Fhiladelphis and hecsuge 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, loprove-
mente were made In medicine as Americans learnsed from British, French,
end Hessian doetors. Several medical handbocks were published to 23id
doctors serving with the Continental Army. Dr. John Jones published
hig Plein, Concise, gnd Fractizal Remerks on the Treatment of Wounds
endé Fractures (New York, 17({3). Dr. William Brovn, pnysiclan general
of the Middle Department, published his Fharmacovogis Simpliciorum et
Efficaciorum {Fhiladelphia, 1778). American doctors observed Eritish
gurgeons operating upen the wounded and learned about hospital admin-
istration from the French. Valuatble lesscns in dentisiry were also
learned froom the French during the war.

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

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

6 well me wateriz medica upon bis return to Germany. The Rev. Frederick
¥. Meleheimer, A German acholar serving as cheplain of a reglment of
Prunsvwick dregoons, stayed in America after the war; he later hecame a
professor at Franklin College and the first American entomologist.”™

Scientific organlzations.

As related iIn the previous chapter, the American Acedemy of Arts
and Sclences had been organized at Boston in 1780. Its purpose was© 4o
"eultivate every amrt and science which tends to advance the honor, dignity,
end happiness of a free, independent virtuous people.” Harvard feoulty
menbers held many of the offices in the organizeiion. A mumwber of dis-
tinguiehed Eurcpeasn scientlsts were elected as nonresident npewbers, in-
cluding the English chemist, Joseph Friestly, the Swiss mathematieisn
and physiclsi, Leonard Euler, and the French astronomer, Joseph Jerome Lo
Francails de [alande, In 1785 the Acadery published the first volume of
its Memoirs with seciions on estroncmy, neiural phllosophy and naiural
history, and medicine.

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

fPoth the disrupting and the beneficinl influences of the Revoluiion
upon American sciepce is described in Progke Hindle, The Pursuit of
Science in Tevolutionarvy Ameries, 1735-1789 (Chapel Hill, 1956),TD.239- 379

25 guoted In Qliver, History of Amesican Technolozy, B 8&,
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socistiazr both 4t horme and chooad. I L7900 the ooonety puclished fis
first volime of Mediczl Pepers. An cerlier medical crgaanization wes

the Medice) Soclety of Sharou orgsnized in 1779 by physiciang from
Connecticut, Messachusetts, and Mew York. 1In 1751 the Medicsl Saciety
of Wew Jersey was revived and encoursged s clinical approach to medicine.

Noted scientiets.

Dr. Benjemin Rush {1Th6-1813} hes been eslled both the father
and the "vampire" of American medicel practice. A pupil of Ir Joln
Morgaen snmd an epprentice of Dr  Jokp Redman, he studisd at Edinburgh
A Thysician more then s scieatist, Rush was sometimes an unscientific
physician. In metualiiy he never experimented, but relled upon fueorsiic
remediez. Although he prescribed bleeding and purging, he became the
most influentisl Americen physicilan of his time. He was & professor of
chemistry at the College of Philadelphia from 1769 to 1791, After ivs
merger into the University of Pennsylvania, he continued his lectures
before prospective doctors until 1812,

Rush served as e military dector in 1777 end 1775. In this capacii:
he wns quite able, publishing his pamphlet, DHrections Tor Preserving
the Heplth of Soldiers (Lancmster, 1718). He blawed the meny deaths of
Americen scldiers on the officers who neglected enforcement of hygienic
regulaticons.

Dr. Push wvms also an importarnt political lezder. He had signed
the Declaration of Independence and became a member of the Contirental
Congress. From 1797 to 1913 ke vwoe Trespurer of the United Stetes Mint,
He wes g member ¢of the Pennsylvania ratifying conventlon, and in ihe vear
of the Constitution wes ratified he wrote: "All the doors and windows
of the temple of nature have besn thrown open by the convulzions 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 ardent
reformer. who opposed slavery and fevored temperence. He puthored an
influential temperance trac! entitled Inquiry inte the Effectis of
Spiritucus Liouwors upon the PBuman Zody.

Through his lecturing and writings Rusk probably influenced
nore mrospective doctors ihen eny other medicel educaior of his day.
He was the author of Medical Inguiries asnd Ubservations published in
Tive volumes from 1780 to 179¢  Ferhaps his most significant contributic:
was his Medical Tnguiries snd Cheerveiions upon the Diseases of the Mind
(1812}, This wms the first systematic astudy on mental disegzes He
urged humane trestment of the ingane and proposed thet Lhe insane be
treated by cecupetione) therapy. _Some of hisz ideas foreshadowed the
retheds of modern psycheoanalysis,

1Flexner, Doctiors an Borscheck, pp. 97-110. The steandnrd blography
is ¥aithar G, foodwan. Zenjamin Kush, Thyeicign apd Citizen {vhiladerphia,
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Armonge the American scientlsts erillng themselves from the
colenies heraunse of Loyalist sympathies wers Dr. John Jeffries
(177h-15318) and Benjerin Toommson {1753-1814). Jeffrics weos a
Boston physician vwho had gradusted from the University of Sberdesn.
He studied meteorology in Hew England. Wher the British evacuated
Boeton, he sccompanied the Redeoats to Halifax, Then he served
briefly a5 & surgeon major of the Dritish troops in the colonies
After the Bevoluticonery Yar, he settled in Iondon and wrocticed
medicine. In the ITHG & Jeffries bechama interested in "eerostation”
g5 balloonirg was calied gt the time.3

On Hovember 30, 173k, Dr Jeffries and Jepn FPierre Dlanchard,
a French aeronavi, made in Sngland the Tirst scienbific obseorvatlonsz
Prom & belloon.© In the mecent Jeffries obteined specimens of the
urper plr waoich were mnayzed by Henvy Cavendish, the Inglieh
chemiet and physicisi. who determined that their ¢hemical composition
did not Aiffer wvery much from thet of air at ground lewvel 3

On January 7, 1785, Jeffries and Blanchard made the first crossing
of ihe Englisl Chennel Wy air. In 1790 Je?fries reiurned to his native
Bogton precticing there untll his death.

Panjamin Thompson or Count fumfard, & pkysicist and adventurer,
was born in VWobuwm, Magsachusetts in 1753, As o Tory he spied for the
British during the Revolution. In 1779 he went to London and boemme
Undersecretery in the Ministry for Caroline and Goorgiz. e recurnsd
to America"as a' cavelry officer with ifhe British Aryy, raysicipating
in the devestation of Long Ysland., Alter the Americen Devolution he
reluried to Burope and begah one of the most remarkeble careers in the
history of acience, entering the service of the Elsctor of Bavaria,
who made him Count Rurford of ithe Holy Boman Dmpire in 1792. Count
Rumford mede sipgnificant studies in bellietics and invented a device
o measure the power of gunpowvider.

Count Fumford alsc invented many heating deviees such as pois,
kettles, pans, and stoves. 4 heating engiveer, he desiganed the
madern fireplosce and Tlue. He develoned =2 calorimeter and a pholto-
meter, meking improvements in Llighting Hiz preatest contribution,
however, was in nhysics. and thils discovery wysgz tliat heat iz g form
of energy

1Dirk J. Struik, Yankee Seience in the Meking (Boston. 1948},
pp. S4-35.

20, I, Gibbs-Smith, Balloorine {London, 19B8), n. 38

jﬂ. Holf, A Higiory of Beience, Technelopy, & Philosophy in
the 15th Century (New York: Herper Torchbook Bdition, 1961),

Ugl. 11, 1. 580,
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Fumford was also a founder and patron of scientific soclevies.
He founded the Foyal Tnstituticn in London in 1800 end plernned the
organizeticn of the Davarisn Acedery of Avts and Sciences av Municl:
in 1801. He donnted 45,000 ua ihe Reyel Society in London end a
like amouni to the fmeriecsn Acodemy of Arts and Sciences. The latter
orgenization has ewprded ilie Rumford Medzl for regearch in heat and
light. Count RFumford also esteblished a professorship at Hervard Tof
the application of science o the art of living:" Jzoob Bigelow us-
came the firct incunbent. Dr. Digelow was g botanist and professor
of rateria wmedica. Runford hed learned uis first lessons in science
froo Professor John inthrop at Herverd. Alihovgh Count Bumford, ha
the opinion of many contemporaries, wes conhsidered to be sometfhing
of & rogue, Americans heve tended to remember only his genius ms 2
gcientistb. 1

TIT. EARLY REPUBLIC, 1790-1829

gcientific societies a2nd e&&sgtion.

In spile of their nelloasl rames Yhe American Philosophical
Soclety ard the American Academy of Arts and Sciences were not
nationsl inscitutions in their emrly history. Altbouph they atiocupiod
to metiern themgelvee atter the gresl Furopesn scientific zgoieiles,
they were more local in cherocter. Yet Philsdelphis snd Boston weres ihe
seientific and cultursl ceunters of the garly Bepunlic The colleges
offered no advanced treiming in science and the federsl atd srate goroon-
ments offered few inducements to scicatific advance. Thoupl: Tacilitles
for scientlfic and technologicnl reszearch and iraining were lergely
undeveloped, Lhe new govermment was anxious Lo fogler scientiflic
dizcoveries and inventions. Freesident Yaskingion in hig Tirst anmmel
message to Congress, Junuary 8§, 1790, stated:®

litruik, Yankee Science ip the Making, pp. 35-38; Coken,
Some Farly Tocis oF American Science, pp. 72, &9, 37, 0, 129:
TEtehell wilson, bdmerican fdience anﬁ Inveﬁtlcn L Flcuﬂrlal
Bisiory (Nev Tork, 1950, mp. 2-3L. —

2Jares T, Richardson. A Conmiletion of e Mes=smres Fﬂd Tarses

of wre Presidents, 1700-1967 [Ffashington, 0.C., 18997, Vol. L, 7 4o
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““he advancement of egriculture, commerce, and manufactures
by all proper weans will not, T trust, need recommerdation; bhut
I ecan net forbear intimating to you the exvediency of giving
effactual encouragement as well to the introduction of new and
useful inventiors From abrosd az to the exerlions of skill and
genius in producing them at home, and of facilitating the inter-
course between the distant parts of cur couniry by a due attention
to the posi-office and post-Tomds.

"Nor mn T less persueded that you will agree with me in
opinion that there ie nothing which cen bettsr deserve your
vetronaze then the rremotion of zcience pnd Iiterature "

In 1722 Dr. James Woodhouse end other chemists orgenized the
Chemical Epciely of Philadelphis. It has been aggerted that it was
the first chemiecal sgciety in the world. Ancther chemical society
was esteblished at Philadelpnia in 1811 with James Cutbush as
nresident

Through the efforts of Dr, FElward Culbush ard Thanas Leaw, the
Columbian Institute was orgsnized at Vashington, D. C in 1916 as a
netional scientifie group. Docal business and professional mer, scme
eivil zevvwonis end amy and neval ofiicers. many Congressren, and six
Cebire! members hecams members Amonp the asecigntists and stetesmen
errolling were Henry Clay, Charles Wilkes, Ricuerd Rush, Joel R
Poinsett, and former FPresidents John Adams, Thomas Jefferson, and
Jemes Madiscn.

The objectives of Lhe Instituie were te foster practical arts
and sciences, to study sgriculture, %o encourapge mechanical and
gelentific disvoveries, and to offer its findings to the Tederal
governmen: Congress iscued a charter to the Institute in 1818 and
granted 1t five scres of lend for a botanicql gerden near the Capiteol
Althoupgh the Institute was feivly active in the 1820's, it never
received financisl asslstance from Congrecs which it med sought,

The technicsl papers on methemetics erd astrongry read before the
Institute by Willlem Lambers, & pengion orfice clerk, pointed out
thie need for a nationel cobservetlory.

The Ceonnecticutl Acedemy of fApts and Sciences waz establighed in
1799 as Lhe [irst slate academy of aclences, The Pfirvst of mamy city
arganizaticons fa foster technicsl education was the Mechanics Instiiute
established at Boston in 1795. At Fhilaedelphia the Tranklin Institute
wer founded in 20824, In 1826 this orgarizebion begen publishing the
Journal of the Franglin Tnstliute under the editorship of Thowms P,
Jones, professor Of mechenich at the University of Pernsylvania The
Jorrrel disseminated mechanicel, scientific, ond techniesl dmia. Is
became ithe officisl orgen of the United Shteles Patent Office and froo
1828 untl) 1843 it recorded Awerican patents. ©

lmiiver. Hisbory of Jmeprlcan Techinolopy, w 152

liamhsme af frasiesn Too™nCiogy. pa. 07, 10H.35,
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The Tirst substentinl natvral history museum in ihe United Stmies
was egtablished in 1822 sz the Academy of Naiural 3ciences of Phil.
gdelphie. This institution wede Philadelrhia aready kxnown as she
netion's scientifie eapital, "the Mecce of American biologists.”

Among the first agricultural societies formed in the early
Pepublic were the South Cmroline Agriculiure Society {1785), the
New York Society for Agriculture. Arts, and Manufactures {1792},
and the Mpsaschusetts Society for Premoting Agriculture {1796)
By menns of their publicaticns these societies encourmged scientific
agriculture.® 1n 181¢ the Wew York State Agriculturzl Society wes
established throuvgh the efforts of Governor De ¥Witt Clinton. Stephen
Van Runsselner, the Society's president, engzged Smos Eaton to meke 2
realogical curvey of Albenyr and Rensselmer Counties, TEaton £156 made
a survey of the Frie Canel route from Mlbany to Buffalo and these
surveys won him fame ms the "FPather of American Geology.

In 1819 a groun at Yale College interested in geology formad
the Afmericen Geology Socisty.  Among the Tounders were FProfessar
Benjewin Sillimsn of Yele and Willlam Maclure, the Scottish peologist
and pionicer scholur of Amerigen geology. Maclure's Observacions on Lhe
Geology of the United States {1809) signalized the beginning of Amerion:
meologicel writing of a scieniifie noture. The next year Archibald
Bruce began to publish the Americen Mineralorical Journgl, the firsi
geclogy publicetion in the Urdted States, Williem Meclure served as
president of the Amerdcan Geologicel Society until his geath in 15k0.
The sooiety then declizned in influence and dis&ppeared.L

At the opening of the nineteenth century colleges and universitiss
began Lo pive more emphesis to science and techaology. In 1802 Yale
Collepe Bppointed & young lswyer, Fenjemin Silliman {2779-180k), as
its Tirst wrofessor of chemistry and natursl hiatery. He at oncc went
to Fhiladelphie and attended the lectures of Benjemin Rush, Penjfmin
Barton, and Caspsr Wister. BSilliman 4id not give his first lecture
until 1804, In the fall of that yesr the Yale Corporetion appropristes
$2,000 to parchase books sud apparatus Tor use in teaching chemistry
end physics. In aApril 1805 silliesn sailed for Burowe to spend the
arprooriation. Besides buying equipment he alsg studied in London
and in Bdinburgh. Upon his return to Yele in 1006 he decided to
specielisze in geclogy. %o 1808 be began delivering public lecturss oo
chemistry and ceolopy. These pomulsr lectures were well recelved Tor
mEny years by audiences in the larger cities in the country. In 1878

g T Young, Biology in americe {Bosion, 1922), op. $8-53

True, "The Farly Developmens of Agricultursl Sccieties in the
United Sistes,” pp. 298-99.

Joliver, History of Americsn Techmology, » 151

qﬂye, Culbural LiTe of the Hew Mation, p. 91: Carrcll L. ecd
¥ildred A. Fenton, Gianls of Geolopy [Gerden City, 1952), » 134
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Sillimar estabhlished the American Jourmml of Sciences snd Arts, lates
renasmed the jmerican Journel of Science  Silliman Lrained a nomber
of students ~ Amcng thegse were his son, Benjemin. Jr sand his son-in-
lew, James Dwight Tang . 1

As mentioned in the previous chapter, Jacob Bigelow ocoupled the
Sumford chair at Harverd from 1816 to 1829. His lectures, which were
started in 1815, hecame vopular both with Harverd students and with
Bostonians. He discussed such subjects as architecture, chemistry,
engincering, mechanics, snd mineralogy.

In 1825 the Herneelser Polytechnic Institute opened at Troy.
Hew York It was founded by Stephen Van Fepsselaer "for the purrose
of instrocting persons who mey choose to soply themselves in the
application of science to the common purposes of life " Professor
Amos Eaton, a lawyer and brilliant scieniist, was the heart and soul
of Lhig first institute of practical) siudy Courses were offered in
asvronomy, bobany, chemistry, edivil engineering, and geclogy  labori-
tory work was siressed in dinstraction The earliest_scheoal of agri-
culture ir the paticn was established wmt Hensselaer

Hoted scientists

In 1792, vhen Dr James Woodhouse. Dr  Benjamin Bush, and athers
hed founded the Chemical Serciety of Philadelphia, & reveluticon waos
sbirring within the world of chemistry Anteoins L Lavolsier, lhe
Freneh chemist and facvher of medern chemlsiry, in the Tresiise on
Tlementary Chemistry (1770) explatiaed that the rem] basis of cembustion
was oxygen  He exploded the "Phlogislon" itheory snd reformzd the
norenclature of chewisiry Dr Samuel L Mitchell intreduced the new
thepry to Columbia Collepe in 1792 and in ihe vages of his journal.
Medicg) Repository. Lavoislert's theories were dobated Ir Jawes YWood-
house, who had been treined in wedicine Ty Rush, popularized the
doctirine of Iavoisier in his stvdente' leborstory manual, The Young
Chemist's Pocket Companion {1797}, Woodhouse taught chemistry at the
University of Fennsylvenig and atiocked the phlogiston theory, which
most chemists, including Joseph Priestley, had esccepted.

Dr. Thomes Cooper (1759-1839), an English physicilan, came to
the United States in 1T92. As 8 temcher he helped o spread the new
concepts of Lavoisier's chemfsiry in Amsrieca. On April 5, 1811, e
was appointed professcr of chemistiry and stinersicpy at Carlisle Collogs
(later Dickinson). He favored the practical application of chemistry

lThcr:sJ The Doctors of Yale Colleze, pp. 123-826; Struilk. Yernke:
Seience in the Making, Tp. 160-G2.

2
Qliver, Hiztory of American Technolary, pp. 150-51.
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and alsa believed that chemistry should be releted closely wo other
cultural subjiects. He taught for five years at Carlisle where he

mede chemical experimenis and wrote A Practical Treatise on Dyelng

and Calies Printing, Following teaching positions &% the University
of Pennsylvanis srd at the University of Virginia, be became professcr
of chemistry at the College of South Osrolina in 1819. The next year
he was appointed president of the college where he evalved in%o &
leader in education ss well as a leader in Southern politics.

Ceorge Washington {1732-99) and Thomas Jefferson {1T43-1826)
hed mutual interests in selentific apricuiture.  Beokh kept dlaries -
and garden books in which they described the egriculiursl and horti-
cultural practices at Mount Verneon esnd Monticelle. “Washingion's five
farme st Mount Vernon were ¢omparsble in scme regpects to agricultural -
experiment stations. He tested seeds, vyracticcd soil conservation, en-
gaged In gelective breeding of cheep, raised exceptional wheaf crops,
anil tested new machinery. He corresponded with the English apricul-
turelists, Arthur Young end Sir John Sineleir. Weshington was asso-
ginted wikh the Thiledeiphia Society for Fromoting Agriculture founded
in 1785, 1In khis lest annual meseage to Congress, Cecember T, 1?95,
President Washington proposed boards of egriculture t0 collect ond
diffuse information and to encourage '& spirit of discovery and Smpoove-
ment.” However, thE government d1d not create a commizsioner of egri-
culture until 1862.°

Jeffergon was more of a geientist than Washington., Besldes agri-
eulture, Jeffersgon was interested in archaeoclogy, astronomy, Loleny,
chemistry, <thnalogy, exploration, geology, medicine, paleontology, and
inventions., Although his kaowledge was not always ¢omplete nor entirely
zorrect, he did a grest deal to mdvance the status of secienee in the
United States In a letter of appreciation te President Willard of
Harvard College for his reseipt of an honerary Doctorate of Laws,
Jefferzon wrote:

"The botany of America is far from exheusied. it
mineralogy is untouched, and its zoology toially misisken.
¥e have spent the prime of our lives in procuring your stu-
dents the precious blessing of liberty. Let them gpend
thedirs in showlng that it is vhe great parent of scilience
and of virtue, &nd that a naticn will be great In both
ways in proportion ams it is freel”

liaffe, Men of Scisnce in Americs, Fp. TH-103,

EﬁichardSGH, Messeges and Papers of the Presideniz, Vol, I,
p. 202; Ulysses P, Hedrifk, & Bigrory of Horticulture in fmerica
o 1860 (Mew York, 1950),1p. 169-75.

3. : s . . .
“As guoted in Jeffe. Men of Soience in Awmeries, 7. a0,
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Jefferson's reputation as & scientist wes due primarily to his
liotes on the Ztate of Virginie which ke bad prepered in 1781, He

deseribed in detail-Eﬁgtgapograghy, natural history, snd natural
resources of Virpinia., The took was first printed privaiely by
Jefferson in TParis in 1789. An English edition was published st
Tondon in 1788, The first &unericean edition wes published in Phila-
delpkia in 2788 and the next yesr a Gevman trenslation was printed
in Leipeig.

PBeginning in 1785 Jefferson served as president of the American
Philosophical Soeiety lor eighteen yeoars ile negisted in wricing toe
first Americen paper on peleontolopgy for the Speiety in 179T7. A% his
farms in Montiecello Jeflerson practiced scientific agriculcure and
invented wew machines. Whkile on his diplometic misgsion to France he
carried out scientifiec investigations in Europe. As Iresident of the
United States he used his high office to encourage scientific advance.
e wes Torced to yveslrict his personel scientific pursuits to a ceoriain
degree, but he had once said that nature kad intended him "for the
trangull pursuits of seience” and ithat "science is my pession; pelitics
iz my duty.”

Jefferson like Frenklin geined mn internatlonal reputation as &
sclentist and inventor. EHe also hed an utilitarian attitude towerd
science. Althourh Jeffergorn made no basic coniribution to sclence
such as Fretklin had in electricity, he possessed wider dnierests
“han Franklin, Jefferson had a gréater appreciation than any of his
countrymen of the vglue of science In promoting the general welfare of
ihe young Republic.

Joseph Priestley {1733-18CL), the Enmlish clergyman end chemist,
found psylum in the United States aflter his house and personel effects
had been burned beceuse of his sympathy with the Freoeh Revolution.

In 1794 ke and his wife setiled in Northumberland, Pemmsylvania where
they regided in the same house with the Thomas Cooper Tamily. Priestley
taught his experimental techniguee 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 snd 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 yesars of his life.

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

For details see DBdwin T. Martin, “homas Jefferson: Secientiat
(Hew York, 1952).

Swilson, Arerjcan Scieace and Invention, pp. 32-35
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of Frenck parentare. He ireveled thraughout the United Siates on
collecting expediticons end described many new species of plants and
fighes. Consldersd an erveniric, he found 1t difficuli te make &
livelihood in the United States. After being refused a number of

ecllege positions, he wes finally avpainted professor of totaoy,

naturel history, and moderr lenguages at Transylvania College in Kentucky
in 2819, Ke taught there for seven years, Among nis major works were
1522-30] . }ﬁs greatest contribution was than he h helped draW-EEE_ErEJnLlR
of FEurcpean naturslists to the natural seiesrntific treasurez of Americs. —

Wathaniel Bowditch {1773-1838), a self-educated aslronomer and
mathemgtician, was born in Salem, Massachusetits, e cade five ses
voyages in the Chine snd Fast Indisn trade hetyeen 1?95 and 1803. 1In
1799 he yrepared the first American edition of J. 6. X¥oore's The
Pracftical Hevipator, which he erpanded and published in 1502 as The Hew
fmerican Praccicsl Navigetor. In compiling this work, Bowditch used ile
mentscript logs that hed been collescetzd by the East Inul& Marine Sociaty
of Salem. e transleted and mede commentaries on four out of the five
wolumes of Plerre Simorn leplece’s Celsptial Mechanics, A% his own ex-
pense he made this valushle work sveileble to the Tnelish-spesking
world. Bowditch also wrote oh comets, 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 socores af edltlons For owver a EE;tury and o kalf mariners
have relied on Bowditeh. Since the 1860's the book has heen published
by the United Stetes Hydrorrephic Office and is known as LE.O. Ho, 9,7

meaning the ninth publicetion of ihe Eydrographic Office,

Famous naturallists

Alexander Wilson [1766-1813), the ornithalogist, wes born in
Scotland. A weaver and peddler he came to the Unitcd States in 1794,
He became a Teacher in rural srhools in New Jerser aad emstern Fenne
sylvania, Kls nelghbor, Williem Bartrmm, interested him In ornithology.
Aesisted by Alexander Lewson, who prepared plates of ihe birds described,
he tegen publishing his American Ornithclogy in 1305, In nisz travels ke
Journeyed ithrough the essiern states, down the Miesissippi, ard to the
borders of the Southwest., Wilson has been called the father of fnericeon
arnlchalogr.

lTaffe, Men of Science in Americe, pp. 104-25,

£Fobert T. Berry, Imnkes Stargezer: The Life of Hethaniel Bowditon
{Tew York, 19:1). For g shorier peconnt see Poul B, Sink, Hachaniel
RBowditek: The Practieal Mavigabor," Americen Heritape, XI (Aug. . 29463),
Tp. 50-60, §5-91.
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Wilson's successor, Jobn James guduben (1765-1851), wms born in
Santo Domingo. As s boy he studied art in Parls., Waen ne was 19,
fle becamne mansger of his fatier’'s farm ot 21 Grove, Pennsylvenia.
Az a hobby he sketched birds. Tn the forests of Kentucky and Ohio
Le hipted rave birds. For a short period he was a taxidermist in
the Westerr Mupeum st Cincdanati. In 1826 he wert to Fngland to
look for a publisher and brough® out the volumes of his Birds of
America frem 1827 to 1838, ‘This work wes hailed as & classic. His

COrnithological Blograply {1832} end Synepsis of the Birds of Forth

drerica {1039} next added to his fame, L

Thomas Wuttall (1?86-1859], an English botenist and ornithologist,
ceme to the United Stotes in 1808, His interests in plante wes en-
couraged bty Penjemin Barton, the Philadelphism botanist. Nubtall
traveled in 1810-11 elong the Ranses, Platie, and Missouri Pivers.
From 1818 to 1320 he traveled in the intervier of Arkansas, From 1827
4o 1B3% he was curator of il botarical gardens oi Harvard. In 1832
Ne published A Fanual of the Ornitholopy of the United Stafes and
Cannda. T =

In 183k Kuttall journeyed Across the Rockies to the Columbis
Eiver. le =ailed io Pawali and thkern to California. % Den Diepgo
Picherd Henry Dona was surprised to see ¥uttall; in Twoe Years Before
the ¥Mgst, Dana wrote: I had left him quictly seated in the chair of
Fotany = and Ornithology in Harvard University, and the next I saw of him,
he waz strolling about Zen Diego Lemch, in a sailor!s pee-jackel, witi
a wide strew hat and barefoot, with his trousers rolled up Lo his knecui,
picking up stones and shells.”

Nul:tall returned to the East arcund the Horn wiilh Dana eboard “he
Alert. Ve resided in Philadelphia until his return *o Pngland in 1847,
Althoueh his writings were nob as significent as thosze of Hlson or
Auduton, he did ¢lasgsify many new genera and species. His explorations

n the wilderness and $o distent lands were surely ar indication oF
real scientific interest as well &5 versonal couraes.

Selertific contributions of exploring expeditionsg.

While Jefferson’s interest in exploration was yprimarily expension-
ist, it had s strong seienlific bent. When Jefferson was Amhassader
o Tranee, ke mnd John Teul Jones conversed with Jorm Ledyard, "the
Ameriecan Marep Polo," who plenned en expediiion te the Forihweat cozai
Jefferson suggested to Tedyard that he treverse Tussig and Siberia, and

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

23truik, Yankee Seience in the ¥aking, pp. 26665,

27


http://iri.tr

from Kemchetke croses to Alaska where he might find passage to Footkno.
Trken he could journey eestward intc the uiknown interior of Uorth
Mmericae. Ledyard #5iled in an atitempt to szein the potronage of

Bmpress Catherine of Russia, but ke succeeded in ¢blaining the suppors
of Bir Jogeph Bonkg, presidsni of the Royal Society of Lordon, as a
sponzor. By the fall of 1786 Ledyard vrote to Jefferson Lhat ke

was preparing Lo crpss Siberie. Ledyard resched Irkutslk and was ready
to sail with Cepiein Billings of the Puzsian navy, when he was arrciica
on Februasry 24 1788, by two Cossack police and brought beck to Meseos,
Ledyrrd's rommntic dAream enfied. and the next year ke died in Ceire.”

In 1792 JefTerson persuaded the American Fhilosophical Joclety
to finarce an expedition by the French scientist, Andre Miclheux, who
intended %o "ascend the Missouri River, ¢ross the Stony Mountains. and
descend down the nearest river to the Pacific." Jefferson drafter
Michauwt's insiructions to "teke nofice of the country you pxss througn,
its general face, soil, rivers, mountains, its vroductions--animel,
vegetable, and mineral.” He also instructed him to make astronomical
ohservations, to study the aborigines, and Lo search for fossils.

On January 13, 1803, Jefferson asked for an appropriation of
$2,500 Lo Tinahce the Lewls and Clark Expedition. He stated:2 "The
interests of commerce place the principel object within the constituticns
powers and care of Congress, and that it showld iccidentally advanco the
geopraphical krewledpe of our cwm continent cen not but be ap additionsl
gratification." ‘hen Congress eprroved, if established s new preceder:
of appropriating money on basis of ihe commerce clause for g sclentific
explorabion, XMoresver, tke Army was to sponsor the erpedition end it
was to explore foreign soil.

Capialn Meriwether Lewis spent several weelks at the American
Philosopiical Society in Philadeliphin for a sclentifiec briefing. He
learned how o make celestial cbservations, to colleet flora and fauna,
snd to study the Indians.

The Lewis and Clark Expedition of 1804-1806 made significant dis-
coveries in botany, ethnology, geography, geolomy, and zoolasy. A vast
mine of pecpraphicsl informetion and considereble dala conceraning ilie
Indians, particularly those of the Flains, were accumulated. Dried
plants, fossils, rock gpecimens, and Indian utensils, weaporns, end itam:
of elething were ealleoeticd. The Jjournels kept on Lhe expedition were
gradually publishked, hubk not in a satisfactory wmanner.

1Zerothy O. Johensen and Charles M. {ates, Fmpire of the Columbia.
A Bistory of the Facific Horthwest {New York, 193G}, pn. 09-53.

ERicharﬂson, Kessages mnd Fepers of the Presidents, Veol, I, p. 354,

3& Iunter Tupree, 3eience in the Federal Government, & History ﬂ{
Pclicies and Activities to 1940 {Cambridge, 1997). Tp. =0-20.
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After the Loudgisne Purchase, Jefferson planned supplemental
expeditions up the Red end Arkansee Rivers. On Aprit 15, 180%,
Congress appropriabed 03,000 for this purpose. In the wioler of
180k-0% Sir Villien Durbar and R, Ceorpe Hunter made s scientific
expedition up the Cuachite FBiver in Leuisiens. In Mey 1806 the
Freeman expedition of Civilians and soldiers set out to explore
the source of bhe Hed River, but it failed becense of Zpenish resistensc

Wext Jelrferson sent oubl an Army exumedition in 1806 under Lieutcrzut
febulon Honfgomery FPike in an attermpt to discover the source of the
Mississippi. Although ithe expedition did not succeed in 1fts purposes,
it was deemed & success and Fike was sent on a second expedition in 1307
to the Soutmrest. Pike was icprisoned by the Spaniards and his maps
and papers were configeated. He vmaz taken to and detained in Chihunine
and eventually relessed on the Louvisisna border. From memory he mads
his valueble report in 1810 which sdded to the geographical and scientif?
knowrledre of the Southwest.

Curing the “ar of 1812 further wegtern expeditions were delayed.
ith the return of peace in 1815 interest in ithege was revived. Jobn J,
Calhoun in his capeacity as Secreilary of War organized the expedivions
of Mejor Stepken H. Long of the tovoprsphical enginesrs. In 1817 Zong
selected sites Tor forts on the Arkansas River end then on the Missizeipp

As part of an overall military plen the Yellowstone Expedition of
1819, cormanded by Jong, was senit out to discover the source of the
Tlatte, Ted, eand Arkansas Tiivers and the principal tributaries of the
Missouwri. Among the scientists in 1he party were Thomas Zay, B zooionisth.
fugust B, Jezcup, & geoleglst, and Dy, Bdwin Jemes, a botanist. For over
a year these scientists collected mincral specimene, plents, insechs,
and skine of enimals, and sindied geology end weather conditions. Thomes
Say studied ile severel Indian iriles and iheir vocabularies. Althcugh
the expedition was largely = Tailure, since it had not discovered tiw
eources of either the Platie Hiver or the Fed River, the scientific
results were g decided improvement owver those of the Lewis and Clark
Expeditior. The colleciione were classified and studies were pub-
Iisked, James, Say, and Long wrote an dccount of the Ewpedition from
Pittaburgh to bhe Focky Mounteing which wes publisned in 1823, ThonDas
Spy L1707-18341 alsc wrobe various zoolopical papers end Dr. John Dorrey
studied the Aried plants that hed been colleected by Tr. Jemes.

In 12823 Calhoun seni out another expedition headed by Long.
Thomes Say served as zoologist and potenist and Professor "illiem
Ketting of the 'niversity of Pennsylvania served as geologist. The
rarty sscended the Mississippl and reached the source of 5t. Peter's
Tver. In 1385 at London the Harrative of Ar fxpedition ta the Spures
of the Sit. Peter’s River was published in (wo volumes. Uné hundred
Tages vere acvoied Lo oay's notes on ingecis. Say's oollection of plante
and flowers were studied Ly Lewie David vor Bebwelnitiz, a botanlsy, ke

Cliffs, 1G50Y, pm. 182 3G,
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suthored a Synﬂpsis Df North Awmericen Funpl in which gver 1,200 new
species and seven hew gEIlerg Were included. +

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

Tn 1802 during the Jefferson administretion the Corps of Enginecrs
of' ten cedets and seven officers ves created snd congtituted the MIi-
itmary Acedemy at West Point. A tredition of French methemetics and
an interes® in science existed from the beginning. In 1815 Crowet,
one of Naroleon's engireers, hecane hesd of the englineexing departneﬁt.
In 1816 and 1817, Sylvenus Thayer (1785-1872), & graduate of the fzad-
eny clees of 1808, atudied the theory aud practice of fortifications
in Frence. From 1817 to 1833 Thnyer as superintendent of West Point
improved the seience und enplneering departments. Frepch textbooks
were used ond the efucaiionnl concepte of the Ecole Polyiechnic were
introduced, Weat Poini engineering sredustes bescame the most skilled
engineers In the country. Their gkills were eglled upon to perform
engineering work for cavilian projects and on the railrosds in the
twenties end thirties,

Tn 180T President Jefferson agreed to allcw a gecdetic survay -
of the coast by the Bwiss geodist, Ferdinend Rudelph Heseler. Howe
ever, dlvlomatic probleme ardsing from the Napolechic War caused
the Cpast Survey to be suspendcd. Hassler then taught wethematics
et West Polnt for two years pnd at Union College for another two
years, Despite the var, Hassler was in England fram 1811 to 181%
purchesing inetruments for the govermeent for its proposed survey
of the Atlentic coest, TFinplly in 1816 and 1817 he begen his field
work, but in 1818 Congress pessed sn act steting that only ermy or
newgl officers could e employed inm the Coast Survey. For the next
twelve years tThe Navy mede locel surveys, but they were of oo real
scientific velue,

After the establishbment of the Office of the Chief of Bngi-
neers, the Corps of Teopoeraphical Fogincers became important in
various surveys. By provisions of the Survey Act of 1324 the
Corps developed a plan for western and for Atiantic ccmst canals
and for & road Trom Washington to New Orleesms. Ey 1825 army
engineers wvere improving the navigetion of internel waterwoys and
working on the national rosd. 2

—— .

lyasrra, Men of Seience in Anerica, pp. 138-42; Dnpree, Science
in the Federal Government, Pp. oo-29, 39-30. =

chmerican Military History, 160" 1953 {Uashingurl D.C., 1959},
p. 119; SEruik. Yankee Sc1ence in the ndklnF, B, 245

Iupree, Selence in the Federel Covernment, 7p- £9-33, 36.
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1Y, FRE-CIVIL WAR FERIOD, 1830-1860

SeientilTic surveys.

The United States Coest Survey wes revived in 1832 and
Ferdinend R. Hezgsler became superiniendent for the second time,
Hassler fought for civilian control and gcod pay for scientific
personnel. Most of his assistants were Arov 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 FPoint Hinloper
in Telaware,

Alexender Dalles Bache succeeded Hassler as superintendent, hold-
ing the position from 1843 to 1867. Beche continued the survey of the
Atlantic coast and the Gulf of Moxico. Among the meny studies he
arganized were one of the Gull Stream, one of the megnetic force of
the earth, snd studies on the depth of the otesns and forms of animel
ife. In 1851 et Bache's muggestion Louwis Ageesiz studied the corel
roefs of Florida for s ten-week period while sboesrd o Cosmet Survey
schooner. Exuwracts from hiz study were printed in the snmusl repost
of 1lhe Coast Survey in 1852, Bache gleo introduced a greafer use of
scientific inglruments; foy example. the electric telegreph was used
in determining longlitudes.™

The North Carolina geological survey of 1824-1828 was the first:
of 8 series of importent siste surveys. It wee mede By Dennison Olm-
sted, who verforwed the entire task elone and received no compensation
except for traveling expenses. The results of the survey were pub-
lighed.

In 1830 Massachusetts euthorized e survey by Edward Hitcheock
25 geologicsl surveyor and Samusl Dorden es trigonometrical surveyer.
Hitcheock published the finel report of his survey as early ss 1833,
:t classified minerals, degcribed mruntafns, catglogued animals and -
Plants, and the part on "Seientific Geoclrzy' has beem called g text.
vock on geology.

The Meesachusetts survey made the netion ewere of 1ts resources
snd the nesd for exploring them. In 1837 Hitcheock made & second
survey mnd published his final report in 184%1, By that yenr eighbeen
oiher stetes had underteken geclogicel surveys. The New York geo=
logicel survey, begun in 1036, was of specigl importence heeceuse it
ineluded e Etratﬂgrnphic record made by the eminent paleomtologist,
James Hell,

e r——.—————

1 — : ; . 5
Struik, Tankee Science in the Meking, pp. 196, 282, 32L-2%.

_ ZIbid,, mp. 183-80; Merle Curti, The Growth of Americnn Theught
i Mew York, 1943}, p. 327.
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Eeleptific chtrbeEiEE? of @mxoloring expedltions.

Henry Rowe Schooleraft (1793.1864), con of the director of tha
femous Van Rensseleer glasswerKks, explored the mineral deposits of
southern Misscuri end Arkanses in 1817 and 1818. In 1920 he wms
with the Lewis Cass Exploring Expedition to the Lake Superier
repion.  Schoolsralt served as Indien agent in the Luke Supericr
oren from 1822 until 1836, and then served as superintendgent of
Indian affairs in Michigen until 1841. He made studies of Indian
cuetams And folklore. Althouph he gained a reputation as ah
ethnologigt, his informetion wes not entirely cerrect. Schoclerali's
most notevorthy trip was his goverrment pronsored expedition of 1352
to the upper Great Lakes. |The perty discovered leke ITtases, the
gource of the Miseissippl.”

The Topographical Engineerz of the Army made important surveys
end estronomics) observations while mapping the West, The most fomeuzs
of the military explorers was John C, Frémnnt, who served hiz appren.
ticeship with the French scientiet and methematicisn Joseph Hieolas
W.eollet, who commended an exploration of the Minnesots Tiver in 1£33.
¥remont learned mapmeking and was trained in exploring by Nicollet.

Fremont' s Expeditions are best remembered for popularlzing the
Weat and for paining him the urmerited tiile of "the pethfinder.’ -
The reports of the first two expeditions were published by the gov-
ermment in large editions and in a private priniting. While the
expeditions were-geientific in charscrer, they were utilized oy
Fremont for eelf-agprendisement and the third expedition beceme
involved in the conguest of California. Wonetheless, scientific
reports were prevered, Tlora and fazune were collected, and excellent
maps were drafted by Charles Freues. FReports of the secomd and thirs
expeditlions had the first accurate mccounte of the ecr¥stelline rocks.
granitic, metamorphie, and voleanic et the caye ¢f tne Sierra Newvmaz.
These reports were Widely read ond considered vealueble by geolopists, it

Inovert E. Riegel, America Moveos West {New York, Rev. -Td. 9h7]_
p. 327: Cardinal Goodwin, The lrans-Mississippl Weet {1803- 15531
A Mistory of the Acquigiﬁion and Settlement (New York, 1922),op,H9-50,

ECardinal Goodwin, John Charles Fremnnt- At FExplangtion off -
His Career fStanfﬂrd Unf?ersltﬁ Frezs, 1930, . PTw£9, 35- 35 G1-02+
Frunk . Andersﬂn "pigneers in the GEOIOgy of California,” in Bib-
Liogrephy of the GEGIGCY and Minersl Resources of California to

December 31, 19330 by Solen Shedd (Cacramento:  [Hviclon of Mines

Fulletin WMo, 104, 1933}, pn. 2-3.
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On Avgust 11, 1838, Secretery of Havy Jemes K. Paulding ordered
Lisutensnt Charles Wilkes 1o command the Mmited Stptes Eploring
Expedition., Wilkes with tmlents in sstroncmy, navigation, and
terrain deseription was 8 logical chedlce. A week later six naval
ships comprising six hundred of ficers and men, inclucing a corps
of scientiste, set sail from Hempton Reads. Among the eivilian
seientists were mineralepgist Jemes Dwight TPena, bpotunist Williem
Fleh, horticulturelizt 'illiam D. Breckenridge, philologist Horaetle
Hele, netluralists Titien R, Feele and Cheries Pickering, snd con-
chologist Jonn P, Couthony. The expedition spent almost four years
in exploring the Antarctic replone, the islends of the Central Pe-
eific, and the coast of Western fmerica. Wilkes had specisl in-
structions to devote gslx months to exploring the Facific slope, mnd
to survey San Francisco Eay.

The expedition reaped many scientlific treasures, collecting data
on anthropology, ethnology, zoology, geology, reteorology, boteny,
kydrography, snd physice. Many charts were made based upon the
surveys and these were used by the Wary even ae late ag “World War IT.
The npaturgl history ecollections were arranged and described by the
Natlonal Tngtitute. The seeds and plants collected by the expedition
formed the basis for the United Stmies Potanic Gardens. In 1844 the
Narrative of the United States Exploring Expedition During the Yesran
15% EHS‘}, 1HED __-HE“ 1345 wee 'publlshed in five volumea with an
atlas of five maps. An &tlas of Fifty~five charts wae published in
1858, By 1876 a total of nineteen volumes had been wublished.

In & sense the expedition served as g training ground For young
American scientiszis whe galned needed ficld experiencs. Tor example,
Jemes Dwight Dmate, the eminent Americar peologist, wrote on the
gecloy of Lhe Hawailan Islends end of Weshington, Oregon, and
California,

In 1851 the Wavy sent out the De Haven Expedition to the
Aretic to gearch for Sir John Franklin of the Dritisb ¥avy, From
1853 to 1855 Elishe Kent Kene headed m second expedition into the
firetic, The (eoprephic Joclely of New York, the Americen Philo-
ecphicel Society, the Srithsonian Institution, the Coaset Survey, and
the Haval Observatory sssisted wilh fthe escientific aepects of the
expedition. 1In 1856 Kene nuthored Arcilc Explorations.

The Horth Pacifie Exploring Expedition of 1853-55 surveyed
end mapped the North Pacifle Ocean and had the assislance of leading
ecientists and scientific societies. In the firties the Haval
Astronomical Frpedition io Chile was made W Licutenant James M,
GIllizs. The Pecifiec Railroad surveys of the fifties dispatehed
by Secretary of War Jefferzon Devie mlsg hed importent scieatific

lDonial Herdarson, Tag Hidden Coests: A Biography of Admiral
Tharles Wilkes {New York, 1953}; Anderson, 'Ficheers 1n the Geology
of Czlrfornia,” p. 2; Lupree, fScience in the Tederal Goverrmord,
Fa. a0-Al. ' )
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asnects, cgntributin§ o the tnowiedszs of the Tlove, Taucs, and
geolory of the Hest,

Farly Antkropologists and Ethnologists

The infant sciences of Antbropology and Ethnology began to develon
in the United States prior to 1960, Among the first in these finlds
was Celeb Atwater (1778-1867). Atweter wog Ttorn et Worth Adams, Mioo-
sachusetts, snd gredusted from Williams College in 1804. After re-
giding in Wew York Clty, he settled at Circlevilie, Okic in 1813,
Here he practiced lew and devoted his spere time o ike study of
the earthworks end othzr antiguities in the state of Chie. His
first paper on this subject was putlished in 1820, in the American
Antiguarium Socizty's Archeeologia Americane, Volume I. Atwaler
sontinued his efforts in this field and also pubiished accounvs of
Lis visits with varioas Indian tribes of the Middle West in 1829
and the early 1830"s.

The pioneering work of henry Rowe Schaoleraft (1793-186k) es aa
ethnalogist making studies of Indien custome end foliwiore hes already
been mentioned {see pege 32), but the gensrally recognized "fatler
of American Anthropology" wee Lewis Henry Morgar {3818-18B1). HMorgan
was born renr Aurcra, Mew York snd gradusted from Union Collepe at
Schenectpdy, Mew York in 1350, He wes admitted to the Per in 1844
and settled at Rochester, T, Y. in 1851, where he resided for the
remainder of his life.

vher Morgan returned to Aurora from college in 1840, he joined
8 scerch society called the "Gordien Knot," which was petierned alfter
the Ironuods Confederscy. Afier making a study of Lhe Iregucis Indians
the society beceme known as "The Grand Order of the Irogueis,™ with
Morgan as its directing spirit, and its chiel purposes Lo gtudy snc
preserve Indian lore, to educaic the Indiens, end to reconcile %Hlim
to the ¢onditions imposed by civilizetion. Morgern's cagupel interest
in Indian metters was thus transTorred into e sericus investigesicn of
Iroouois ingtitutionsz and customs, which in turn led him te further
resenrch emong other Americen Indian tribes end finelly din the field
of World Anthropolopy.

Ae 8 result of his service Lo tke Indians, Morgan was adopted
into the Hewk clen of the Senece tribe in 2847, This induetion ed-
mitted Morgen into the innermost councils of the tribe and gave hin
every facility for pursuing his studies. Morgen begén Publishing bhe
resulis of his studics in 1846. In 1BLED the University of the State
of HNew York mede en appropriletion for the enlargement of its Indien
collection end placed Morgan in charge of this project. His book, e
Lepfze of the Ho-de-no-gau-nee, or_ggggggig_flﬁﬁl}, althoush e piotetoe
ing work, haz been called" The first sciembific account of a Indian
trite." By 1862 Morgan had extended his studies to the Indian trige:

lDupree, Sinlence in the Feders] Governmert, Tp. 94-93.
Eg.j;c't'ignﬁr.‘:' of Anericar Bicgraphy T, L1518,
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of the piddle West, ultimetely recording aotez on the kinship systems
of scme 70 tribes, His mejor work, A&nclent Society or Resesrches in-
the Lines of Himan Progress, wes published infiE?T-Tﬂ. In it ke pro-
roundied the docirine of the common origin and psychic unity of =11
races of men and nsserted thpt they passed thrpush suceessive stages
of savagery, berbarism, nnd civilization. Fig theory thalt the femdily
bad evplved from a stete of promiscuity and hig interpretetiion of
kinship terms brought about much acrimonicus debete. Although anthro-
mologists today find Morgan’s evolutichary scheme snd methods, as
apptied to primitive society, extremely tenuous, hig conclusions had
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 Pushblo Indians.

Finally, Morgan wones instrwmental in orgenizlng the secticm of
tnthropology of the Amerdcan Assccistion for the Advencement of
Selence in 1875 mpd was its first cheirmen. In 1879 he was also

-
1

zlected pregident of this assooletion.

Smitheorndian Tnetitution.

By 1838, when the origiaal charter of the Columbian Institute
for the Premotion of Arts and Sciences expired, the orgenization had
derlined ir influence, Two years later it wes pugperzeded by the
Hational Institute for the Frowotion of Scileneces, which had been
organized ty Secretary of MWar Joel K. Folasedt, The new crganization
cared for the specimens collected by scientists of the Wilkes Expedi-
tion. The National Institute tried to contrel Smithson's beguest, but
in 184S Congress created the Smithsenisn Institution. The National
Institute end the Smithsonian Institudion functioned side by side
until 1861. 1In thet year the Institute cegsed and its collections
Tecams part of the Smithsonian,

Although the Smithsonien ITnatitution teceme known ss Lthe =
"Auerican Tressure House of Science,” it was much more then a re-
pository for collecticns. Under the capable leedershin of its first
secretary, Joseph Henry {1797-1878), the Bmithsonien engaged in re-
seereh in pure science with utiliterien goals, In his first annual
reTort to the Board of Regenis of December 8, 1847, Henry smnourced
thet the Pirst publicefion of the Smithsonien Tnstitution would be
an ethnologleal study. He algo related that prepavations had been
pade “ror instituting various lines of physical research. " As an
example, he zentioned the subject of terrestrizl masgnetise which
besides 1ts thecreticre]l interest hed a "direct reference to nevigotion
znd the various peodetical operations of civil and mwilitary life.”

1B. J. 8tern, Lewls Henry Morgan, Scclel FEvolutionist
{Chicaro, 1931).
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As another subject of reseerch Henry mentioned "an extensive systenm
of meteorologlical Dbservatiﬂnf, particularly with reference to the

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

December 13, 1849, Henry steted:

"The first volume of the Smithsenlan Coniributions to
Knowledge has been published and partially distributed. It
cotgists of e single memcir on the Ancient Mohuments 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, It iz illustreted by forty-eight litho-
graphic 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 scientific kneowl-
edge In implementing the purposes of Smithson's bequest, Tt was the
firat orpganizetion in the United States to perform general scientific
work with e reguler staff. It organized sclentifiec studies in the
nation, verticularly inp the field of anthropology and meteorology.

In fact Henry started the weather report system by organiszing a

corpe of cheervers and by using the telegraph for simultenecus
reparts. I

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

in 1862 the series known as Miscellaneols Collections was begun:

The publications were distributed free fto the more iImportent de-
positories throughout the world. A museum mnd en exhibit ball were
raintained. TPopulsr lectures on Secicnce were presenfed in Washington.
D.C. Grants were made fﬂg origimal sclentific investigaticns, slim-
wlsting privete rescerch.

M¥aval Observatory.

Cemplementipng though conflicting with Henry'=s meteorclogical
work, vwes that of Matthew Fontmine Moury {1806.73), the "Fmthfinder
ot the Seas." 1In 1830 the Secretary of Navy orgenized the Depot
cf Chartes and Instruments. Twelve years leter it became the Favsl

1"Firet Remort of the Secretary” in Eipghik Annual Seport of ths -
Regents of the Emithsonisn Institution {(Washington, D.C., 1854),pp. 1hi-ha,

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

eTbid., pp. 156-57.

3The best account of the Smithsonian is Paul B, Oehser, Scgns of
Science {New York, 194k8}; for a brief accouni gee The Smithsonian
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Cbzervatory with Maury serving as superintendent Trom 1842 to 1861.
Meury was more interested in goeenograply then estronemy. He cone
ducted researches con gcean winds mnd currents, making wirnd and
current charts of the Atlentiec, Pmecific, and Indien ocemns. Haury
studied the old logs of ships and used merchant ship and navel
capteing as obgervers. He collscted his dnta throughout the world,
and he issued a seriee of Wind and Current Charts and puhlished
Sailing Directions, Meury's directions were g grent advantage to
commerciel shipping interests in thet they reduced the time of
passage from port to port.

Maury developed m system of universal meteorologicael cbeers
vations, Through his influence men internetional congress met et
Hrussels in 185%,-attended by scientists of ten commercial natloms.
He sehieved world-wide cooperation in hie work. In 1855 Maury
authored hies Phyeical Geography of the Sea which wes the first
textbaok of wodern ocemnogiaphy.L

The coenguest of pain.

The demonstration of the effectiveness of either gs sh anes-
thesia wag o great American selentific discovery made -in 1B4E by
the Boston dentist, Williem Thomas Green Morton (1319-68). This
triumph wae to revolutionize surgery. At the supgpestion of
Dr. Charles T. Jeckason {1805-1873), o physicien and professor
of chemlstry, Morton tested ether opn enimals and himgelf. In
1845 Dr. John Colling Warren, = surgeon, mede the first public
demonstration of ether as a surgicel enesthesie 1n an operetion
rerformed on Cetober 16, et the Massechusetts General Hospitel.
Dr. Morton administered the ether to Gilbert Abbot, the patient.
The next month Morton end Jeckson received o petent For the uge
of "letheon." From 1852 to 1846, Dr. Cravford W. Long (1815-73),
a Geprgig surgeon, hed aleo ueed ather By an anesthesia in per-
forming eight privete gperstions, but he did not publish sh account
of his work until December 18L46. Morton's efforts to profit from
his discovery brought conflicting c¢leims from Jackson snd Long,
and slzo Dr. Horace Wells, & former partner of Morton who had
privately experimented with ether in 184k, As a result Morton
became involved in controversy and litlgetion, Mtimntely
Morton's claim was recognized, when he was elected to the
Mmerican Hell of Feme in 1920, Shortly efter Morion's successful
demonstretion of 1BLE, the English medicel journel, Tancet, stated:©

lﬁ stenderd bilography is C. L. Lewis, Matthew Fontaine Maury:
The Pathfinder of the Seas { Aonapclis, 1927).

Eﬂs guoted in Jeffe, Men of-Science in America, m. 167, who
has & chapter on Morton, pp. 1554-78; also see Flexner, Doctors on

dorseback, pp. 273~32h, for 2 chapter on long and Moriosn,
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"The digeovery of Dr, Morton will undpubtzdiy bLe placed
high emong the blessings of Lumon knowledge and discovery,
That its discoverer should be en Americon is & high honor
to cur transetlentic brethren; next fto the discovery of
Frenklin, it is the second and greatest contribution of the
e World to science.”

Selentific meetings, orpsnieiions, and publicetions.

In 1831 about five hundred chemisbs end manufzcturers attended
the first chemicel convention in the nation held at New York City.
In 1844 an important precedent was established when the first
Scientific Congress wac held at Washingion, D. €. Sclentista of
such gtature ge Matthew Fonteine BMaury snd Alexpnder Pallaoe Pache
read papers and verious meetings were held on astronomy, chemistry,
geclogy, meteorology, peleontology, physiology, and other subjects.

In 1342 the Aszociation of Americaen Geclogists and Noturalists,
the Tirst permansnt sclentific orgenlzetion of national seope, was
organized at Fhiledelptia, TIo 1848 it beceme B general professicnal
society, being renemed the American Association for the Advencement
of Science, One of the purposes of the Associstion was " to hold
periodice] meetings, end to premote intercourse between those whe
are cultiveting science in different yartg of the United Stabes.”
The AAAE plso published its Proeecedings.

After 1840 the number of scientific journsle end magazines
increesed., Among these was the popular end permanent journal,
Scientifie Ameriesn, first published in 18L5. Ecience fextbooks
also began to appear in this pericod. In 1846 Jemes and Hobert
HRogers authored a chemistry textbook which enmbled colleges to
introduce courses in thet subject. Jemes Dmwight [ena, while &
rrofessor natural history et Yale, wrote hils Hanuel of CGeclogy
{1862) end his Textbook of Geology {186k), o

Seientific schools.

Althovgh collepe education was based primerily uron classi-
enl studies in the decades before the Civil War, colleges and
univereities were beginning bto of fer degrees in sclence and
engineering. The School +2 Arplied Chemistry wes establisned at
Yale College in 1847 with John Pitkin Nortonm end Henjemin Sillimen,
Jr., ae professcors. Nine years leter en effort wae nade to reise =
permanent endoviment for the Yale Seientific Ssheool. Joseph E.
Sheffield, a railroad promoter, provided s building and gave gifts
to the schesl, In 1861 the school ses named the Sheffield Seientifie
School end its primary interest becepme the besching of chemiztry.

In 1847 a scientific school was crgesnized et Harvard, Ten
years Jabter ii wms endowed by Abhott Lawrsnce, The primary objec-
tive of the lawvrence Scientific School was engineering, but it
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did nov have mn engineerimg laboratory until 1892, In 1041 the
Chandler School of Sciences snd Arte was esisblished in Dartmouth,
The dMassachusetis Inatituse of Technology wee granted a charter
by the Magsmchusetts lepiglature in 1861, Four years later this
Eoston school wes opened with William B, Rogers as president 1

Science in Lhe Cld South,

Despite the agrarian cutlook of ithe ante-bellum South, its
colleges and universities offered a ccriein emcunt of gelentific
instruction. In 1827 nn astronomicel observetory wes built at
the University of North Carolina. In 185k this institution opensd
g "School tor the Applicetion of Science to the Arte" and offered
8 bachelor of science degree, By 1852 South Caroling College hed
an astroncmical observeiory in operstion. dmong the science temchers
at this college before the Civil Wer wers John end Joseph Le Conte.
In Lexingteon, Hentucky at Transylvania University Constentine Sspucl
Rafinesque favght nefural history and B. H. Bishep faught natural
philogophy. Dr. Eugene Milgard in his Report on the Geolnr? ard
Agriculture of the State of Mississippi (1960) scknowledged his in-
debtedness to Frofessor “Allicm L. Moore of the Upivereity of Mise
slgaippi for assistance in the systemotic arrengement of the survey’s
collections., While the Southern ¢ollocges as a wholse were probably
pol as sdvenced in thelr geientific curricule ss thoze of the Nerth,
they demonstraled s greetl dinterest in the matural sclences.

Amope the Southern people there existed g populer interest in
seience, Eflentifice leciuree found receplive amudiences in the
Sontk. The people reed seientific articles in their newspapers and
maepzines, Meny estiempts were mmde to establlsh scientiflic mugeums .
but thege yere generally unsucceesful; sn execeptlon wes the Charlec-
ton Museum which becrme an admiralble scientific orgenizetion.

Among the sipnificent seimntists of the 01d Scuth was the
Virginie planter, Edmund Ruffin, who conducted experiments for
restoring the fertility of Virginie scil. In hie Esgsay on Calecarecus
Manures leEE) he reported that marl, a clay deposit mixed with cal-
eium ¢arbonate, corrected exhausied soils to sn extent that they
could assimilate fertilizers. In 1860 he authored his Notes on the
ferceBrake Lands of Alshama end in 1861 he wrote his Agricuitural,

Geolegical, and Descriptive Sketches of Lower Narth Cerolina and
the aimllar Adjmeent Iends. As B result of his resesrch and

writings Ruffin has been concidered "the father of zoil chemlstry
in fmerica."

lOliver, History of fmerican Technology, "pp. 237-33, 2hz-hg;
truik, Yerkee Sclornce 1n Lhe MAXInE. Pp. 337=C7.
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Moses Ashiley Curtis, the North Carclins botenist, published
mahy lmportent papers in the Americen Journal of Sc1ence the
Journal of the Acedery of Natural Sciences of Phlladelphla, and

the Jourdal of the Tinnaean Socicty oo Londen. In 1860 his Weody
Plants ar North Carglina appeared ns Part IXI of the Geolegicel
and Hetural History Survey of North Carnlingm.

A brillinnt geologist of the 014 South was UsCer Montgomery
Licber, who had worked on geclogicel surveys in Misslissippi and
Alabama. In 1856 be became State (eologist of South Carolina and
publicsked the Heuorts of the Geosnostic Surysy of Sguih Cerolina
(1857.60). In the summer of 1860 he accomperied rrofessor Charies
2, Vengble on an astronomicel expedition to Labrador,

Scientists of the Cld Scuth made contributions to the national
seientific societies. Many Southerners were active in tine work of
the American Philosophical Society and of iLie Smithsonian Insfitu-
tion. ¥Willimm B. Ropgers of the University of Virginia served as a
president of the American Assccipntion for the Advancement of
Seience, and on the eve of the Ciwil War, Frecerick A, P, Barnard,
presicent of the University of Mississippt, 1as its president .t

V. CIVIL WAR ERA, 1861-186€5

Morrill Aot of 1862,

The Morrill Land Bill was first introduced into Congress in
1857, It first passed in 1859, but was vetoed by President Buchanan.
With +the opnosition of Sauthern Congressmen and Senatoi's removed by
the S1vil ¥War, the act passed and was signed by Fresident Lincoln
on July 2, 1862, The sot granted some 13,000,000 acres of the public
domain for the support of industrial and arricultural educaiion.
Entitled, "An Act donasting Public Lands to the Severel States and
Territaries which mey provide Colleges [lor tha Penefib of Apri-
eulture and the Mechanic Arts," the measure gave = great impetus
to the movement for state univeruitles

Vhile the ceause of agricultural education benefited, seclenti-
Fic and engineering education also benefited. The Morrill Act hed
teon written so that both established collepes and vew ooes right

IThenas C, Johnoon, Jr., Seientific Interests ip the 014
South {Wew York, 1936},
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use the furd, Lesording to ise get, "the leading oblect shall be,
withaut excluding other scientific and classical studies, gnd in-
cluding military tactics, to teach such branches of learning as

are related to agricultvre and mechanic arts.” Senator Justin 5.
Morrill bkaed not intended thet the schogls anly benefit the farmers,
but he expscted then £o be sgcientific in purpose. Conneeticut was
ane of the first states to accept the land s¢rip and 1t Lsed the
money entirely for the Sheffield Scientific School at Yale College.

As B result of the Morrill Act new colleges such as Cornell
gnd Purdue gnd state uwniversities such s those of Chio and Illineiz
were estobllished. While some states sold their lands unwisely on
the market, others were more careful. The clesegic example ie
pornell University in Mew York which benefited tremendously {rom
the Morrill Act, A4 bill providing additlone) funds to the land-
grapt colleges was finally passed in 1890, By that time over fifty
colleges had been established under provisions of the historie

measure introduced by Justin 5. Morrill, who "lighted candles of
wisdor. "

The Mational Academy of Sciences.

The Horth was grestly sided in {the fmsk of Winning the Civil
War by the possession of superior scientific and technieal skills,
Fresident Lincoln recognized the value of scichtific ressarch when
he sigred the act on March 3, 1863, crentlpg the Fational Academy
ed” 3elencez. While the Academy did not significantly contribute
to victory in the Civil War, its crestlion established en iwportans
grecedent for twentieth century milifary conflicts. The article of
intcorvoration stated:

"The academy shall, whenever called upon by any depart-
ment of the Govermment, investigate, examine, experipent,
apd report upon any subject of 3cience or art, the actugl
gxpense of such investigations, exeminations, experiments,
end reports to be paid from sporopriatlons which may be
rads for the purpaze; buk the academy shall reneiwve no cow-
pensation vhetever for anmy services to the Government of
the United States.”

The first mesting of the Nationel Academy of Sciences was
he2d on April 22, 1863, =pd Alexander Dmllas Bache was elected
president, The membership at first ves restricted to Lifly, but
the limit was removed in 1870, Among the prominent mecbers were
Louizs Agassiz, Violcoit 3itbs, Ase Gray, Joseph Henry, end Benjerin
Silliman, &r,, and his son. Bache appointed five numbered commit-

lHEnr? 5. Commager, ed., Documchis of fmerican HEistory { Mew
York, £ih ed,, 1958), vol, I, pp. L1E-13; Fabilan Trarklin, Toe
Lif'e of Denicl Coil Gilmen (Wew York, 1920), pp. 70-T3.

Zhe quoted ip Richardson, Messsges and Papere of the Preciden®s,
¥, . B30,
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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
devistion 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 also superintendent of the
Coast Survey. TIn May 1861 he propcosed a commission to devise
tlans for naval cperations against the Socuth. The commission as
arganized included Cantain Semuel F. Du Fond 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
o blockede end selected objectives for amphibicus operations. Thne
commission planned the successful azszault on Port Royel in South
Cerolina, After the Port Boyel victory, [u Pon:t was able %o ex-
tend the blockade of the South.2

Srivhsonlan Institution.

The wnr curtailed mary of the scientific sctivities of the
Smithsonisn Institution, TFor 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 zponsor expeditions such as those of Tr, Flliott Coues,
an frmy surgecn and eminent ornithelogist, In Arizone aad ew Mexico
and of Robert Kepniecott in the central part of Canada. Kennicoti
Journeyed from Chicago to Fort TuXon and back during the peried
from May 19y 1859 to February 11, 1862. He studied Taune and
ceclogy of the region under the Joint sponsorship of the Smithsordsn
Institution and the fudubon Club of Cricage. Turine the winter of
1861-62 Kennicott catelogued his Avctic collection at the Smithsonini.
In the June 1863 issue of its Collectigns, he suthored "Descriptions
of Four New Species of Spermophilus.” In March 1865 Kemnicoti age
pepted the position of Chied of Explorstions of the Vestern Union
Telegraph Expedition to Alashke with the stipulation that he could
aproint a corps of assistance, who would eollect specimens for boih
the Chicago Acadenmy of Sciences and the Smithsonien Institution,

IDupree, Sclence in the Federal Govermment, pp. 141-46;
Oliver, History of American Technolozy, pg. ehh-87.

“Tupree, pp. 132-33; H. &, Du Pont, Rear-idmiral Samuel Francis
Du Font, United States Mavy, A Bipgraphy [llew York, 1926/, pp. 1C5-1%

3Dupree Seience In the Federnl Government, po. 13L 22: Renjamin
F Gilhert “arts and Eciences in Alaska: ¢TEF 1910," Journel of th=




Apulicetion of science to the wools of var,

At the Uhite House, on Jume 11, 1861, Joseph Henry, Secretary
of the Smithsonien Institution, introduced a young balloonist
named Professor Thedésus 5. C. Lowe to Presidepnt Lincoln. Lowe
informed Linceln of his plan for & militer: Lelloon reconnaissance
which included a telegrachic air-ground communication. On June LS
Profeszor Lowe demonstrated the practicability of his balloon for
militery cbservation. He tock up 8 telegravh wire and sent Lincodn
the "First Ealloon Dispateh,' resding as follows !

"N FPresident United States

This point of observation commends an erea nearly {fiTty
miles In diameter--The city with its girdle of encanpments
presents g superb scenc~-I1 heve pleasure in sending you this
first dispatch ever telegraphed fram an serisl stetion end
in acknowledging indcbtedness to your encouregement Tor the
cpportunity of demonstrating the availability of the science
of zeronautics in the pilitary service of the country,

7.8.C.. LOWE"

Follewing the demonstroticn, Lincoln gave Lowe & letter of
introductlion Lo Generel “infield Zcott, but the benerzi of che
Army displeyed no interest at their meeting. On July 25, Lincoln
wrote & note to Scott, stating:? "il1l Tient. Genl. Scolt mlegse
see Professor Tove, once more sbout his balleon?” When Secott re.
fused w0 see Lowe, the professor returned to the White House and
inforped the President sbout hie inability to obtmin the appoeint-
ment. Lincoln then took Iowe in perszon fto the Winder Building
where General Scobt finally listened and agresd %o accent the
iden of & balloon corps.

Lowe was eppointed Chief of Lhe derongutic Section and the
next year seven balloons were put ints oreration. Lowe alsc
designed a barge, the Coeur de leon, om the Potomec as the "first
girerafl carrier in history" to make ascensions from water,
Lowe's telegrephie reports in several militery mansuvers wereg
of value to the Union Army. However, Lowe being o ¢lvilian never
gainzd proper support for liis reconnaiscance olans; e resigned
and the balloon corps was soon abendoned, 3

lis quoted in Robert V. PBruee, Lincoln and the Tools of Har
{Indianapolis, 1956}, p. B6.

“Roy P, Basler, ed., The Collected Works of Abrahem Lincoln
(Mew Brunswick, 1953), Vol IV, ©. W6C.

3Bruce, Linceln and the Toonlz of Yar. pp. 85-88: Patrieie
Juhns, Metthew Fontgire Maury & Joseoh degry: Scientisis of zhe
Civit War \hew fore, 1901, pp. i79-19.
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In addition to zelloons the Civil War aleo witnessed the use
of irconclads, Selentific and technological lessons were leurned
from the engagemernts between the Virginia and the Monitor at the |
Battle of Hampton Reoeds. Among other neval innovations were the
efforts of the Cunfederate States Navy to produce “submarines”
end Torpedoes.

fmericen military medicine improved as & resuit of the Civil
War., The Medical Department of the Army which had been in ¢ con-
dition of confusion end incompetence in 1861 was well-orgenized
by 1865. An embulance corps, tese hospitals, and field services
were established and mees medical examinetions Were given. The
Medical Department was required to maintein vest records which
were iater ysed for resesrch. The Ammy Medical Museum and
Librery grew out of the wur end became & great center of medical
bibliography, A few doctors engaged in research during the war.
For example, 5, Weir Mitchell studied neurclogy snd wrote Gunshof
Wounds and Other Injuries of Nerves (1864}

Americnn phyzicieng for the fivst time orgenized and opereted
large geners] hospitals.  They lmarned the velue of training and
discipline in nursing. Many country doctors were forced to be-
come Burgeons, The senitery Iegsone of the Civll War helped to
Trepare the nofion for the public health movement wvhich developed
in the last third of the nineteenth century.

1Jemes Pp. Baxter, The Introduction of the Irgonclsad Warchip
(Eambridge 1933); E. F. Potter and J. R. Fredland, eds., The United
States ond World Sea Power (Englewvood Cliffs, 195“3 Ch. 18

EDuprEE Sclence in the Federsl Covernment, pp. 128-30;
George W. Adams, Doctors in Blue: The Medical History of the
Unign Army in the Civil kar (New York: Collier Backs Edition,

1961},
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VI, INDUSTIRIAL AGR, 164G-1913%

Inmect of Dnrvind so.

Immrinism had 8 tremendous impact upeon scienec, religion,
and industry in Yhe United States. The Darwinian controversy,
which raged afler 1559, beeame part of the already existing
conflict between science mnd orthodox interpretation of Lhe Dible.

Towis fAgasaiz {1B07-73) was the most vocal eritic and antag-
gniist of bhe Darvinian thcories, He opoosed the theory that new
epecies originate and survive by the process of paturel seleciion;
insfead he held to the generally accepted belief that sl specles
were immateble since Creation.

The 2wiss naturalist had pained interpational recognition
before his migration to America in 184, He had beecome famous
Geepnuse of his glacisl theory which had broben new ground in
geology.  He had published The Fiskes of Prazil {1829) and the
Fistory of the Fresh Water Fizhes of Central Furcope (1839-L2}.
From 1808 until his death hc wes s Trefessor of natural history
at Harvard's Lewrence Helenmtific Schenl, e introduced the
lebhoratory method in zoology, end cncoursped Arerican naturalists
to examine the internal funetiong of animals instead of concentrat-
Iopg on ¢lassificefion. Agassiz made zooleopical expleoretions to
Erezil in 1865, to Cubsn weters in 1849, end jusi before his death
he traveled ground the Horn Yo Caldfornis. Fis ¢olleections became
part of thke Harverd Moscum of Comparative Zoolomy,

Apassiz's colleapue at Harvard, asa Gray (1810-88), was the
putesterdirg seientifie proponent of Terwinisr. A distigguished
totaniet, Gray hod collsborosted with John Torrey in preparing the
Flora of Horth Amcrice {1838-k3), Ar a professor of natural hissory
at Harvard he rode cambridge the centeor of Mmerican Botanica *Lu-
dies, He wrote ferxtbooks, menuals, and cther 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. ITn e review of On the Origin of Species Ty Mearne of
Metural Selection {1459), appearing in the Farch 130U issue of

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

Eén nutstanding blogrepky is A. Hunter furree, fLoa Gray,
1810-1488 {Cembrides, 1960). =
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ihe American Journmal of Science, Gray explained botn the views of
Tarwin and Afaseiz. He summariced their differences in one sen-
tence as follows: "The theory of Agasciz regards the origin of
species end their present genmersl distribution over the world as
equally primordisl, equelly superneiurel; that of Darwin, as
oqgually derivative, egually natural.”

Crey attempted %o remove the obviopus materielism from Derwin's
theory by asserting that patural sgelection 2id not exelude the hand
of Ged from neture. Gray's epgument in Darwinign controversy was
that Darwin's theory Tad ne gpecial relation 4o religion and that
one could believe in God affer accephbing evolution., Gray's many
erticles on the subject were published in 1875 under the Litle of

arwiniens.

Agagsizts rejection of Darwinism impedcd its accepiance among
Hew Fngland seientiste. Crey defended Tarvinism only siter recon-
eiling it with religion. Jeffrics Wyman {181b-T4}, a distinguished
professor of anatemy in the lawrence Seientific Echaocl and curstor
of Lhe Peabody Museum at Harverd from its organizetion in 1866,
wointained & neutral position., He stated:l We errive at no regscn-
able theopry which takes a position intermediafe between the two ex-
tremes.” Vyren rade this statement in 18563, In e letter of 18TL he
stated: <

"Ik is a ecwious fact that the opponents of evelubion
heve gz yeb started no theory except the prepeosterous one
of Immedinte creatlon of esch species. They simviy deny.
Ater meny trials I have never bBeen gble to pet Agassiz Lo
cormilt kimsell to even the wost generel statement of a con-
ception, He was just the mwen who ought to have taken up
the evolution itheory and vorked it into & good shave, which
his knowledge of embryology and valseontology would heve
erngbled hiim te Ao, He hes lost 8 golden opportunity, but
there is ne use in talking of fhet.”

Wyman's research on the anthropoid spe contribuled to the
dizcussion on evolution. In 134T he wrote the first scientific
dezcription of the gorilla 25 e semerate species of ape. Just
prior to his death Wyman noted that nan “must have gone throush
a period vhen he wes passing out of the epimal info the humn
stete, when he was not ryet provided with Eools of any sort, and
vhen he 1ived the life of a brute.” In preparing his Descent of
Han (1871), Darvin used the meterial eollected by \Wnran.

lps guoted in Druik, ¥Yapkee Science in the Making, ». 312,
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James Dwight Dana (1813-95), the geologist, remeined yublicly
llent on the Larwinimn coniroversy tobween Agessiv and Cray, but

when the forth editicn of Dana's lepusl of Ceclcnv anveared in
1895, he esccepted most of Dervwin's concept of men's rTis

Luring the Civil Var Yale's Shefricld Seientific Zchopl sent
a premising young gradupte, Otknicl Charles Marsk (1831-99), o
Hurope to study verzebrate paleontology. Farsh improved his own
gcholarship, and elso obiained Tor Yale Colleme the Feabody Musoum
of FMatursl History by npeneuvering the philarnthropic instinets of
his wealthy uncle, Gecrge Peebody, During four summers, beginning
in 1870, Marsh led parties of Yale studcnts and graduates into the
Western preiries and #Peeckiez in zearch for Lone fossils, Marsh's
Pirst mejor monograrn was Ddootornithest A Bonopraph oo Extinct
Birds of Norlh Arerica, R

ol

Thomes Benry Huxley, the English Picleogist, credited Mersh with
bridaing the gap between *he reptiles and the birds. Huxley said:
"The discovery of the toothed birds by Marsh completed the series
of transitional forms between birds snd reptiles and removed
Mr., Dorwin's propasition that "many aniral forcs hoave been utterly
lost" from the reglon of hypothesis Lo that of demonsirable fact.™
On August 31, 2580, Dervin wroie e letter to Mnrsh, stating in rart
a8 follows: " Your work on these old birds and on the meny Tossil
snimals of N, Americe has alforded the bost support to the theory
of evolution, which has appesred within the last 20 years..."

Harsh alsc collected horse fossils and exploded the theory that
the horse had origimakbed in the 0ld Yorid by demonstrating that
the borse vas indigencus ito fmerics.

In 1882 Marsh wes appointed Veriebrate Palcoatologist of the
United Staves Ceologicel Survey and in 1887 Spencer ¥. Baird ap-
roinfed hip Hanorery Curator of the Depertrmert of Vertebroie
Faleontology in the United States MUationel Museum, From 1882 to
1895 ¥arsh was elso president of The Hetionel Acedewsy of Scelences.
Thile with the Geologicel Survey from 1852 to 1892, larsh colleched
a mass of metertals. The Survey published his Ddnpzaure of Morth

fmerica and his Vertebrate Fossils of the Denver Basin in 189G.T

Mew Morld of Chemistry.

Josigk Willerd Gibbs (1£39-1903), z Yale profescor of mathe-
matical physics, in nie studiea of themodynasics revolutionized
pccepted conecents of Lhe Lehavior of matber and enerpy in ite
anpilcation to scverml sclentific fields when he publiszhed his
raper, Or the Fouilibrium of Heterogeneous Substances, in the
*TBHSBCuICﬂS of Ehe Conmechicut Acadermy of Aris and Sc1ence* in

TP, 219306,

1RTG. Hie "phasze rule’ was a greet dmericon contriduticn ta pure

loharles Schuchert and Clars #, Le Vene, 0.C. Mawsh:; Ploacer
in Faleonteloey {Mew Haven, 19k}, Jaffe, ten of Science in Areciea,
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chemisiny, but fmericsn scientisis did not reglize the signiticance
of his generalization until yesrs later. It developed the funde-
rental nrincisles underlying chemisal equilibrdium, His highly eb-
stracy "phase rule" hed a muber of importent ipdustrial applicetions
in the field of allovs and in She marufacture of Portland cement,

The Gerpan chemist, Wilhelm Ostwald, celled Gibbs "the Toundsr of
chemiegl erergehics.”

Gitbs performed wich of the ground work Tox» the science of
rhyeienl chemiztry, e did pionecr work in wector analysiz, in
statistica® mechanics, and in the neasurement of crergy. From hie
studies develormonts were made in radicsctivity, <he theory 28
relotivity, eleclrackeristry, colloid chemistryr, and moern synthelice.

Athough Gibbs was eleched to the Mationbal Academy of Sciences
in 1877, snd was avarded the Rumford Hede) of the American nheadery
of Arts and Sciences in 1879, he was not well knewn in American
intellectual circles. Im hia blographical sketch of Gibbs, PBernard
Jaffe has stated:l ' Gibbs was a grest seicntist who strove o bring
arder out of the heterogenous mixtures of metals and selbs in scluiion.
e was also a symbol of America sirupsling to bring system and lasw cub
of the chaos of an expanding irdustrialism,”

Tdward Willisms Morley {1835-1923) was a grost American chemist
and plysicist, who is best remembered for his serles of experiments
with Albert L. Michelson. The two men mads the Micheison-Morley
ether-drift oxveriment at the Cese School of Applied Sevience in
Cleveland in 1357, Tue nedure pnd significence of this experiment
will be subseguently explained ir this chapter under vhysics. In
1502-04 ¥orley slso made experiments with Deyion C. Miller on the
cther-drif:t.

In 1868 lorley sceepted an offer from Western Reserve Universily
to a professorship in naturel philesovhy end chemistry. In addition to
hie resesrches ip the ether-drift, Murley also atudied the wariatione
of atmospheric oxygen content, thermel expension of gaszes, and the
densities of ewygen and hydragen,©

Hew Astroncmr.

In the Industrial Age a new science of asbronomy arcse which
w2s named sstrophysicsz, Yhereas the parlier gslironomy attewpiced

1Jaffe, Hen of Seience in America, p. 328; Jaffe's full shekeh
BnTears on TP S -30.  Also sec Floyd I dwivrwer, The Sy dr of
Chendstry {Wew Yorl, 1930}, pp. T7-TH.

P T . i
Jeffe, Men of Seience in gnerice, p, 356,
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to find out how ithe heavenly bodies move, the new astronomy ettempted
"to determine ihe present consuitution and the evolution-history of
the stars, the comets, the sun, the plarets." Spectrum spalysis,
celestial photometry, and celestial photogrenhy beceme the three
major lines of research. Astrophysics, the daughter of astronomy,
was directly related to chemlstry, iechrlcz, and physics.l Improved
telescopes and lareger observatories were built, The cbeervetories
were supporied by universities and shaffed by Adistingulshed sgientists,
Research in the new astronory was costly, and philanthropists such as
James Lick and Charles T. Yerkes gave the necessary finarncisl sassist-
ROce,

Arong the mminent sstroviomers of this ape was Maria Mlichell
(18158-89), the first wopan to be admitted to the Amcrican Academy
of Arts and Sciences. A n youhg girl she hed helped her Tather,
William, a Nentucket astronomer, with his gbzervations, On Ociober 1,
1357, Ferie Mitchell discovered a comet. As o resuit she gained
interngtional recopnition and was avarded the gold medal of the
Kirg of Denmark. In 1865 she was enpointed to the cheir of astronory
end director of the ohservetory sb the newly tounded Vassar Collepe
where she studied the sun, Jupiter, and Saturn, Her brother, Henry
Mitchell (1830-1902}, became the leading Anerican hydrographer. He
gerved with ihe United Stetos Coast Survey from 1849 vntil 1888 and
authored such works as his Tides and Tidal Fhenamena (18568}, After
her death an observatory was dedicated to her memory at Hantucket
end her neme wes enrolled in the Americsn Hall of Fame in 1922.2

Benjemin Peirce {1809-80) was s professor of wathematics and
astrononmy &t Harvard frem 1833 until his death. He was also con-
gulting astronomer for the Nautical Almanne from 18L9 to 1857, end
Feirce succeeded fAlexander D. Bache s superintendent of the Coast
Survey Trom 1867 until 187!,

Feirce was noted for hisz accurate cempuiation of the gemeral
rerturbstions of Uranuzs and Heptune and for his research on the
rings of Zaturn., He wroite papers dn a nev mathematicel Tield,
Linear Associative Alpebra, first lithographed in 1670, and then
printed in 1801}, in the imerican Journel of Mathematics.

YEaward 8. Holder, Hand-Beok of the Lick dbservatory {imn
Franciseo, 1988), p. 817,

SHelen Wright, Sweeper in the Sky: The Life of Maries Mitchell,
First Weoran Astronctier in Americe LWew York, 19H0).

3struik, Yankee Science in the Meling, Dp. 330-35.
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Eenjamin Apthorp Gould {182L-2¢) was +re first Arerican
astroncmer to be trained in Furope. FEe founded the Astrovorienl
Sournal in 18LG. From 18535 io 18%% he was dircetsor of the Dudley

Observatory in Altbary, Wew Yorii. KHe vas associated with Teirce In

tke lenpitude department of the Coast Survey from 1852 to 2867,

He mdepted tlhc telegraphic method to obigin the lougiiude difference
between Yashington and Greenwich by using the firct trans-atlantic
ceble,

Beginning in 1865, Could studied the southern celestisl hemisphere.
In 1370 he organized the Cordoba (Ubservatory in Argentira, and in 2872
he establizhed meteorological siatlions south Lo Tierre de) Fuego.,  Hes
determined mognitudes of southern siters whick were yublished ir Urang-
wetria Argenting in 1879, le also prepored zone catzlopues of the
souihern stare which were published -in Resultados del Chservatorio
Hacionel Argentino en Cordebe [1872-93).T

Samuel FPlerpont Langley {1834-1908) was hoth & famous esironomer
and an aeronaulicel pioneer. As an essistant asironomer aiv Harvard
Uhservetery he discovered two Tgint stars in she preat neubuls in
cegittarius, ¥For @ year he tavght mathenmatics ot the Haval Academy
and directed its astronomical observalovy,

From 1367 to 1BPY Lanpley was professor of astronony and physics
av the Universicy of Fittsburgl: and director of its Allegheny (bser-
vetory. Ho invenied the bolomeiter ard used it in 1878 to make svestral
reasurements of solar ernd luner radialisn. His paper on The Bolopeter
and Badian: Fnermyr (1881} becare a scientific classic, In 1881 Tangley
organized an expediiion to Mount ihitney in order to study the quancity
and guality of the sur's radistion to ihe enrth,

While ab the University of Fittsburgh, lLangley first developed
hiz interest in the theory and practice of hesvier-than-air fliphi,
In 1837 he became Secretary of the Srithsonisn Instifuiion and bepan
to concenirate his studies or merorautics. Turins Lansler's fenure
ag gecretary e Astrophysical Obscrvatory was established at the
Smitheconian., Mis yritings were collected and puklished as The Moy
fstronomy in 1838, lanpley received many honors, being elacted Lo
the Poyal Zoeisly of london, Reoyal Coclety of Edinbwreph, and the
Accademia dei Lincei of Tome.2

13truik, Yarkes Seience in the Feking, p. 330: tihe index of chis
ook and its revised 1940F editicen bobth erroneously oive Gouwld s life
syan as 1787-15879, inziegd of 18220-GG.

i 5 o - L

“defie, Men of HBelence in fmerica, po. 331-5%; Paul H. Oehser,
cong of Seience:r The Ctoey of ‘he Prithgonian Institution angd Tis
Ieaders, {Few York, 1949), pp 110-1%.0.




Simon Newooinh (1535-19093, a professor of mathematics i ile
Haval Observetory, was a leading astrorcmer of the nation. In 1875
he was offered the direciorship of the Horvard Ohservatory, Bat
decided o remein ip govempent service, From 1377 to 1857 he was
superintendent of the Hautieal! Almsnac, The Maval Cheervabory and
Hoautical Alzmanae enioyed their solden e during Uewcorb's incum-

Lhency. Assisting Newcomb, was the epinent astroromer George . Hill,
wiio studied the theory of the motlons of Jupiter and Saturn and who
devised a2 new method to caleulute the moon® s motion., From 1884 to
1799% nrd from 1898 to 1900, Hewcomb was a professor of mathematics
and astroncry at Jolns Hopkins University. Throughouz his career

he comtributed to sclentific journaels and autkored such bocks ss
Popular Ascrenomy (1878), The Stars (190L), end fstronomy Ter [very-
hody {1902). L - -

George Davidson {1825.1911), the msironomer and geogravher, bad
o long career wich ¥he Coasi Survey op the Pacific Coagi. He arrived
in California in 1850 as head of an astronomicel end triangulation
varty, In 1857 Davidson erected m small observatory on Rineon Hill

in Ean Franecisco, Me later built & temporary observatery at UWashington

Souare in San Francisco where he interchanged time sigrels with the
Hervard Observatory using the telepraph. On Fersh 18, 1863, Super-
intendent Benjamin Peiree informed Dmvidson that the success of hils
ielegranh work nad "stirescted the attention generally of the public
on the Atlantic.™

Devidson worked to establish a large cbservatory on ihe Pacific
Coast. His preoposel eventually materiglized through the beneficience
of James Lick. However, Davidson Tavored a Cierrys Heveda site.  Uhen
Lick decided on a site in the Coast DNange, Davidson ended his role as
an adviser to Lick. TIn 1379 Devidson buils a small cbservatory at
Lafeyette Park in Jan FPrencisco where he performed his Coast and Geo-
detie Survey work until ihe 1906 earihguale,

Fdward Zingleion Bolden {18W5.2914), = Yest Foint greduste, was
B agtroncmer ot the Haval Chservatory in Washington, L. €. from 1873
urtil 1879, In 1881 he became director of the Washburn Chservatory
of the Universlty of Wisconsin, JAfter serving s President of the
University of California, he becarme the fipst director of the Lick
Ohgervatory on Mt. Hemiltom from 1858 until 1897, In 1889 iolden
founded the Astroncmical Seciety of the Pacific+3

lpupree, Science in the Federal Goverrment, p. 185: Struik,
Yenkee Science in the Meking, p. 330.

EGeorge Davidson, 'Letters and Reporis to Benjsmin Poirce,
Supeérintendent of United States Coast Survey, 1866-1875," (Manu-
seripts, The Hational Archives, ifzshington, D.C.J. Oscar Lewis,
Ceorre Davideon:! Floneer llesg:s Coast Seisntiszt [Berkeley, 1954},

3Dupree,_Seience in the Federsl Government, p. 1%; Holden,
Hand-Raplk of the Lick Observaotory, rtassim.
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LEdwerd imerson Barnard flﬁ??-1923} was on vhe stalff ai Lick
Observatory for elght years snd in 1395 he becarse an eshToncmer el
Yerkes (Ohservatory. He discovered Tive satellites of Jupiter and
fthe nebulous ring around Hova Aurdigae. Vhile gt Lick Chsepvatory
he besar to wpholosrapk ihe Hilky iay.

Tdward Cherles Pickering (18kF-1919) was direcctor of the
Barvard Jbeervatory from 1375 to 1919. He wes famous for his
work in stellar spectroseopy and in stellar photography. In 1891
he eotablished an observation staviaon ne areguipa in Peru wivh the
pesistance of his brother, William Henry Fickering {1850-193%), an_
astroncumer who had digcoveresd Pheesbe, the 9th satellite of Saturn.©

Dr. Geurge Ellery Hale (18€3-193%) was the organizer and director
of the Yerkes Chgervatory of the Uniwversity of Cnicepe., Hale hed
persuaded Charles T. Yerkes, a wealthy Chicagosn, to deonnte the funds
for m telescops, Hple was plso the orpanizer end direcior of the Mouvnsy
Wilson Solar Obscrvetory from 1904 until 1923,

About 1891 Hale invenied tne specircheliograph simulianecusly
with the Trerch astrophysicist, Honri Alexarndre Teslandres, Hale
did signifiecani research in sclar gnd stellav spectroscopy. e =lso
performed editerial work Tor fAstronemy and Astrgphysice in Lhe early
1890' s end later for the Asztriphvoical. Jourpal.

Thservatories.

Tre Allepneny Observatory of fhe Undversity of Tilusbhurgh was
Tounded in 1860, Tts principal iastrument was & 13-inch Fitz res
tractor, Ghen Langley was director, it became the leeding cbservatory
on ratiers relaving L0 solar pliysics. The lilersl pifis of “illiem
Thaw of Pitbshurgh was the source of meir suppori,

Harvard Observatory,which began opermtions in 1547, hed a digiire
gaighed nigitory under sueh direcltors ss William Crouch Bond, Ceorge
Thillipe Eond, Joseph Vinleock, snd Bdward Chorles Tickering. Tis
principal insbrument was & iS-inch Mere refractor with which George
TMiliips PFond diseovered a new sateliite of Jeturn in 1842 and made
his extensive studies on Zaturn in 1890, on ihe nebula of Orion, and
ati the great comet of 1888, ihen Fickering became director in 1877,
te enmphasized resesrch in agtroplysics.

IThe Lichh Observatory (Berkeley: 12th ed., 1951}, p. 20,

2Holder, Hand-Fook of ihe Lick Observatory, o. 114,

BIavid £. Voodbury, The fflass Glanu of Palomer { 1o Yori,
1954}, pp. T-18.
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The Lick Cobservatery atop bb, Banil-on was the Tirst roseareh
observatory in the Tar YWest, The Lick Trusiees provided a 0-inch
egustorisl refracior, a 12-inck equatorial refracvor, ond & f }-inch
meridan cirele insiriment, TVhen the University of California acquired
the observatory in 1383, it was considered its "crowning posscesion.”
For elever years the 36-inch telescope ai Lick Obgervaltory was iLhe
larpgest in the world, FEdward ©. Parnard discovered the faint fifth
satellite of Jupiter in 1B92 at the new cbserveiory. An etlas of
the meon was prepared b the Lick ataflf based upon phobtographs made
with its great plass., The estroncmwers at Lick performed pioneer weork
in tkhe study oi sunspots ernd double star systems.

The University of Southern California planned s telegcope to
putde the Lick Observatory, but the regents could net obtain the
money o pay lens-maker Alvan G. (lark of Cemtridgeport for the fwo
hupe 7lase disks that he had ordered from an optical firm in Paris.
46 & result the Universivy of Chicape was able to sequire the lenz
for e MO-inch telescope at iis Yerkes Observatory which opened on
Williams Pay, Wisconsin in 1807,

The decision of the Carnegie Instiiutien of Washingten, D. 2.
to build the Mount Wilson Zolar Observetory in fhe Zan Gabriel
Mountains was wade upon & recommendation of famuel T. Langley in 1902,
Twe years later Dr. Georpge Zllery Hale was appointed dirvector. Its
principal insirument gt first was & ©0-inch reflecting telezcope.
The obzervatory steff concentrated upon the ztudy of the sun. The
comprehensive suvudies of sunspots at Mount Yilson resulied in the
snnourcenent of a general theory of sunspots. TIn 1906 John DL Hooker
of Los Angeles gave Mount Wilsen Observatory tlhe money to sequire a
telescope mirror of 100-inch aperiure.

Perponautics,

As related before, when Zemuel F. langley became Gecrefary of
the Zmithsonizn, he emphasized aerorausics. In 1291 he authored his
Experiments in Aercdymamics. Ia 1393 Albert T, Zaltz and Octave
Chanuie argaﬁ?med an innernational conference at Chicsps on gerial
navigation. Among the seientisiz sttending were Lanpley and Dobert
B, Thurston, director of the Sibley School of Mechaniecal Enginsering
at. Cornell! Uniwversitiy. Papers rresenled at the geeting included those
by Dr. Zaam on "Stabilicy of Aeroplanes and Flying Mechines," Lanpley
on 'The Internal Ugrk of the Wind," end Iawrence Hargrave on "Flying
¥achine liotors and Cellulsr Kitez."

lHolden, Hand-Book of the Lick Chservatory, wp. 113-17; Villiam i
Campbell, "A Brief Iistory of Asironomy in California,” in Zoeth 5.
Eldredpe, ed., History of CaliTornia { How Torg, 1915}, Vol, V, op. 231-
Tl; George E. Hale | Pen Years' llork of a Mougtain Obseprvatory: A Bried
Acccunt of the Mound iHlson Solar Coservatory of the (arnegle Institu-

Tion of vashipmeon { Hmebipgton, D.G., 191530 gLty
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Ir the early nineties Iawgley buili his aerodrchmes. o Coto-
ber 25, 1294, he launched an aerodrecme for a flight of about two and
a balf seconds. On Novewber 28, 159%, Aerodreme Mo, & Tlev three-
ouarters of & mile, B me e e

Ivring the Spanish-fmerican Yar Lanpley was asked to Tuild &
Flying machinge that cow?d be used in gerisl reconnaissance. Tangley
sccepted and engaged Charles M. Manly, an engineer, %o build an
engine in the shops of the Smithsonian Insiitution. The completed
flyirg mackine, designed to garry a pilolb, failed in Ywo trisls on
Cetgber § and Docember B, 1903, FKine degys afier Langley's second
Tailure, the Wright brothers succeeded in conguering the gir.  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 machires,”

fmongr other American ploneers in aeraonsutics were John Joseph
Yonitgowery and Octave Chanute. As o student st Tt Ipneatius Collepe
{University of San Franecisco) FVontporery Tirsc studied the problems
of flipht and earned his bochelor and master of scievce degrees. In
1353 he studied the flight of gulls in the Ban Diepo ares and built
nis first plider. He made controlled winged flights neer OLay.
Montporery's report at the Chicago conference in 1293 impressed
Cetave Shanute, who elso bepan to experisent with pliders near San
Diego. In 1890 Monbgomery becare & physics professor at fanta Clara
Collepe. He continved hls experiments with gliders until his fatal
wishap on Cotober 31, 31911, near Evergreen in the Sants Clara Valley.

Coteve Chenute (1832-1910) in his Progress in Flying ¥achines
{10894} brought topether much informelicn acauired by both European
and fmerican Flying mackine experimenters. He had also anthored
Aerigl Bavipation {1891). Chanute desigred & number of gliders.
Fiz preatest concribiotion was that he designed movrsble control sur-
faces and Inis gliders hed good stabiliby din Flisght. The Yright
brothers later acknevledged the value of Chanute's experixents and
designe.

lJeremiah tlbanlk, Jr., The Iirel Confury of Flisbl in America
(Frincetor, 1943), pp. 189-92. Devid G. Cooke, 1he Ghory Of Avialion
{Hew York, 10583}, pp. 37.41.

EKenneth ., Jobneon, Aerial Califernis: An Acgount of Esrly
Eripght iw MNerthern & Southern Californie, 1940 4o Uorld Var I {Los
Engelas . 15613, pp. 11-20; Jobn J, lioctgomery, Fioneer Airmgn,”
Union Ditle-lrust Tapics IV [Sepi.-Cor., 1950}, p. 12

BCQQEE, op.ocit., Tp. 30-31.




Medern Fhysics,

President Daniel Ceit Gilman ir launching the new Johns
Hopkins University in 2875, selected Henry Augustus Rowland (18h8-
1901) as the firet professor of physics upon the recommendation of
Genersl HMichile of Uest Point and of Professor James Clark Mewwell
of Ceubridge University, Turing a conversation at West Point
Cilwen becare acquainted with Rowlend's intellectusl powers and
unusugl aptitude For experimentel science, At the time Rowland
was an assistant instructor at his alms water, Rensselaer Foly-
technic institute in Troy, FWew York. Gilwen later said that
Rowland hed told him his dreams Tor science and that he had teold
Rowland his dreams for higher education. ATter Gilman reported
the interview o the Johns Hopkine Trusteee, they replied: "Engage
thet young wan and take him with you to Iurope, where he mey Tollow
the leaders in his science and be resdy for a protessorship.’

Thue Rowland began his twenty-six yesrs' career with Johne
Hopkins University. He invented concave gratings uged in observ-
ing the solar spectrum. In 1879 he mafe an zecurste determination
of the mechanicgl equivalent of hegt., In 1838 he complefed a large
Photographic Map of the Solar Spectrue. He prepared a table of
solar Specirum wave-lengbhs which appesred in the Asirophysical
Jourral in 1825-37. Rowlend slso dizcovered the wagnetic effect
of elecktrlie convection, and he investigated alterrating currents.

Albert Abraham Wichelson (1852-1931), the firsi American
seientist to receive s Nobel Frize, was born on Tecember 19, 1352,
in the Polish town of Strelno in Germen territovy. Tn 18%h the
¥ichelsens moved {rom Poland to Hew York City. In 1856 Michelson's
father orened a dry-goods store st Murphy's in Calsveras County,
{alifornia. When Albert Hichelson was thiricen, he was gen: to
can Francisvo Lo attend Beys High Schoel. He lived in the home
of the school's scholarly principal, Theodore Hradley., The scheol's
curriculum stressed mathematles, natural scientes, and languages,
Frincipal Bradley encouraged Michelson's sedenbiffco interests,
and put him in cherge of the scientific epparatus at the school
then located on Powell Sireet.

After his graduation in 1859 from Boys High Sehool, Michelson
returned to hiz home which was now loceted 1n Yirginia City, Hevada.
Mickelscn decided to apply for ap aprointment to the Haval Academy
at Anmapelis. Or June 10, 1869, he passed s written examination,
but failed o win en appoiniment, Armed with letters from his
Congressran and from Theodore Bradley, younp Michelson decided o
appeel direetly o President Crant. He Journeyed to Washington
by the new trenscontinental railroad. Michelson's personal plea
with Fresident Grant on the Yhite House sleps asalsted him in

'Pavian ¥ranklin, The Life of Daniel Coit Gilwan (lev York,

1910), pp. 197-99; Florien Cajori, A Hiﬁfory_ﬂf_?hysips_fﬁuw Yol
Dover edition, 1962), pm. 177-78, 205, 221, 263.Gh4, &4, 325, 328.
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winning the appointrent to Aznapolis.

Following his graduation and two years of duty at szé€a, FErelgn
Michelsen was appointed instructor of physics and chemistry at the
¥aval pcademy, He bepan to experiment with the measvurement of the
speed of light. In 1879 he atiended the 3i. Louls meeting of Llhe
fmerican Association For the Advarcement of Science and pressated
B paper entitled, “"Experimeatal Determination of the Velgeity of
Light," which sppeared in the April 18573 issue of the fmerican
Jourral of Science. Simon Hewcomb, the retiring president of the
American Association far the Advancement of Zcience, was greauly
impressed by Michelson's erxperiments and supported further experi-
ments, Hewecemb was able to get Michelzon transferred to the Hauti-
¢al Algenzac Office. However, Michelson shortly left Hewcomb arnd

took leeve from the Navy for forther training in German snd French
universities, Vhen Michelson completed his Eurcopean training, he
endeovored to dbimin a professorship of mathewatics at the faval
Academy. +hen he Tailed in ilhis aitemot, he resigned his commis-
sion in the Hevy on Septewber 30, 1851. Almost immedietely Wichel-
son was appointed professor of physics at the Canse Schopl of Applied
Sctence in Clevelsand and siven a leave for the pcademic year 188182
to continue his resenrch in Eurgpe.

In 1989 Michelson resigned from the Case School and becare a
orofessor ab Clark University in Yorcester, Massachusetts, 'While
thers the Roval Sociely of London awarded him ite Rumford Medal,
Because of a conflict over maney with Tresident G, Stenley Hall of
Clark University, Michelson accepted the ofter of FPresident William
R. Farper te head the departwment of physiecs af Lhe new University
of Chiecsgo, FHere he carried out researeh prolects In his effort
to make Chicago s center of spectroscopic activity. Michelson's
fame grew and he wes pwarded wany honorery degrees. He receiwved
a degree from the University of Faris in 1895 ond the scarlet robe
of Cambridge University in 1899, - Poth Michslson and Mark Twain--
two Calaverss County celebritles--were bestowed honorary docltors
of law degrees at Yale Undversity in 19201, From 1901 to 1903
Michelson served as president of the American Physicael Society,
and in 1923 he was elected president of the Mationel Academy of
Selences.

Michelson's entire life was concerned with the provlem of
the speed of lipght. HMe was the Tirst to defermine the gpeed of
1ight., He ipvented several sclentifically wvalueble optical instrus
menks,  For exomple, ke invented an ivproved interfercmeter for
mezsuring distances by means of the length of light wawves, As
mentioned earlier, he perforred the famous ether-drift experirent
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 B starting point in the develop-
ments of the theory of relativity.
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The slgnificance of Michelison's great scientific work ras
renlized irp his life time. In 1907 he was awvarded the IMobel Price
for Physies, receiving it for his experimencs in memsuring the
speed of light., Thirteen years affer his deeth the Michelzon
Laboratory of the United States Navael Ordnance Test Skation at
Chirg Iake, Californis was ramed in his horor.

Mickael Idversky Pupin (1858«193%), professor of electro-
pecharicy at Colunbia University from 1901 to 1931, was Born in
Yugcslavia and came to the United States in 1874, Ye was both e
gcientist and inventor., He did research in theoretical science
and utilized the results on practienl problems. His inventiors
are disecussed in the history of inventions seclion, but his major
writings ore mentioned here. In 1895 ne authored Eleciro-Masnetic
Theory and in 1923 he wrote his autcbiograpty ertitled, From Immigrant

to Inventor, which won the 1924 Pulitzer Priee for Blogrunhy or Anuto-

e o
biagraphy.

Roheri Andrews Millikan was born in Morrison, Iilinois in 1868,
He teupht at the Umiversity of Chicago from 1896 teo 1021, In 1921
he Decare director of the Horman Bridge Leboratory of Fhysics ax the
California Insiitute of Technology. HMillikan wegs ¢rcdited with being
the first to dsplate the electron ard to measure ils charge. HMost of
his writings appearsd after 1913, and are beyond the scope of this
stedy: however, it should be meniioned that Le received the Hobel Prize
in Phlorsics in 1923, Millikan was the second American io be so honored,
Michelson teing ke firsh.

¥edicine.,

American medicine made tremendous strides in the Industrial Age.
In 1569 President Charles W, Eliot of !ervard University initiated
refiorms in the medical school. FPeansylvania, Columbia, and other oldes
universities did likewise. Jokas Hopking University begen fnstruciion
in medicire in 1386 znd opened a medical school in 1893, Tts medical
faculty under the brilliant lemdership of T, “illiem Henry Welch
eltroeied able students throughout the nation.

Bc?n&rd JaT{s, iHchclzson and Tle Opesd of Lighi {Garden C1bys:
DthlPdﬂj Anchor Criginal, l}cﬂ] Cajord, A Historv of Physics, ©p 150,

A7h-75, 1J,, 322-25; Archibald J. loud, ’ Lowell High Schoel, San Tranciscoe,

1856- 1:,- S {(Palo Al4a, 1956), pp :7-1E8.

Ehichael Fupin, Free Immigrant ©o inventor {(Hew York: Hew
Cdition, 1925},
3Cajﬂri, A History of Foysics, pp. 389-31, 335, 320, 30h, WR-60,

371: Tobers 4, Miiiikan, ’uﬂohlorramﬂv {neu Yorh, 1950; h AL i 1%4kan,

MiVe Taet FiMesn Yaars of Pﬂvﬂlcﬁ—" TIOPPPilnuz a? the Amsricsn Thilme
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The American Medical Asscciation hed Deen founded as early &S
1847, but it did not have a scientific jouraal until 1883, In 1890
the Aspociation of Anerican Medical Colleges was Tounded. In co-
operation with this new orgarization and the stAte medical licensing
besrds, tre Amerdcen Medleal fssociation reformed medical education.
In 1885 the Association of Americzn Physicians was creganized, and in
1801 she American Assoelation of Patiholegisis and Pactericlegists was
arpanized,

One result of the wary fAnerican pedical digepeeries ol this
pericd was the ersdication of wellow Tever. Dr. Wnlter Reed {1851~
1902), an Army surgecn, in 1900 headed m commission, dncluding Jazes
Carrcll, Jesse V. Lazear, and Aristides Apramonie, which investigated
the irapnsmission of yellow fever. Dr. Cerloz Finjay of Hevara had
recognized that the pedes Aemmti wmosquito could transmit the dlseasz
from yellomw fever péfientﬁ to non-immune persons. By controlled ex-
periments the cormissicn proved Finlay's views. Uplortunetely, Lazear
Aied from the bite of an infected mosgquito, ard Carrell acquired lhe
disemse in non-fetal Forp, The rosearches of these medieal heross im-
Troved sanjtaticon in the tropics.

T, T4lliam Orawford Oorgas (1854-1920) ms chiet senitery officer
freed Havens from che seourpe of yellow fever at the turn of the conlury.,
Beting as chief sanitary ¢fficer Tor the Panara Caral Commission, Trom
190h uptil 1913, he eradicated yellow Tever at Parama, and made the
buildins of the canal pessible,

The work of Dr. Howerd Taylor Ricketts {1871-1910) serves as
an example of how the discovery of a civilian pathologist aided puklic
healoh., Following his studies in dermatological pathology and tlastory-
cosis ai the Upiversity of Chicago, Rickebts prived the theory that wood
ticks transmitted Rocky Mountain spotted fever. Ee glso discovered that
body lice transmit byohus, Unfortunately, he died from Lyphus fever
wiile investisating it in Mexico with Pussell I, Wilder,

The Arerican Fublic Heslth Association was established in 1872,
with Dr. Stepben Smith being elected as its Tirsl president. Only
Messachusests, Celiforhia, Virginia, and the Disiriecc of Columbis had
establishe? boards of healih prior io 1372, The new organization per-
formed important work in encouraglng the state povernsents to develop
public heslih standards, Hembers of the Assoclastion carried on zig-
nifieapt resesarches in hacleriolosy with its wractical applications
to public healsh,

lFrancis L, Fackard, lhe History of Medieine in ke United Btetes
{2 vols, , Hew Yorl, 1531 ): Eemond R. Long, A History of fmerican
Fatholezy (Soringlield, 1962); Yazyck F. lavenel, ed., £ [olf ventury
of Fublic Heaith {Hew Yorlk, 1921).




fAdvences in other solences.

Thomes Hunt Morgen, the eminent Americaen zoologist, was born in
Yexington, Kentudy in 1866, He was a proTessor at Colusbie University
from 190k to 1928, and then becare direcctor of the Kerckhoff Laboratories
of Biglogical Sciences at the Californis Institute of Technology., In
1933 he was awarded the Nobel Friz¢ in physiclogy end medicine. He
discovered many of the mechanisims involved in heredity, He experimented
in the new field of genetlce, demonstreting thet physical charscteristics
were transmitted by "genes.” His rezearch brought about madificetions in
the theory of evolution., fAwong his early tublications were Hegeneraivion
{1901), Evolution mnd Adeptation {1903}, Expcrimentel Zoology (19077, and
Heredity and Sex (1913).1

Herbert HMclean Evans, the snatomist and embryclogist, gredusted
from the University of California and then did graduate work at Johns
Hopking University., In 19€9 he demencfrated the origin of the wazeulasr
trunk Trom capillaries. He beceme a professor at the University of
Selifornis where he performed sigmificant research which dis heyond the
chronological scape of this historicel survey+2

George Washington Cerver (c. 186h~19h3}, the negro botenist,
chemist, and agronomist, was born of sisve pavents in Missourd during
the Qi+l Wer. He earned his bechelor and mesier degrees of scienpce
at Iowa State University. He had e brilllant resesrch career et
Tuskegee Institution in Alebema where he was director of the Demnrtment
of agricultural recearch, He prplied science Yo epriculiural practices.
He was particulerly successful with his pesrut experimenis vhich re-
sulted In many edible end Industrisl usss. He eleo developed new uses
for the sweet poteto and for the pecan. Carver's scientific work wvas
important in giving the Scuthern farmers the plenters erops that they
aonld zell profitably.

Fole of the federnl government.

Thile zeience declined din the militery services affer the Clyil
War, scientific resemnrch in ithe Depertment of Agriculture and in the
Department of Intericr develgped. In 1873 the United Stetes Geo-
logicel Survey was formed a5 2 permenent bureeuw witbin the Deperiment
of Interior. Clarence King was the first director snd he wes succeeded
by Jokn iesley Powell in 1881, FPowell made the survey national in scope
end hired a large nurber of scilentists, Although Powell expected
practical results from government sclence, he did not neglect basic
research, A relsbed esrlier, hie hired Olhndel C. MHarsh as Uhisf of
Peleonotology. While the wmain work was contverncd with prepsring a

1Jaffe ven of Science in Arerica, op. 383-LEY.
®rpia., pp. WeB-66.

3Oli'r.rer, History of Americen Technology, B. 54533 Dies, Titans
of the Spil, pp. 180-81, B

28



topographle map end a geolegic map, Fowell also orpganiczed a chemical
laboratory in Washington. Xn 1892 the avpropriation fur the geological
Blurvey was cut and work was restricted teo topogrephy.

In 1871 Spencer F, Daird wes aprvointed first Fish Commissioner,
serving without sslary. He treined university students such as
€. Hart Merriem end George Brown Goodes, who becere importent zoologists,
The parire blolocgy station was esteblished at Weed's Hlole in Messachu-
selits. In 1903 the Fish Coomissicn became the Puremu of Fisheries in
the Deparbment of Commerce,

In the early eighiies an ceconomic ornithology section was estob-
liehed within the Division of Entomology of the Department of Agri-
culture, TIn 1885 it became the Dlvision of Eeoneomic Ornithology end
Mommelogy with €. Hart Merrienm {1855-1642) as its heed. In 1896 it
Was renamed the Division of Eiolegicsl Survey., It cerried on a re-
searcel program in natural history.

Scientific interest in forest protection wes urged by In. Franklin
B. Hough et the Amorican Associstion for the Advancement of Bcience
meeting in 1873, Iuo the pext decade Torestry work becare a division
of the Depertmoent of Agriculture undey Berthard E. Ferncw. Charles
JpregRe Sergent, the Famous Amerlesn erboriculturist, made hls signifl-
icant "Report on the Foressts of Morth dmerice” for the census of 1380,
Hough, Ternow, end Ssrgent were ploneers in the conservatvion movement
and performed important scientific work in leying the foundation for
ar expanded reole by the federsl government.

Slpnificant landmwarks in the federal ceientific epuablishment
were creation of the Hetions]l Burceu of Stondards in 1901 and the
Burenoy of Mines in 1910. Bath of these bureaus enggered in spplied
research for govermrcatal end privete agencies,

In 1883 the Levartment of Agriculture established a Veterinary
Divieion under Daniel Elmer Selmon (1850-1914). The next year Congress
rrovided for 2 Bureau of Animel Husbandry, snd Salmwon served ms its
chief from 188% to 1905, He started e mest inspeciion system and
devized methods to suppress the contagious diseases of cettle.

Ir. Theobald Emith while working for the Buresu discovered the

organtsm cansirg Tewas fever: he demcnsirated that [t was transmitted
by & cattle tick, In 1893 ihe Suremu's Tinal renort on Texas fever
apbearecd, and it indicated that government science hed wade an importart
disecovery.

The pesssge of the Fatch Act in 1887 provided for the estsbiish~
ment of mEpriculturel cxperimental sbations in all states. This law
was second only to the Morrill Act In inmortance in fostering scientific
agriculture. 1

lDupree, Seience in the Federel Government, mp. 149-83, 195-270;
Ravenel, A Half Century of Public lealith, 7p. 431h-19.
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From 1883 to 1912, Dr. Harvey Washington Viley (1845-1930),
who had been = professor of chemistry at Purfue University snd
Btate Cherdat of Indimna, headed the Bureau of Chemistry of the
Department of Agritulture. He led the campaign sgainst food
adulteration and asegisted in winning enactment of the Pure Food
and Drug Act of 19%06. He mlso studied the beet sugar problem.
As an apostle of Pure food Viley won many honors. He was glecued
president of the Awerican Chemical Sociely, and he presided over
the first world congress af chemlets meeting st Chieage in 1892,
From 1899 to 191% he wes elso a professor of sgricultural chenistry
at CGoorge lashingten University. His major publicafion wes three-
volume work entitled, Principles and Proctice of Asricultural Annlysis
(189%-97} .4 =

Exploring expeditions.

The Mavy hed nothing camparable to the Wilkes Expedition in

this period., In 1869 the Bureau of Navigetion dispatched scverel
expediticns to examine an isthmien canal route. T Navel officers

apergted the steamer Albatross in its research in marine biology

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

In 1881 Lisutepant Adolphus W, Greely commanded en Army expedition
to lady Frenklin Bay to establich a station for sciewmtific observations
and for geographical discovery. In the spring of 1882 James B. Lockwood
with a small detachment explored the northeastern coest of Greenland
in latitude 83% 2kt N, 4 relief vesse! failed in two attempts to
reach the expedition. The detschment ther abandoned its ship and re-
treated scuthwerds in beoats. Lockwood died at Cepe Ssbilne, and when
relief mrrived in June H8L, ~nly seven men hed survived cut of lock-
wood's Tarty of t*..rent;',r-four.ﬂ More suecceselful was the Arctic ex-
pedition under Lieutenant P. Henry Bay of the Signal Service which
erected a meteorological and astronomicel obgervatary at Point Barrow
in 1881, In the field of explorstion fomy expeditions in the interior
of Almskn were made in the period 1883 to 1555.5

lDies, Titens of the Soil, pp. 158-58.

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

3zeaton Schroeder, A Half Century of ¥eval Service {llew York, 1922},
P. 159=TG.

lLPercg,r Sykes, A History of Ewplorntion {New York: Harper Toreh-
bock edition, 1961Y, 7p, 320-2L

Benjemin F. Gilbert, "Arts end Sciences in Alaska: If81-1010."
Journal of the West T (Oet., 1962), p. 146,
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Erpience in the Far YWest

The first scientific sgciety on the Pacific Coesé, the Califeornia
Aradeny of Sciences, wns esteblished at Sag Froncisco in 1853, In
1859 several residenis of Ssn Francisco formed the Pacitic Observatory
Associstion, but thelr propogal to ereci an ohgervatory wes not real-
ized. ! The greel developmentes in California in the field of astroncoy
tave nlready been dcscribed elsewhsre in this chepter. In 1870 ihe
Sen Franciseo Microscopicel Society was organized by mepbers of ihe
Celifornia Academy of Sciences. In 1381 the Geographical Sociely of
ihe Pacifie wes esuveblished &t San Francisco with Georpe [mvidson
serving as 1is president for thirty years. In its Transactions end
Proceedings ariicles on geoprenhical and sclentifie subjects were pub-
lished.

Several Scuthern Celifeornia cities orgenized natural hiztory
societies beginning in the 1870's. The San Diego Society of ¥aturel
History published the West American Scientist Trom 108k £o0 1919, In
1896 the Southern Californis Academy of Sciences wvas organized at
Losg Angeles.E

Geological surveys were firsi made in Celifornia in the early
fifties., In 1860 Josieh Dwight “hitoey wes wade Stete Geologist end
his survey lested until 187k, The Yhitney survey accusmlated much
sejentific Aste and acted as & treinineg school for several scientists
such os William H Brewer and Clarence King whe were Lo gain nationsl
recognition. In 1876 the Calitornie State Geologicel Society was
orpanized nt San Francisco. Four years later it evolwved into the
State MHining Bureau and existie boday as ihe Division of Mines and
Gealory, Several falifornis geologisis suesh as Joseph Le Conte and
AnArew T, Iawson becsme netionelly prominen: through thelr schelerly
writings.

1EEnjumin F. Gillert gnd Edvmrd J. Farrell, "Culsursl Peginnings
of San Trancisco,” Sern Francisco uarierly ¥V (Spring. 1949), op 5-T-
Rebert £, tiller, 'The California Acedery of Sciences ard the Zarly

Hisiory of Science in the West," Californim Historical Socisty Cuarterly,

¥AI {Dec , 1942), po. 303.T1

2

Henry *1. Splitter, "The Develomment of Science in Los Anpeles
and ile Southerr California fAree (1350-31900}," Guarteriy af the
Historical Sceiety of Southern €-lilfornie, XXVIITI (1955}, pr. 90-140.

SFrank . fnderson, “Ploneers in the Geolomy of {allfornia,” in
colon Shedd, Bibliopraphy of the Cedlogy and Mincral Besources of

ColiTornie {Sacramento, 1933}, Ip. 1-24.,
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Begides the sclentilic end medicel societies and the geological
survey, Californis schools and colleges encoursged scientific siudies
When the California Stete Wormel School was loceted at San Francisea,
Ir Henry Gibbons, sn ewinent local physiecisn, leciurcsd on botany.,
After the school moved to San Jose in 1B71, Henry B. Norion, George
Kleeberger. end Volney Retten were emong the early instruciors in
science. Fnitan bad euthored e boteny manusl entitled, A Popular
California Flora.

In 1863 the nevly chartered University of Celifornia engaged
the Te Conte brothers to essisi in laying s strong foundation for
Ecience instruction. John Le Conte teught physics and Joseph Le
Cemte taught geclosy. John C. Merriem, the first greduste student,
wan gttrncted to the University of California by the writings of
Joseph Le Conte. Merriem later became s noted paleontologist and
rresident of the Carnegie Institution.®

Stenford University during its first year of existence in 1851
egtpblished Ehe Hopkins Marine Tiioleopical Laberelory at Facific Grove.
Eagterr and Buropesn scientlists mede studies there and the resvlts were
miblished din scientific Journals., Among the early science feachers
hired at Stanford were John €. Branner in geolory, Charles Henry
Giloert in vertebrate zoology, and John 1, Stillman in chemistry.3

The Celiferidis landscape atlirecied meny Field noturelists PFor
exanple, Dr Jemes Cooper studied (he faune and ormitholegy of Celifornia
for over Torty years Jantos Yanius, & Hungnrian naturslis., collected
srecinens for the Srithsonian Inetitution during his Army zervice gt
Fori Tejon fram 1557 <o 1800 Tater ne a tide ohsevver with the Cogst
Survey ai Cape San Lucaeg in Lower C liforrnis and then as United Sigteg
Consul at Menzanillo, Xantus mpnin sent specirens to the Smithsonian ©

John Muir explored Yosenite beginning in 1948, and was to devise
a gontroversial hypofhesis concertiing “he valley’s origin in glacial
erpgion.  Muir studied the wildlife, mountains, and valleys of Celifornis
end Lhe glaciers of Alaska. Mulr wes Lhe auvthor of books end wagezine
ariicles and a founder of the Sicrre Club  kRis first bogk, The Mounisins
of California (189h], had a wide distribelion While Mair vas noL an
expct scientisi, he was a great lover of nature who presched conservelion
a8t gn opporitune time.

lBenjamin F. Giloery, Pioneers Yor One Hundred Years, Son Jose
Stete College. 15657-1957 {San Jose, 1957), p. 205.

24 11iam W, Ferrier, Origin and Developmen: of the University of
California (Berkeley, 19307, pp. 93l-3.

Sorrin L. Elliott, Stanford University, The Pirs:i Twenty-Pive Ycars
{Stenford University ¥ress, 19317, Ph. 08-99, LO7-08.

ll'HEn:r:y M. Madden, Kﬁntus, Hungarign Halturalist in the Pioncer Tleath
{Fale Alte, 19K5}.
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Edward Palmer {1932.1911), the plans explorer of the Hest, e¢ollected
archaeological, ethnologicnl. end zoological specimens. He was & seien-
tific_FxploreT +ho helped o male knom the flora nnd feura of the Far
Wezs, =

David Scerr Jordan (1851-1931), an eminent biolopiat and educator.
wae one of the pest xnowvm selentiste in the Yest. A graduate of Indians
Fedical Collefe. he fsught in three univergities belfore he hecame prosgi-
deni of Stanford University in 189t Jorden mede hiz greatest contiri-
bufion to science sz en ichthyoleogist. He siwudied the fishes of the
rivers of the Middle Vest end ihe South end in the waters of the Pacific
Coast from Ban THeso to Seetils. Mis publicsations on ichtiwolory were
mumzirous end of scientific value, For example., he suthored wizhk Barien
. Dvermann, EEE Fisles of Forth sand Middle Armerich (1596-1900}.2

Tutber Purbenk (1859-1926) as & young truck gardener in Massachu-
setis was influenced by his reading of Darwin's Variation of Animels snd
Plants Upder Domesticaiion. He developed the Burbank potato. In 87T
he mgved %o Santa Rose, Californiaz where he eslablished e nursery and
gerdens. MHe experimented with plents and tested Darwinian theories. Hsz
improved old varieties, combined wiléd tymes with degenerated cultivated
types, end develope? new Torms of nlant life. 3

A though Burbanl the horticuliuralist was caolled & seientist by
David Sierr Jordsn and ollers, his methods were actumlly more like
those of en artist. Hiz methods were not entirely originel, but ke in-
eregsed the econonic values of planu 1ife.

lRogers MeVaugh, Fdwerd Falmer, Plani Explorer of ihe American
Vest (Vormen, 1956), =

Eﬂcckwell-ﬁ. Huri., Celifornie's Stecely Hell of Famne {Stcckton.
1950), po. k2934

3among the biorraphies of Durbank are Walter I Howard, Luther
Burbanl: A Victim of Iferc Worship {Walthem. 194G) and Henry T WWilliama.
Luther Burbaznl: Hie Life and Work { Hew York, 191%): also see David
Sterr Jordan and Vernon I Kelloge, The Seientuilic fAspecis of Tuther
Burbani's ¥orll (San Francisco, 1909}, -
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PART I {Continued)

A HISTOFY OF THVIENTICHS

VII (OLONIAL FERIOD, 1EC0-1775

-

Transmizsion of Europesn tools and Lechnolopy

The Tirst settlers of Virginis oulekly replized 4thel sucesssful
solonizai.ion depended upon the tranenlaniing of skills, tools, and
technologies fo che Mew Yorld, Ic an eITort to save the Jaresiowm
settlemeni Captain Johm Smith in 1600 urped officials of the London
Comyany to send him 30 carpenters. hustandmen, blacksmiths. and
magons, racher than o thowaand sadditional people similar Lo che
genilemen already in Virginia. The origirs] folly of sdventurers
searching for trempsure cemsed, end ke company bepan to ship sikilled
ertisens with tools. implements, and utensils. Once ihe Jemeslown
seitlers bepgan to produce pitek, tar, clepbeards, pearlash. and iobrcco
the survival of the colony was made pogsible. Arpong the Filprims
settlins st Plymouth were mpary gkilled husbendmen and artisans who
brought tools and technigues from Fngland and Holland. The leter
colonists were aiso skilled artisans. For expupie, William Penn
in ndvertizing for emigrarts sourht Irndustirions husbondmen and
mechanics,

The exiatence of abundent rew materiels in colenial Awerica
encogureged crude manufaciures., Feoresi rescources enabled the colonisic
Lo engage in lumbering, shipbuilding, the manufacture of naval stores,
and the makling of potesh. A plenliful supply of wood fuel permitied
them to mzke iron, glass, brick, and potiery. Mineral resources,
particularly irop ore, were also aveilable,

Colonint creftsmen.

Althouph the colonial economy yme primarily agriculwurel, orafte-
men nleycd &8 significans rele in Americsn developmenf. In Lhe séven-
teench century JAmericen craflismen and hustnndmen hed ©o strusgle in
the wilderness to make g livipg. Under the raral snd Trontier con-
ditions mosc implrrants Leceme Tgrmers Crafis achually did nod
Tlourisi in colonial Ameriecs unuil sbe eishicenth eentury when the
population begen o double every lwenly yeers As 8 gresier urban
econcmy cvolved the demend for the pioducis of craffsmen inoreased
Afser 1763 the mneglish colonists sought more erd more to foster home
indugtry end to become sellf-sufficien..

lGliver. History of fAmericen Techneolopy. pn. 1-11.

Victor S Clark, His:ory of Manufactures in the nited Stetes
{Mew York, 1920). Vol. I, Tp. T%§%6 :
B




In Lhe sevenicenih century househeld manufaciuring was more
impor.ent in Arerica than commercislized industry A lebor shoriage,
the lack of ecapital, poor iransportation, end the small merket were
amonyz the faciors that mt first hindered the prowik of industrisl
epterprises. In general colonial fndustrigs were small and slimply
converted raw meterials into crude products.l

Arriculiural dimplements.

In colonial Americe where land was plentificl and lebor was scarce
the Ffarmer was not concerned with soil conservation, bui he was anxious
o mdops lator-seving devices. The colonial fercer improved ihe axe.
che plow, and the nerrow _ He usuplly substifuted 4%e cradie for tihe
nand seyvthe to cut grain,

In the late colenig)l period Jared Elieil of Connecticu.. who wag
boik a practical and scientific ggriculiurelis:. experimented with g
geed Arill in an ariempt le¢ simplify and improve the one perfected T
the Foplish spriculturalist, Jethwao Tull  Mith o'e assiscance of
Presidert Thomas Clap of Ysle College and of Benenl Hylliard, a masier
wheelvright., Tliob lnvented a plow and drill wiiel was capable ol onpen-
ing furrows, Oropping seeds and Ieriilizer. snd covering them in one
aperalion  ATier Bliol's death, Denjmmin Gale ioproved the macline, =

Tlothing and Teswler fndugtries.

T: bhe bvepimndng cthe colonists depended unon Fagland for clothing
AfCer sheep were jnirodyced into the colonies the nroduction of
clotking begen Indians and trappers supplied colonial seitlers wiih
doe and hueck skins and hides were imporied From the Spanish West Indies
alking 8 leather industry possible. Also linen produciion developed

In 1528 five weavors arrived at Rovley, Mageachusetis. Here the
firsi cloil was marvTaciured in Enelisk America. By 1700 clach
merufacturing existed in mosi colomies, Dut 1t was mosgily manufeciured
by the ferily in the bousehold uni‘t.E

Thomes PBeard, a shoemaker, was a rasscnEcy slcard the Mayflower,
end ho became pioneer of the fmerican bopu snd shoe trade. 31
shoempkers and itanners weve plying their trades in Virginia. as well 23
cultiveting the ground,

icarl Bridenhauph, The Colonial Craftsmen (Chicago: University
of Chicapo Press, First Phocnix Editlon. 1901}, pessia.

EDliver, History of American Technolory, T, 23.

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

hGliver. Fistory of American Techrniolersr. sp. 37-48 mprgibe were
made to introduce the silk industry at Jamestowm in 1607 and the linen
indusbry in 1612,
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In 1536 Philip Kertland began the menufacture of shoes at Iynn,
Massachuseits, In 1750 Jobhn A, Iagyr estgblished » shoe shop ac
Tyan. Hiring akilled crafftsmen to specialize on specilic aperations,
ke gtarted a8 Tactory sysien on a srall scale,

Transvrortation and communicaticon.

Sruall eraft were built in Virginie as early as 1611. Rovboats
snd shellops were copstrucied by the colonists Yor comsiarl travel
The first mejor shipbullding was bemun ia Few England in 16829, On
July 4, 1631, the thirty-ion sloop, The Blassing of Lhe Bay, was
built For GCovernor John Winthrop, By 1670 Maseachusetts had pro-
duced T30 vessela, In the seventeenth century the wein shipbuilding
centers were st Bosion, Charleston, Selem, end Scituate In 1600
a nevel vessel, tte Falkland, was constructed for the Foyal Hawyr at
Portermouth, Hew Heampshire. Thiszs warship wes tuilt by colonisl ship-
wrights under conuvrect In & priwate shipyard.

Feansylvania was angther cenier of colonial stipbuilding: By
the time of the American Revolotiion shipbuilding was & major industry
in Philedelniia Ceritain lechnologiecnl advances wepe mede in American
shipyards For example, in 1713 Andrewv Fobingon devised m “schooner”
Yhat rode the waler's surfeces its speed ard maneuverability presarmed
the later development of the rlipper ship In the elghieenth censury
ghiipbuilders in England were glarmed by /werican competiiion

On the river hishways of sfmerica ihe colonisves Lraveled ia canoes.
flatboats, and ferries Land travel in Colonisl fAmerice wms pripiiive
Roeds were poor and bridges were few, tul the ecolonisles developed some
vehicles, After 1700 she Amoricar gedan and the gig were devised The
Conestops waren was menufectured in the Conestoge Valley of Laprcas.er
Counvy, Pennsylvania, It could “rensport fwo %o four long of Treiphs
with salTely over the hills of Tenmsylvania, Afier 1750 stagecoach
lines were in operation between bosion end Few York and between lNew
York and Philadelphie,?

Tron and sieel products.

Ab arn early date iron ore was discovered in the peat bogs and
ponds of eastern Massachusetts,  Jonn Winthrop, Jr., organized ihe
"Ccmpany of Underfskers for ihe Tron-"orks" ia London in 1641, This

group erscied an ireon foundry and forge st Saugua, Massachusetts in 1641

loliver. Fisiory of American Techanology, mp. 37-48- Ceorge Houghton,

"How the Mmerican ohoe Has Decome o-andard, | in The Mokirg of fmerica

edited by Robert M. la Follette, Vol. VII {Science and Iavention).

T S —

hereinafter cited as Science gnd Invention ediﬁed‘iy_La Yoileite. p 35

2oldver. Fistory of Amevican Technolory, pp. 249-00; lisward T
Chepetle, Tle Pistory of the fmerjican Sailing Navy (Bew York, 1949,
pn. 3-5L.
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TAafter obtaining iron ore Adeposits. Joseph Jenks, a metalworker and
mechanic. produced scme iron by using see shells and corgls for flux
gad by usins charcosl as Fuel Jenis and other vecharnics produced
hinges, horseshoes, mots, and pens for Bosionlens. In 1654 Boston
engeged Jenks to build "sn Ingine to carry water in case of fire "
Even prior to the Favgus foundry. an iron foundry hed teen established
al, Falling Creek, Virginia i, 1500.1622

By 1710 iron manufacturers irn the molhsr couniry swere corplaining
of competition from the colonies By 1750 furnaces. forpes. end miils
were operating in few England, ihe Hiddle Colonies. Marylend, and
Virginin., A few s.eel produces were slso produced in Lhe colonies,l

Glassmakting

Glassmaking was ithe farst indusiry io Eaglish fmerica.  As early
as 1602 German snd Polish craffsmen in Vivginia made glass, niteh. car,
and soapeshes. Tn 15630 a rlassworks was establisbed st Salen, Messwe-
chuseits It was subsidized by the Genegral Couri. Caspac Wistar, a
German emigrant, was the successful ploneer glass mapufacivrer in
colonial America. He esteblished his plant in Zaler County, West
Jersey in U738, mamifacturing hobtles, zable crystal, and window glass.
Since glasé vas g8 lwmry in colenial times. iis matalacture was nol
extergive.

Fotents.

&l chovgh merufaciures weres not kighly developed gnd invenlicons
wore Tey in Colonial Amerpice. bounilies, subsidiecs. gnd monopolies were,
nonesreless. rracted o skilled ervmiisrer ab various times., These
beneficlal moasures encouragzed boil old skills end new inveniions,
Voreover, a depree of retent sroteciion alsc develeped in the colosiies,
Whet was probebly the Firs: patent was grenied to Jogeoph Jenks by the
Massachusetis Genersl Courc. On Mey 5, 164, he oblgined g fourteen-
year nonotoly for improved sawmills and seysies By 1605 Jenks had
developed & aew Sypc of Scytbe.  He aade the blade of the heavy Epplish
seyibhe longer and thinner, snd he strengihened it by welding an iron
tar glong tis besl.

Cererally eolonial pelentis were for processes racher Lhan for
mackimes  However. Rovland lough-on of Bosion was granted & seven-
year pateni in 1733 for s theodelile. During the lasi ceniury of
che colonial period only South Carclinza cranted palent nreteciion for
new machinery. In 1691 South Cerolina enscted what was probably the
first general petent law in America, "Tor ke belter encourescment of
the making of engines for the nropagaling ihe staples of Liis colony.”

4

O¥iver, pp. &6-73: Dirk J. Struth, ¥Yaries Seicnce in the Maklite
{Boston, 1948), pp. 10-11,

Eﬁliver, History of fmerican “echrolomy. mo. TH=T5.
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In 2737 and 1733 Couth Cernlina Gy specisl seiy sranted patent rigi s
£ three inveniors of rice.clegning mechines

VITI AMERICAN REVOLUSTCH ERA, 17751750

YVar indusiriesg

Despife ikg lack of poveromentel power the Coniinensal Congiess
initisisd berculsen efforis o meel the demands of war  Lven before the
Revolubion che Continentel Conpress bad encoursged devolovmer: of menu.-
factures afler massing cvhe nonimportation arreerents When aciual Fos-
£ilities broke out ia L7775, the colonies poEsessed sufficien - ifvon o
meet mililary recuicerenis A line of Terfes elreedy exisied frow Mew
Hompshive to Soudh Cerolina To insure en sdegumie sunply of var maerials
Congress end coleoniel lepisleiures oftfcrcd ewards for »roducing i.on
wooclen poods. polesh. and firesrms VWorkers asnloyed st furnaces and
Torfes were cxernled from militory service

The Connenticut Jouneil of Zelsty reguisitioped ne Lebevillno
furrece owaed ny & Tory snd rronered 1D Lo ops’ cannon snd ermunition
Guns for Hew Yorl forcg were nroduced as this furnace  The Pemnsyivanis
prd Heiwr Jersey furneces were called unon to manufegeiurz var suprlles in
177" and 1776 becsuse of ilheir oroximity to Lle mejor scene of rilitary
epevations  Hence tlie Durbam Iyonm Weorks in Ponnsylvania cass ceahon
and the Corpwailis Fupnpce in Llencaster Couniy. Pennsylvania ces’ shot
and ghells 2

Be'woen 1776 and 1782 ordusnce nlanis were also esieblisied st
FPhiladeln-ltig &t Yellowy Sprinrs Peopsylvanie pringfield Massschuse s
gnd Fredericksburg Virgindg Coloniel punsmilhs hed made ercellent
ri{los sevoral decades before the outlresk of ‘he Bevelusion Rbou”

170 ihe sp.called "Ponnsylyenis rifle" hed been desipned Ils long
verrel snd rifiad bore created g wearon of grepi velaciiy srnd acouredy

lDliver Histoxy of American Technelomy. n. 67 Cyrus B Anderson
"The United 3tetes Patent Laws " in Science and Inven-ion edi.ed by’
Te Follewie rp 380-8%- Clark Hiszory of Mamiiscoureo i e [Unicha
Statos Yol I ap Ly.s3 T T e

?Gliver Hislory of Amsrican Tcchuolopy. pp. 91-93
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apd 1% was used effectively at long range against the British Red Costs
Coloniel riflemfn enpased in sniping and guerrills werfare vore down
Briticsh morale.

The colonial soldiers faced g serious shortapge of sunnowder  Follaow-
ing Iexingion and Concord ell evailable punpowder was seized ond measures
vere teken Lo encourope morc prmduction  Powder mills were built in the
vieinity of Philmdelphie and Lancasier. Pennsvlvania  Five yeers after
the fefest of TorTmvmllis: Pennsyivenis bad Uwenty-one nouwder mills The
exrlosives indusiry contimued to flourish in Ameriea after the wvmr

At Punker Hill the Msssechusefts troops suffered Ifram a lack of
purpowder. With the assistance of Paul Revere, who had studied wplll
technigues in Fhiledelphis, Massachusetts authoritles were able to
erect o powder mill at Canton which supplied powder for the Massachusetts
trocps.

IDuring the war General George Washington pointed out the need for
trained engineers. Four skilled French engineers served on Vashington's
staff end they assisted in building fortificetioms at VYalley Forge and
Yorktown., Thaddeus Kosciusko, the Polish patriot, wyms sppointed colonel
of engineers in the Contirmenta! Army, &nd he was put in charge of builld-
ing fortifications st West Point in 1778 to 1780, David Rittenhouse was
one of the few Americans with engineering experience, #As 8 member of the
Pennsylvania Ccomlttes of Public Safety he experimented on Improving
ammunition intended for use in rilrled c¢ennon and musksts., After the
Revolutionary Wer ended, effortg were made to found a West Folmt
fredemr, A school was establicghed in 178L %o train englueers, of whizn
there was s great shortage in Americe, but the lnstitutlon was destroyec
by fire in 1796, and the academy et West Point was not reesteblished
until 1802.3

Among the inventions made durlng the American Revclution to counters
act the superiority of BEritish naval power wes & unigue iren chain con-
structed to gtrefoch across the Hudson River at West Point. Feter Town-
cend, master of the Sterling Iron Works, forged a chain 500 yards in
length. Completed in April lTTE, it welghed 180 tong, had 750 links,
end was held in plaece hy twelve tone of anchors. The chaein was in-
tended to prevent the British from gaining contral of the entlre river
Ty blocking the river. In this task the chein was s failure.

B bp— ) Y il

IRoger Burlincome, Mareh of the Jron Men (New York: The Universel
Library edition, c. 1960}, o, 1i9-3%.

Eﬂliver, History of American Technologr. pp. $96-97; Clark, History
of Mamnfaeturés in the U.5,, Vol. L, P. cec.

Sﬂliver, History of American Technology, wp. 989-99.

hEurlingamE, Mareh of the Tron Men, pp. 1hb-b6,
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David Bushnett {17h27-182L4), an officer in the Continental Army,
invented n subtmarine beost, the predecessor of the modern submarine.
Applying the theory of the mropelling screw, which had been coneceived
by the Swiss mathematician Teniel Bermoulli, Bushnell constructed s
wooden craft cepable of submerging when weighted with lead, The
Turtlie wms & one-man submarine driven by a crank which fturned a screvw
rapeller., The veseel traveled at g speed of three miles per hour.
One oar moved the boat horizontally snd another moved i1t wvertically.
It had s smell conning tower for the gperator's head end had windows.
Tvwo autometic ventilating tubes enabled the operator to submerge for
a thirty mloute interval.

The weird creft also contained s devlice to sfitech a mine or torpedo
to the hull of an enemy wvegsel. The mine conteining over 100 pounds of
povder was stitached near the stern of the ¢raft by & screw. The mine
wes g8 timed bomb with m gunlock and a elock. One Auguet night in 1776
the Turtle plioted by Sergeent Ezra lee iried to mttach its lethal
charge to the i1l of the 6l-gun H.M.3. Easgle, flagship of Admirel Howe,
in New York harbar. Lee maneuvered the Tartle ageinst the side of the
Eegle, but he wes unable to attaeh the egg-sheped bamb to the warship’s
wooden hull which was protected by a copper sheathing. Lee was com-
pelied to surface;: he relecsed hie mine and 1% exploded in the East
River,

The submarine experiment falled as & weepon of warfare, but 1ta
principle had been demonstrated, Although the government refused Lo
give additicnal support fto Bushnell's subearine lnvention, the next
year he svccesded wlth two experiments in mine wmrfare.

Hool processing and spinning.

In Qctober 1776 the Continentel Congress offered = clothing bounty
to men willling to enlist for the duration of the war, Uatil 1T77T
clothing supplies were either lergely procured from imports or from
prige goods of priveteers. In March of that yesr James Mease wns
appointed Clothier=Ceneral and was instructed to develop a sound

clothing supply Eystem.e

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

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

2For an eccount of the Continentel Army uniform see John C, —
Fitzpatrick, The Spirit of the Revolution {Beston, 1924), pp, 117-38,
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Americans fnd {0 produee their own. Carding wat done by hand and
usually by the hande of women and c¢hildren. A& young Delaware in-
ventor, Oliver Evans (1755-1819), invented a machkine which cut and
bent the teeth. Later he introduced a device which ineerted the
bent teeth in e lenther freme., Evans's card-meking wachine was a
remarkable improvement in carding.l

fnother variime Improvement in clothing manufacturing was rade
by Christeopher Tulley, who made improvements on a spinpiog machine.

His invention enabtled & single operstor Lo spin twenty-four threads
of cotion or vool aft one fime,

I¥ EARLY REPUDIAC, 1790-1629

Tranklin, Waghington, and Jefferson as inventors.

Benjamln Franklin died on fApril 17, 1790, shortly after the
laurching of the newr Republie which hc hed helped te creste. Az the
greatest dmerican colomial sclentist and imventor he had bBeguestined
the young Fepublic a technological tradition. Nis theories had
pssisted in opening the electrical age and his utiliterian aeprroach
towards inventlons had produced guch practicel deviee g5 the Franhiliin
stove and bifoeels,

In 1742 Franklin invented the "Pennsylvania fireplece’ which
reteined heat theat was formerly wasted by going directly up the
chizney. When offered g petent for this invention, he refused it.
Frenklin's etititude wae thet hisz ivvention should be e gpift to the
world, He expressed himself thusly in his autobiography: "That
a5 we enjoy creat advantages from the Inventlons of others, we
should be glad of an opportunity Lo serve oihers by any invention of
curs; snd this we should do freely and generously." Just before hinm
death Franklin expressed hls plessure concerning repid progress of
inventions,

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

Eﬂliver, Hiztory of American Technolomy, p. 101.

3For Franklin's other inventions see Roger Purlinguwme, Fenjamin
Froapklin, The First ¥r. Awerican (Wew York: Signet Key Book, 19557,
Tp. 97=97.




Gzoroe Woshington's chief seientific interest czntored in agri-
culiure. FHe freqgueatly stiesmpied to dosipn Tare Izblemants. or
cxarple, he desipgned an eutomatic seeder. As president he constantly
encouraped stlentific pureuits end inventions. 1

Anong the founding fathers Thomas Jefferson probably pocsessed
the greatest Taith in the ultimete benefit to the general welfare of
advances in science end technology. While on his diplomatic mlssion
o France, Jefferson studied mechanical irmventions in Furcope. After
cbserving the clumsy plow used by French pemsante, Jefferson conceived
a moldboard based on methematicel principles in 1788, Jefferson's
daprammaiic explanation of his moldboard was published in the Trans-
actions of the Americen Thilosophical Society. In recognition of his
invention the French Academy of fgriculture ewsrded Jefferson a gold
medal in 1805, In its elfetion the Academy stated: Tdmerice received
the plow from Burope; it iz admirable that America shouwld give it back Lo
to Turope, its gift merfecied.” Hodels of the improved plow were exhib-
ited in the French Hetionml Museum of Hatural History, in the Naiional
Conservatory of Arts ard Crafts et Faris, and in ike Fhiladelphie
Spciety for the Pramotlon of Agriculture. Jefferson corresponded
vith Jethro Ysod and others c¢oncerning improvement of the plow., How-
ever, the priaciples of plow censtructisn as developed by Jefferson were
ot actually used YWy Americen Tarmers. At g leter agte, when VWecod's
plow was introduced and used by Tarmers, the prineiples developed by
Jeffersoa were Tinglly incorporated in plow,

Jefferson was interested in conveyances, wachinery, aml Implements;
Tor exemple, he feslgned or altered cerriages, gigs, apd wagons. MHe
invented a hempbester, end devised a leather buggy %top, s swivel chair,
and a durbweiter.

Petent Act of 1790,

The besis of all patent legisletion in vhe United States iz the
eclause in the Ceonstituiion vesting Congress with power "to promote the
progress of sclence and ugeful pris by securing Por limlted times to
guthors and inventors and exclusiwe right to their respective writiwmgs
or dlescoveries."” The first patent nct was sipgned by Tresident Wash-
ington on April 10, 1790. It euvthorieed the pranting of patents with-
out examination of the pricr art, "Any useful art, penuiacture, engine,
machine or device or anv improvement thereon not before known or used”
could be vaterted for fourteen years. The aubthority to grant pebents
was given to the Secretary of Steate, Secretary of VWar, and Attorney
General., Thomas JefTerson as Secrcotary of Stete wes the {diret Adwin-
istrator of the patent act and he has been called, "the father of the
Mnerican patent office." The first patent was grented to Samucl Hopkins
of Vermont for "a new method of weking pot end pearl ashes.” The second
vatent was given for a new process of candlemgking. COliver Evansz re-
celved the third petent for improwved flour mill machinery.

1pliver, History of Americen Tectnology, ©p. 108-12,
#Fdwin T. Martin, Themas Jefferson: Seientist (New York, 1952),
op. 57-106 discusses his interest in inwenbions,
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The first boord was vericusly named 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, and decided whether or not to grant 2 patent.
An aoetidment of 1753 to the patent act was intepded to simplify
procedurs; 1t zlicwed patents to be granted upon the applicantis
omth's that his inverntion was origiral. Detween 1793 and 1436
unimportant emendments were sdded to the patent act. An act of
July b, 1836 marked the birta of the wmodern patent system. The law
defipitely established an exsmination system and created the Patent
Office,~

Hamilton's Repert on Menufactures, 1731,

On Decerher 5, 1791, Alexander Hamilton, the Secretary of
Treasury, issued his most significant economic paper, ths Report

on the Subject Eﬁ Maoufectures, in which he urged the iptroduction

of new machines in manuf&cﬁuring. He expressed his belief that
the nation should diversify its labor forece snd develop a high
degree of sikills,. Hamilton proposed a national Duend to attract
kllled wechanics and to import new machives., Moreover, he even
favored paying &8 premiuwm to inventors of new manufacturing nro-
cesses, Althoueh ¥amiiton's ideas concerning inventions were too
advanced to bte adopted, wany of his oiher ideas vere accegpted.

fAgriculftural Impliements and milling machinery.

In Y797 Chavles Hewbold of FPhiladelipkia took out the first
foerican patent for a cast-iron plow. Although Jefferson snd other
centleren farmers were lnterested in 1t, the farmers refused to
gooept it, believing that the iron would pofson the soll and cause
the growth of weeds. In 1800, two brothers, Robert and Joseph Smith
of Bucks County, Pemnsylvanin, patented e cast-iron plow that was
uzed in Fennsylvania and Hew Jersey until 1850,

In 181k Jethro Wood (1774-183%), a farmer of Cayuge County,
Hew York, obtained his First patent of a cast-iron plow. In 1319
Waod cbtained a second patent for his "improved” cast-ironh plow and

lﬂyrus . anderson, "The lnited States Petent Laws,” in Science
ard Invention edited by La Follette, pr. 351-83; Harry Furah Inside

the U, S. Fatent Office {(New York, 1959}, pp. 1h-2L,

2Jares B, Walker, The Epic of fmerican Trdustry {¥ew York, 1943),
. 50-%1; Holert B, Marrls 12 Bagiz Tdeas of Alexander Har11tcﬂ
{Hew York: Twocket EBooks, Inc., 1857}, pp. 27556,




sales reached 3,600 that year.l tinod's second plow was the first cast-
iren plow to be generally accented in the United States. His plew was
made in separsie pleces and s broken share gr moldbgard could e
readily replaced, The demend foar ireon »lows incressed and the manu-
facturers of Wood's plows could not supply them in sufliclent quantity.
Wood's patent was infringed and he deveoted his last yeers in an effort
to protect his invention.<

In addition to his cerd-meXing machine Oliwver Evans also invented
flour will machinery. By the 1790's Bvans oblgined patents on his
rachines which elevated grain mechanicelly to the top of the mill. The
graln was cleaned during its grevity 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 made without any manual oberation. Victor 5. Clark in
his classic study of Arerican manufacturss stated: 3 "This may have heen
the first inmstance of any uninterrupted rrocess of mechanical mami-
factureﬂ from raw material to Cinished product, in the history of in-
dustry.

Rige of the fackory system,

Samuel Slater (17€8-1835) was born in Terbyshire, Ingland, Aas =
young apprentice he learned cotton~spinning in Englarnd during the
Industrial Revolution when inventions radically changed the textils
fndustry. He became familiar with cotton-spinning machinery and the
inventions of James Hargreaves and Semvel Croopton,

Slater was an apprentice in the fectory of Jedediah Strutt, who
wes a partner of Richerd Arkwright, the inventor of the spinninz frene
which had revolutionized manufacture of cotton yern., In 1789 Slater
was attracted to the United States by an article in a FPhiledelrphia
newspaper stating that a bounty had been mid Tor the design of &
textile machine.

clataer had wemorized the secrets of frkwrignt’'s patents and with
the Tirancial support of Mnses Brown, g refired wmerchant, he built an
Arkwright cotton-wmill et Pawtucket, Fhode Island. On December 20,

——_ L

“0liver, History of Americen Technology, Pp. 125-30; Yew Rogin,
Tre Irtro“uctlon of Farm FMachinery in Its Relation to the ProﬁuCuithv
of Iebor in the Agriculture of the United States durins the Hlneteepth
Century (Berkeley, 1931), pp. 22-23.

EBurlingame Warch of the Iron len, ©. 224,

3Elark History of Mamufsctures in the U, 8., Vol, I, p. 179; aleo
soc Hoger Eurlingame Machines Thoat Built America (Hew Yorh Signet
Key Bock, 1955), pp. 25-29.
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the water-povered miil produced the first cotton yern ever manufactured
gutcmaticelly in the United States. The inpgenius Slater helped to
start the Indusirial Revolution in America. In 1721 the first mill

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

yarn manufacturing in one building. This was opened in 1793 and the
factory system guickly spresd throughout Jew Englend.l By 1815 that
region had 130,000 spindies,

Cotton gin.

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

was cohncelived while Whitrey was a guest on the plantafion of Mirs. Hathanial

Greene in Georgim., Whithey entered a partnership with FPhineas Miller to
retuiacture cotfon gins, but before he could get his ipvention patented
it was copled by others. \hitrey and Miller were unakble to make profits
because of infringements and lengthy litigation. Whitney's invention
coused the cetton industry to expand and it shackled the South with
slavery by revitelizing the peculiar institution.8

Inireduction ol Interchenreable Paris and Hoss Froduc.ion,

At some date shorily before 19735, B Frencrmen namsd La 3lanc
Lepal: ine manufacture of musketa on the gygiew ol intercsangeslle oar-is
Tor the French {iovernment, lachinery had been deoveloped suTTicienily o
firiek ibe complefte loek, bud {le work on the Larrels and stock ras
5411 done by natd. Thomas Jeflerson, fazcinaned by this concepr.
vigited La Blanc atd reporied or Aumusio 300 174+ " He presenced me
she paris of S0 locks teken to pieces. and arratped in comparizenis,
T puw several iopetiier myself, Laking pleces al hazerd as “hey came

ta hend, ard ihey fithed in Lle mos? perfect manner,”

Jetfcrson's efforis o induce La Blene jo cove Lo che Ihited
Staies were unsuccessTul . bul Jeffersor irfoimed Eli Mdiney of tlese
Frecch efioris. Friling to profil Jrom fhe cetfos cin, Wiiliney aow
logked for some olLler occupation. and ie soiged upon the corceps oF
producsion of irterchenseable parss. In the spricg of 1768 te ovil
lined Wis plear 2o the Secresary of the Tressury: "I should like to

Tarnola Wells, "Fatler of Cur Factory System," Ameriecan Heritages,
I¥ {April, 1958), pp. 34-39, 90-92,

Eﬁrnolﬂ whitridge, "Eli fhituey, Nemesis of the South," American
Heritage, VI (April, 1955}, pp. U-10; Hollarnd Thumpsor, The dge of

Tnvention (New Haven, 1921), pp, 32-32,
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undertake the mgnufaciure of ften to fifteen thousand stond of arms.

I am persuaded tlhat pachinery mowed by water, adzpted to whls business
would preatly diminish the lebor and greatly facilitate the manufacture
of this article, Maclines for Torging, rolling, flesting, boring,
crinding, polishing, ote., may all be mede use of to cdvantege.”

Secretary of war Olivevr 'oleott, alarmed by a threat of war with
France, entered into a contract with Whitney on June 14, 1794, for
the production of ten thousand muskets within two years, Vaitnoy at
once seb to work, but timre was recuired to erect a factory and 1o
design the needed moachinery, and two Yyears passed before hig mill ov
Vhitneyville, Comrecticut, wes able to begin speretiors in 1B00. Yurther
gifficulty with devising machinery hindered Whitneys pivnecring efforts,
and eight more years pgezsed tiefoare he was gble Lo cocmplete the contract
by delivering the last of the ten bthousand suskets in 1808,

He did belter, rowever, with his socond United States contract for
fifteen thousend muskeis; avarded in 1812, he completed delivery within
the specified two year periocd.l

Ir 1801 Simeon Novih was alse awerded a Covermment conhtract for
pradusing pistols and he beogan manufacturing these waapons on & system
sopewhat similar to Uhitney's, first at Berlin snd laler at Middletom,
Connecticut,

While Loth Whitney and Horth devised machinery to do g porcion of
the work, mush of e fask of producin; chese army 23111 had to be
done by hand and their machinery was also ol precize cnouph so that
the parts of Ehelr weapons were truly interchangeeble.

The rexlt step in tre evelunion of dinterchangmable parts and mass
production was effected by Jokn Herrizs Ha1l (1773-1841) of Poriland,
Maine, On May 22, 1811, Hall, a boat builder, togk cul & patent on
g broech lpading flintlock rifle vhich ke had invented. Hiz effortsz
to have tlis weapon adopted by the United Stateos Army Ffailed in 1213,
but in 1817 the Government purchased 100 of Hall's rifles for tesbing
purpeses. These extenslve Lrials were nod coampleted until March 19,
1819, when the Var Tepertmert signed a eontract with Hall Tor the
manuiacture of his rifles at the United States Armory et Enrpers Ferry.
Under this agreement, and in considerstcion of 51,000 plug his selary
of TG0 o monlk =8 an Assistant Armorer, Hall wes to supervise the
wroduction of 1000 of tis rifles,

— —————

lIt might be roted, hovever, thait the U, 5. Armory alt Harpers Terry
was producisg 10,000 muskebs g yosr by 15310

“sbbott F, Usher, A Higlory of Mechanical Invention (Cambridge,
Hevised Rdition, 195k}, 3IT0-301.
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Hall arrived at Harpers Feorry in Mar, 1519, and wor essipgned
United Stetes lgnd on the Islend of Virginius, in the Shenandoal Siver,
g short distance from ke U, -8, Musket Factory. Hell proceeded to
invent end davelop bthe waler-povered, precision machinery needed Lo pro-
Auce his rifle Yy o completely autcwated process, which reguired no
liand work other than gssemblipg the individusl perts. The first 5
thoueand rifles were completed in 1825 and the secornd thousand by 1827, °

On Janyary 5, 1327, n special commission of weapon experts, ap-
pointed to exemine Fall's rifle ard machinery st Harpors Terry, re-
poried to Colenel Georrs Bondord, Clief of Ordnance:

"Ti is well-known, we telieve, that arme have naver yei been made
g0 exactly similar to emch otlker by snay other mrocess as Lo recuire no
parking of Lhe several parts srd so that those parts, on being chaaged
wenald suit equally well when applied to every obther rril.  BAn% the
machines we have exemined =ffect this with a cortainty and precision we
ghould neob have Lelieved Bill we witnessed the cperations. To determine
this point and tesl thelr uniformivy beyond sll controversy, We repuesied
Colemel Lee. Jupsrintendent of ile United Stetes Armory at this place
to gend Lo Hall's aermory Tive boxes containing 100 rifles menulactured
Lar tim in 1824, snd which kad been in the arsensl since thal period,

Ve then directed Lwo of his workmen ua strip off the vork from the
stocks of the whole 30, end ala2o to Loke to pleces the several partsz

of the receivers, so-called, gnd to ecatfier them promisccuzly over a
larpe joiuner's work boneh, ©One kundred stoeks were then brought Jrom
Hgll's aroory which had been just finished, and on waiech no work or
roonting had ever besn mui, The workmen fthen ccomenced putting tne

work teken from off the stocks brought from the United Statez arsenal

on to the one Fundred new stocks, the work having Loen repestedly mixed
end changed by us and the workmen also, g1l this was done in our pres-
ence, and the arms, as fast as they were put iogether, were handed Lo

us end mimitely examined. We were unable to discover any inaccuracy in
gry of thelr pearts fitbing each other, and gre fully persugded that the
parts fitted, after gll the clhanges they must have undsrpone by Lhe
workmer, as well as those made desipnedly oy ws in the courss of fwo

or three davs, witll as much accuracy and correciness as they did vhen on
the stocks to whick they prigineally belonged. In unilormity, therefors,
in the component peris of small arms is &n imporisst desideratum {whieh
ve presume Will nol be doubled By smyone the lepst conversant with the
subject) it is in our opinion compietely sccomplished Ly the plen which
[all bes carried inio effect. Dy no other process krown to us {ard ve
have seen most, if not all. that are in use in the United Stetes) could
erms be mede so exgetly alike as to interchange and reaulire ne marks on
bt different marts. 4nd we very muchk doubl wheiher bthe best workmen that
may e selected from shy ermcry, witlh ke aid of the best maclines in use
glsevhere, could, in a whole life. make a hundred rilles or muske:s tlat

lovarlotte Judd Foirovairn and C. Mead Patterson " Capuain Hall,

Inventor," The Gun Remor:, V, Uos. 5 & 6, {Ceiober & November, 1979)
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would, after belng premiscucusly mixed lopgether, fit each other with 1
that sxmet nicety that ig to be Tound in those merulactured by Hall. ™

Wille Uhitney was fthe first in the United States to experiment with
the system of interchangeable parts ard mass produciion, Jobn H. Hall
was she first to Yranslete these theories inco reglity.

In 1828 and 1829 the Covernment let contracts for producing the
Hell rifle %o Simeon Noerth of Middleton Connecticut, Henry Deringer of
Philagelphia, Roberl and Johr D. Johnston of Middleton, Comnecticut, and
Reuben ®1lis of Hew York Ciiy. All these contractors exeept Worth, how-
ever changed or voided their contracts because they were unakle Lo DLuild
the precision machinery o produce the Hall Rifle, Only Forith, with
Hell's assistgnee, was eventunlly able to fRd$11 hisz contract, although
Torth's rifles never reasched the same hiph degree of perfection as
achigved hy Hnll,<

Hall's maszs production technigues were slso applied st the United
Siptes Mosket Factory st Harpers Ferry and the United States Armory at
Suringfield. In the mid 1850's the British government decided to modeorn-
ize its arms producticon end zent s specisd commisgzleon te the United Slates.
AfLer a carveful study of the public and privete ammories in this eouncri,
the Dritisl: Government hircd the Master Arrorer st Herpers Ferry Arnory
to establish gnd superintend the preat Enfield Armory in Erglend where
fmerican technigues and machinery were uiilized fo produce weanons.

Tn 1530 the mass production technigues spreed from the erms in-
dusury Lo the eleck malking industry. Terry and Chaunceoy Jerome of
Commecticut were pioneers in this Tleld. Terry bepan the process by
making wooden clocks in large lots ard Chauncey complefed it by sub-
shituting hrass for woed in the wheelwork. Tne use of hrass pormitied
+he vheels to be prepered expediciously and accurately by scamping shem
with dies from sheeis of brass. This ieehnigue led te the moss proe-
duction of cheap brass clocks.d

IMational frelhives, copyr of remort in The research files of Harpsrs
Ferry Hational Menumenti.

“Frirvbairn snd Tetterson, V, Fo.& (November, 1959) p. 19.

Iavbott P. Usner, A History of Hechenicel Invertions, 330-1
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Introduction of steam power.

Two Englishpen, Thomae Savery and Themas HMewecmen, introduced
the first successful steam eagine. Their engines wers used to pump
water out of the ceal mines of Eaglend, James Watt, the Scottiszn
inventor, invented the modern condensing steam engine in 1765, His
improvements made the steam engine more than a pump and it wae con-
verted into a machine thet could move the wheels of industry. In
partnership with Matthew Bouziton, Watt manufactured steom engines
at the Bolo Engineering Works near Birminghem frem 1775 to 1800,
The steam engine became a machine that revolutionized industry and
introduced the modern factory system.™

Qliver Evans, the "“latt of America,” constructed the Tirst high-
pressure engine in the United States. As related sariier Evenc had
invented a carding machine end hed improved nilling machimery, In 1601
Bvans demonstrated thet bhis enpine could drive machines to ground plosler
and saw marbtle. Two years later he wes bullding engines in hils Phila-
delphiz shop near the Schuylkill River. He constructed & steem dredge
for the ¢ity of Philadelphla to clean the docke. He constructed a scaw
with an engine vhich ran on rollers by steaz to the river. The vehicle,
christened Orukior Amphibolos, had its rollers replaced by a stern
paddle end it steamed oo the water. This S5O, which was alsp a steza-
boat, has been ¢plled the first mubtomoblle.

A Cormecticut clockmaker, John Fitch (1743-98), was one of seversl
inventors who successfully operated steam.driwven beats in America he-
fore 1790. In 17868 he built a spall vessel with six side paddles ard
propeliing machinery., Two years later Fitch built EEE Thorton with
three poddles aft the stern; the wessel bad & waximum speed of elghi
riles an hour. By 1790 Fitch meintained o regular passenger service
¢n the Delaware River tetween Philadelphia snd Trenten. However,
Fitch's steamboat never mede a profit, Another pioneer 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 pumyn.

John Steveng (1749-1538), a rich MNew Jersey landowner, became
interested in the work of Fitch and Bumsey. In 1791 Stevens obtained
petents on a vertical steam boiler arnd an ioproved stean engine. In
the 1790's he wade experizents with steamboats. In 1802 Stevens built
a small twin-serew lmunch, the Litile Juliens. In 1805 he built a

Y.F. Decker and Waldemay Kaempffert, "Putting Steam To York,"
A Porular History of American Inwention edited by Waldemer Kaempifert
(Mew York, 1g24), Vol. I, pp. LO7-0B; R.J. Forbes and E.J. Dijksterhuls,

A History of Sclence and Technology (Baltimore: TFelicsn Jook, 1963},
"i.'ol.. IIJ FF" 3?" 1-

2Decker and Kaerpffert, "Putting Steam to Work,” pp. 48L-BE,
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larger steamboat, the Fhoeniz. In June 18C3 the vessel pade the first
ccean voyage In steon navigation from New Yark to Fhiladeliphie. For
severzl years it plied the Delawvare River btetween Philedelphia and
Trenton.

Robert Fulton (1765-1815) was born in Lancester County, Fennsylvania.
For over ten yesrs he was an artist painting portreits in Philedelphia
end England, A4About 1793 he becawe interested in mechenical experiments
and studiss. In 1796 ke wrote a treatise on canal navigation and in-
vented m 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 apgreed to construct a steamboat to
ply on the Hudscn between New York gnd Albany, After making experiments
on the Seine in 1803, Fulton returned to the United States in 1806. The
Clermoat was constructed on the East River. On August 9, 1807, ihis
steamboat commenced its femous voyage Trom New York to Albany. It
atesmed 150 miles in thirty-twe hours, The returm trip to Hew York
was made in only thiriy hours. Although the Clermemt was not the first
steanbeat, 1t was the first one operzsted at =z " cost which could Trove
profit&ble to its owners, Fulbton suctceded where others hod failed be-
cause he coebined the mechanieal knowledge of both Europe and the United
Ztatez, He possessed the ability to improve his design as he buils
guccesslve steamboets. Fuliton more than any one el=e made the steanboat
a practical vehicle of transportastion. TIn 1911 Fulton, Livingsten, and
Nicoles Roosevelt launched the New Crleans on the Chio River at Fittsburgh
as the first stenmbcat on Yestern waters. In 1812 it steamed from Pitis-
turgh to Hew Orleans, marking the start of inland transportation in the
United States.l

Ircn Andustryv.

The basic processes of ironemaking underwent few advances in this
period. The demand for additionzl iron oroduction was met by incressing
the number of Tfurpaces rather than by intreoducing new furnace practicas.
However, after the Warsof 1812, Issac Meason introduced the rolling and
ruddling method of refining iron at Plumstock in western Pennssylvania,

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 mills were erected in 1819, Dy 1829

eight roliing mills and nine foundriles were in oreration at Pittaburgh.E

IFor details see Jemes T. Flexner, Inventors in Action: The Story
of the Steambost [New York: Collier Rooks Edition, 19027,

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 woolen techknclomr.

The meny inventlons of the textile and woolen industries in the
reriod of the Eerly Bepublic brought sbout an end te the homesim age.
In 1828 John Thorpe of Providence, Rhode Tslend, invented the ring
spirner which engbled fingr yarn to be spun at higher speed.

Arthur and Jobn Schofield introduced power carding and spinning-
machinery in the woolen industry as early as the 1790's in Massachu-
setts, but it was asnother Torty years before the varlous processes of
woolen manufacture were nerped into & single dindustry., Meanwhile,
Elisur Smith of Walpole, Massachusetts invented an ingenious card-
making machine. In 1820 John Couldéirg invented his condenser and
then years later William Crompton of Massachusetis petented his loom
in England which enabled fancy woolens tn be waven on poWer machines.
Crerpton's loom, however, needed ccrtain ivprovements which were made
in the 1850's before it wes sdepted in the United States.t

Transportation.

Az population moved from the seaboard areas into the inferior a
need arose for imoroved means of inland transportation. Cenal con-
struction was wrged os egrly as 1772, The first important canal was
congtrueted arcund the fells of the Cormecticut River at Sowth Hadley,
Massachusetts. Tt was built with the assistance of Duteh capital and
campleted in 179k, The Middlesex Canal comnceting Boston with the
Merrimack River was started in 1794, and was opencd to traffic in 18¢hL.
The construction of the Erie Canal frem 1817 to 1825 yhieh connected
Lake Erie at Buffalo with the Hudson River, hovever, opened the great
Canal Age,which extended into the 1850's,

The budlding of the Erie Ceonal gave American surveyors valuable
experience. The canal has been veferred to as the Tirst dmerican
engineering school, For example, Canvess Yhite (1790-1834), who
pleoned the lockes and gates, discovered s "natural cement” with hy-
dreulic properties which could be pads from & rock discovered near the
canal linc. Nethan B. Roberts (1776-1852) eupervised building of the
flight of flve locks at Leckport which were ¢ut out of solid rock.

Ir peneral the constructlon of reoads and turnplkes was left to
local authorities, but in 10CH Congress authorized construction of the
Cumberiand Fead or Fational Turnpike, a broed paved hightay btuilt scross
the mountains. By 1818 it was opeisd as far as Wheeling, Virginiz on
the Chio River, a distance of about 120 mlles fromw Cumberlsnd, Marydand.
In 1833 it reached Columbus, Ohio.

The Tirst important surfaced recad was the lancnster Turnpike builft
Trom 1792 to 1794%: 1t was a sixty-six mile toll read running west frow
Fhiladelpkia, Other states imredietely consiructed similar burupilkes.
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Several early bridgebuilders demonstirated remavkeble ghkill,
Timothy Palmer built the 'Permanent Bridge" in 1800-05 over the
Schiuyikiil in Philadelphie which replaced a log-pontoon crossing.
Theodors Burr built the Trenton Bridge In 1805 and the 360-foot
span over the Susquehanne at MoCall's Ferry in 1815. The latter
wes scon destroyed by ice. Iewis Wernwag builft the 34o-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, agd the proper analysis of strosses
2id net eppear until mid-cenfury.

X PRE-CIVIL WAR PERIOD, 1830-1860

Colt Revolwver,

Samuel Colt (1814-62) was born in Hartford, Comnscticut. At the
age of sixteesn Colt went fto sea as o sailor froz Boston to Caleutta.
Cn the voysge he whittled s wooden model of & revolwing pistel. He
igter deviged g methed of revelving & cylinder centrining cartridges
and of locking it into aligoment with a Ffixed barresl. He auvbtomatically
rotated the cylinder and cocked the harmer by the same action. Colt
took out patents in Englend, Frence, and the United States, and by 1836
hed obtained Tinanclal support, estgblishing the Fatent Arms Company at
Patersom, Mew Jersey,

Colt failed in his sttempts 1o heve the agovernment sdopt the
revolver, The original Colt was 30ld to frontiersmen fighting in
the Seminole Indian War of lBET, and elso to Texas Rangers. The first
model was called the Colt-Foterson Bevolwer, Colt's second model was
named the "Walker Colt" after Samuel H. Walker, Captain of the Texas
Rangers, who had suggested m trigger guerd and & Loading lever. The
Texas Fangerz Tirst used the Colt Hevolver in the Battle of the
Perdernales against mounted Comanches,

1Gliver, History of American Technolepy, PE. 17h-80; Jmmes K
Fineh, The StOry of Engiieering (New forl: Anchor Books, 19003,
pp. 950365 Tewis Wernwag operated a mill on che Island uf Viiffinina

at Harpers Ferry in the 1820s.
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In 1842 the Potents fvwms Conrany became cankrupt, buv Celt was
shle to regain his patens which bBe kad relinguished to the comrany.
Finally during the Mexicar Yar the Colt Revolver was zccepted by the
povernment. FEig firet order for one thousand revelvers Wele mall-
factured in Uhitney's factory. Vhen the crder was completed, Jols
opened his own factory at Hartford. Blisha K. Root supervised bullding
of the new {sctory amd its machinery. The Colt factory became the
*esding arms factory in the world and 1t improved upon the wess produc-
tion techniques of JTohn Fal1l. The Colt Fevwlver alsc facilltated the
settlement of the Grest Plainz becsuse 1t enabled the whites to Tight
the Indian on horschacy, 1

Vulcanlzation of rubber,

India rubber became a crece in the United States in the esarly
16830's, In 1633 E, M. Chaffee of Tioston and ¢thers established the
Aoxbury Indis Rubber Compory. The company manufactured caps, shoes,
coats, wagon covers, and cabin covers. Other cempanies were organizod
in Massestusetts and Hew Yorl, bubt the mroducts were scon reduced o s
melten state. Charles Goofyear (18C0-60), an amateur inventor, began
experiments to improve rubber when the sp-called “"India-rubper Tever”
was subsiding. ffter several yeers of disappointment, in 1839 Goodyesr
accidentally discovered the process of wileanlpsticn, rurthor esaperi.
ments enabled Gocdyear to produce a new strelchsble material which was
vesilient, waterproof, apd an excellent insulator. In 1244 he patented
the procesz, His invention was applied to meny uses =nd becare an
important item in industry.

lialter Hunt invented seversl items betwsen 1832 and 185%. Among
these weore 8 sochine for making neils and rivets, ice plows, 3 repeats
ing gun, velvelvedes, and the safeiy pin. In 1632 in a Wew York Clty
shop he bullt a seving rmachine echiodying the eye pointed needle and
the shuttle. FHunt gave up his idea in 1538; Izter he attoopted to
ogbtain a pabent, but it was denied on the ground of abandonment.

Beginning in 1043 Elias Howe (1319-67) worked on the design for
a sewing machine., Howve was assisted finencially by George Fisher, who
mrovided g home Tor Howe snd his Tamily in Combridge while he produced
his machine., The sewing mashine patented by Howe on September 10, 1846,

1Roger Burlingare, Machines That Bullt Aperica, pp. B2-94;
Hollaag Thempsen, The Ape of Inwvention, ph. IS7-Ul; Valter Prescott Vebb,
The Great Tlains (Rosten, 1931), pp. 270-T9. Also see ilebl's ariicle,
“The Story of Jome Fraivie Inveontfons,” Nebrasks History, XHXIV
(Dee., 1952), pp. 23%=35.

]
“Phonpoon, The Age of Invention, vp. 157-T7h,
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was the real begirning of the sewilng machine industry in the United
States. However, Howe's nechines were never pui on the market. Unable
to secure capitel et hame, Howe went to Englapd and sold his English
patent to a corset manufacturer.

Toprovements Wers made on the sewing machine in 185G by John
Bachelder ané in 1850 by Allen D. ¥ilson. On dugust 12, 1851,
Isane M. Cinger (1811.75) was issued a patent for & gewipg machine
capstructed from his own design, While Singer's machine was z decided
improvement over Howe's, he mlso used an eye~pointed needle. [Howe sued
Singer for patent infringecent. After winnding his case, Howe agreed to
g pooling of sewing machine patents. Seven companies formed the pool
and Howe received a royalty for every rathine scld. Later Singer in-
vented several devices which further inpproved the sewing machine, waking
1t usefu? to Industry and a houschold necsssity,

Transpertation,

Eefore the mdvent of the raiircad the principal menufacturing
centers of the United States were located near the coast or near
navigable waters. As carly as 1786 COliver Evans of Fhiladelphia had
atienpted to obiain the right to orerale "'steam carriages" in Pemmsyl-
vania and llaryland. As related in the previous chapter he had demon-
strated in 18G4 that = stesm carrisge could rTun,

The greatest exponent of adopting the steam locomelive in America
wes the inventor, Johm Stevens, who had built a practiecal steamboat in
1808,  In 1415 Stevens recelved the Tirst railwey charter in the Unitcd
States Trom the State of New Jersey, ‘hile CGeorge Stephenson was still
exrerizenting with steam on the Stockion and Parlington Bailway in
Englard, Gievens bLuilt & rack-rall engire. It was propelled by m cop-
wheel engaging a rack bolted to the ties. In 1R26 Stevens bullt & cir-
cutar reflrcad track at Hoboken. He operated an sxperimental loco-
motive with a multitubalar boeiler which he had invented.

The Tirat leecorotives used im the United States in a commercial
way were lmperted from Ingland. In 1527 Horetic Allen imported a
Stephensen locomotive, the "Steurbridge Idon." B trial run was made
on the trecks of the Delaware and iudson Canal Hailroad by Allen as
engineer, The locomotive drove over the rood successiully, but since
it was too heavy it was soon wisthdrawvn Trot: ssrvice,

¥parnwhile, ip 1827 the Maryland legislature suthorized the Ealtimore
and Ohio fo build & rallresd. Peter Ccoper, owner of the {enton Irvom
Vorks in Paltimore, designed a small leccmobive called the "Tom Thumb, "

lJGhn 4. Boshard, "The Sewing Machine,”™ in Science znd Invention
edited by La Follette, pp. 339-5C: Peter Lyon, 'YTsmac Slnger and his
uanderful Sewing Mechine,” Americen Heritare, TX (Oect., 1058),
vy, 34-38, 103-c9,
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It lad one cylinder, weighed one ton, uzrd knd between cre and cone-
and-a-half horsepower., In August 1830 it drew a car with passengers
on a 13.rmile track frem Deltimere to Ellicott City. Im January 1831
the "Best Friend of Crerleston" began operation on the Charleston
and Bamburg Railroed, The engine was designed by Horatio Allen, who
had left the Delawsre and Hudson. The locomotive was built by the
West Foint Poundry at Cold Springs, Hew York. It pulled Toruy pas-
sengers in fouy cars; later this enpgine exploded. Allen next de-
signed the "South Carclina” mounted on two pivoted trucks which per-
mitted the wheels to follow a sherply curved track. This ides was
an important Arericen dmnovation azd invention,

n August 9, 1831, the "De Witt Clinton," the most lamous of
pioneer American lmcomobives, was built at the West Point Foundry for
the Fobhavk and Hudegon Railromd. It ren from Albany to Schencotady
and wilth three coaches of pessenpgers it went Fifteen miles an hour,

In the early thirtles Matthias VW, Baldwin (1795-1866) studied
Englishk loccmotives and then constructed "01ld Ironsides” for the
Fhiladelrhie, Germaniewm and Porristown Bailread. This engine was
modeled aftser the British type, but Ialdwin seon bLepan to use hic
own concepts in locomotive development. By 1839 Baldwin had built
120 locorotbives,

In additlon to improvements in loccmotive designs Americans
improved train degigns as rolling stock began to lose its stage-
ecoack and rail-wvagon sppearance. American locamotives were made
lighter and speesdier, Wooden rails, protected by only thin iron
straps, were replaced by more durable iron rails. In the 3840's the
experimental stage of the railroad was cver. TRoads were combined
into through rautes, By 1860 rejlreoads extended as Ter west as the
Mississippi. From 32 miles In 1830 yoilroad mileage had increased
to 30,626 miles in 1860,

After the suceessful wventure of the sheamboat New Crleans, a
nunber of improverents were made I fmerican rivercraft, s early
as 1812 Daniel Freneh and Henry Miller Shreve {1875+1851) begaan to
build stearmboats in Brownsville, Pennsylvania, on the Honomgahila
Biver. Im 181L Ghreve asqulred an interest in cne of the pioneer
stcorbeats on the Mississippi. In 3810 he desifned and launched the
vzrhington, the protoype of the western river steamboat, with shalleow
draft and high-pressure engines mounted ¢n dcck. Steoam navigatlion oon
tlhe Mississippl and Ohio rivers thereafter became practical and stecm-
toats assisted in opening the West.

anldLmar Facmpffert, A Papular History of American Ipvention
(Hew York, 3924}, Vel, I, ¥, 3-07 relates the story of Ameriean
railrcading. Burlingsme, March of the Iron Hen, pp. 244-52; Thompson,
The Are of Inveation, pr. TH-53.
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Technological advances wers also wade in ocean craft. In 1816
packet lines vegan plying between the United Suatse apd Lurope. By
the 1530's regular salling: vwere run between Doston and Philadelphia.
The racket ships developed a new desirn. The dreg alt was sliminated
and the ship was able to sail on more even keel. In 1839 the Roscious
of 1009 tons, the largest packet ship yet built, arpeared,

Iz 1845 the first of the aciual clippers, the Rairbow, was launched
for the China trade. Th= nawal architect, Jobn Y. Griffith, designed
the vessel which was the earliest large sbip of the extremely hollow bow
type. The mosi famous of the clipper butlders was Ponuld HeKey {1810-20),
whe built 160 wessels in his Cest Doston yards. Armong his speedy cliprmers
were the Flyipg £leud, Sovercign &7 the Ueas, and Great Hepublic. Uhe
clippers were ﬂﬂbdQEd ir trafe wibh California and the Fer East. With
treir speed and large carpo caracity *hey enioyed a brief Dut gloricus
EUCCEess .

The first ocean steamship was the dmerican built steamer Savennal.,
On ey £6, 1819, she sailed from Savannah for Liverpool, makiag the
Tassage in 25 days. A Combinaticon szil and siear shin, she vwag equipped
with auxiliary steampowsr, The DBritish werc the Tirst to develon sub-
sldized steomship lines. Ia 1845 Congress finglly passed a mezsure
grapting teil contracts. Two years later Edward K, Collins and hils
associates were pranted a maill contrazet between Hew Tork and Liverpool.
Colling engmped the naval ayechiteet, George Steers, and four paddies
whesl steamers modeied after pachet ships were built in the yerds ol
Hilliam i, Brown and of Froun & Pell in Hew York. The vessels powcred
with 20C-horscrower steom engines averaged 316 miles in a day. With
the coming of the Calilornia gold rush twe lires of steamers were opened
to Tararma by Gecrge Law and William i. Aspinwall. In 2 ten-year veriod
the Facific Mnil Steamship Cempary carried 175,000 persons to California.

John Fricason (1803-59}, the Swedich cngineer and inventor, camc
to the United States dn 1839. Fricsson had experimented with storn
rropellers in Englund.  In 1337 he built a screw steamer wWhich was
Jaunched o the Thames, He also designed a 50-horscpower engine for
the 1ron scrow stesmer, Rohert . Stcekton whick sailed aseross the
Atlantic in 1833 and was used os o tuy toat on the Delaware and Raritan
Conal.

Pricsson's acgueintance with Capbein Robert F. Stockton of the
United 3tates Mavy was & faclor in his selecticn to superintend the
Tullding of <he U.0.5. Princeton. The bull of fthe wveszel was built ot
the Philagelpkia Tavy Yard and the pechinery by tho cogineering Tirm

1Dliver, History of fMmerican Technology, vo. 131-201; Cerl C.
Cutler, CGreyhoungs of” the Scar The Story of the ﬂnerlﬂan Clipzer
Slidp {hcw Yorn, 1936} S 8(-15@ Alan Villiers, '"The Drive Tor
“peew at S=a,” Arerican Hepitzge, VI (Oct., 19H§3 op. =83, 100000
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of iHerriek and Towne in 1852 apnd 18k3. The §5heton vessel was 1564
feet lotg and had a 30% Toot beam, TIts original serew propeller was
angwm as "thke Ericsson” and copsiszed of 2 cest brass b with six
arms. In 18LS the original propeller was replaced by a six-bladed
screw Without eny supporting drur. The Princeteon was the First screw
stean warshir and also the first wersihip In which 211 wachirery was
belowr the water line., A trepic aceident, causinp the death of both
the Secretary of lavy end the Secretary of War sboard the Princcten,
was caused by a gun explosicn, Sflthough Tricszon was blareless, the
Iriendship betweer Capfain Shockton and Eriecsson was braached. Hore-
over, Steekton tended to take credift for Ericsson's invemtions and
[riesscr yas never paid for hizs services whick ik reality merked the
beginning of the steam vzvy of the United States.t

Corrmnications,

In 1828 Robert Hoe (1784-1833) built the first cylinder press
in the United States. With his son, Richard ¥. Hoe (2812-1885), he
made several other improvements; in 1944 they deviszed the rotary
combined cylinder press. However, with the begirning of the first
penny nevspaper in 1833, o speedier press was needed. In 1847 Richard
Hoe invented the revelving rress, Thirteen years leter newspapers in
large American cities reldied on 1he Hoe Lipghtning press. The inven-
tlons ci' the Howes wade possivle the reodern newspaper.©

Joserh Henry (1707-1573) was the scientist Lehind the invention
of the telegraph. In 1831 he publizhed the results of hLis resesrches
o the desisy ard construction of electromagnetz, Four years later
he deomonstrated the electromegnetic relay vrianciple. Henry sent
currents frem g meltiple cell bettery throuch 2 mile wire fo an
clectris magnet which rang 2 bell.

Ir 1332 Samuel F. B. lorse {2791-1372) becanme interested in
Sransmitting sipnals and messapges Tros a distance. Llorse concoived
a telegraphk, and was assisted by Joseph Henry, Profcosor leonard D. Gele
of Colurbiz University, and Alfred Vail. Ia 1837 borse beogan to give
successiul. demcnstrations, By 1843 be gainsd Coagressionsl surport
ard 30,000 vas appropriated to bulld o tolegraph line Letween Vashing-
ton and Baltimors. On May 2L, 184, Morse trapspitted lLis firct
mestare over the clectromagneiic telcgraph.

Irrary 5. Bennett, The Steam Navy of the United Ctates (Fitta-
Lurgh 3853), pe. Gi-Th; James P. Dextcr, 5rd, The Inivoduction of the
Ircaclad vership (Cacbridge, 1233), pp. 12-26,

2 L1} ] "
James H, Collins, "The Stoery of the Trinted Yord,' In & Populax
History of fmcrican Inventions edited by Kaempifert, Voi, I,pp.EhJ-SE.

3Em5cr Rurlingame, Ccientists Behind the Inventors (Hew York: aAvon
Bock, 15607, rp. 42-5h; Themas Towlsen, Joseph licrry, Fis Life and leork
{Princeson, 3950}, pp. A0f=3Y lritehell Wlzen, "Joseph Ienry' in Lives
in Sedetce odlted by Dennis Filanagan {How York, 1957), op. 1%1-03.
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Apricultural implements.

dmong the many advances in agriscaltural techaoleosy in this pericad
warc the steel ploew and the reaper, In 1B37 at his blackemith shop in
Grand Detcur, Ililngis, Jokn Desre (15CL-86) invented a plev of saw
steel, Since saws Were scarce amxl expcasive, he st first irrorted
steel from Germany. At a later date he was able to place an order
for steel with e fimm in PFittsburgh. Deere’s vleow Turrcwed the sticky
Illinois soil guickly with an econcmy of lsbor, In 1843 he added o
Foundry te kis shop, erabling him and 2 partner to manufacture LCO
plews, Feur years later Deere moved to Moline, Illinois, and inereased
his mnnval producticn to TO0 plows, Ik 1057 his firm attaiped an
outrug of 10,000 plows, OCiher manufaciurers besides Deere turned cut
stesl plavs on a factory bacis and they were wWidely used in the prairdies.

The wost significant agriculiural iwplement invenbed in This ere
was Lke reaper. The successiul reegper iavented by Cyrus Hell Melormicl
(150984 ) vas the twenty-third American renper that was petented.
MeCorwick devised Seven dirportant principles. One ol these was to have
the horse drav the machine from the side. He also had a knife, divider,
fingers, reel, platiorm, and wheel, The moving parts were geoared to e
wheel to make thew autcmatic, His first trisl was made in 18931 on the
Tamily farm in the Valley of Virginia, After meking improvemcntsa,
Melopwizl ahtained his firet petent in 1834, He 5613 his firss mechines
in 2840, and in 1944 he esioblished a small Tactory &t Brociport, Hew York
en Lake Erie, end one in Cineinoati

To capiinlize on the preirie markedl MeCormick opened a larpe Tactory
in Chicago in 1847. At fivst ke formed & parinership widh Villiem .
Opden, but socn bought Dim oub. By 1851 deformick was producing one
Elwugand reapers & yesr, Iuring the Tifiiss MoCorpick become rich,
His reaver won the grand prize in 1891 at the Londen Exposition, and
Ty 1859 he had mamufactured 5G,0C0 reapers. The sigrificzrce of the
reapoy was that it made grain-growing on the prairies possible, Turirs
the Oivil War it Treed dorshern banpower for ihe grmies, and it .ene
abled ike Horth teo feed part of Burope besides its own people, ©

Lotliver, History of fxerican Technolomy, . 22%; Rogin, The
Introduetion of Farm Machinery, Dp. 33-3%.

fhogin, po. 04-93; Ldward J. Dies, Titans of the Secil {Chapel
Hill, 1949), op. 77-83.
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X¥I CIVIL %WAH PERTOD, 1B61.1865

Ares and weapons.

In the first part of this study wenticn has alrendy been rade of
thie experlments with balloons and ircncleds during the Sivil War,
Upon the cutbresk of the war five carmon factories existed in the
aorth: atdouth Hoston; Cold Springs, L.Y.; the Atres Foundry at
Chicones, Massachuseti=; the Phoenixville Foundry cutsids Phil-
adelphia; and Pittsburgh; Pa. By 1863 ather factories were buils
at Frovidence, Buston, Portland, and Reading., The West Feint
Foundry &t Cold Springs, Yew York wanuwfactured the Parrott rifled
gun and the large Redran smoothbore guns were east st the Fort Pitt
Tourdry in Bittsturgh., Ino 1849 tdieutenant Thomas Jelferson Bodean
had devised a process Cor cooling the large cannon east hellow ad
the ¥Fort Pitf Foundry. In 1861 Captein Robert Tarker Farrott ine
ventod a rifled cannon which uscd oylindro-cpnical shot, The Vest
Point Foundry, at Celd Springs, N.¥., of which Parrott was president,
supplied the goverrmment with these bip guns during the war. Charles
James of Ehode Island and Benjamin Hotchkiss also experimented with
rifled connon and pifled projectiles. UVhile some military leaders
at Tirst opposed the acceptanze of rifled cannoh, experizents with the
new cannons convinecd President Linceln and the people generally thet
they were supericr.l

At the begirning of the war the Horth bhad two Federal armories at
Springlield, Massachusetts and Marpers TPerry, Virglnis, that could
manufacture small arms. The latber was burned by the Unicon Aroy on
April 18, 186} 4o prevemt ivs tapture, tot Virpinda state Troups vero
gble to sirip it of some machinery Which was tzlen to the Richmond and
Payetteville Confederate arvsenals, In Hartford, Connectiecut the Colt
frmc Vorks and the Sharps Bifle liorks ineressed their production of
spall arms, Other wrivate ampories in the north alszo vastly increased
their caracity during the wer.®

A numbher of asdvances in weaponry vers made during the Civil Vary.
President Lincoln, vho was anxiocus to take advantage of the Horth's
superior technological sbilities, tecame rarticularly interested in
ordnance, [For exarple, Lincoln ordered machine guns called "the

T
“Ulark, History of Masufactures in the U.S., Vol. I, pp. 160-17;
Hruce, binceln and the Tacls ol lar, on. 147-50.

P
Clark, History of Manufaciures in the U.3. Wol. TT, yige 20-21,




Union Ropsating Gun.” [ris gun is sald te have been invented by
either Edward Hugent or Villiznm Palner,l On Jocvember , 1862,
Richard J. Gatliag (1818-1003) petented his inverticn of a rapid-
fire gun ealled the "Gatling gun.” Thiz multibarreled mackine gun
¥as crank-operated, Toward the erd of the wer 1t was used by
Afmdral Porter and by Goneral Bubler, bul it was nod officially
adopted by the United States Army until 1866.°

President Lincoln was zlso interested in submarine inventions,
He endorsed a submerine builf by a Frenchman, . Brutus de Villerol
and he reccmrended consideration by fhe Favy of a submarine nroresed
Ly Qliver B. Pilerce. The Havy alsc cxamined a submarine model devised
by Fazcal Plant, Lut it was not accepted, A rocket torpedo_invented
by Flant proved to be a similar Tailure in a demonstration,

Transrortation and communicaticn.

The Civil Var was the first war in whick the railrcad was uzed
as @ weagron to give ermies mobility. General D.C. MeCallum diyected
the Union's militairr railroad operatiocns. During Shermen's sarch
througlh Georgle in 1864, MeCallum wes able to deliver 1,000 tons of
war mobterials eack day. The electric telegraph was also adapted to
military purposes. The Union Army developed an electrical cormuni-
cation deviee called the Beaxdslee magneto-slectric telegraph set.
It was vortable and could signel over several miles, The instrumenc
wes developoed by George ¥W. BEeardslee and adopted by albert J. Myer, taz
Unicn chief sipral eiTicer. The "Flying Telegreph Train" congisted of
two Besrdolecs in wo wapons along with hand reels, five miles of
insulated wire, and 200 lance poles. Although the Heardslee system waz
successful in ﬁhe Battle of Fredericksbturg, it was discarded in
Hovenber 1863,

ool and olothiom,

Merohages of clathing and boots and shoes for the Unden military
Torees stimulated manulacture of thepe items. The sewing rachine was
introduced into Lhe producticn of uniforms and shoes, The shog Industiry

e — i

1Bruce, Lincoln and the Tosls of Yar, pp. 113-273%.
2

Toid., . 250-91,

31vid., o, 176-78.

Y :

Eugene F. Hort, "Sevolution in Tecknoleogy arnd lopistics," fSrmy
Digest,XVI (Aug., 1961}, pp. 100-13; ¥avic Bontner, TTT, The Civil
Uar Dictionary (If=w York, 1553}, p. 5L,
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changed fron household to Tactory manufzcture, A mechanical device
for sewing the uppers to the scles with great speed wvas first patentsid
by L. H. Blake and later improved by Gordon MeKsy. The MeKay sewling
rachine was put on the market In 1862, It enabled & worker ta sew
severel hundred peirs of sheoes in a day.l

i'illiam Underweood, an Anglishwan, introéuced the canuning industry
to the United Etates. Shortly after his arrival in America in 1817,
he established a business in Hew York where he preserved fruits and
pickles in glass jers. In 1825 Thomes Xensett began to preserve
oysters and fruits in & tin canicter, irtroducing the term "rcanning.
The canning industry was not 1mrortart until after 1850 when the
perwerceial canning of oystere and fruits starteq in the PFaltimore area,
With the decline in the price of sugar chout 1B60 the industry was
appreciably stimulatcd and salmetn canning dsveleped in Californis, ond
then on the Columbim River 1B6L-67,

In 1361 Gail Borden cpened = factory in Wassalc, Wew York, where
he condensed and canued milk, The Union Army compardeered the eptire
putput Tor scldiers. As a resull of ipprovements in cannipg fruits and
vegetablos were carmed. 2

The Uivil War stimulated the inventive genius of the Arerilcan
peaple, At the height of the war effeort more patentes were issued in
the Morth than ever before in the entire ccuntry. Expapnsion of the
gpricuktural implement, food processing, clething, and shoe industries
cave an inpetus to new inventienz. To solve the problem of labor
searcity many laboresaving pachines were devised. The Patent Report
Tor 1803 indicated that 40,000 reapers ard mowers were manufactured
erd sold for that year. The Eeltimore Ferper apd Mechanic estimeted
that 65, gT, reapers and 38,005 mowers were manufactured for the 186k
harvest.

Confederate torpedo and submarine warfare,

The preponderance of Union sea power caused the Confederate
States to reply upon the use of torpedoes, mines, ahd subrarines
in an effort to compensete for its lack of a navy. Matthew Fonfaine
Maury resiphcd from the Faval Chservatory Tollowing the secesalon

Iclark, History of Manufactures in the U.S., ¥ol. II, Tp. 28-33;
Frierson D. Fize, Sgcial and Indusirizl Corditions in the HRorsh during
the Civil War {Wew York, 1910), pp. co-9a,

Eﬁliver, History of Armericar Technolecay, pp. 271, 281; Clark,
History of Manufactures in the U.S., Vol. II, p. 33.

“Fite, Sorial and Industrial Conditions in the lorth dusing the
Civil tar, pb. 99-100; Tegin, LThe Tntroduction of Farm Machitery,
PD. 91-92.
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of' his netive Virginia., He devised & plan for a syster of tarpedo
deferse gnd persuaded the Confedoraie pgovernrent to appropriate

450,000 for a vaval submarine battery servica, “Torpedoes or mines
were planted in Southern harbors for defensive purposes. pine warfore
took g toll of over tuwenty Tederal warships, but shortages of materials
and insulated wire hampered Confederate torpeldo ranulacture.

The Confederate States experimented itk several submarines, but
they proved impractical, The Fioneer bLuilt by private partics sunk
during & give. A second submarine surk in shallew water. A third
submarine, the Hunbloy, sunlk the U.S.5. Housaternic off Sumbter on
February 14, 106L. Howeyer, the Hunley became caught in the hole
thaiu ner torpedo had tora in the Housatonic and she went Jdown with bher
yictin, The Hunley was the first dgzep subrersible. Her hpll was a
boiler and she had diving fins and bellast tanks, A crew of eight
roewerod the vessel with a hand-cranked propellor,

XII INCUSTRIAL AGE, 1866-1913

Sieel indusiry,

Tn 3857 Willdax Eelly [1801-88), of Kentucky, an fmerican iron-
raster apd inventor, had patentied a Irocess for zmaking stecl inexpen-
sively by blowing alr through molten rvig iren to oxidice Bhe excessa
carbon and other impurities, Kelly romed his procesz "pneumasic” or
airblewn,” An Englishman, Sir Henry Beszemer, had dizcovered the sane
process in 1854, Bessemer added six opernings near the bottom of his
converter through Which sir could be Blown up and intc the molien
petal., Yhen Bessemer applied for a patont in the United States, Helly
rrotested and in a court meiion Dessermer failed Lo obtzin an drmerican
patent, In 1862 the Cambria Iron Vorks in Jolnstown, Pernmsylvania,
engagcd gelly to build a conyerter. A deponctration proved that the
converier wonld work, but no steel was mede. In 1BGL the Melly

lrﬂniel frmen, The Mewy din the Civil Uar: The Atlantic Coast
{Mew Yorlk, 1898), wp. 140, 157-%3, 157-6G,

Shittokell Vilson, frerican Science prd Invention (Hew Yorl, 19547,
e 210-11; this hook hag picuures of the suboarines zs does Theodors
Roscoe and Ired Freeman, ricturs Hisbory of the U, 5. lNawy {Zev York,
19%6), nas. 831-16.
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Fnevratic Progess Company, orgunized by William F, Durfeec, htullt a
converter in Wyandotte, Michipan, where steel waes made. Abecut tne

saxe tire Alexander M. Holiey of Troy, New York rade steel in an ex-
perimental way under rights acouired from Bessemer in 1865, &
threatened patent ver was averted, when Helley Ecught the Kelly paternts
and corbined *he two processes, In 1207 the [irst steel rails rolled
in the United States were pade at the Conbria Werks in Jobastown,
larpesscale productiicn of stecl by the new rethods was quickly extended
in the ezrly seventies.

Following the intreduction ¢f the Bessemer prouess, lmproved tlast
furnaces were built., James Gayley (1895-1920), an American inventor
and tctallurgist, invented & bronze ccoling plate for the walls of
Blast furnaces which was patented in 1821. Three yoars later ne in-
vented the ary-afr blasi.

In 1848 Abram 3, Hewitt introduced the omen-hesrth methed of meking
steel in ihe United Stetes at the Cooper Hewitt Company in Treanton, A%
Tlrst there was little demsnd For this type of steel which was more
ceptly and Iimited in use. About 1579 technizal Improverents wers intro-
duced which increased the capacity of opcn-hearth plants., In 1892 the
United States prodoction of open-heertl ingois resched GTG,GCD tuns
comparcd with 4,125,000 tons of Tessemer stecl. By 1907 the open-hearth
plapts rroduaced gver helfl the Lonnope of Besgerer steel, The supericrily
of the open-heartl process was due to whe fact that 1% could enplory a
greater varieiy of ores anf also betausc cpen-hearth steel was teourher
than Besseper stecl. By the ond of the ceniury the United States led
cther nations in steel yroducbion and the fAmerdcan econcry vas Lased
upon stesl consumptlen, wiich wes utilized in making rells; locomotives,
ships, and skyzerapors.

Petrolen.

In the laote 1840'= a fou individunle gearched for an inexpensive
illuninent as o substitute for wiale oll because af the hiph nrice
charped by the Hew Bedford ihalings interezts, In the United Btates
4bras Gesener had distilled oil from ceal as emrily as 3845, end be took
oub & patent Tor an fmproved iiluwsinating oil in 1854,  Cescier ealled
Fig groduct "Xeroseue,” but it was nov popular because of its smcll,

I the 1350's Colonel A,2. Perric madc an attoott to devisec & lamp whick
would burn pebroleun. A% this some fime Semuel M. Ticr wasz selling ree
Tined potrolem: From Bis zald wells Tor mediecinal yurysscs, In 155hL
George A, #Heszell and Jonathen G, Eveledl, twe Tlew York lovvers, bepah
to nrosrect for 9il in Peangylvania, Two years later Dissell coneedwed
the iden of driliing wells for oil., on Mareh 23, 2858, Dissel and
Eweleth formed the Zenece CiY Corpany and enpogzd Colonel Zdwin L, Drake

lOL:iver, History of Ancrican Techaolosy, . 31=29; Clarx, History
of Farufmetures in the U,D,, Vol. II, pp. 2329 iloger Murlingime,
Farines of Domooracy: TovenSicns znd Scciely in Mature frmericn {Few Yors,
1he ). o 5heT2,




as fisld stperintendent. At Titusville on 0il Cresk Drake started
for oil, but his workers were flooded by water. TIrake next declded
to drive an iren pipe through the water, quickssnds, and clay down
to bedrock, Obiaining the services of William A, Smith, who had
drilled deep zalt wells for Sarmuel M, Kisr, Drshe dyove Ly feet of
pipe to beﬂrook. After cleaning this out, the workmen drilled to
& depth of 69% test. On Awgust 28, 1859, = wvein of 0il was struck.
"Drake's Foliy" started o produce L0 barreis of ¢il a 22y end the
petroleum industiry was started. As the industry expanded oil purps
vere introduced. In 1864 Colonel I.A.L. Roberts patented a torpedo
which vas used in "sheooting” wells, Many teols were invented to solve
the problems of oil production, For exarple, the rotary drill was
deviced in 190} for usc in the sandy soil of the Texas oil fields,

Hining.

The application of gachinery has been an important frerican
contributicon to wiring progress. Edvard E. Mattisen, & nrative of
Comnecticutl, is said to have invented the process of hydroulic pdining
in 1852 or 1853 at Amecrican Hill, lecated north of Hevade City,
California. Mattheson did not patent his 1rocess and several Califernia
inventors made devices Tor use in the row process. Scme writers cliaim
that &he process was invented at Yankee Jips ip Placer County, Celifor-
niz, Here it waz introduced by Colonel Willism MeClure, Hydraulic
mining Tlourished In California until about 1883 and spread freon;
this state te other parts of She mining world,2

J. J.—Coueh ot Philedelphiz,utilizing a French inventlon, mads tye
firer rock-drill in the United States in 3395, It was operated by stean,
but aprarently did nar funetion well, With che assistance oI a
Boston inventor, J. M. Fowle, he improved it, Couch and Fewle built
a perfected drill in the railroed shops of Fitchburg, MHassachusetis,
Charles Burleigh bought the pateat rights in 1866, celling 1t the
Burieigh driil, This compressed air drill was u59d in boring the
Hoosee railread turnel in Western Macsachusetts in 1867, also in
the Ceolorado oines, and It was later used oo the Sutre Tunnel to tap
the Comstock Lode et Virginia City, Nevada in 1874,

After the discovery of silver-lead ore et Leadville, Colerado
in 1877, e nurber of inventors including Simern Ingersoll, A.C, Rend,
George Githens, and Herry €. Jergeant further improved tompressed air
drilis. Abecut 1897, J, George Leyner, a Coleorado mackinist, invented
the Jjackhsrmper, 'The piston moved up and down and acted as a hammer,

i—r
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The drill was hollow in order thet water or air ecould be pumped throu h
it to clear away rock dust,t

Before the California gold discovery the stemp miil had been
introduced from Europc into the southern Appalachian gold wines.
But the crude Europecen mill was rapidly and vastly improved in
Celifornia. By 1553 there were over 280 guartz mills in Califernia and
the pumber of stemps in these mills was 2,610. The foundries end ma-
ciiine shops of San Franecisco such as the Union Iron Works, manufactured
much cemplicated mining machinery. The experience gained in construct-
ing rachinery for the early quartz mines of California and later Tor the
Cemstock and other wines in Revada enabled San Franciseo machindsts to
produce the {inest stamp i1ls and mining eguirment in the world.

Several notable mining inventions were also wade in San Francisco.
For exacple, Joseph Moore and George W. Dickie of the Risdon lIron Works
invented the femous Chellar-Noreress Pump in the 1380's,

In 1860 Philip Deidesheimer of El Dorade County, California, was
enployed to timber the third gallery (175 feet underground) of the
Ophir Mine on the Cemstock. He invented & systen of timbering known
as the square set {timbers locked together in kollew cubes and emch
eube interlocked with the next in endless series) which was widely
adopted among mincrs for use in large end deep ore chawbers, In 1853
G.F. Doetken of Auburn, Californls obimined a patent for an inexpensive
chlorineticn apreratus which wes an improvement over the process of
serarating gold Irom surifercus suphurets trirst discovered by the
German chemlist, Flattner. The famous V-flume was invented by James U,
Haines of Genca, Wevada in 1BGB, to transport luster frem the mountains
for use on the Comstock Lode.d

Lumbering,

Turing the Industrial Age the irverntions of many Americar lumber.
ren conbtriboted te the rapid rise of the lumbering industry. Sevoral
ol these inventions were developed in the Far West., The flume was
used to transport redwood loms in the West about 189G, The {lume of
the Fresno Flume and Irrigetion Compony had Leen bullt originally for
irrigation purpeses, but in 1891 it was used for cerrying lumber from
8 sawmill at Shaver to & planing mill at Clovis, California, a distance
off 6% miles.

Lrapes H, Cellins, "Mining Ccoper and the Nobler Metals,” in A
Fopular History of Americen Invention edited by Kacmpffeort, VYol II,
FE. GH-TO.

loman, "History of Mining and Milling Methods in Califorreia,”
PE- 33-35; T.A, Rickard, The Stamp Milling of Gold Ores {Hew York:

2nd ed,, 1847}, pp. 35-T¢; Rodman W, Peul, lining Froctiers of ihe Fer
West (Hewr York, 1963}, =2.12,
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In 1864, John Dolbeer mnd Willimm Carson, two pioneers of the
{alifernlz redwocd lumber industry, organized the Dolbeer & Carson
Eurber Ccmpany. The yesr before Dolbeer bad epplied for s patent
on a wechanical tallying machine. Its purpose was to count the number
of beard feet cut during a certain period. In 1881 he deviscd the Dolbeer
Steas logging Donkey which enabled stean power instead of mon power and
oxen power to move the logs through the forests., The inventlen,ratented
in 1882 revolutionized lopging In the United States, sllowing crews to
get the logs to the allrend and mills in a shorter time. On December =3,
1883, Dolbeer patented his "Imuroved Logging Frgine.” Both his machlnpes
were used in the redwood region for the next thirty years.

On FNovember 23, 1883, Horace Butlers of Ludingben, Michigan obtained
a matent for power lop-skidding wachinery. This syttem of transporiing
logs by wire ropeways wWas later dmproved by Spenecer Miller and G, liaines
Dlckinacn. The Tirst ground skidder with power was operated in the pine
regions near Fiteock, Cecrpio in 1896. In 1897 W.A, Pletcher of Kirby-
v¥ille, Texas invented the first plne logzer. Meanwhile, when reilrosd-
ing became a vitel peart of logging din the 1880%s, warious types of
locerotives were designed to meet the problems of lumbering. In 1835
the first Shay locomotive with gears adjusted to give it more drawing
THXIGY VAS orrnufarctured. L

Electrical Industry.

The Elecirical Age was ushered in following the Civil War. The
Tirst electric lighting to have vercmercial value was arc lighting., 1In
1808 Sir Hunphry Devy, the Inglish ehemist, gave the first public demon-
ctraticn of an arc light, An electric current supplied by z bettery
was passed between itWwo pieces of charcoal. After touching the carbon
electrodes together, Davy drew them apart, forming an clectric arc
emitting & brilliant light, For the next fifty years sclentists and
inventors attermpted to improve the are lipht, buf 1t repained a labora-
tory instruzent.

Irotm 3. Hittell, The Comrerce and Tndustries of the Pacifis Ceest
{8an Francisco, 1882), Tp, wi7-28, 429-30, %32; Eliot Herth, Comstock
¥ining and Miners (Borkeley, 195%), pp. B9-30.

1Joseph Illick, "The Story of fAmsricsn Lumhering,” in A Populepr
History of American Invention edited by Kaempffert, Vol. II, vp. 15095,
d. brett Helendy, "Two Men 2nd o Mill: John Colbecr, William Carson, and
the Bedword Luciber Tndustry in nm1ifnrnia,”_pali§prnia Bistorical GTorjety

cuarterly, XXKVIIT (March, 1959}, pp. S9=TL.
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Chrrles Francis Brush (184%0-1929) was the American micaser in
the dnvestdigation of arc lighting, Alter pradustiog in 1869 from
the University of Michigan with = bachelor's degrec in chemdstiry, he
opened an ofTice as coasulting cherist in Clevelanc. In his spexre
time ke experimented with electricity, building a dynamo, With the
firancial acaistance of QGeorge W, 3Stockley of the Cleveland Telegrazh
Surbly Comvany he begar fo prodice arc-lighting apparatus. In the work-
shoos of this company Brush Luilt an irproved dynane and a simplified
are lamp. Ta 1877, Dr, HNicholas longworth, a Ciacianati physician, was
tho first to purchase Prush's singie-lighi generator and arce laxp which
wos used to light the porch and yard of his home. Brush coniinued to
rake technical irprovements and in 1879 the city of Cleveland intro-
duced street liphting by are lights uging the Frush equipment. Howewer,
the Cleveland experimeont did not lesad to the establislment of an are-
lighting company or even a contract with the aity.

Meanwliile, the Cleveland Telegraph Supply Company had obtained
Brush's petents and chanped its rmame %o the Brush Tlectric Company.
This Clevelend company was represented in Sen Franclseo by William
Kerr, who was preomoting the new lishting epraratuvs on the Pacific
cgmat. At San Francisco Georpe E. Boe and ethers incorrorated the
California Rleptric Light Cecgany. In exehange for stock zand a
directorship in this new company williem Kerr relinquished hiz
rights to the Brush equiiment. A DPlant wes erected at Fourih and
tarket Shrects whers the Brush pachines were houszed, It began operaiibg
in Septermber 1879, and it was the first electrie central station in
the wordd, A Tire in 1830 destroyed the plant and a new building was
gpencd on O'Farrell Street. In Octeober 1881 » larper plant wms erectel
on Jessie Street between Third and Fourth Streets, In 1880 a second
reverbouse was erected st Towmsend Street and Clarence DMlace, HMeanwvhile,
in 79 anpd 18380 Drush central stetions vere built in Hew York, Dosteon,
Fhiladelphia, 2nd otler cities.

Thomas Alva Bdison (1B47-1931) vas born at Milen, Ohie. Ao a
yvounp telerrapber he took Jjobs at several places. In 1565 he worled
83 8 repairman with the Gold znd Stook Telepraph Compony. He invented
an improved sbock ticker, earning $40,000, With this inltlal capital
be started to rapufacture stock tickers and telepreshic devices in dew
York City. In 1877 he decided to devobe Lis full time to inventlons,
setting up a laboratory in Menlo Tark, Hew Jorsey, and Legan exper-
imerniing with incandescent dightz. For several decades scientists haod
boen working with the incandescent larp, Bdizon vas ankious to develon

Mars1d 2. Fasszer, The Zlectrical Namufaciurers, 1375-19C0
{GambridgeJr 1953}, pp. 11-21; Charles M. Coleman, .G, snd Lo of
Lanliforniar The Centeonnial Story ol Pacific Gas and Lleciric Cempany,
1522-15452 {Hew Yori, 19%2), mp. 5503,
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a light that could be used for hore and of fice illumination sincs

arc lighting was restricted to strect and cither large spoce lighting.
Witk tlie mssistance of Grosvenor F. Lowrcy, the Rdisen Slectric Light
Ccmpany was oreganized in 1875 to Tinance the work of the "Hzerd of
Menio Park." OCn Cctdoer 19, 1072, ar incandsscent bulb with a filazent
of carbonized oobton thread Lurned for Torty hours., CEdison's loms
proved mractical end he secured hisz thasic patent on Jamuory 27, 1880,
Fdison also desipned and manufactured his dynamos, currenb-carry con-
duits, burlb sockets, 2nd current meters. In 1882 the Zdison Cemrany
orened the Pearl Street Station Lo Iew York City which was the first
extensive system of ddestributing electric power. The perfected lncan-

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

Jhen electrieity was first irntroduced, a power could only b=
transmitted shert distancos because direct current was erployed,
Goorge Yestinghouse (1046-192LY and iz ascociates intreduced alter-
natirg current whereby the flew of current could be increased or
deorezsed by a transformer. VWestinghouse gotained the potent rights
of a "secondary renerator” invented by two Buropeans. In 1806 Willisme
Stanler ond other enpgineers at a Vestinghouse lsboratory in Great
Barrington, Massachusebits devised an alterrvating-eurrent lighting syoten.
Shorily theresfter Pittcburgh and Tuifalic installed Vestinghouse ghations.

Gecrge YWestinghouse also developed alternating-current wmetors which
were widely used by 1890 Tor industrial purposes. The introduction of
the ctean turbine in the 1890's lowered Lhe costi of electricity and ex-
randed ivs use in factcrics. Eleptiriecal cncrgy conld now e Lrapsmitted
preat distances Fror larger central stations.,

Apricultural technolosy.

James Okiver (1923-19¢3), ar industrislist, was born in Scotland.
He coame Lo the United States in 1835, settling in Indiana. Ia 1368
he zecured a vateni for making a plow from clhilled dron, This plow
rroved supericor teo the cast-ircn plow. Yhen Bezsermer steel vyama iniro-
duced, Oliver used steel Instead of ircn din ranufesaturing piavrs at his
works. JAbout 1BGL the sulky plors carried on wheels were devised erd
produced ©y F,35. Tovenvort apd Bobert Hewten on & cormrercial scele,
In 1865 F.C. Pfeil invented a pang or riding plow with an operator's
seat,

1Gliver, History of Americen Technolopy, DR. 353-50; also see
Hatthew Jogephson, Ediszon, A Blopranhy { W Yarlk, 1953 ).

2011?ur, History of fmerican Technolomr, 2. 353-50: TFasner,
The Mertricnl FANUlectUrers, doro-loGo, op, 210213
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After 1874 Improved corn planters and grain drills assisted
fermers in increasing thelr acreage. In the seveniies many improve-
mants wore mede in the reaper. Automatic binders were Introduced:
the wire binder was first used in 1873, but it wes socn rcplaced by
the twine binder. Dy 188C 3,000 twine binders had been marketed by the
Williem Deering & Company of Illinois,

The combine, & ccettblned harvester and thresher, became an im-
portent technoglogical advance in grain harvesting in Celifornia
durirg the 1930's. The first combine used in California was probably
the machinc belongirg to Geeorge W. Leland, who harvaested 600 acres aof
wneat in Alameda County with & corbine in 185?4. The mroduction of wvastly
improved combines hegan at Stockton, Cnliferanis in 1876, By 1856 seversl
types of combines were psed in the Zacramento Valley and in the San
Joaguin Valley of Celifornia.

The last frontier of the American West, the Great Plains, was
opened in the period belween 1870 and 1890, JAmong the inventions
that ssgisted in omening this sub-huwld aren was Barbed wirve, 4
commercially practical version of barbed wire was invented by
Joseph F, Olidden, a farmer of De Kalb, I1linnis in 1873. His patent
application was disallowed at first, but finally accepted on loverher 24,
187k, Gliddern was not the sole inventor of barbed wire, for there were
several who had invented wvaricus types, both practical apmd impractical.

Glidden twisted topebher two sirands of wrire so thet they held
pointed wire barbs al short iatervals. He began producing barbed
wire feacing in a8 smal? factory at De Ezlb in 1874, The wire menu-
fecturing Tirp of Washbuwrn and Meen of Worcesser, Massachusctbis bought
ints the Glidden enterprise and began mess producticn of wire fencing
in 1876. hile barbed wire Teneing molved the problerm of 2 Isck of
timber on the plains, it was also a significant factor cowsing the disz-
appearance of the cattle kinpderm. In gddition to barbed wire and Im-
proved farn machinery, certain modificetions made in the windwill in
the 187C%'s also facilitated opening of the Qreat Plaing.©

Food technolos

Hicholaz Appert, a Partisiar chef, invented & process in 1804
for preserving focd in hermetically sealed pless conbtainers, His
rrocesc spresd to England and the United Siates, Ezra Dagrett, gbout
1819, wes probably ithe [irst American to uwtilize this process in this
cevntry, and kis son-in-law, Thomes Kennett, securesd patents. At first
Pood was prescorved in gl&ss Jars, but after 1823 tin cans were used,

1971ver Fizfory of dmerican Techaolegy, on. U357 Fcgin,
Introduct;oﬂ of Farm Machinery, pp. L10-Z0.

Zuslter Trescott Webk, The Greet Plains {Foston, 1931}, pp. 295-
218 ard "Ihe Story of SOFC Frairic Inventions," Hebraska History WHELY

(Dec., 1553}, rp. 229-43,
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In tke 1850's a mechire press to cut tops and botions for cens was
invenved, Usuelly the focd wes puf through A hele in the fop vhich
was soldered over a cap. In 1876 the Howe flozter was designed which
relled the cans. This pachine used solder, but foward the cnd of the
century the can becape solderless. By MBS the menulacture of cans
became a separate industry. While canneries were established through-
out the netion, they were concenfrated in Cglifornia and Mavyland,

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

In this period refrigeration was also develeoped. In 1875
Dr. Carl Linde profuced a practical ceopression machine and in 1885
E. E. Hendrick invented an exhaust-siearn: sbsorption machire. About
1877 Gustawvus Svift, a Chicage meat-packer, and an enpincer named
Chage devised a rifrigcrated railrecad car which stimulated the meat-
racking industry.

Transportation.

The technelegleal Temtures of American railreads were vashly
improved in this cra. Steel rails were substituted for iron rails,
Irproved roaduilding machines were introduccd and oulstanding railroad
bridoes were Built, The Tirst stesl-zrohk railrood bridge, the Zads
Bridge at St. Louls, was completed in 197h across the Mississippl
Biver, Jamss B. Eads (lBEG-BT}, an ecngineer and inventor, used pneu-
ratic caissons in consiructing foundations for the bridge. Stoel was
aleo used to construct railrosd leoccoobives which becnne larger and
Neavier.,

Sleeping-cars were used In the United States as early as 1836,
but the so-called "bunk" cars lacked eorfort, In 1858, Georpge i, Full.=sn
{1831-97) desipgred sleeping cars for the Chicago and Alten #ailrosd.
In 1856k he desipgned and patented the Pullman car with its folding
upper berth, and the pext year he patentzd the seat cushion: to make
the Icwer berth.

Tile the hotel-llke featurcs of the railroad attrasied more
passengers, the new saflety devices did likewise, George Vestinghouse
[lBhG-lﬁl&i invented the air brake which was Tirst used on fassenger
trains in 1863, The nexi yeor he orpganized the Westinghouse Air Brake
Company t¢ manufacture his inventian. veslinghouse also invented
autematic railroad signal devices,

10liver, History of American Technolopy, vp. 377-90; Clork History of
of Manufactures in bthe U,5., Vol. II, pp. 507-C3; Vzlter, The Enic cf
fmerican Imdustry, po. 106=57; Earl C, May, The Clapning Glom (Hew Youi:,
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Technologicel adwvances in shipbuilding werc nobt as dramatic as
they had begen in the apge of the clippers. HMasters of the new in-
dusirial capitalism lacked interest in shipbuilding because of hiph
construction costs and becmuse of English predorinance 1n that en-
deavor. HNonetheless, shirbeilding continued fo make scre propress
in the United States. In the 1580'=s the building of the "Hew Havy"
revolutionized the design and machinery of American warszhips.
George V. Melville (1841-1612}, Chief of the Dureau of Steam Engineer-
ing in the Hevy from 1857 to 1903, preduced machinery that made our wur-
ships preeminent end gained for hiosedf a reputation as one ol the
wost distinguished marine enpineers., For example, his adoption of
coil beilers was a step that freed the MHavy from a tangle of conventlonal
Practices. Triple cxpansion engines were utilized with many innovations.

Wooden naval wessels gave way o iron apnd eventually to stesl
ships, Improverents in armor plate were wade by Hayward A, Hervey
irn 1888 and by William Corey in 1895, The velocity and resnge of naval
guns were increased and Bradlay A, Fiske (185k.1942), a paval ofTicer
and inventor, Invented s ranges finder of excellent precision, an
glectric armunition holst, and an eleetric ccrmunication 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 cableos manufactured dn Wiz plant were used in the Celilarnic
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. IFor tve
years Hallidie experimented with an underground c¢able moving street
cars, In 1873 he perfected his invention of a cable car with & grip
capable of zeizing and bolding o wovlng cable which moved on & traci
up & steep hill, Cn August 1, 1873, the Clay Street Railroad began
operation, demonstrating & new method of street car transportation.
Tn the 18530's5 cable car ilines were comnstructed in most large Arerican
cities; Chicapgo had the largest system with 82 milles of track and 710
grip cars, Despite hipk maintenance coszts, the cable car was puperior
to the earller horsecar.

i1pid., pp. L98-31; Beannett, The Steam Navy of the United States,
pp. TTLl-84k,

Eiﬂgar M. Kuhn, Czble Car Days in fSan Prancisco {stanford hiversity
Freos, 19hG}; Frank Iarker, &nstomy of the Zan Francisco Cable Car
(Sterford Univewvsity Press, I0LG).
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After 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 multiplewcall district tcle-
graph box and a dyramo guadruplex telegraphk, In 1875 Field applied
for a patent for an electrie railway which would uge current Trom a
staticnary dynemo and which would be delivered through a third rail
to tle car-wheels and traffic rails, Ia the esrly 1880'3 Theomas
Pdizon experimented with sn eleciric lecomotive at ifenlo Tark,

Mew Jergey., At the Chicaze Railway Ixposiiion of 1883, an electrics
elevated railwey was puf inte opereilon under The I'ield and Edlscn
patents.

Charles Joscph Van Depcele (1846-92), thre "Father of the Troliey,”
wes born in Belglum in 1846, As esrly as 137K he demonstreted the
vracticability of electric traction, In 1883 ke built two scall
electric railuiys and secured a patent, In 1853 he sold his patents
to the Thomson-Houston Flectric Cempauay of Iynn, Massgehusetts, and
entercd this compeny's evplay. He buill zeveral of the early clectric
rajlways in the United States and Cenada. In 1883 Leo Delt aiso des
voeloped a swccesslyl strect sar. He dnstelled car llnes in seversl
Fastern cities and in St. Catharines, Onterio,

The interurban syston deweloped Crom the work of Frank Julian
spramue {1857-1934), an electrical engineer ard inventor, who crganized
the Sprague EBlecbric FRailwey and Motor Company in 15934 to manufecture
electric mators, He installed the first modern trelley system at
Rickoond, Virginia in 1898. BSprague is considered the "father of
clectric traction.” for he invented the multiple-unit systom of
electric ifrain contrel. Within 8 three-year period two hundred strect
car systems woere built or planned on the Spraguc syscem. The eloctric
car duickiy replaced the horsecar, and eve:n the ceble c¢ar exeept on
steer frades. The suceess of the electric car din urban service caused
its expansion fo Intercity and rural opsration, 2By 1801 shout 15,CC0
miles of electric railway existed in the United States. The interurbas
systems expanded until abeul 1905, In Lhe end the automobile replaced
Fhe industry, but was not & real Srrost unbil ebout 1911, The autas-
mobile did Tﬂt reduce the murber of interurban passengers until
after 2017,

Although the bicycle was first developed about 1300, it was not
widely adopted until tle 1880's. The first American to manufacture
bicyeles was Albert A, Fope, who pabented a safety bicyele in 1886
or 1887, His first bicycles, eapufactured in a sewing-wachinc shop
in Hartford, Connecticut, welphed over 100G pounds. Fope and other
bieyele manufacturers hegan to reduce the weirht, They mode lrores
of thin tubing and also put ball bearings in the vheels., Ty 1830

7. Commerford Martin, "Flectric Cars aad Trains,” A Popular

History of frerican Inventions edited Ly Kaempffert, ¥ol. 1, pp.
i B 7 PSR I - « 3 .

183-33; George 1. Hiltan and Jekin P, Zun, The Electric Inbermrhban

Lailways in fmeriza (Stanford indwersity 1Toss, 1960),

103



http://PoFiy.gr

By 1896 there werec over 4,000,000 riders in the United States and
over 250 bicycle panufacturing conpanies.

The prneumatic tire apd the chain-end-strocket mechanism gave
the biecyele suteed. Dicycle clubs were formed and "bilke-rocing™ corntestis
vere held. In 1280 the League of American Vheelmen was orgenized and
inf'luenced the pood-roads movement. In 2 resl way the Licyele crave
prepared for the rass production of the azbemobile,

The evolution of the vedern eltcemobile was o pradusl process.
Steamedriven cerriages bad existed for nearly a century belfore the
Gerrmanr technician, Wikelaus A. Citeo, invented a four-cycle comprossinn-
type internal ccmbustion erngine in 1876, The Cito Engine Yorks pro-
durced pes enpines Tor staiionary werk, out not for read wvenicles.

In 1084 Gottlick Delnmler invenied a light high-speed pasaline engine.
The sare yesr another Germsn, Cerl Benz, buils a gaseline automobile.

In 15877, an Amcrican lmnror and inventor, George B, 3Selden
{lﬁhé-lQEE}, Yiilt a gasoline ougine, He also made drawings of 2
carrizge o be driven Ty o thresg-cylinder cngine mounisd Crosswlse
on the front axle, He applied Tor & patent which was granted on
Hoverler 5, 1395, for a gasolinc-driven vehicle.

In the esrly nineties several fMericsn invertors pioncer=d 1n
building automobiles. In 3892 Charles E. Dwayes (1862-1931), some-
times called blie ' father of the sutomobile,” built a paseline-propellen
car. Ia 3895 ke and his brother, J. Frank Duryea, orgenirzcd the
Turyes Motor Tagor Company at Springlicld, Massnchuseti:s. In 1692
Hernry Ford built his first pascline car, z2pd ke tested it successfully
ar: the road the next year. Hiram P, Maxir developed a pasoline engine
and euborobile during the 1890°=. In 1820k Elvwecd ileynes of Lokemo,
Indiens built en autamobil=s, FRanzom E. Olds bad produced & thres-
wheel stean vehicle in 1887: 4n 1896 he began work on a gascline
vehizle. He was the first to pubt an incxpensive gasoline autorobile
on the Arericzn merlket, In 1097 Alcrander Winton built the firss
larpe cers,

Iy the turn of the century the Urited Stotes had ecquired the
techiologicnl knowledge to launch the autometile indusiry. Dy the
tinie Jenry Ford hepan bis repl prodoactlon in 1903, ciher autonol:iles
suck 23 the 0lds, Haymes, "dirtor:, Locomobile, Feckard, and Cadillac
hed alzcady van recopnition, FPord refussd to joln the Associgbien of
Licensed Aulomcbile Maaufacturers, who paid royalties fto ile ownels
of the Scldcn patent. Ford insisted on stendardization and mess Tro-
duction, In 19C% he introduczed the Medel-T, a light four-cylinder

LJaves A, Inrnes, “ezlth of She Amerdcan People: A Hisicry of
Their Zeconcric Life (HéE‘TE?EI_iﬁﬁﬁﬁj“;p. Rl0-11; Burlinﬁé:m, Caa
Yachires Tlat Builf freorica, pp. 130-L0. Pope besen menufacturing
the "Columbia" bicycle in 1877,
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touring car of 20 Horscpower that carried {ive passenpgers, rford
premised it would run 22 to 2% miles per pgallon of gasoline srd that
its tires would run 10,000 miles, This model enabled Ford to preoducs
& car in large guantity et low price., Ty 1013 Ford wac sble to adopt
the moving asseably line, and he fh2d produced a cer for the millions.
The fmerican fanily quickly became pgeared to the asuterobile,l

fuericans such as Thaddeus Love, John J. Montgorery, and Cotave
Chanute had experdmented with bslicors and gliders in the nineteenth
century, Sampel P, Lengley and Charles M. Manly built an internal
combustion eagine Jor 2 flying machine. In their ftrizl fligh: oY
Cetober f, 1907, the Asrcdrcme dove inte the Potomae River near
tashington, Mhile thelir cachine 4id not ly, Lamley had contributed
kaotiedge of wind resisicrce and zir pressure as well as certain
instrumente,

P brothers, Willur and Orville TWright, wvere successiul pionzers
of flight., At the lirigh® Ciyele Company it Daylon, Ohio the tuo
brothers had a bieycle shop. In 1898 they begen to study the mechanice
ol Tlight,. Defore they atterpted povered f1ight they studied the problems
of stebillty, conlrol, and balance in gliders. Eventually Lhey developed
a wing desimm and designed thelr cwn ncher and rropellers.  On Decem-
ber 1Y, 1903, theyr wade the [irest successful Tlight in a motor-poveresd
airplane st Kitty Hawk, Morth Carclina. ©n Its second Tlight the plane
remained ir the nir 59 seeonds and fleow 352 fect, After mokicg inprove-
rentz, the brothers succeeded in making a circular flight of 24 miles
in 30 minutes at Dayton, Ohio on Ocicker 5, 1905. In 1900 they securcd
a patent for their flying machine, Tn 2900 the Ancrican Weight Corpainy
was organized to manufaciure alrplanes,s

Cormuni-atica.

Anrourderwater cable fnsulated with gputta percha was first 1aid in
1545 betvecn Fagland and the Surcpean Continent. In 2342 biorsc's sea
cable bietween Governor's Izland and Castle Garden hod been laid in the
United Stabtes. Matthew Fontaire Maury mapped the Aclantic floce-; an
inglichman, Villiam Thomson, solved the wroblem of sending mcocages
over & preat distance without relays, and Cyruws VW, Fis=ld provided the
organizing penius to iay the Aflantic Cable. In 1555 2 cablie was ledd

Eas.?

conrecting Ergiand and the Unlted Dumbes, bub this Tirst Atlantic debklo

THL Perry, 'The Pize of the Automobile,” in A Povuler IlHistory
of fen, Trvenbions edited by Kacmoflert, Vol. I, pb. 13h-14: Damer
Burtinpame, Ecriry Ford (Few Yorls:r Sigret Key Dock, 1956); Uiram T,
Maxier, Horseless Carriase Days {Few Yerh: Dover EZdition, 1962).
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Spavid €. Cooke, The Otory of Sviatiop (New Yorlk, 1958), pn, ho-ah;
Cmega G. East, wright PBrothers Haticnal lemopial (WﬂﬂhiﬂghﬁHJ el
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failed. In 1266 & new cable with technical improvements met with
great success,l

Elisha Gray {1835-1901), an Arerican inventor cff several
telegraph and telephone appliances and adjuncts, invented in 1873 a
telepraph relay, a telepgraph switch, and an annunciator which could
be used in hotels and offices. Oray wes searching for a way to
Transpit the tones of the hman voice.

In 1871, Alexarder Graham Bell {1857-1922), who was vorn in
Seotland, came to the Unlted States as a teecher of speech for the
deaf, Trem 1873 o 2876 he experimented in an effect to develor the
telephone., Dell hed his asseciate, Themas &, "atsoa, desigo an
instrument, which they called the "harmonic telegroph." While ex-
verimenting with this instrument Bell finslly iavented fhne felephone
and received & patent in 1876. At Pirst the telephone was zerely a
curicsiyy, end Bell) e2nd Wabtson had To glve many tublic demonstrbions
before the invention was aceceptod. The Bell Telethone Associgtion was
crganized in 1577, and in 1878 the first tolephone exchanpe was orenad
at New Haven, Connecticut. Within five years the telephone had wide
cormereial use,2

Ar: Itallan, Gugldielmo Marechi, invenbed wircleoes communicabion
and made successful experiments in 1895, taking out hiz first patent
in England in 1996, The American Tioneer in wireless telepraphy and
rediouelephony was Lee e Forest, who wms borm in Ceercil Bluffs, Iowae
in 1873, 1In 1507 De Porost paterted his sudion tube whick made long
dizvance radio possikle. A& ithree-eleclrode vacuum tude, it was used
as 2 detector and empiifiey, fThe tube detected electriesl waves and
released a larpge amount of eleciric power from 2 sowres at the receiver
which could amplify signal-meking power. In 1508 he installed radio
telephony on fmerican Warships. In 1510 he troafeosst Tnrdeo Coruso' s
volice oy radio. De Forest, who rmatented over 300 inventions, is some-
times referred to as "the father ol radic.”

Ancther pioneer in radic scilence was Michael T, Pupin {1859-1035%
who had been born in Yuposlawis and came to the nited States in 1874,
He Decare a professor of electromechanics pt Columbia University.
fmong his dnventions was a systen of multiplex telegraphy and the Tupin
eoil which extended the raniee of long-distancc telephony.

Larthur C. Clarke, '"I'1l Fut & Girdle Bound the Farth in Forty
Minutes,"' fmerican Keritage, TX (Oct., 1958), zp. Lo-LL, 85-96.
Eﬂliver, Hictory of American Techrolomy, pp. 435-39; Alexander
G. Bell, "Begimnings of the Welevhone,” in Science and Tnvention
edited by Ie Follette, pp, 171-82.

I01iver, History of Smericen Technology, Dp. 490-502; Nichael
Pupin, Yrow Inmisrant to Inveabor (Rew Yorx? Hew Rdizicn, 1925 ).
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Business machines,

Tn the Industrial Age as business expanded a nurber o recording
and tebulating deviees were imvented. As early as 1820, Willdiam A.Burt
of Detroit Fad invented a primitive Lypewriter ealled the "typoprapher.”
The medern typewriter was invented by Christopher Latham Sholes (1418
90}, a Milwaukee printer, Together with Carlos Glidden ent Sanuel W.
Zoule he was pranted a yratent in 1868, Tre Sheoles wachine, which he
called a "typevwriter” bad an up=strike type bar, a circular tyge
basket, finger lieys, and a cylindrical roller. Sholes improved his
wechine to make it type accurately =nd rapidly, After Glidden and
Solle relinguished their rights, Sholes sold his rights fo James
Lenswore. LoosShmore interested the Reninghton Arms Cenpany in its
ranufacture, and in 1874 the Remington typewriter was marketed as the
Tiret practicul machine.” The typcwriter became an eszential gmachinc
it Lhe business world and it enebled womer to secure positicns in
business and the professions,

In the 1870's Frark 8. Paldwin {1838-1925) attenyted to improve
the Colmar caloulsting machine which hzd Seen develcoped 1o France.
In 1874 Paldwin exhibiited kis Taritbmometer” st Fhilagelrnia. In
1502 ho invented an improved caleuleding machine which was iater
redesipned with J,R. Monroe as the lonroc ealsulating machirze, &
second pleneer in revelubionlzing Looikeeping was William 5, Burrouzis
(1857-903), Vo gave up o Lank clerk's position in Auburn, HNevw York
Ly gxperdzent wiik an addine mechine., By 1886 he perfected an adding
machine, gnd ihe Mwerican Avithuomcier Cowpsny was orgerized to meriet
“he machlne.

In 1879 Jawes J, Bitty of Dayton, Chio 1nverted 2 haah regioter,
Ritiy Lad diflficulties in marketing hls invention. 1254 Joln H-
Tetterson acguired Rithy's compary and orpanized the ”*t104u1 Ca
Bepister Company, The ploneer in develeoping an autowmstic cysien Of
compd ling, recording, and isbulating data was Dr. Herman Hdollerith,
a uuag_uu_c1aq. Ir 1837 he uscd punched cerds to reglsver collooted
Aata.”

Fhoncgraph, photomprachy, arnd motion pictures.

The vheonograph was inverted by Tlhomos Al Edison in s, while
worliing on the repeabiapg and ewccﬂ51rg teiegravh, he conceived the
idea of a vhonogragh. Ddison's first pachine was eruwde, tat he mede
izmprovenents. In 1900 Che Bdiugn grfrophone w&s put o t‘fe z:t.rkeu.:{

1. : ; s ; i

“Herry BE. Berbour, "The Development of tShe Typewriter,” in Scietce
and Tnvention edited by La Folletbe, pp. 365-50; for details ses Kiu :ard
. Current, The Typewriter and the Hen dho Made IS {Urana, 193k},
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George Enstueon [2054-1932), an fwerican irnventor end industial
leader, reriected a process for making photograplic dry plates in
1880, In 1884 he potentcd a transperent flexible film which was the
Tirst commercial film. Cut into narrcow strips, the film wade on
coated Taper, wes woupnd on 2 roller. In 1888 he inwvented the
"Kodak,” a portable hand cemera.

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

In 1832 the Edison laborateries at Menlo Ferk, Hew Jorscy started
work on the kinetoscope, UWikh the nssistance of Willisrm K. L. Dicksen,
the Zdiscn-Dickson xinetoscopes was constructed. As # result neepshcus
were shown beginnirg in 1894, €. Francis Jemkins {1807-1934) with thz
assistance of Thomes fArmat inmvented the podern molbion wisturc projectors,
He ratented the machine in 2895. Jenkins's inventions prorared the
WEY ffr the paling of movies as 4 nev Torm of commercinlized gmusa-
ment,

Technical eduecation and Jcurnals,

The growil: of scientific and technical educaticn in the United
States was ftremendous in this tericd. The Massachusetts Insiilbute
of Teehnclary, Yale's Shefficld School, the lande-grant collegcs,
mining schools, and other mecherical and tecknical institutiens
Tostered dnterest in applied science, Tr California the Throop
University of Pasadens, prescntly Californla Institute of Techrolegy,
was established 1n 9L, tlechanics instifutes and merual training
gchioals In the different sections of the nation also contributed to
the advance of ilechnical efutaticn. Doveral technical and engincerinng
sovlelics were established; for example, the Americzen Soclety Tor
Fngireering Education was organized in 1893,

The BEngineerinz and lMining Jouraz)l was estabiisbed in 1066,
It issues portrayed the new tools and rachirnes used gy the nacion's
expanding industries. Acong the engineering journals lsunched in
this era were Ingineering Hews, Dlectrical Vorld, Technolorist, and
Fatlroad and Enginsering Journzl. A nusher of seientific and
technical journals opheared such as the Americean Chemical Journal,
Amerdeasy Kachinist, and Povular Jelsnes Honthly. Arbicles on popular

and applied sclenec conbinned to appear in the peneral frericen
publications.

L1bid., pp. 81-86; Cliver, History of Arericsn Technolowy,
Do. BABINL, sob-o7,
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tyaroresse of American technological edvences.

At the Paris Txposition of 1867 the inventive geniun of the
Americen people was well displeyed. Cyrus MeCormicll won s grand
prize as well as the Cross of the Legion of Homor for his reaper.
Cyrue Field was recosnized snd praized for the Atlantic Cable.
The Howe sewlop mochine was awarded gold medals,

The Centennial Exhibition of 1875 st Fhiladelpkia had a
Heehinery Hall} that impressed both foreign coservers and Americans
alike., The Tagous Carliss engine of 1,5C0 horsepower was tie maln
dttraction. A large nugher of Furopean inventors, scientists, and
industrialicsts ¢ame to Philedelpiia 4o gain knowledpge of Amerdican
twechnaleegy.

A% the Columbian Exposition at Chicage in 1893 the electrical
exhibits constituted the major technological aztraction. The ex-
hikits of Arerican mechines were alzo a pripary aliracticn, The
rext year the Chicapgo faly was copied at San Francisce by its did-
Tirter Fair held in the Golden Gate Park. The displays in the
Fechaniea® Arts Building were 2 maln feature.

The United States exbibited models of its apriculiural, textile,
and minivg mechinery a% the Paris fyposition of 1002, In the first
decade of the twentieth century fmerican fechnical skills were dercon-
strated at home in the Fan-dmerican mxpesition et Bufiale, ths Louiziarna
Purchase Ixrosition at St. Louis, and the Alasha-Yukon-FPacific Ex-
rosition at feattle.

Az the nineteenth century closed the ripened maturity of
American tecknolomyr was evidsnced by the sxchoenge of visits bkefween
fmericar and Euwropesn scientists and techniciasns. Horeover, by the
18907 & considerable mumber of fmorican machkines werc cxperted to
Turgwe. For exanmple, Acerican shoe machinery was sdopted by several
German shoe ranufacturers, In & report dated April 25, 1898, Frederdis
Tropry, Chiof of the Dureau of Foreisn Cormerce of the Depaprtrent of
State, indicated that the reports of consular offices rroved a growing
perularity of United Stetes panufactures. This was particularly
evident in iron ard steel products, labor-saving machivery and tools,
boats, shoes, bicyeles, electrical supplies, and locomotives. Dhmory
ascerted that in certeir industries produetion surpassed domestiec
consumphbion and that additional foreign warkets werc néecded if Anerican
operacives =nd artisans vere to Ve kept emploved. In 1893 manufactures
comprised less than one-fifth of United Siates exports. By 1003 the

figure had rizen Lo cne-third, and ip 1912 it rose to MY per cendt. !

1Gliver, History of Amerdcan Technolaomy, pp. 297-309; Clark,
Eistory of Menofactures in tke U.E., Vol, 31T, pp. -2,
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Svzmarization and trends in selentifiz and fechnolemierl
history of the Inited Slates,

Tr. the bepinning American sclientifiec end technologicel ideas
were Primeriiy sfi expression of Zurcrcan intellectual thought,
In fact the prerican seientific traditicn was English in origin, =rnd
a ¢imilarity remained between the w0 trezditions for a. long tinme.
Movewer, fmericen soieonce was elwars wors Miilltarian, Lz =otn =@
imerica was discovered Eurorean scicnce was stimulated by interest
in the new lends. 4ctually scientific knowledge has always crossed
and roeorossed the atlantic whetbtlier therc be peace or wal.

During the colenlal cra fmerican sclence wos not specialized,
being generalized into the twa broad Tieids of natural rhilosopiy
and natural. hisgtory. Despite thelr gencralizeticn the eolorial
paturaliszts were pianecrs in adwancing Aperican science. & certain
degroc of povuilarization has always charscisrized Aperican scisntific
develocrmant, This wos true even in the eolonial era when almanacs
and newspapers disserdnated sodontitfic data.  The Americsn Roveluticn
tended at first to dizrupt our scilentilic advance, but soon a burst of
seieptifisc nokivity ocourrsd. Yhen the Uplted Stater ghined thelr
inderendence, Americans remaired for o time deperdert upron Europe
for scientific and technological guidance, tub graduslly facilities f'cr
regearch and training were imyroved; coreover, the refionsl governmens
Pecams intorested in Tostering scientifiec discoveries and irventions.

The existence of a frepticr stimulated the inventive and
seientifie geonius of the American ypeople, itk an entirs continent %o
setlle inventions were neoeded o reduce disltances and to develop Lrhco
lznd. For exarple, locomoiives in America became hesvier and Taster
competrad o those of Durore. To Teme the different frentlers of
ferics inventions such as the Colt rsvolver, the reaper, and tarbed
wire were devised. The snigue prollems of the vardous mining fronticrs
of the ilect eelled Tor solution and these were met by American mining
epglincers and inventors who begaps precominent in designing mining
eguivment arnd mechinery, Oeiencg was Tostered by seveoral exploring
expeditions stonsored by the rationsl povernment in the period beforc
the Civil War, #As eerly as the 1820°'s a few state goverrments bepgen
to underizke guological susvo¥s.

Mpericans bave always baon g nation of Joiners and her seientiets
and inventors held mectings and formed seienlific apd sechaologionl
sacielies. Many of these orpanizations lsaunchod publicationsz, and the
United Statos today bas merny scientilic and techaieal Jouraals thot
date teck to the st contury. n the heginning college education

e

Stepher T, Mason, A Hictory of the Sciernces (Ilew York: Ceollier
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was based primarily upon classical studies, bLut by the 1840'z colleges

and universities began to offor instrvetion in essiecnce and englincering,
fPter the Civil War techniesl and scienvifdiec edusation was Turiher
stirmileted by the evolubion of the lapd-grant college:s.

=

Yhen the nation becare involved in the Civil Yar, Tthe Union was
sucbSeiaed dn parh betause of the superior sciemtilic and teochnileal
gkllls of the Horbhern people. Hovever, scientific and technolegical
knowlicdoe was never confined Lo Ehe rore industrisml and populated areas
of tke Mortheast. Sclentilis interests existed even in the 01& Seuth.
Aoy the Civil Wer as industry spresd isto bhe Soush, technolopical
advorces irere also mado in that scetion., In the Tar Vest ifeehnicsl ond
seizntific dovelogmenis occurred virtually Zronm the Lime of the first
settlements with grester advances existing in the more populaved ared
g Qplifiornia,

fnericsts preatest selentific end tackroleopical advance came altor
the Civil Ter when an inecrensing indvstrizliration and uvrbanizosion
ceocurred. In this ege oif Tinarce cepitalisc business expanded 2nd
Taciory meihods and ctandordizafions were widsly adopied. Gelentists
znd inventors were called upon %o devise new busincss machines end Lo
improve weans ol factory operaticn and trapsmoribatisn.  The atdracticn
of Ameriesr wealth ercouraged ircreased imcdgrotion So the Uniled Guotes,
and Yhe fmericen solentific tradition waszs strenphthoned i this ers by
the arrivel of many @actugl and meterntial Furopean soientistes and in-
ventors, Hence Albert A, Micheiseon, o Tollsh impdgresns, wvecane the
First American to recclve a Kobel Frize in seilence, The seleness of
astronony, chomlsiry, thrsies, and medicire, to meniien only 2 rew,
rade tremendous sirides in the Tadustrial Age, Amncricans hocons the
forerost pioncers in developing such modern ifnventione as the telephoue,
sutemobile, and airplans.

Slgnificarce of Amerdica's: role and Fer contributicns.

The major sighifitancc of Axericsn scienbific discoverios and
inventions throvph the years ic thal thess advances ade the United
Dluton Lhe weeltnlesat ngkion in the world. They enabled Americans To
e well fed and gave the zrerape man an abundance of the comfloris of
1ife, lizst ol the inventions vero uwhiliisrisn and meactical,  Besides
giving the Arerican pecple ample Tood, cloihing, ard housing, an e~
nhasis on producivg labore-savine aevices peve them wore Icisure Tor
educaiion, travel, and entertainoent.

Solonee ond technolopy are basicially and paiurally ioternations]
ir tradition witl no rage or peoplc hoving 2 monepoly of sriedom,
fmoricens have znliveys benelited fpon the sclentiilic and inventive con-
trilucionz el obther peoples. I tuero dhe Indied Statez aided the roent
of' the world by its own seientiliz and fechuoloplcal kaov-how. In
fact by 1000 Amecivan ingeonuiiy waz woleomed in mony foreigr lands.,
Meny nations, warticularly Japan and fussiao, fmporhod paehinery Frem
Sie United Stetes. Albor the Jpeniah-dmerdiscme War, waom the Unidled
Staves bosame a world powesr, et meehines wrere also Lunvroducod Inta
fuba and the FLilippines,

111



http://i--e.de

In the baccalaureste address deliverca at the University of
Wisconsin ea Jurne 20, 19063, Joacuin Nabusco, Brazilisa Ambassador
to the United States, spoke on "The Share of fmerics in Civiliza-
tion." He pointed cut that American inventions had brought dbout
s standmsrdivation and a unification. 1In part ke said: '"The age
of Fropuklin will not end as the Age of Midas., You have changed the
rhythm of life, you write in guick fempe, and the world iz catehing
frow you the spirit of rapid fransportaticm....”

american selence anpd tecknology sbeut 1913

Cn the eve of World War I the United States was on the threshold
of assuming a position of world leadership. An Arxerican fmpire was
created followlng cur victory over Spain in 1898, Tn a large measure
the emse with which the United States defeated Spain wasg dug to her
technological superierity. Since the eighties the United States had
Leen emerging as a greet nevel power. The new steel nevy and the
superior weaponry of the United Sfates were results of the advances
in American science and techmology., In 1898 the United States passed
Great Britain in fron end 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 & third of the populaticn engaged in farming, but the
mamufacturing industries were of the march., Indvstry was moving West
and south, Its density incressed in the Great Lakes region and it
was bringing new pramise to the South., At the turn of the century
as the United 3tates became more urbtenized and Industrizlized, the
naticral govermment and the states began to increase their scientific
funetions, For example, the publlc health movement gained momentum.
Also efforts were mede to insure 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 sclience fostered democracy. Hewever, modern science
and technology were changing the world so rapidly that the future ol
fmerican democracy was scoon tested by the dmpact of World War I,

The interplay between science and invention,

Scientific discovery (basic or "pure” science)} and invention
(applied science) are related and dependent upon each other. The
discoveries of scilentlsts frequentily lead to inventions, and con-
verzaly sometices inventions lead te scientific dizcoveries. Tor
example, Joseph Henry discovered eleciromagnctism; onee this phencme
enon was known the telegrarh could be lavented. In Amerlcan history,
rarticularly in the esrly perlod, scisnce has beecn more applied than
basic. Although the United States has hed seientisis of intcrmational
standing since Franklin's day; the number were fow until the Trdusbi-ial
Age. With the advance of sclentific education in the Tnited States
after the 1370's e greater emvhasis was piaced on basic science,

112




In = sehse the United Jtates received puch of its basic scisnce
irgm [urope until meore recent times, bubl inventions &nd engineering
achievements made the United States an industris]l glant and world
power by 1200. Throughout our history scientists have sided inveniors
and inventors have aloed scientists, Sametimes it is Aifficult to
distinguish between & scientist and an inventor. A good example is
the career of Michael Pupdn, who as Roger Durlingome appropriately
said: “was the scientist behind his ocwm inventions, "l

lﬁoger Burlingame. Seientists Behind the IYnventors (Hew York,
1960}, p. 72. In this book the author explores the inberrelationship
between soéicnce and invention,
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SELECTED PILBLIOGRAPHY

Bridenbaugh, Carl, The Colenlal Craftsman [Chicago: Fhoenix
Books edition, 'iﬁé&)

The book is a history of the work of artlsans and eraftsmen

in Colonial Amerdca. This Is e scholarly study by a competent
American historian,

Burlingeme, Ecger, Engines of Democracy: Inventions and Society
in Mature America |New York, 150G,

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

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

Thls bock 15 a brief and populerly written history of the more
significant machines in American history, hut 1t iz not a thorough

study.

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

Invention {(Hew York: Universal Library edition, 19387,

The book 1s s study of the social pattern which mede the United
States, The viewpolnt ls technologlcal inventicn and 1ts place 1n the
formation of sociel trends, The book is scholarly ond has an extensive
biblicgraphy.

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

In e hisforical approach the suthor demenstrates the inter-
relationships between seience znd inventicn.

Clark, Wicteor 5., History of Manufactures jin the United States,
1607-1928 (Washington, D.C., New edition, 1929). 3 vols.

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

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

The book 15 & populer, but not therough, survey history of
American inventions.

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

This is &n excellent and scheolarly study with documentetlon. 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, d., Hature urd Science gn the Fecific Coast
{ Ban ¥Francisco, 1915},

The book conteins articles &y waricus scientists, Although
it i3 not 2 complete study, it is one of tae few books relating
to gelisnes in tkis area,

Hindle, Brooke, The Pursult of Science in Sevolutlonery Mmerica,
1735-1789 {Chapel Hill, 1956 ).

Thig zcholarly ard decumented study hes been hipkly praized bor
American historians specizalizimg in cultursl nistery. The suthor
has an ercellent chapter on the Anerican Pnilaosorhical Scuiety.

i

By

JafTe, Bernard, Men of Science in Arerica (Few Yark, Rev. ed,, 195

The zuthor has writien sbout leeders pf Americon science Trom
Thomas Herict <o Enrico Fer=i. Tie book is one of the best gencral
bdotorics of Arerican sclience and is bazced on thorocugh ressarch,
Johnsen, Themas C,, Jr., Scientific Interests in the 0ld Scuth
{(Yew Yorl, 1936},

i

In thisz study of Lthe attitydes of the planters, woliticians, and
professional people of the ¢ld South towerd the natural sciences the
anthor attempted o explode the oyth that the secvtion lacked seientific
interests, The bock has externsive footnotes and fo based upon sound
research,

Koenmpl'fert, Waidemar B., ed., A Popular History of Awmerdican Irventicons.
{Bew York, 192L}. 2 vols.

Tls first voclume ireats tranctoriation, communication, and powver
and the gecond volums covers noturz! rescurces and labor-savirg machincs.
The chapters are writien by various specialiste in non-teebaissl lon-
friagEse.  Thesc wvolumes sre net entirely sccurate and sre not pased upon
scund schelarship. Konethelesc, they contain much data that is not
readily availeshle,

Hursh, Rarry, Iazide the U.5. Patent Of{ice, The Story oi the Man,
the Laws, and the Frocedures of the fmerican Patent System (Row York,

Uy,

Crapters tiro and ithreec deal with the birtl ond developmen: ol il
mtent system from 170C 6 1836, The heok 3= a popular account not
Tased unon bhorough researeh,
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Dupree, A Hunter, Science in the Federal Govermment: A History

of Policies and Activities to r9n0 (Cambridge, 1957).
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topics as agriculture, conservation, medicine, and public health,
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Mason, Stevhen F,, & History of the Sciences (New York: Collier
Books, Hew, Bewv. ed., 1962},

This i= sn excellent single wolume history of world science.
It iz a2 highly rveasdable survey from ancient tiwes to the present.

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

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

Cliver, John ¥W., History of Arerilcan Techuolomy (Hew York, 1355).

Thiz bogk iz a cemprehensive history of Americen technology and
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fuch of valud pertaining to scientific bistory. It Iz a text for courses
in its subject and ia scholarly. The book, however, foves contain’errors.

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

This study covers United Stetes scichee and Lechoolcgy Irom
colendal times to 1865, It 3s a classic with oan extensive biblio-
gravhy and documentation,

Therepson, Holland, The Ase of Invention {Mew Hmven, 1921).

The volume is in the Chronicls of Awmerica Series. The book
Zerely cutlines the personglities of a few fmerican inventors and
relates their significance. It covers the reriod frorm Denjamin
Franklin to the conguest of air.

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

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

Wilseon, #dtchell, American Science and Invention: A4 Fictoriel

Bistory (Mew Tork, 1954),

The book is a general history of the develorment of Americen
sgiemee and invention covering the pericd Trom Frapklin's experi-
ments with electricity to the begimming of “he atomic gge, The
narrative lacks details, but the teok has over one thousand docu-
mentary ploctures.
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SITES OF TXCEPTTCIAL VALUR

1. Liek Obgervatory, California

Yocntion. OSanta Clara County, on Mount Hapdlton, 24 milce esst
of San Jose,

Cwnership and Admimistraticn. University of Cf@lifornias at Berkeley.

Significance, Lick Cbservatory, estoblisbed in 1888 on top of Mound
Hewilton, was the first great resesrch astroncmicsl observatory in the
Far Yest, among the distinguished Amerxican astronchers associsted with
this observetory were Edward 2. Holden and Bdward E. Parnmard. The
estroromers at Lick perforred ploneer werk int he study of sun spots and
double star systéms and many cother significant astroncmical discoveries
wers zlse made here,

Tn 1874 James [dek, who had come to Califernia in 1047 and made millions

in gelling real estate in San Francisco, denmated $7C0,06C00 to the University
of California for the purpose of bullding a great cbservatory. In 1876
Congress granted land for site end this, with later grants, now totals
sbout 3,100 aeres, ILiclk dfed in 1076, but his trustees provided = 3beinch
equatorial refractor, a 1P-inch cquatorisl refractor, and a & 1/e-inch
meridian cirele lnstrument. Vhen the Univeraity of California waz given
the coppleted cbservetory in 1888, it was considered ite "crowning pos-
session”. Until 1899, its 36=-inch teleccope was the largest in the world,

Edward Sinpleton Holden (1866-1914) served as the directer of the Lick
Observatory from 1888 until 2H97. A Yest Point graduate, Holden had
been an ashronomer et the Weyal Qhscrvelory st Vashington, T, C. from
1873 4o 1879; he was next dircecter of the Usshbura Observatory of the
University of Wisconsip in 1801, and Cinally President of the University
of Californis. In 2889 Holden founded the Astroncmicsl Society of the
Tzoific, In 2392 Ye discoverad the faint fifth setellite of Jupiter, and
an gtias off the moon as elso prerared by the Tick staff based upon ghoto-
grapks mads with 1ts preat glzse.

Ldvard Fmerson Bartard (1857-1923) was another distinpuished astroncmer
o served on the lack S3taff from 1500 Lo 1895, Yhile =t Lick he began
to pnotograph the Milky Uay and also discovered flve satellites ol
Jupiter and the nebulcus ring srovnd [lova Avrigae. He ledtt the Lici
Chsocrvatory 1n 1895 Lo beccme an sstroncmer ab the Yerkes Cbservatory
oi the University of Chicepo, at liillisms BEay, Visconsin,

The modern study of nebulas wes Beguni =t Liek in 1893 and more than 33
comets and L,800 double sters have sinece been discovered and charted,
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Prosept Appearence. The Lick Tbhservatory is situsted on the sumndt
of Mount Hardlten, 1,080 Teet nltitude. A narrow paved road, making 363
turns in the last five miles, lesds to the mile-long ridge at the surmit,
thus wifording an intereeting ascent,

£lthough subseguent additicns have teen made to the observatory's eguip=-
rert end Tdant, the eriginel buildings and teleseogpes are still in use

gnd intaet. James Lick is buried under one of the supporting pillars of
the 35-inch telescope,

Tre chaservatory is open to visitors from L to 5 e delly, oxcent on
Univerzity holideys.

Refercnces. The Lick dhservaotory fBerkeley, 12th edition, 1951 };
Eéward 5. Holden, Handbook of the Lick Cbservatory (Sen Francisca, 1835;
¥ildred B, Hoover, Hero E, and Lthel G. Rensch, revised by Ruth Teiser,
Eistoric Spots in California {Stanford, 2958}, 34€; Californis, a Gulde

to the aolden ctate (fmerican Cuide Serdes) {ew York, 195E), 381,
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JAMES TWIGHT DANA HOME, CONNECTICUT
Location: New Haven County, 24 Hillhouse Avenue, New Haven

Ounership: IDr, Kingmen Hrewster, Jr., Precident, Yale
University

8ignificance

James Dwight Pana transformed geology from an investigation of
individual rocks and minerals into a study of the earth'sz evolution,
The work of thiz echolar stimulsted the interest of legions of
Americans in geclogy, ag ¥Well as bringing him internaticnel feme Bs
one of the world's mejor geclogists, It was a2 remerkable eceeomplishe
ment for the owner of the imposing house et 2b Hillhouse Avenue,

MNew Haven.

Born in 1813 in Uticm, New York, Dans manifested an early interest
in geology, While attending the local high &chool, he accompsnied a
acience Leacher on field tripe and began to collect minermls. When
he entered Yale University, Dana's interest in geclogy was heightened
a5 he =zat in Benjamin Silliman's ¢lasses, Sillimsn, the first great
teacher of chemistry and geology in Americe, was not forgotien when
Imna became a tutor in mathemetics to the midshipmen on board the
U.5.58. Delaware in 1833, after being graduated from Yale. When the
Delaware visited the Medlterranean, Tene continued his study of
geolopy whenever he had the opportunity to land, esnd when he returned
to New York in 1834 he cerried off the ship a collaction of rocks
and minerals.

Cnece eshore in Amerlca, Dane qulckly accepled an offer to becoms
an assiztant to Si1llimen. Although he enalyzed rocke for his mentor
and created same geologicsl charts, Dena still had e lot of tlme at
his own disposal. He used this cppertunity to investigate fhe con-
struction of minerals., Crystallography, as Dmna's study wes called,
constitutad a new branch of geoleogy, and the young scientist soon
made himself one of its leading adherents., His measurement of
thousands of angles in ¢rystals fathered his devising of s mathe-
matical relationship between a crystel's angles and axes. To help
himzelf in his work, he made gierss models of crystals, an almost
pioneering step in the Country, The eulminaticon of his study appeared
in 1837, when Dana, only twenty-four, published his System of
Mineralogy. This work is a classic of its k¥ind, and geologists still
use it. In Dane's day, the book pleased the layman as well as the
seientist, stimmlating numercus smateurs to ¢olleet rocks and
Einerals.
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The man who had written the surprisingly popular gecloglcal
work was undistinguished, except for his mind. About five feel nine
inches tall, Dene wes slender, had deep blue eyes and brown hair,
until 1t turned gray. PFlain in his likes and forthright jn his state-
ments, Dana shunned publie 1ife; he only lectured to classes because
he had to. He had & vigorous, ouestioning and flexible mind, however,
and he mever shrank from sny problem. Meost remarkable wms his
willingness to change his point of wview on sclentific matters, even
if he had %o medify or abandon some of his own idess, [mna married
a deughter of Silliman in 1th, and then erszcted hiz house on
Hillhouse Awvenue.

Although Tirmly established as a geologist by 1837, bDana's
evolutionary, world-wide concept of geology only developed during his
participation in the Wilkes Expedition of 1838.42. Sponsorsd by the
United States and led by Lieutenant Charles Wilkes, the expeditilon
covered a large part of the globe's surfece 1n its guest for scientific
informaticn, Tane had a splendid opportunlity to study geological
matters. When the trip was half over, Dana in June, 1840, wrote from
the Fiji Islends that the natives were cannibels and preferred roasted
white men, More 1mportant, he said that he hed made almost a hundred
drewings of caverns, craters, mountains and rock formetions, More-
over, he hed cellected numerous fossils., After the expedition's re-
turn to the United States, Dena epent ten years in producing his
reports. The very nature of the reporis, one on zoophytes in lﬂhﬁ,
then one on geology and a Tinsl one on crustacea in 1854, shows how
Lanz's point-of-view had been broadepned. The reports appeared in
beautiful volumes, but io such lizited quentities because of Congress'
parsimany that wna 4id not receive copies of them.

Dana's appointment as the 5illiman profeszszor of naturasl history
and geology at ¥Yale in 1849, which position he held for aelmost 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 Tana plctured geclogy as & vast, global ex-

perlence, 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 a mere commentary on individual

rocks end minerals; he told how mountains, wvelleys, plategus and
plains had been formed. Subsequently, his On the Origin of Continents
and Corsels and Corel Islands explained the formetion of mountains 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. Buf even Dana found it difficult
to aocceypl the thecries of Charles Derwin, Nobt beceuse his mind hed
fossillized, tut becmuse his Puritan heritege opposed a mechanistic
explanation of man's development. As the years passed, however, Lons
eocepted more and more of Imrwin, Finally sgrecing with the Englishmen's
caticept of man's rise. Imha alvays mainteined, though, that 2 divine
act began the origin of man.

Vhen he died on April 1k, 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 eseldom egualled fashion.

Present Condition

Henry Auatin, a praminent New Haven architect, designed the
house that Dane built in 2849, The two-story, stone building, coversd
¥ith & ereem-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 maximim of day-
light: Peautiful parquet floors are sfill extant, as is most of the
other decorative detadll.

The building now houses the Departnent of Industrial Administra-
ticn of Y¥mle University. Only minor changes, such as the boarding-up
of some {ireplaces, have been mede gince ¥ale acquired the house in
1962,

Feferences: Danlel C. Gilman, The Life of James Iwight Dana

[Wew York, 1899); Bernard Jaffe, Men of Science in America (New York,
1958); George P. Merrill, The First Ome Hundred Years of Americaen
Gealogy (New Maven, 192&3; Dirk J. Struik, Yankee Science in the
Meking {New York, 1962).
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OTHNIEL C. MARSH HOME, CONRECTICUT

Iocotion: WNew Baven County, 360 Prospect Street, New Haven

{vmership: Dr. Kingman Brewster, Jr., President, Yele
University

Significance

The stupendous skeleton of a Brontosauwrus Excelsus Marsh Iin the
Ball of Invertebrates at the Peabody Museum of Ratural History in
Hew Havenh dwarfs humern belngs. This gilgantle sauropod dincsaur iived
cons asgo, &nd it has been only within the last century thet xnowledgs
off it and other archaic ¢reatures has been sugmented. Much of the
credit for our familisrity with eantediluvian enimals belongs to
Qthniel C. Mersh, sfter wham the brontossurys in the Peabody Museum
was nemed. Moreover, Mareh not only discovered and studied an in-
credible nurhber of vertebrate fossils, he pioneered in reconstructing
the skeletons of ancient beasts, reptiles and birds. He, more than
any cother American, startled both the scientist and aversge citizen
into & greater awarsness of the siznificance of the primeval ahimal
world,

Marsh, who beceme the New World's Tirst professor of Paleoniology,
developed & passion for fossils in hisz youth, Born on October 29,
1831, he collected minerals and foszils as a boy. After entering
Yale University, he treveled in Mew York, New England and Nova Scotia
during his summer wvecations, seerching for fossils, His second trip
1o Nova Scotia produced the fossil of an unkoown vertebrate, and
this discovery confirmed his determination to follow & sclentilic
careey, Marsh won his diploma in 1868 for the next four years he
pursued advenced work, both at Yale and sbroad, The university
then eppointed Marsh Professor of Paleontology.

The young profeszor poscessed physical and mental strength, as
well a5 wealth, OFf medium beight, Mersh hed a selid, robust build,
vhich stood him in good stead on his collecting expeditions. His
good humor and thoughtfulness also aided him on his field trips.
But beneath his friendliness lay a sieel-like will, which propelled
Marsh on an individual course 1n hie work with mnclent vertebrates
and caused him to disdein cocperating with others. A celebreted
fenud with a rival paleontolegist, Edward Drinker Cope, resulted.
The two resclute specialists, like ecbattled dinoseurs, fought each
other Tiercely, to their diseredit and the disasdvantage of secience.
At the same time, Marsh spent hisz own funds in a lavish manner on
his work. Moreover he lnduced his wealthy uncle, George FPeasbody, to
establish the Peebody Museum at Yale, now one of the Nation's major
museuns of naturel history.

122



Secon efter joindng Yale's faculty, Marzh inaugurated his
pollecting, He led the First Yale Scientifiec Expedition 1o the
American West in 1870, largely wnderwriting its eosts. The thirteen
members of the group, plus its military escort, roamed im Nebrasks,
northern Colorado, Wyoming and California. Because March encouraged
Indians to bring in bones, he beceme known as the "Bone-Medicine man.”
This trip and later expeditions in the 1870's produced quantities of
tones and led to some major discoverles. Fossils of birds with feeth
{heretofore unknown}, of niosssaurs or sea serpents, and of winged
reptiles, toothless pterodactyls, were found, Although these fossils
startled Admerica, the Couniry wms little prepared for the massive
flew of dinosaur bones o New Haven that began late in the 1870's.

Marsh, who had not origlnally intended fo concentrate on ding-
ggurs, became enamored with them in 1377. When he received in that
¥ear a letier describlng deposits of dinossaur bomes in Hhyoming,
Marsh sent an sssistant to investigate. And vhen the sssistant wrote
that at Came Bluff, Wyoming, dinosaur bonss ley in tons over & seven
mile ares, Mersh beceme a modern victim of the long-desd reptiles.
Under his directicn, digging at Como Bluff lasted until 1892, He in-
sisted upon extreme ceare end thoroughness in collecting, with the
result that bones reached Mew Haven in excellent conditicon. Moreover,
Marsh's demand that nothing be overlooked, produced remarkably com-
plete specimens, Az bow after box of bones reached Yale, the rap-
turgus Marsh was gble o Aescribe one new dinssaur after anoather,
untll at the end he pad writfen of eighty new kinds of dinossurs
and thirty-four new genera.

Fascinating as they were in themselves, the fossil birds,
reptiles and animals that Marsh dug [rom the ground also gave in-
controvertible support to Charles Darwin's theory of evolution. A
convinced believer in evolution himself, Marsh's discoveries dismayed
meny an opponent of Darwin's revolutionary theory. Derwin's foes,
for exampie, had pointed to the difference between reptiles and birds
in Aiscounting evolution. But Msrsh's findling of cretmcecus birds
in 1872-73, with their teeth and other reptilisn characteristics, had
1llustrated the genetic similarity between the two femilles., 1In
addition, the paleontolegist’'s amazing collection of fossil horses
illustrated the evolution of the horse from sbout the size of & fox
to that of an asa.

Marsh's tremendous energy 4id not fail him untill 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 paleonbolomy 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 8 massive, three-story brownstone bullding, with a tower. Inside
there are elghteen rooms,; the most interesting of them being the
octagonal reception roam. Marsh especially enJoyed this roam, which
he called his "Wigwam," and he Tilled it with mementoes of every kind.
As he rever married, Marsh lived in the bouse In lonely grandewur.

The Yale Forestry School occupies the building, known as Marsh
Hall, today., Its rooms are used as offlces and classrocms, but the
building remains largely as Marsh erected it. The firepluces, ¢orner
cupbhoards and dsrk, heavy woodwork are untouched. Marsh'e "Wilgwam™
ig 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); Bdwin H. Elbert, Dinosaurs, Their Dis-

covery and Their World {New York, 1961); D.A.B.; Charles Schuchert

and Clara Mae Le Vene, O, C. Marsh, Pioneer in Pelecntology {New Haven,
1540).
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LI WLITKEY ARMORY SITE, CONWECTICLT

location: New Haven County, Mill River Dam, VWhitney
Avenue, Whitneyville

Ovmership: Mr. Arthur L. Corbin, Jr., Pregident, dew Haven
Waterworks, 100 Crown Streest, New Haven

Significance

There 15 general agreement that few men heve squalled Eli
Yhitney's influence upcn American History, A machine of his, the
cation gin, spurred the rise of 2 cotton economy in the ante-beilum
South at the very same time that his successful development of the
idea of the standardization of perts stimplsted the industrial
growth of the North, Subsequently, the two sections met in battle,
with the Horth and industrislism triunphing. Whitney is a man we
cannot ignore, then, even 1F 3itile more than the site of his mrmory
in Whnitneyyille remeine,

When Whitney was born on December 8, 1765, no one would have
dared to predict that he was fated to change “the ethnologicel,
economic, political, ethical and industrial face't of America. Tt
ig trus that Bs & youth he Toysesszed a strong mechanieal bent, doing
such widely desperate jobs amas repairing violins and constructing a
forge to make nalls. BPut his parents, suspicious of college and the
supposed digsclute weys of stodents, Testrained him from entering
¥ale until 1789, when he wes twenty-three, Fortunately, his late
entrance d¢id not abash him, and Whitney obtained his degree in
September, 1792, BShortly thereafter, he sailed to South Carolins,
to taks a tutoring position.

Cnce in Scuth Carolina, he abandored the tulorineg job; instead,
he invented the cotton pin, Intrigued by endless telk about tihe
need for a machine that would really clesn cotton of its seeds,
Whitney decided to invent that mechine. Dy June, 1793, he had ec-
complished hls goal. Whitney's gln's great innovatlon consisted of
& revolving cylinder, with hook-1like spikes, that tore the cotton
nway fram s stetionary breastwork.

1
Roger Burlingame, Mareh of the Iron 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 o patent and establish a gin factory, the planters
began to meke their own gins. Whitney scon tock on a Southern
partner; and the partners planned to build gins and charge for their
use, not sell the machines. Bub sarly in 1795 YWhitney's liew Haven
factory burned; and by 1796 Whitney and his partner had been forced
tc ftake lepal steps in the South to protect their inlerests. Vhitney
soon discovered, however, that Southerm courts were not too interested
in upholding his petent, Gegrgls courte in particular arcused 1ittle
enthusiase in VWhitney, and at one time he said:

I have 8 set of the most Depmraved willains to combat
& I might &g well go to Hell in sesrch 05 Happiness
as apply to a Gecorgis Court for Justice,

The legal struggle continued for years, In other Southern States as
well as Georgis, and most of fhe profits were consumed by lepal
expenses. Despite Vhitney's smell profit from the gin, the mwachine
greatly stimuleted cottonr preduction. So much so, that the South
crew over 2,000,000,00C pounds of cotton in 1860 versus s production
of 1,500,000 pounds in 1790,

Whitney's persistence in pursuit of Justice 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 little elsge, He paid ne attention to
rolitical or sccisl problens, and although he attended church,
displayed no passionate concern with religion. Ferhaps his concen-
tration on machines helps to expliain his late marriaege in Jamuary,
1817, to Henrietts Fdwards, who at thirty-one wes Whitney's junior
by twenty-one years.

Whitney's frustretion frem the batile over the gin did not deter
him from 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 World of ElL

Whitney {New York, 1552}, 1962,
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Lhat he would not be hampered b cnmpetitioni There wers no arms
factories in the Tnited States at that time.~ It is obvigus that
Whitney had carefully developed his plans for an armeory, becalse

hiz offey to produce at least ten thousend miskets in ftwo yesrs was
astounding, After all, each pusket produced st that time was an
individusl, handmade item. HNevertheless, Qliver loleoté, who headed
the Wey Dertoartment end who waes alaroed by & threat of war with France,
entersd into a contract with Whitney on June 1, 1798, for the pro-
duction of ten thousand muskets within twe years.

The arazing contract Tathered Vhitney's ammory =t Whitneyville
and the first successfwl use of machines in mass production. Tt
took Whitney over ten yesrs to corplete his first Federal contracy,
rather than two, but by the end of that decade he had created bthe
Jigs, mechines and production methods that made the wsss production
of standardized parts possible. His second Govermment contract in
1812 for fifteen thousand suskete herslded the dawn of & new indus-
trislism, for Whitney fulfilled the coniract within two years.

The Hew Haven genius had not been the firat te think of ithe
production of interchangeable pariz. But he successfully applied
the principle for the first time. It is alsc worthwhile to note
that Whitney's approach to manufacturing wms gll inclusive, He,
for example, in determining production costs not only included the
ohvious expenses, bubt also the Interest on the investod capital
and the ccst of ineurance., Moreover, he tuilt the first mill town
in America at hiz plant far his employees,

Whitney, now effluent, died on January &, 1825. One of America's
most brilliant sons, his legacy will never be Torgotten.

Prezsent Condition of the Site

The site of Whitney's ammory is ebout all thet remains of his
arms Tactory. DPart of Whitney's dam mcross Mill River has been
incorporated into the present dam, and the foundations of some armory
buildings are extant. A smell stone building stands on the site,
gnd it iz purportedly a surviver froom Whitney's day. Purther re-
search on1 thnt structure is necessary, however, to substantiste that
theory.

The Hew Hewven iaterworks has several buildings on the zite.
One is used by a swall manufacturing concern.

“Whitpey's Avoary began production in 18C0; the U.S.Springfield Armory

in 1795, and U.5 Arvory at Harpers Ferry in 1801, e
hefevences: koger Burlingame, Karen of the fron Men (Dew York, IGHT
L. Sprague de Camp, The Hercic Ape of Amevican Invention {Hew York,
1961); Conchance Mol, Green, Kii Whitney ani the Birth of American

Technolody ﬁRo:ﬁonJ 1955; ) Jewanetie Mirsky and Allaﬁ_ﬂévinsJ e
Worlsd of IN: Whitney {Eew York, 1952); Dizux J. Strink, ¥antes Soience
i fhe geliine f&?w Toil, 1962;_ = E
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The Eli ¥Whitney Armory about the time of the Civil War,
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IR, EFHRAIM MC DCWELL HOUSE, KENTUCKY
Location: 125%-12T7 8, Second Street, Danville, Kentucky
twnership: Xentucky Medical Society

Gignificance

Ephraim ¥MeDowell established mediczl practice in early Dapville,
Kentucky after having studied under Ir. Alexander Humrhrey of Virginia
and in Scotland at the University of Edinburgh snd with the brilliant
rrivate teacher, Johm Beli, He 4id not study st the University long
cnougk to earn 2 degree, tut he gained a broadened vnderstanding of the
medicine of that day and perticulerly of aratory and surgery.

In Danyille, MeDowell cpllected an exeellent Iibrory. Me was always
a studsnt and, vitk the young men studying in his office, carried on dis-
sections during each winter. Very soon he had establisked a reputstion
a5 the best surgeon west of Philadelphia, MeDowell was not only a skilled
orerator, but possesszed all the higher altrilutes which made up the chersca
sor of & great surgeon--intence congeoienticusness and a serupulous rogard
Tor the wellare of the patient,

I December of 1809, McDowell's skill faced a serious challenge when
hie was called to aid Mrs, Thompson Crawford. Two locszl doctors told
Hobowell that ¥rs. Crowford wos prepgnant; he soon remlized, howevor, that
she was suffering frof sn ovarlen fumor. Fmirent surpeons then uniformly
held that such was the danger of periteneal inflammation thet cpening the
aldomen to extract the bumor was inevitable death, They believed that ex-
Fosing the inner wall of the abdomen invarisably produced fatal infection.
AT That time the dressing of wounds, amputations, and care of broken bones
ard spraios, stones, ruptures, and tracheotomles covered the wheole scope
off surgery. Surgech did not dere invade the great cavities of the body,
sume doztors had discussed the possibility of ewcising tumors, but no
curgeon had ewveyr Doen willing to kazard suck an operation.

In. McDowell discussed these Tacis with his patient and pointed out,
newever, that remowval of the tumer wes her only hone. He agreed that if
ehe were prepared to fave the risk of 4decth, that ke would remove the tumor.
Mro. Crawford acccpted and was remowad te the MeDowell home in Dnnville
Where there were facilities ard assistance.

Althcugh ke faced stubberr cpposition in Danville, Dr. MeDovell and
bis nophew performed the cperetion on Chrictess Tay.  Tve cperation was
successiully completed, but the recl danger still lay shead, Sould the
matient develop the deadly infaection, Peritenitist Mrs. Crawiord' =
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convoleseonce was brief and within twventy«five days she resumed the
aetive life of a pioneer houscewlfc. Bhe remained in excellent hezalth vetil
her death at the are of sevenly-nine.

Melowell's operation was one of the most ipportant in the hisitory of
surgery; his curc for the usually fatal ovarian tumor was only a small
rart of his discovery. Zver more significant was his dcowonstration that
the gkdeminal eavity could be cut inte salely, This operation was a2 fore.
runner of & major gart of modern surgery; ites success combined with tha
revivel of Caeszarian zectionsz to destroy 2 false taboo ard hlaze the way
for cther surpgoons.

Recopnition of MeDowell's work was slow in coming. MeDowell waited
seven Years, unptll he had operated three times successfully, before pub-
liching anything on his discovery. He then published ar Inadequately
written actount in an ohsecure Jourral. The result wes edverse eritieism
at here and abroad., A subsequent article in the sawe journal, written
aiter two additional operations, hardly improved the situstion. Finnlly,
a report addressed to his old Edinburgh teacher, John Bell, was published
by Johr Ldizars in the Edinbureh Medical end Surpicszl Journal for October
132k, sever yecars after it wos first writfen. In 1827, the University of
Maryiond conferred on him %he honorary dsgree of doctor of medizire.
roDowell is considered tofday to be "the father of stdominal swrgery.”

Fregsent Jonditicon of the Slte

The Kentvocky State Mediczal fAszceistion has bought and restored the
tieDowel) home to its original state., The wveren's auziliary of the Soclety
haz completely refurnished the home in avthentis period pieces, and has
cecured many Melowell papers and pmersonsl items. Of especial interest is
the small bedrocm on the sesond floor above the dining rocm. This is tha
raocm In which 1t is believed the opcraticn vas perforted.

Adjoinirg the housze is the Melowell Apothecary Shop. In 17945,
Lr. Ephrai; McDowell and Dr. Adar Fenkin started the practice of medirine
in thiz zmall two-room brick Wuildlag. Two years later, they purchased
the building, and it was uvsed by then or thelir suceesscrs as en apothecary
shop continuously until 185G, The back room was the doctor's office arnd
the front rocm was cporsled as a vhysicion-owned apothecary shop,  An
aprrentice Lo Doctors HeDowell and PBankin Trevared medicines for their
ratiients.

The Apothecary Shop hag been [urnished with a collection of 1din
ard carly 19ih century gpothecary esuipment and preoducts,

Lrsres T. Flermer, Doctors on Horseback, Tdoneers of huerican
redicing { Mens York, 1997, 130,
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The houso ond slwep ore open deily under the guspices of the Helowvcll
touce Coemittes of 1Lho Kentucky Statc ¥Medical Association.

Eeterences: "Fphraip Felowell," Dictionary of fcerican Biograpoy, »IT
cew Yort, 1G46}: James T, Flexrner, Dociors on Forscbeck, Dloncers of

ircricen Hedicine {HNew York, 1937); Frank J, Jirka, Agericen Loctors of
mosbiny (Chicaga, ghal, o
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Dr. Ephrain McDowell House, Danville, Kentucky
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ARFQLD ARBORETUM, MASSACHUSETTS
Location; OSuffolk County, Jamaica Flain, Boston

tenership: Dr. H. M. Fusey, President, Harvard University,
Cartbridee

Significance

The Arncld Arboretum is America’s pre-sminent institution for
research in lignecus plants. Charles Sprague Sargent, one of the
Mation's foremost silvieulturists, guided the develorment of what
was criginally intended to be a wmodest tree farm for Marvard
University for halfl a century, making the arboretum what it is
today. As a result, the arboretum 1s a4 thing of beauty to see and
en invaluable Tount of dnformation for the study and prorazation
of woody plants.

dames Arncld, o suceessTul and public-spirited merchant of
Hew Bedford, provided the means for creating the arborefum. Upon
hie death in 1868, Bedfard begueathed $100,000 for study and re-
seaych in either agriculture or horticulbure, Tuwo of the trustees
of Bedford's estate, both of wham deeply eppreciated the beaubty
and valve of itrees, thought that the baquesi should be used to
establich & tres farm, where the scientific study of trees could
be pursusd, Through their efforts, Bedford's fund was presented
to Karvard University on March 29, 1872, with the understanding
that the university develop a tree farc, to be called the
"Arnold Arborstos,”

The development of the arboretum proved to be a more Aifficuls
task than anticipated, and without Sargent perhaps much less would
have been achieved. When Harvard appointed Sargent as director on
Hovenber 24, 1873, the young man, he being only thirty-twe,
apparently possessed no particularly obwious qualificatiens for
the job, He had been gradusted from Harvard in 1862, had served
in the Civil War, hed trevelsd in Burope, had done scme additiconal
studying and had warried Mary Allen Robiszon only two years mrior
%0 his appointment. He hed not impressed others with his scholar-
ship, nor had he published any seientific parers. But this tall,
reserved and yersistent young wan had now found his ealling, and
ne becare g superb administrator end scholar,

Sarpent seid of his early years with the arborctum, *hat no

ope had at first realized the challenge fading them, especislly
"the man selected to carry out the provisions of this agreement
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Iiﬁedford‘s 1E5ac3?."l But Sargent sgon reslized that the inccome from
the trust would net be sufficient to develop and maintain a tree
farm. The imgginative director then turned his eyes toward the

City of Boston., Fortunately, Frederic L. Cimsted, the creatcr of

Hew York's Central Park, was then working on the Hoston Park system,
and he and Sargent joined forces in a cempaign to gain the ¢ity's
Lhelp in estaplishing an arboretum, Clmsted, spurred by his unfailing
visicn, conceived of an artistically designed arboretwum az foroing
the agthetic pipkroind of thie ocity's park system,

“he cruzaders foupht for nine years. Finally, an agrsement
signed by Boston and Harvard cn Decerber 30, 1882, signified their
triumph over the opposition of "town and govm,” and public apathy.
Aceording to the pact, Boston received the title to the land in
Jamaica Plain intended for the tree farm and then leszsed it back
to the university for a thousand years, for a rental of one dollar
& year. LooXing to the future, Harvard reserved the right to rency
the lease for ancther thousand years when the oripginal period ex-
vired. The city also agreed to install welkways and drives, and
Asrvard agreed that the arboretum would form part of the park systen
and would be gpen to the pubiic. The original 120 acres were also
added to; todey, the arberetum covers sbont 260 acres.

With the agreement with Boston signed, Sergent cculd concentrat.
o fAeveloping the arboretum, 4 basic desire on the part of the
university guided him in this work, if.e. to prow a specimen of everyr
kind of free nnd shrub able to thrive ir eastern Hassachusetts.
Threough niréhnse and exchange mawy specimens were galned, but 1%
soon became evident that Sargent would have to seek cub plants Tor
the arboretum. As a result, travel in ssarch of woody plants
carried Sargent and his staf{ throughcut the United States and tho
Far East, It wes in the Far Fast in particular that they found
numerocus plants which could grow st the arboretum, and expediticons
to Japen ard China supplied numercils varieties for the ftree faym,
laborers planted the specimens in groups of species, and within
species by fapilies, As the farm's veried landscaps, which included
hills, meadows and brooks, was planted, Ssrpent also made every effort
to make the arboretum esthetically appeeling.

1

fuoted in Samuel E, Meriscn {ecd. }, The Develoyment of Harvard
Unlve“sl+v Since the Inauguration of Tresident Flict, 1569- igZo
3Cacbr1dge, 15307, 259.
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Wrhile ereating the arbeoretum, Sargent never forget its research
aspect. He Degan to test woody tlants immediately in orger ta
determine which were suitable for the climnte. By the Lime of hiaz
death in 1922, the farm had grown 1,280 plants for the first tims.
As the years passed, Sargent alsc built up a library, vsing his oun
bovanical collection as a start. He zlso developed & herbarium,
now of inestimsble velue in research. Moreover, in the course of
his directorship, Sargent produced scores of articles and several
morumentel works. His Silva of Morih America stands as hig master-
piece, This work, issued in fourteen volumes, describes and
illustrates every species and variety of lree known £& ekist in
Horth Anerica noerth of Mexico.

Despite the value of his publications, Sarpgent's real mohument
is the Arnold Arboretum. And since his death in 1922, the arboretumr
hzs continued to grow and serve, reflecting Sargent's drive and
scientific dedication.

rresent Condition

The Arncld Arboretum now occupies 265 acres of hilly land in
Jemaice Plain.  Gwver six thousand differenft linds of shrubs and
trees cover the ground, with each pleant bearing a label that gives
ites gozmon and scientific neme, age and origin, ths run through-
out the arboretum, and visitors ere welcome %o walk in the arboretu.
Automobiles may be used only by obtaining o special permit at the
adeinistration building.

References: /Arnold Arboretum/, "The Arnold irboretum," {n.y.,

1.4, ); Hans Huth, Heture and the Anerican (Berkeley, Calif., 1957);

Harvey B. Humphrey, Mekers of North American Botany {Htew Yorlk,

1961); Samuel B. Morison {ed.), The Development of Harverd Universits
Bince the Inaupuration of Fresident Eliot, 106U-1920 (Cambridge, N
Hass., 1930); Charles Sprague Sargent, The Arnold Arboretum { s
William Trelease, "Charles Sprague Sargent,’ Bicgrapiical Memodirs,
Hational Acsdemy of Sciences (Washington, D. T., 1989].
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Construction of Arnold Arboretum Administration Building, §894, Hosion, Massachusetis
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Arnold Arboretum Administration Buiiding today. Dostan, Massachusetts
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ASA GHAY HOUSE, MASSACHUSETTS

Location: Middlesex County, 88 Garden Street, Cambridgc
vmershiv: Mr, Gerdner Cox, 08 Carden Sirest, Cambridge

Asa Gray, who was largely self-taugh®, survived torpedees
exploded by his pupils in his classes at Harvard, brought inter-
national luster Lo American botany, and stoubly defended Charles
Tarwin's Origin of Species in the United States; deservedly ranks
as one of this Countiy's leading scientists.

Born of rarents of English and Scotch-Irish background in
Sanquoit, Hew York, in 1830, Gray acgquired an interest in boteny
as a youth, Then, while attending s small medicel coliege, he
rezd The Edinburgh Encyclonsedia’s lengiby srticie on botany during
the winter of 1527-28. That article greatly stimulsted his
hatanical interest; especislly me 1t =2id that much needed to be
Aone in Worth American wotaoar. OIAy's medical studies Torthered
Lis appreciaticn of botany, and before his graduation in 1831 he
kad already begun to colleet plants, An established botanist,
Jaohn Torrey, of FNew York, learned of the young doctor's botaniecal
work and asked Gray if he weould like to be his mssistant. Gray
assented, snd medicine lost a pronising adhevent,

Grey mads rapid progress in hils new professicon. largely in-
fluenced by recent EBuropean develcoprents in botany, there not even
being an American work on this Country's flora, Grey roldly edoptss
the matural system of elassification. Briefly, this system scupht
to gstablish the relationskip of plants according to the similarity
of their wvaricus marts. FHe thus spurned the long-used Linnscan
gystem, which identified plants by the nurber of stamens and styles
that each had. In 1836, he published his Tirst beok, Elements of
Botany. Twe wyeors later, in conjunction with Torrey, Gray published
the first part of the Flora of Nerth Americe. This volume, plus
the sucecesding volumes, zave Americs its m=ost notable compendium
of known plants in the travelled arcas of the continent. In the
sare year that the first wolume of the Flors appeared, 1838, Gray
ancepled = feaching positiom et ghe University of Michigan., For-
tunately for him, the university sent him ebrcad for a year, where
he vizited botanisis and beotanical ecollections. While in England
he met Tmywin, but discerned no greatness in the British botanist
at that time,
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Three yesrs after his return to America in 1839, Gray
assumed 8 professorship of botany at Harvard Unliversity., He
held that position for forty-Tive years. In 1342, Gray was only
thirty-twe. Very slender, he weighed but 135 pounds, had e
nervous energy, and alwsys seemed to be running rether than welking.
He was not an inspiring teacher. Indeed, each pupil khew his
routine, even to the point of knowing when and for what OGray would
2call vpon him, Tt was in Gray's early days at Harvard that somo
of his students enlivened affaire by setting off Tirecrackers in
his classrocm.

A prodigious worker, Grey's years at Hervard witnessed his
rice to eminence in botany., As expedition after expedition gent
new specimens te Cambridge, Gray and his essistants pounced on
them, classified them and gave then names. Gray, at the sape tlos,
produced many books, his twe volums work, The Geners of the Plants
of the United States, in 18%9 constituting a brilliant achieverment.
Fhe work contained plates of plants by Isazce Sprague, which remain
ncdels 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 meesns, with as pany American and
Eurorean collzagues as possible. Never one teo hide his findings,
Gray, in an unusually cooperstive rmanner, readily shered his know-
ledpe with pthers.

Perhaps Gray's most original contribution to the seience of
botany was his dliscovery of the relastionship between the flora of
eastern North America and east Asia. The publicetion of his
Statistics of the Flora of the Northern United States in 1856
rroved the geograraical relation of plents in Asia and America.
This ddscovery 184 to the risze of B new aspect of botanmical stady,

plant geography.

Gray, in addition to his notable botanical work, ably served
seience in general when he led the defense in America of Darwin'e
Litterly attacked Origin of Species. Admirebly equipped to do so
because of his scientific standing, hig personsl leadership in his
field, and his well-known religicus rfesling, Gray, who admired
Tarwan's willingness to acknowledge questions ebout his work, spoks
Torthrightly in behalf of fruth in science.s Reviewlng Darwin's
book in The American Journsl of Seience in March, 1860, Gray
anrhasized the yalue of geience for scizoce’'s seke, He wrobe ag
if science and religics bad no reletion to each other, Persomelily
committed to mest of Darwin's views, Gray really pled for scientific
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Fresdox, The Britisher valued Oray's eflorts highly, and after
Gray hed begun & series of articles in the Atlaniic Monthly in
July, 1860, in support of Tmrvin, the evolutionist praised Gray's
defense of the Origin of Species.

Because of his defense of Darwin, as well ms because of his
own work in botany, Gray remains one of America's notable scientists.
His death on Jamuary 30, 1888, ended a chapter in our Country's
scientific history that was rieh In secomplishment and humanity,

Preszent Condition of the Site

Gray's house is 8 commedious, tvoe-story, clarbeard bullding,
which was built in 1810, The structure has been moved frem its
originagl site on Garden Streat to ite present location, A white
pilaster at either end of the front of the bullding, plus a white
btalusbrade on the roof, add e striking note to the brown house,

The interior of the main sevticn of the house has heen ap-
parently litile changed since Gray's deay. 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 fto ceiling cup-
boards.

The house is only in Tslr condition, Some of the exterior
woodvork has deceyed and the bullding nesds to be painted. 1t is
ot knowin 18 & studio g the pesie of the house is5 an orlginal
gecticn of the building,

Beferences: A. Hunter Dupree, Asa Gray, 1810-1888 (Cawbridge,

Mass., 1959); Harry Baker Humphrey, Makers of North American Botany
{Mew York, 1961); Jane Loring Gray (ed.), Letterz of hsa Gray )
{2 vols,, Boston, 1894); william Irvine, Apes, Angels, and

Victorians (New York, 1955); Samuel Eliot Moriscn (EE?], The Develop-
ment of Harvard University Since the Insvguraticn of President

Blict, 1060-.029 {Cambridge, Mass., 1930); Dirk J. Struik, Yankec
Srience in the Making (Wew York, 1962); William Trelease, "Charles
Sprague Saveent,” in Bissraphical Merolrs, National Academy of
gciences, {Washington, D.C., 1929},
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HARVARD COLLEGE OBSERVATORY, MASSACHUSEITS

ILocation: Middlesex County, Cambridge 38, Messachusetts
Ovmership: Dr. H. M, Pusey, President, Harvard University

Bignificence

PFresident John Quiney Adams lamented in his annual message
to Congress in 1825 that Arerica possessed no chservatories, no
"lighthouses of the skies."™ But befcre the passage of too many
years, sewveral observatories were erected. 0Of them all, the
Haval Coservatory in Washington abd the Harvard Collepe Obhservatory
in Cambridge were the outstanding ones, with the Harvard "light-
hoyse” playing a primary role in the rise of American astroncmy.

bMeny at Harvard College had always exhibited en interest in
astroncry, and the desire to build a college chservatory probably
arcse near the end of the eighteenth century. Subsequently, s
rekeshift cbservatory was established, but it wroved unsatisfactory.
Its inadequacy begcame clear in 1843, when a paucity of instruments
wrovented the obserwvation of the track of a comet. This faiiuvre
was saluitary, however, as it stimulated citizens in Boston, Salenm,
Hew Bedford and Nantucket %o contribute $20,000 for a new cheer-
vavory., This collection followed a donation of $5,000 by David
Sears for the construction of a tower to house s great Lelescope.

William Crouch Bend, who became the new cbservatory's first
director, supervised the building of the installaticn. An astroncoer,
and well-travelled, Bond relied upon his own experience and know-
ledge in supervising the cbservatory as it rese onoa hill in
Cambridge, A tower for the telescope ceoupfed the center of the
observatory. When the domed tower wes completed, it had & heipht
of thirty-three feet, but the baze for the telescope, made of great
granite blocks, extended twenty-six feetl benzath $he ground's
surface. The pier's top carried a granite pedestal, weiehlng almost
cleven tons, for the mounting of the telescope. On eitber side of
the tower, knewn as the Sears Tower, sat two wings when the ohser-
vatory had been Tully ccmpleted in 1851,

White workmen in Carbridge erected the observatory, skilled
artisans in Municli labored over a lens for the observatory's tele-
scope. The proup behind Harvard's observatory had decided upon a
refracting rather than a reflecting telescope, and had placed an
order for a fifteen inch lens with the same German Tirm that had
built the refracter for Tsar Nisholas' observatory nesr 5t,.Petersburs.
In May, 1845, the English sgents fTor Hapvard visited Munich and
choge one of the two lenses produced., As svenis rroved, the apgents
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YWhen the lens reached Carbridge in June, 1347 and was mcunted, the
rublic expressed preat interest and enthusiasm, hoping for new
discoveries in the redvens,

Bond, extremely proud of Ghe new instrument, d3id not dis-
appoint the new legiovns of amwateur astrencmers. In 1848, he dis-
coversd a satellite of Saturn and in 1850 an inner dark ring of
the same planet, now knewn ns "Boad's Fine.®  As a resuli of the
foregoing, plus his study of stars, ccmets and other heavenly
bodises, Dord won an internaticnal reputation for the cbhservatory.
Early recopnition of his work had come in 1849, when the Royal
Astronomical Soeilety of Great Britain had slected hip its firss
Averican Associate,

Vhen Bond died din 1859, it was remarkable that he had acconm-
plished what he had., Although zealous in his work, he had never
Leen free of Tinanclal difficulties hecause of the meager budget
the observotory had received from the university. A major resulk
of the college's parsimesy was thot capable assistents seldem
renained for long at the aobservatory.

Bond's successors maintained and enhanced the fame of the
abgervatery. Idward C, Pickering assumed the directorship in
1875, 2nd he recognized the possibilities of rhotography in astrion-
rical woark, some early efforts in that direction heving elready
been made at Harvard., Thus he initioted a photographic study of
the heavens. Under Plckering's directicn, the chservatory also
tegan to create a2 library of celestisl photographs, which now
ineludes 200,000 original negatives, & unique coliection.

At the present time, the chservatory's operations are world
wide, With stations in various parts of the world oubside of the
United S3tates, the observatory continues teo probe the heavens in
order ta add to mante knowledee of Lhe universe, Modern instruments
and other fevelopments have greatly fdecressed the value of iLhe
obaservatory's original telesccope, but the refractor in the Sears
Tower is a tangible link t¢ the founding and early days of one of
the world™s notebie cbservatories.

Present Conditicn

Sears Tower is all that remains of ithe original observatory.
The tower is in excellent condition, however, as is the telescope
in the dore. Indeed, the roowm in the dome is puch iike it was when
Bond firs® hesan to pecr at the hesvens throvgh the new refractor.
L subsidizry interest to the telescope is Lthe cbservation chalr,
thich Band designed, The plugh red chalr, gttached to the Trare-
work so that it sould Le moved, rrovides a stavtliag potz in an
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gtherwise scmber room, An additionaliy interesting object iz
the canncnball that is on display, one of many which ¥ers uzed
as ball bearings in the mechanism Tor the moveable dome.

Reforences: BSolon I, Bailey, The History snd Work of Harvard
Obscrvatory, 1839 to 1927 (Hew York, 1931}; /Harvard College
Observatory/, 'Towarg Fuller Understanding of the Universe,”
(Cambridgc, Mass., 1956}; A, Pannekoek, A4 History of Astroncmy
{New York, 1961}; James Stokley, Stars and Telescopes {Hew York,

1936).
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Harvard Observatory about 1830, Only the center seclion with the dome remains today.
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"ETHWR DCME," MASSACHUSETTS GEHERAL HOSFITAL, MASSACHUSETTS

Location: Middlesex County General Hpspital, 45 Milk
Street, Boston, Massachuseifls

nmership: Mr. Frencis C. Gray, Chalivman, Massachusstts
fteneral Hespital

Sipnificance

About 10:15 A.M., October 16, 1846, a surgeon in the operating
dome of the Massachusetis General Hospital deftly began to remove
a tumpr from the neck of 2 patient, As the sure hands of the
surgecn excised the prowth, the nale patiept neither shrieked in
agony, nor meaned in a4 pain-induced delirium, Amazed obserwvers,
doctors and students, watched, Two batiered Fryptian mummies werc
cilent witnesses. TPain, frem before the time of the mummises and
since, had always accompanied cperations, but this operation opened
a now era in medical history. As a result of having inhaled ether
befare the operation, the patient slevnt while the surgecn worked.
Little wonder that the hospltal's record of the opesration ssys!
"This case is recarkable in the annals of surgery."

Man had long searched for a peans to alleviste pain while
patients were under surgery. Opium, hashich and alcohol had all
been used, but without notable success, Doctors and pstients
continued to dread operations. Strengely encugh, bovever, by the
1820's many people knew that both nitrous oxide and ether could
cause pnconscicusness; and as early as 1792 Sir Humphrey Davey
Ead proposed using nitrous oxide in operations. Davey's suggesticn
went unheeded; instead, nitrous oxide {laughing gas) ant ether
becams populer as & means of induecing jags. TIrcnically, it was
the frivolous use of ether that caused Dr. Crawford W. Long, of
Ceorpie, to notice that cne felt no pain when "adrunk"” from ether.
Struck by the ohservation, Long wondered if ether could be used
during surgery, and In lﬂﬁE he successfully pperated on A patient
whe had been put to slesp by ether, Long publicized neither this
operation nor others of 2 similar nature, perhaps because talk of
hic discovery aroused fear in his neighbors, On the other hand,
Dr, Horace Wells, of Hartford, Connecticut, sought to exploit his
own success in 1944 din pellirg a patient's tooth while he slept

1

Quoted in Francis R, Fackard, The histery of ¥edicine in the
Init=d States {Philudelphia, 1901}, BT,



under the effect of nitrous oxide. Wells'! attempt Lo arcusse
interest in his lnnovation failed., But a former partner of
Wells' wme to sccomplish what neither Long nor Wells d4id, to
prove %o the world that pain could be ended in the cperating
hdele P

Willizam Thomas Green Horton, who ended a partnership with
Hells i 1843, established for all tdme the efficacy of sther
during operations, Dorn in 1819 in Charlton, Massachusetts,
vorton attended & dental college in Baltimere in 18L0C and upon
Teing graduated joined Wells in conducting a dental parleor,
The vnderteking failed tc be profitable, so in 1843 Morton
opened g dentsl office of his own in Boston and soon enjoyed =
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 Tor medicing aod thus
entered the Harvard Medical College.

While sattending medicel schonl, Morton continued his dental
work., Hoving devised a new way of Inserling faise tTecth, Mortcon
sought to discover a painless means of pulling dead teeth. He
experimented with verious paln killing sgents, but finally settled
upon ¢ther as the wost effective one. 0On Septewber 30, 1846,
he not only put himsell %o sleep with ether, but alsc pulled a
teoth from a patient pub to sleep with gas, Excited by vhat he
thought was an origina) discovery, Morton acked for an opportunity
to use what he called his "preparation” at the Massachusetts
General Hespital. Tr. Jobn Cocllins Warren, the hespital's chiel
surpecn, acceded to Morton's request, and Morton was invited to
purticivate in an operaticn at 10300 4.M., Friday, October 16.

The dcmed chember stop the central sectica of the hospital
was Filled with dectors and students by ten o'clock on Friday.
Doubt about Morton's claims for his "preparstion” played on the
faces of most of those present, especially es at 10:10 Morton had
st11l not errived. Delayed by last-minute sdjustments to his
gpparatus, Morton entergd the room mbout 10:15, just as Warren
had begun to proceed with the operation. Mortom guickly moved
to the patient, Gilbert Abboit, grasped opne of hls kends and assured
Abbott that he would feel no pain. Seated in a chair, Abbott
then vegan to inhale ethzr from a glass tube with a globhe ot its
end and he fell asleen in sbout five minutes. Warren then orerated,
Vigibly impressed upon the conclusion of the operation, and at ths
ratient's statement that he hed fell no pain, VWarren said:
"Gentlemen, this is no humbug."
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Since the menorable operation in the "ether dome,' man
usz bean released fraw an age-old feer of opsration. 0Or as
Cliver Wendell Holmes said of Morton's use of ether,

The fieroe extremiiy of suffering has besh steeped in
the water of forgetfulness and the deepest Turrow in
tho knotted brow of agony has been smoothed Torever.

Although the world rejoiced in the use of ether, MHorton
derived small practical benefit from his work, When forced o
announce what his “'prepsrsticn” was, the dentist became involved
in a tragic quarrel invelving himself and Wells, znd to a lesser
degree, lLong. But Morton's reel nemesis was Dr. C. 7. Jackson,
an erratis but brilliant scientist, whoe clalmed he had teld
Morton about ether when Morton hod attended his medical classes
ard whaszse virulent attacks bhelped cause Morton's death on
July 1%, 1868, Today, Long is credited with the firsf use of
cther in an operaticm and Morton with proving to the world its
value in surgery; but when e monument was given fo Bogtop in
1868 commemcorsting the operetion in the "ether dere," controversy
swirling sbout Morten was still so violent that the donor thought
it "wige to mention no names except the name of the Lord--the
only safe one.”

Present Condifisn

The "ether deme® has hardly been changed since October 16,
1646, Located at the top of the central section of the hospital's
original building {desipgned by Cherles Bulfinch} and beneath a
dome, the room dis still used. It is hoped, however, that cven-
tually the famous room Will becoms & Cusewm.

The ropm has a bare and utiliterian lock, Two hgyptian
pummies, the seme that stood in the roem in 1846, present the most
unexpected note. A large part of the room is oceupied by sharply

rizing tiers of seats, where studenis and others sit during lectures.

Capping the room is the dame, through a sectien of which daylight
can be admitted.

2
Guoted in Joseph E. Carland, Every tien Our Neighkbor {Boston,
1961), 14,

Dirk J. Struik, Yankee Scierce in the Making (Hew York, 1562},
20%.
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EENJAMIR THOMFSCN BINTHPIACE, MASZACHUSETTS

Lecation: Middlesex County, 20 Elm Street, Woburn

Cwmaership: Mr. Cecil R, Porter, Fresident, Humford
Historical Association, 2 Poole Sirect, Woburn

Sipnificance

America can ¢loim few sedentists who heve rivaled Benjamin
Thorpson’s analytical and crestive ability. Even thowgh he
7led the Country during the American Revolution, this remarkable
ren iz widely regarded Bs an American scientist. Moreover,
Thompson's directness, determinstion and practicality stemp him
as being much more American than Duropesnk. Like e transplanted
tres, he retained the inheritetice of his ©irthplace,

The future Count Tumford of the Holy llaman Empire was beorn
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-Tfather hardened the youth, who became an apprentice to
¢ Boston werchant in 1769. He lost that job in 17Tf0, because of
bad business conditions, and yeiurned to Yoburn. There, Thompszon
lived away from hame, evidently 4id some teaching, and attendsd
some classes at Harverd College. Several years later ke moved
to Concord {then Rumford), Wew Haopshire, to teach, where he met
Sarah Rolfe, a wealthy widow, whom he married in Noverber 17TE.
Two years after their marriage, the couple had m baby gir:,

The aAmerican Revelution, as 1t did for so many others,
changed Thompson's destiny, In Bumford, Thompson had won the
Tavar of one of his wife's relatives, the pro-Iritish governor
of the colomy, John Wentwerth, whe appointed Themmson as & major
in a New Hempshire regiment. Subsequently, the young major fully
committed himself to the King's ceuse, as by the suamer of 177Th
e 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 whaet proved to be 8 final
time, and shortly thereafter sailed to England. When he returned
to Americs in 1781, it was as a lieutenant-colonel in the
Eritish Army., In his new status, he conducted military cperations
in South Carolina znd en Long Island, Bew York. After Erngland
acknowladged fmrerice's independence, the King knipghted Thompson
in 1784,
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Until the time of his kndghthood, Thompson eprarently had
allowed andition to dcpinate him, rather than his love for
soignce. But Trce his youth bhe had been fascineted by the
natural world. hen only fourteen, he had reguested an older
Tfriend to explain the nature of light, what happened to cley
when fired, and how winds arose.

A keen scientific curiosity in Thempson accomranied a talent
to devise and carry out carefully controlled experiments. Moreover,
ciece Thompson discovered answers to scientific problems, he was
to turn the discoveries to vractical uscs. This chavacterdstic
ranifested itself when the asbltious knight became an emplcyee
of the Elector of Bavaria,

Tharpson so inpressed the Elector of Pavarie when the two
met in 178L, that the Elector invited the young officer to enter
his service, ATter an initial hesitation, FTharpson accepted the
offer, and he spent the next fifteen years in Munich. His success
In serving the elscteor is indiceted by the fact thet in 1788 he
became the Minister of War, Minister of Folice, a Major-Generasil,
a Chamberlin of the Court end a State Counselor. Hhe Elector
made him an imperial count in 1792, and Tour years later gave
Therpson the srirtual ruie of Bavaris when the French threatened
it. While the Elector and his wife enjoyed safety in Savony,
Count Bumferd saved Bavariz from its ancient foe.

Thompson® = success in Pavaria stermed from his selentific
and administrative abilities. He ended begpary in much of
Bavaria by feeding beggars and putting then to worl, e proved
the Tood valus of the potato as & staple, and alter resistance
against it, the potato becams a Lasic food, in Burope as well as
in Bavaria, He devised o pressure couker, A fuelless cooker and
o gos yanee to improve the 1ot of the common man. He creasted
Munich's famous Eoglish Gardsn out of a swamp. HMoreowver, he as-
tablished g military acedemy, & veterinary scademy, and other
educntional institutions,

thile deviging scientifle answers Lo soeial problens,
Thompson also applied himself to pure science, investigating
the nature of hest, His contenporaries held that heakt was some-
thing ealled "caloric,” a fluid that could be forced out of bodles
in the nature of heat. PBut Thompsen, in conducting experiments.
invelving the boring of cannon, proved that hesat weas a form of
energy. The seientist thus esteblished the principle of the con-
vertibility of energy, the apvlication of which underlies modern
irdustey. Thompson gent 2 pever on his cexperimentsz with cannon
te the Rayal Society in London in 1758, and that repori remoins
2 mejor scientific Jandmark,
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In the sarme year that Thoopscn sent his paper on heai to
London, he traveled to Engiand himself, He arrived in Gread
Eritain as Lhe Flecior's ambassador bub Ensland refuscd to
eccept one of her own citizens s anetier stete's minister.,
Yevertheless, Thompsen remained in Great Hritain ag e private
gitizen for four years. His energy undiminished, the scientist
foundizd the Rcoyal Institution, probevly the worla's Tirst re-
search center, in 1800, invented the "Turiord” stove, and helped
o organize hogpitals and workhousas in Enpland and Ireland.

Thowpseon left England in 1802 snd spent his last twelve
¥years on the coutinent. In 1803, ke woved From Munich te Paris,
whers in 1805 he married the widow of a fameous French scientist,
Anne lavoisier. Within four years they were diveorced, she having
been unable fo abide his comstant experimenting and he having con-
cluded that she was a harridan. On August 23, 181k, Thempzon,
guite slone, died.

Frageph Uondifion of the Zite

Thempson' s birthplece was built in the sariy 1T00'sz. It is
a two-story, clavboard building that has withstood ihe ravages of
time wvery well and iz nov excellently maintained.

The interior of the housc is apparsntly 1ittle changed fram
Thempsen' s day. The fleoring, paneling and fireplaces are
subtesed to be original, az is the hardwarc. Thempsen's cradle
iz in the srall kitcher, 2nd a rocn on the second Tieor containz
additicnal Thempson memprabilia,

References: C. Baymecnd Adasms; "Benjamin Thempson, Count Fumford,”
Scientific Amerisan, 1aXI {Dec., 1950), 38C-386; Williem Bragg,
"The Contributions of Count Rumford and Michael Faraday to the
Modern Museur of Science,” Science, LXXIT (July 11, 1930), 19-23;
Bernard Jaffe, Men of Science in Arerice, [Hew York, 1958); Egon
Larsen, An American in Durope { Bew York, 1953 ); Dirk JI. Struilk,
Yankee Science in the Making {New Yerk, 1962).

156




Birthplace of Benjamin Thomas, Notrth Woburn, Massachusells

Towrr Viegrge 10 Tllis WMemoirs of Count Rumiard



‘ H-"-'

1] i UI ! Ul@l’lﬂ[ﬂf]%

= i S

EreE ST R PR g

Benjamin Thompson (Coumt Rumford) Birthplace, Waburn, Massachusetls

NI Phore D



JOSETE HENRY HOUSE, MEW JERGEY

Locaticon: Mercer County, Princeton University, Frinceton
twnership: Dr. R.F.Goheen, Fresident, Frinceton University

Significance

Today®s electrical industry, as Well 85 the copmunicetion
industry, owes & vast debl to Joseph Henry and his inventions
in the electricel [desld. Everytime we use an electric motor,
or place a telephone call, we benefit from the genius of ons of
dmerica’'s leading scientists and inventors.

Henry's scientific ebllity only manifested ditsclf guite long
aTter his birth in Albany, New York, on December 17, 1T97. ©Of
Seotch ancestry, the young Henry exhibited a keen interest in
the stage when about sixteen. So attrected was he by the theater,
that he became the leader of soms local amsteur thespians aend
v¥rote two plays. Fate, in the form of sh saccident, forced him
tn remain home for some time, however, and it was then that he
reed 8 book owned by & rocmer, Lectures oo Experimental Thilosophy,
Adstronomy and Chemistry Intendsd Chiefly for the Use of Youn:
People. And it, as Henry said, "opened to me & new world of
thought and enjament."l Abandoning drema, Henry enralled in ithe
Albany Acadery. ATter his graduation, he became a professor of
Dathematics and natural philoscphy at the school in 1826,

Harriet L. Alexander became his bride four years later, by
whcm Henry was to have six chiidren.

Yhen he became 2 teacher et the Albany Acadery, Henry under-
Tock the investigetion of electro-mggnetlsm, His independence af
thought iz shown by this step, Tor almost nothing had been done
in electricity since the era of Benjamin Franklin. The mysteries
of magnetism claimed his attention for some time, when one night
he abruptly anncunced to a friend, "Tomorrow I shall meke s 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 core of scoft metel, around which are wrapped numerous coils
of insulnted wire. Henry's contributicn to the mapnet, the
insulated wire and more than a sinple coll of wire, so improved
the magnot that it could 1ift 600 pounds with the current of
only one cell. In 1830, Eerwy produced an induced current by

“Quoted in Bernard Jaffe, Men of Science, (New Yerk, 1658), 186G.

2Q¢ﬂted in ibid., 188,
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daing his magnet, almost 8 year before Micheel Feradey's fameus
experiment.

The Importance of Henry'"s electrormegnet was recormlzed by
the inventor, but he did not pursue its application. He 3id Build
an electric motor, the worid's first, which incorporated his
mapgnet, but he locked upon that invention a5 conly e toy. Sinilarly,
he develorsd an eleciric telegraph, both at Albsny and later at
Frinceteon, but he also failed to exploit its cormercial nossi-
bilities. OSemucl F. B. Morse, with Herow's help, made the
telegraph a practical thing, os Henry admitted in later years.

Henry's failure to vcapitalize on his inventions, both while
et Alvany end subsequently, conformed to his general character.
He never regarded apything in science or dnveniion 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 knowledgs,3

Fame he slso lgnored. A tireless sxperizenter, with o simplieity
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 New Jersey, in 1838, Henry teught there
for the next fourteen years, he being a popular teacher, AL
the game time, he continved his ovm worlk, as one author says,
witheut collaborators and without generous support frocm a
foundation., The lack of assistants and foundstion support aid
not inpede his work, for while st Frinceton he produced the
electromagnetic relay {which really made the electric telegraph
possible}, paved the way for the development of the slectricsl
trensforeer and discovered the self-induced current, Electricity
only took part of his time, for he also studied problems con-
cerning solar plorsics, the son, metals and the velocify of
projectiles, In the summer of 18LL, for exemple, he spent most
of his time blowing scap ibbles in an attempt to unleck the
eecrets of films end surface Lension.

3
Guoted in ibid., 197.
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Iespite Henry's concentration on his investigetions,
his Tame spread in hoth America and Furcpe, It was no
gurprizc thenr When he was chosen me the first secretary of
the new Seithsopian Institution en December 3, 1846, In ac-
cepting the Jjob, Henry knew hisz own work would suffer, but he
Telt the c¢all of duty and the dezire to stimulate American
seientifie effort, For the next thirly-two years he headed
the Emithsonlan, making it a secientific institution of the first
rank. He not only concerned himself with the instituticn's
gevelorment in America, but sought to make it an astive fores
in the internoticmsl scene. Ag leader of the Smithsonian,
for example, he urged scientific bedies to cetalog their popers.
Thus, when the Royal Society of London preduced 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 Smithsenian
Ingtitutien cn g2 sound basis, FBeocause of that zccomplishment
and his host of inventions, Henry rightfully occupies a leading
peosition in the rapks of famous American scientists.

Present Condition of the Site

dhe deanr of men, Frinceton University, nov occupies the
Henry house. The dwo-story, brick snd gebled root building has
besn moved three times from its ordginal eite. The houze iz
palnted yellow,

References: Doper Burlingame, March of the JIren Men { Reswr York,
1ghe) . E70-271: Thomas CGUlSUH Joseph Henry: Hix Life and Work
(Prlncetan 19;0] 107, 221, 233 335-336; D. A. EB.; Denald D.
Egbert, (Princetcn, IghT), o= 103; Bernard Jatfe, Hen &f SLience
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CHARLES MARTIN HALL EOUSE, OHIO

Location: Lorain County, Gi Best Collepe Street, Operlin
Ownership: M. J. A. McGrann

Sipnificance

"Yag," Charles Martin Hall wrote his beloved sister,
Julia, on July 27, 1882, "I reelly think T shall be a rich
inventor some dey.'' When Hall died in 1914, he left an estate
of seme $30,000,000, the fruit of his discovery of an inexpensive,
efficient methed of producipg aluminum. Hall had succeeded
better than he had dreaced; it is doubtful if any other single
invention has produced 2 comparable financisl reward.

Hord weork helred Hall to win his fabuleous fortune. Eorn
en Decewber 6, 1863, in Thempson, Ohlo, Hall developed sn interest
in chemistry as & stripling., His parents had to endure numerous
experiments that he performed at home. And his youthiful zest
for chewistry brought him kis first Hnowledge of aluminum, whichk
he read about in an old chemistry texthook of his father's.

When Hall entered Oberlin College in 1880, then, he possessed
more Lhen & hazy knowledee of chemistry and aluminum, His
graduation in 1885 Tound him still devoted to chemisbry, and
determined to discover a cheap, effective means of manufacturing
eliminum,

Perhaps the most amazing asspect of Hall's life is that by
1885 he hod determined to became rich end that aluminum would
be his meens to wealth. About five feet eight inches tall,
slender, and with blue eves and brown hair, his passien for
wealth had led him to read about inmmerable inventors. This
reading had not only made George Wesiinghouse Hall'e hero, tut
had also alarmed him at how many inventors had lost the profits
earned by inventicns because of their failwre to safepuard their
rights., Hall had thus spent hours studying the petent system
and, iik%e a hermit who hides the location of his cave, he became
extrerncly secretive. Moreover, he had bepun to kKeep any nobes
or other papers related to any of his ideas for inventions,
and as early as 1882 he had instructed Julia to preserve some
letters in which he had discussed possible inventions, for

1
Quoted in Juniug Edwards, The
1955}, 30-3%,

wenrtal Voodshed {Haw York,
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"They may 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 piano, end reac the BEneyelopedis Sritanuica
endlessly, simply yulling dewn & volume sng starting wherever
he cpensd the bagk, 4s a friend later sald, the Britennica
"was his /Hall's/ Mark Twaln, detective stories, and every-
thing 811 put together.”~ H=ll never married.

When Hall hed begun to experiment with alumimum in 1681,
rot many Americens knew of the metal. European scieptists nad
worked with the metal for a long $ime, however, but had nok
been able Yo perfect m cheap meang of producing it., Hall's
zbls end stimulating 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 hie work; and after gradua-
tion Trom college, he esteblished a laboratory in the woodshed
behind his vorents’ home and conducted endless experiments.,
Success eluded him for months, but on February 23, 10886 he
finally produced g few small drops of aluminum. His process
involved the electrolysils of cryolite, which served as &
catalyst for melten alumns, the raw meterial of alwrinum, Onee
certain of his Eiscovery, Hall arplied for patents, five of
which he gained on April 2, 1883,

After the younz inventer had initiated patent ection, he
sought to develop his process for commercisl production.
Several mtiempts to gain backers beftween 1686 end 1588 gave
Hell 1ittle satisfaction. But in the latter yemr, Hall found
sotme men in Pittsburgh whe were willing to support a major
effort to produce aluminum, which led t4 the formation of the
Fittsburgh Aluminum Company. A Dlant was built, and although

2
Quoted in ibid., 21.

3
fuoted in ibid,, 165.

Iy
Guoted in ibid., 2h-35,




sone difficulty was hed in perieciing the omeratlon, Ly Juie,

1899, the plant vas producing an ever growing smount of

aluminzx. There was no more dedicated worker in the factory L
than Hall, who cohcerned himself with every aspest of the plent's

operation. The swmpact of the new method is shown by the fact

that the campary's price for & pound of aluminum hed fallen to

$1.50 by the faill of 1899, wheress its criginel price hed been

$5 & pound., By Merch, 1891, this plant hed produced a Hotal of

87,739 pounds of aluminum.

The quick success of th2 concern soon led to its expansion,
Tn 1891, Hell end his peritners moved 40 m new plent in Tew
¥ensington, which factory by 15863 could preduce a thousand pounds
of eluminum a8 day. 50 great was the demand for the light mefal,
however, that in 1895 the concern opened & huge new factory mb
Nisgara Falls, where cheap electric power was available, By
1307, when the company became the Aluminum Compeny of America,
the concern was making 15,000,000 pounds of aluminum a yeawr,

When the copeern had moved to Niagera Falls, so had Hell,
He erected e large house there, but 111 heslth after 1908 curimiled
his enjoyment of it and his npow vast wealth. Death overtock him
on December 27, 191k,

Fresent Conditicn of the gdite

The heouse in which Hall lived with his parents until he moved
to Fittsburgh in 1888 iz over m century old, but its exect date of
construction iz not known., It is a two-stary, painted brick
structure, with a large porch in front and a cupcls on the roof,

At the moment, the building contains apartments, with rooms divided
by plasterboard partitions. But there has been no fundamental
change in the interior arrangement. Moreover, ithe floors, woodwork
angd fireplaces are apparently the same as when Hall lived there,
The woedshed behind the house has been destroyed. A cinderblock
addition stends in the woodshed's plece.

Referenceg: Alfred Cowles, The True Story of Aluminum [(Chicago,
1353); Junive Edwards, The Tmmortal Woodshed (New York, 1955);
Kaiser Aluminum Comperny, "The 23rd of February,"” Kesiser Aluminum
News (dJdan.-Feb,, 1901}, 14-15,
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JAILE LOGAN HOME, "STERTOR," PENNSYLVANIA

Location: Philadelphis County, 184h and Courland 3treets,

Ge rmantaun
OWner; Jares H. J. Tate, Hayor of Fhiladeliphia
Significance

Jazes Logan, ohe of the founders of the American scientific
school, is relatively unknown today. Perhaps beceuse he wrote 1ittle,
perhaps because Benjamin Frankiin's imege is S0 dominant, the Nation
has shown litile interest in a man whose srudition apnd work almost
gqualied the sagacity and achlevements of Franklin. Logan "wms a
kind of universal men in the Renaissance traditicn--statesman, writer,
scientist, philoscpher,"! says & recent bicgrapher; and as & seientist
he depands conslideration in eny study of American science.

Born in the north of Ireland im 16Tk, Logen arrived in Philadélthia
in 1699 as Willian Penn's seeretary. Logen, during therext fifty years,
gecupied 2 ey position in the affairs of Pennsylvanie, contribubing
zuch to the rapid end successful development of the colony, His seat
in ‘the ecolomy's council underyscored his political influence, and
wetuesn 1131-32 he amcied as the coief justice of Penusylvenin's court
system. Moreover, throughout Logen's carser he yas the colony's best
and =cest respected negotiator with the Indians. Iz public 1ife did
not prevent him from anassing a fortune from the fur btrede, however,
whi¢h enabled him te retire to his ¢ountry estate, "Stenton,” in 1730.
Even g0, when Penngylvanla faced & 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 ipterest 1n ccience. Even as a& youth, his faescination with math-
ewatics and boteny had been great, and s an gdult he studied both
intensively., Ie essembled the outstending scilentifie library in the
English colonies, his near 400 seientific end mathematical works even
surpesfing Harvard College's librery in 1735. Logen is reputedio
hawve jmported Peonsylvenia'e first copy of Sir Isasac Hewton's
Principis Mathematlce. Hore lmportantly; he read and understogd that
mopramental work, though ondly self-teught in mathematics,

Yrrederick B. Tolles, "Philadelphia's First Gcientist, James Logad,"
I=iz, W7 (1956}, 20.
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With such a library ot his commend, Loger applied himself to
warious seientific probloms. Numerous published pepers resulted,
ang of which deglt with the moticno of the moor, snother of which
suggested improvements in the guadrant, and a third of which cutlined
ioprovements in lemses. Ironleally, although Logan's great sclentifie

lpve was mathemetics, he reelized his zreatest eccomplishment in botany.

Through & carefually thought out and controlled exveriment, Logan
proved the vital rele of the male element, pollen, in the fextilizetio:
of corn. The theory of "preformation,” that the wind c¢arried the male
clement to the female element in plants, first stimulated Logan when
in 1726 he read William iollaston's Religion of MNeture Delineated,
Additional reading convinced him that a male seed wes just as vitsl
te plants ss5 the Temale s=ed, and in the sumer of 1727 he tested hisg
Iypothesis on corn. Logen rempved the tassels from spme stalks and
the filaments From oihers, and then he watched the development of the
‘Crnels, The results cleayly showed "that the pollen was the male
clepent and thot it was necessary for the production of viable seed,"s
e repeated the experizent in 1728, but delayed making his findinge
mubIic until 1735-35.

The enpnpuncenent of logan's experiment excited many in Europe.
Yot the members of the Royal Society of Londomn at first, 1t is true,
for when lomen's repert was read mwost of those present paid small
ettention as they concentrated on dlssecting a2 German cabbage and
an Indian turnip. Elsewhere, sciemtigts hailled Logan, the great Dutch
botanist, Linpasus, writing Logan dn 1738 that he zhould be placed
"among the demigods of science.’3 Supssquently, the Dutcehman used
ihe results of lopan's iovestigation in a paper on the sexuglity of
vlants that received a prize from the Imperial Academy of Sciences
at $t. Petersburg in 1760. And Logan's botanical discovery remained
influential for several decades after 1800,

Even if Logan had not succeeded in his experiment with corn, he
would s5till be rememhered in the hlstory of American geciepce. It
was Logan who did so much to stimulete the botanical career of
Johsi Dartrem, The first bocks oo botany thet Bartram read, for
example, camz from Logan's 1ibrary. In addition, when Logan died
on Qetober 31, 1791, he left his library to the City of Philedelphia,
a seientific tressure of immense wvalue for such & young city.

2
Tolles, "Philadelphiats First Scientist,” 28,

EIbid” 29,



Present Condition of the Site

then Tifty-three, Logan dscided o pulld a country seat. He
chaose s site in The relling hills Just west of Chiladelphis, and
vork on bis new house vegan im 1727, Completed in 1730, the mansion
vai called "Stenton," alfter Togen's father's birthplace in Scotland.

The house cost more than Logab had expected, but it well repaid
Logan's investment. The building wes a three-story, brick strueture,
with a not too-steeply pltched roof that was hipped and flat-topzed.
Twe greet, $all chimney stacks rose sbove the roof. Inside, on the
first floor, a parleoy and a formal dining room and bedrccm behind
them. Additionsl bedrooms for members of the feamlly and for servanus
veie on the second floor and in the garret. A specious rocm, manning
across the full front of the house, served ag Logan®s library.

_Poday, the house is in excellent condition. PBeautifully mainteinzgd,
it welcomes visitors as graciocugly in our era as it did in the builder ‘s,

Hefevences: Erpest Farnest, John and yiiliam Bartyam {Fhiladelphia,
1390); brooke Hindle, The Pursuit of Seience in Bevolutlonery
Aterica, 1735-173 {Chapel Hill, Horlh Caroling, 1996);

Frederick B. Tolies, "FPhiladelphla's First Scientist, James Logan,"
Isis, 47 (1956);

. , James Logan and the Culture of Provinmcial
imerica (Hoston, 1937).
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Janes Logan House, “Stenton.”” Germantown, Pennsylvaoia
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AMERICATT PHRILOSCPHICAL SCCIELY HALL, PEFUSYLVANIA
loceticn: Philadeiphia Coumty, Independence Sduare, Philﬂdélphiﬂ
Ownership: Dr. Henry loe, Presidemt.

Slgnificance

There is no mors sptient apd honcrable lemarned apd scientific
soclety in the United States than the Amerlcan Philoscphical Society
held st Philadelphia for Promoting Useful Wnowledse. With ite head-
quarters located in the hendsome Iudlding in Independence Square
that was completed in 1789, thz Soclety, like so mueh else in
rhiledelpnia, traces its blrth back to the initiative of that
ahtonon Philedelpblan, Benjemdn Fraoklin.

Franklin, in his long and varied career, founded a number of
societies and ocrgenlzations, two of which loon larze in the history
of the American Philosophical Soclety., In 1743, Philadelphia’s
sage urged the creation of e society to stinmulate interest in learning.
fertein citizens then formed the Fhiloscphical Sceiety, and 1t is
frem this society that today's orgepizetion cleims direet descent.
But the pew sgciety did pob flourish because its pembers neglected
it, and it is not clear if the menbers even met between 1TLUL-176T.
Bub in 1768 the activity of a group claiming descent from Franxlin's
sunto, founded in 1727, stirred the dormant Philoscphical Spelety
into iife, especielly as the rivel group, now grandly celled "The
dmerican Soeiety, held at Philadelphia for Promoting Useful Knowledge,"
consisted largely of people opposed to the proprietary cllique in
Perneylvaniao. Tp meet the challenge, the Philosophleal Society
suddenly chose eighteen new members in 1768, mostly from supporters
pf the proprietors, the Penn family. Apparently, the two societies
fazed a fubture of learned and political corpetition. Put wlser counsel
pravailed. Instead of opposing each other in bitter rivalry, the tuo
proups merged on December 20, 1708, ferming the organization that
Fourdshes today. And, fittingly enough, the foundsr of the now de-
funet groups, Franklin, became presldent of the new seeleby.

The newly formed American Fhdlosophical Scciety had high ambition.
Slgnificantly, the society desired to become & truly American society,
to become wore than just & Philadeiphia or Pennsylvanis organization.
Kew members, conseguently, came largely from outside of FPhiladelphie
during the remainder of the colenial era. Moreover, the society elected
corresponding members in Furope. These members vontributed little
Lo the spciety's work, but they heightened its reputation and eent
Pooks and other gifts to the socisty. Buceessful in hettering its
powbership, the society falled however to ¢ollect dues, even when
it hired a eceollector at cne Lime,

1y
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I its early days, the society devoted its efforts to both pure
and gpplied science. Even though strapped for funds, the soclety,
led by an interested minority, mwade preparations to obscrve the trensic
of Venus in 1765, Fortunately, the Pennsylvenis assembly eppropriabed
TH50 to help in the work, which enobled the soclety to erect an ob-
servatory in Independence Square. The society also helped to stimalets
generel interest in the passage of Yenus, with the result that a notaole
series of accoupts about the planet’s path were collected.s Cm the
practical side, the sgciety underteok surveys of capnal routes, experi-
mented with the refsing of silk worms end supported apriculiural and
medicel study. Despite the fact that there wee no coordination of the
society's endeavprs, its early projects remaln most impressive.

Even though busy with various undertekings, the spclety lost
little time in beglondng what 1s now the cldest scholarly Jourpal
in America, its Trapsactions. A commttes wag appointed in June,
1769, to prepare & volume of scientific pepers, but the first volume
Wms not published until 1771+ The spclety deliberately dilstributed the
topk as widely as possible in order to belater its reputation; and ii
tids plan the Sgoiety was more then successful. ¥Yolume number 1 con-
teined, among other papers, the materisl gathered onder the aegis of
the society from the transit of Venus, which astonished Europesns.
Tnat a pew and ccoloniml society could produce such a work wes amazing,
especially a5 many older Furopean orgendzations had never published a
gimilar volure. And from 1771 to thde day, the Trenszctions have
continued to merit the reputation galned from the first volume.

The Americen Revolubion lobterrupted the work of the soclety, but
since then the orgonization hes continued to play & leading role in
rromoting knowledge. Now with amem bership of near 600, incluling
both American end forelgn members, the American Philescphical Soclety!s
vipor benefits the entiire world.

Fresent Condition

The society's headquarters in Yndependence Sguare were completed

in 1T89. Twenty yeers prior to 1789, when the organization had no
home of its own, the sceiety had petificned the colenial assembly for
a loct near the Pennsylvania State House, now Independence Hall. But
the sssembly withheld permission to erect & building there until 1785.
Orice the 1ot had been granted, the soclety opened & drive to ralse

a8 building fund and authorized a start on the project. GSemuel Veughan
designed the two«stiory brick edifice; but progress on it nearly
foundered whett funds ran lew., Only the genercsity of Franklin mede

it poszible to complete the bullding in 1789.



Becouse o the need for more ro0n near the end of the nine-
teznth ceniury, the society added a third stcry in 1890. This
addition completely ruined the building's besuty. In 1949, the
third-story was vemoved, and the bullding was restored to its
gightesnth-century appearance, At the same time, it was [ireproofed.

Faferences: Gllbert Chinard, "The Antrican Philcsophical Society
2nd the Worid of Science flTEB 1800}," Proceedings, American
Fnilosophical Society, 87 {(1guk}; dein @. Comklin, "A Brief History
of the imerican Philosophical Society,” The American Phl+osuth1cal
Eociety Held at Philadelphia for Promoting Userul Knowledge! fear
WGA: 1362 {Fhiladelphia, 1953}; Brooke Hindle, The Pursuit of
Seience in éevalutloﬁarv’ﬂmzrlia 1735-1789 {Ghapel H11I, i e
1556 }; , The Rise Of the American Fhilosophical
Dociety, 1760 t dhifg?‘rﬁnpublished dissertation, University of
Pennsylvanla 19492 ); William E. Linglekback, "Fhilosophical Hall:
The Home of the Americen Philosophical Scciety," Trensestioms,
trerican Philosophical Sceiety, N. 5., 43, pt. 1 {1953}
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Phitosophical Hall, with third story that was added in F8%0. Philadelphia. Pennsylvania,
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JOSEFH PRIGSTLEY HOUSDZ, FENNSYLVANIA

Location: Northumberland County, Friestley Avenus,
Northumberland

Ownership: Governor William W, Scrantoa, Herrisbure

Significance

America's historic policy of welcoming persecuted foreigners

has benefited the United States immessurably. The fmerican develop-

meat of the atoe bomb testilies to that. In an earlier peried,
the Country's recepbion of Joseph Priestley, the brillient Eaglish
shemist, after he weas drdlven from Great Britain not only testified
to the demoeratic spirit of the young Nation, but alse stimulated
her scientific develomment,

Priestley was born in Leeds, Englend, on March 13, 1733
(cld styze). BReared in & Celvinist enviromment, he decided to
e 4 minister, and fimlshed his theological treining when 22,
He possessed very liberal wviews and VYetame s dissenting mindster.
In 1751, Priestley became a teacher at the Warrington Academy,
where he stayed until 1767. I% was during this pericd that he
Tirst becams interested in chemistry. Perhape his frisndship
witn Benjemin Frenklin spurred his seientific interests, for
that association stimulated Friestley to write a History ang
Yrezsent State of Blectrieity. The Royal Society of London
awarded him & Membership in 1766 because of that book. In the
Following year, the neophyte scientist moved to Mill's Hill Chapel,
Leeds, where lis position allowed more time for scientific study.

Untrained in science as he was, Priestley chose a field
that ¢ffered great oppertunity for new work, ppeumatic chemistry.
The study of gasesg had attracted attention pricr to Priestleyts
time, but it Was he who became the "Columbus" of ihe paseous
world., fAnd It wes the brewing of beer that caused this keen
observer to ilnvestigate gases.,

The smoke that hovered over beer as it was brewed in a
brewery near Priestley's reeldence in Leeds intrigued the minister.
He set cut to study the gas, and in 1772 he published his initial
raper on puneumatic chemistry. In It he described hiz experiments
with carbon dioxide; the ypaper won bim the Copley medal in 1773.
Hampered Ty & lack of Implements, Friestley devised his own egquip-
mert, most O which has been ilitile modiTied and is =still used,
Fascinated with his investigstions, Priestley pursued his study
ard in 1776 discoversed one of the key elements, oxygen. It was
an astounding discovery for an individual who had been untreined
in selence end wha had only initiated his work m few years earlier.
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Friestley continued his scientifiec investipgetions after 1774,
zlthough oxygen remained his great discovery, and by 17066 he
had published six volumes of scientific writings.

Friestley'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 orusader became the lesder of a 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 3, 1791, he published a strong defense of the
Frenzh Rewvoluticn., The pamphlet fearlessly denounced Edmund
Burke's castigation of the rewvolution across the English Channel,

Priestley's courage soon brought personal dissster. A mob
howled through Bixwingham 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 llved for
three years. Alresdy unpopular, Friestley's stock did not rise
when France honored him with French citlzenship. In these
circumstances, it is nol strangs that he turned to America.

Priestley's sons had slready migrated to the United States,
and on April §, iT94, the scientist boarded the Sansom for the
trip o America. The emigre, wheo was sea-sick during the voyzge,
lended in Hew York on June &4, On the following day, the American
Dily Advertiser welconmsd Friestley 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
13, where he was welcomed by the American Philosophical Society.
Ferhaps the Society's members would have been a little piqued
if they had lesrned that Frisstley wrote a friend, ssying
"I never saw a town I liked less than Philadelphin."< By the
end of August, Friestley had bought l1and in Northumberland,
vhere he bullt a house,

1
Quoted in Fdgar F, 3with, Priestley In Americe, 1794-180k
{Philadelphia, 1320}, 20.

=
quoted in ibid., 55,
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The scientist continued his investigaticns in hils new
ncoe. EYls most lmportant discovery between 17T9L ord 1804, when
he dled, was carbon mongxide., He also became a member of the
American Fhilosophicel Soclety and contributed several papers
to 1t.

At his desth, on February &, 180U, America lost = new son
and the world an eminent scientist.

Fresent Condition of the Site

Eriestley's spaclous end attractive house stands on m rize
sbove bhe North Branch of the Susquehenns River. The central
gecticn ig two stories high mand hes & gabled roof. On its west
side i= a kitchen wing, end on the east side is a wing which
hontsed Priestley's laboratcry. The clepboard for the entire
structure was kiln-dried on the grounds when the house was built,

The house has been restored after having fallen into dis-
repalr many years after the scientist's demath. 1I% has 8lso been
partielly refurnished; the library contains objects owned by
Priestley.

Heferences: Willlas Heary, "'Joseph Priestley,” in Edwerd Farber

(ed.) Great Chemists (New York, 1961); Edgar F. Smith, Friestley

in Americe {Fhiladelyhia, 1920); John Mexson Stillman, The &Story

of Early Chemistry (New York, 1924},
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Early view of nprth side of Joseph Pricstly Houwse, Northumbertand, Pennsylvana,
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Modern view of north side of Joseph Priesley Howse, Northumberland, Peansylvania, Note absence of balustrade on roof
and added front p{_‘rrl;_‘h, Uoarkess s [ Seabes vania Histeoeal aimd Mozeam Cemimiaegan
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Luther Darberni Home and Garden, Californias ClassitTied under
Theme XWILa, Agriculture, 1883-1206 hohe and garden of tle
vlant Dreeder.

John Muir Heme, California. Classified under Theme XIX, Conservoiion
of Natural Rescurces and Theme XX, Sublhernes, Literature. 1800-]5ah
home of the naturalist.

San Francisceo Cable Cars, California. Classified under Theme XVILT,
Travel aad Connunicaticon, HRelated to Avdrew 5. fHallidie’s invention
of the epble eor in 15873.

John Deere House, Illinnis. Classilied under Theme XVIIa, Agriculture.
Hdome 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 Amerdicon
forestry,

Jethro Yood Home, Mew York. Classitied under Theme XVILa, Agriculbure.
Fortfector of the first iron plow, 181%.

pamuel F. 3. vorse lome, kew Yorh. Classilied under Theme AVIII,
Travel erd Coumunication. Perfector of the first commercial
telegrapl,

John Bartram douse, Pennsylvania. Classified under Theme IX,
Development of the English Colonies, 17C0-1775. Home of the
greal naturalist.

Bobert Fulton Birthplace, Pemnsylvania. Classilied ynder Theme
XY¥III, Travel and Communication. Perfector of the sceanboat,

Monticello, Virginiaz. Classified under Thome XIT, Political and
tilitary Alffeirs, 1783-1830, Ibre of Thomas Jefferson.

Mount Vernon, Virpinia. Classified under Theme XII, Political and
Wilitary Affsirs, 1763-1830. lome of George Washington.

Cyrus leCormiclk Farm and Workshop, Virginia. Classified under
Thepme XVIIa, Agriculturs. Perfector of the mechanical reaper,
1831.

Fdmund Ruffin Plantation, Virginias. Classified under Theme XVIJz,
Spriculture. Father of s0il conservation.
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Sites in the flational Fark Systenm

Felated to this I@ggg

Indcpendence Neticnal Historical tark, Philadelohis,
Pennsylvanla, Franklin Court, on {rianne Street, betveen
Chestnut and Merket Streets, contains the former site of
Benjamin Frenilin's heme, 1763-1750. His house was razed
in 1810.

Georgo Washington Carver Netional Momiment, Diemond, Missourl.

loze of the fapour Hegro édeacher, potanilst; and agronomist,

Edizon Naticnal Hlstoric Site, West Orange, [ew Jersey.
1BE7-1931 laboratory and home of the great inventor,
Thoras Alva Edison.

Harpers Ferry Hationsl Historical Parx, wWest Virginia.
Athougn established primarily to commemorate cvents
asscciated with the Jobhn Brown liaid and the Civil War,
Harcers erry Nationel Historicel Park also contains

the island in the Shenandosh RBiver on which John H. Hall's
Rifle Factory was laocated, It was hers thet the fnventor
verfected the oystem of mass production by the use of
interchanpeable parts, 1819-1841, In the 1840s and -50s,
however, the United Statesz government demolished Hall's
Lifle Facvory and replaced it on the same site with &
huge modeyn plant khown as the U. G. RHifle Factory.
freheclogical explorsticon has revealed that the foundn-
tions of the U. §. Rifle Factory have survived largely
intact. Bub in vlew of the Cact that both plants
occupied the same site, it is very doubtful if any
rezaing arve left of the Hall Factory.

dripght Brothers Hatlonal Memorial, Horth Carpline.
Here Uilbur and Orville Yright, on December 17, 1603,
made the first power driven airplane fiight in history.
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CTHER SITES CONSIORRED

CALLITORNLA

California Acadeny of Sciences

Location. Son Franciscec County, in Codden Gate Perit, City af
Sdan Francisco.

Thae California Ascademy of Sclenca, established at San Francisco in
1853, was the first scientific scociety on the Pacific Coash.

Its originel buildings were destroyed by the grest sarthquelks and

fire of 1505. The academy was then reconstructed at its present site

in Golden Gate parli, These large, modern vuildipgs include the

Hatural History Museur, Simsen African Hall, and the Steinhart Aquarium.
M1l of thess structures, with their many exhibits, are copen to the
oublic.,

Californis Institute of Technolomy

Location. Los Angeles Counbty, City of Pasadena.

fpened on Hovember 2, 1091 under the nare of Throop University of the
Pacific, the California Ipstitute of Technelopy was & ploncer scientific
and Hechnical schogl in the Far West, DTy the 19308 this school had
grown to become cne of the leading %echnical schocls of the nation,

tut during the pericd here under consideration (prior to 1914), it

had reached only high scbocl lewvel in its teaching.

Aras G. Throop established Throop University of the Pacific in 189
and made the manuel training departrent its mein featvre. In 1893

it was renaned Throop Polytechnic Imstitute. The early institute
included & collese, & norwal schocl, an acoademy, and for a time, an
slementary school and a commercial school. In 1908 the trustees
decided Lo separate the elementary departrerd ; the normal school,

and the academy, leawving only the college of technolopy wiich conferred
Bachelor of Science degrees in electrical, mechanical, and civil
engingering. Io 15910 the name was changed ta Throop College of Tech-
noalogy, 2nd the schocl moved from its crowdad gquarters in the center
of Pasadena to a new campus of 22 acres on the southern edge of town.
The institute then had s faculty of 13 and g student body of 34. In
1921 the institube changed its name to Caljifornia Institute of
Technology and began to emerge &5 an imoortant sclentific school.
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Dr. George Ellery Hele (1368-1938%, +the digiingnisncd stircnenty
and first director of Mount Wilscn (bserveiory, wes one of the
1908 voard of trustess. [ale began to build up the Institutels
seientific staflfl.

In 1213, Tobert Andrews Hiliilan 'bepan poispend & fuw momths a
vear ab Throoepd a5 Dircctor of Fhysical Rescercen. In 1321, wWhed
Dr. Morman Zridge agrcod to provide a research laocietory in physies,
Dr. Hilliwen resipgned from the University of Chicago and became
adninistrative head of the Institute as well as director of the
Normar Dridme Iappratory. Milikan was credited with heing the
first o isclate the clectron and measure [te charge, and in 13E3
he received the [obel Frize in Physics, Lic second American Lo be
s nonored since Albert Al bdchelson in 1C0T. Another of oany
giher a2ble selentists attrscted was Thomns Bune Morgan, the emirent
Arvericen zoologist, who left Columbia University in 1920 to bedcme
the director of the $tH1liam C. Kercihoff Iavoratories of Blologleal
Selenccs at the California Institute of Tecimology. Morgan dis-
covercd moany of Ghe mechanisms invelved in heredity., He exberi-
menbed in the new field of genetics, demonstrating Shat physical
charactoristics were transmitted by "menes," His research brought
about modificetipns in the theory of evolution, and he was gwardsc
the Nobel Frize in physiology and medicine in 1533,

The first Ph. D. degrees, nine in aumber, vere avarded in 192k,
By 1530 there were 130 pgraduste students, 510 vndergraduates, and
a faculty of 180, Todey there are aboul T0O undergraduates, 550
graduate studentsz, ardl a faculty of sbout 450.

Of the 47 buildings locnted aon the 30-acre campus, onhly one,
Throop Hall, erected in 1010, fells within the limits of this
survey. This structure now serves as the adninistration building
of the Institute,

lontzomery Memorial State Park

Location. BSan Diege County, 11 miles south of San Diego via
U, 8. ilighway 1G1l.

dere ab Ctay Mesa, in 1083, John Joscph lontgomery made the first
heavier-tnen-alzcraft Tlight.

Cne of the Aserican ploneers in asronautics was John Jeoeph Monbpooelys

As 2 student at 54, Ignatius Collepe {now the University of San
Francisoo), fonbeomery first studied the oyoolems of flight ard
earned his bachelor and master of scicnce degrees, In 1333 he
studicd the [light of gulls in the San Diego arca and built his
Tirst glider. In Aumusi, 1883, he =made the first controlled winged
flignt at Qoay lesa. lontgomery's repori et the Chicape conference
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of 1493 impraszed Cefave Charubte, another dAxericzn oioncer in
aercoautics who was then also Geginning to experinent with gliders
near San Diepgo. In 1858 Montgorery Lecame & physics profcssor at
santa Clera College and continued his experiments with gliders
until hig feorial ¢rash on Ceotober 31, 1911, near Eversreen in the
Santa Clara valley.

Fontgemery Mererial State Terk includes 29 acres of the hilltop of
Utay Mesa, from where Montgomery lawnched his firvst plider. A4
modernistic momesent in the form of & huge glider wing commenorztes
Fontgomery's achieverent. The ares arcund thiz park i being hegvily
Built up withn residences.

vount Wilson Chzervatory

Location. Los Angeles Couwnty, Mount Wilson, 20 wiles east of
Lo Anpecles via Btate Highwey 2.

Mourt Wilson Solar Observetory, pleced in operstion in 1904, vas
the second of the preail research astroncsical obzervatories to
Le estavlished in the Far West.

The decision of the Carnegle Institubicn of Washington, D. €., to
build the llount Wilson Solar (bservatory in the San Gabriel liountains
near Lol Angeles was xade upon 8 recoumgndation of Samuel P. langlew
in 1902, Dr. Gecrge Bllery lale (1966-1938), the organizer and
éirector of the Unlversity of Chicago's Yerkes Observatory at
Williews Zay, Wiszconsin, was mrpointed dirxector of tne Mount Wilson
Solar OLscrvabery i 1C04. The principal instrument of the Mount
Yilson Observatory at first was a G0-inech reflecting telescope,

The obeservatory staff concentrated upon the study of the sun.

Their comprehensive studies of sunspots resulted in the annocunce-
went of a general theory of sunspotse.

In 150& Jolm D. Hooker of Los Angeles zaye the Mount Wilson
Gbservaiory Lhe monerr to acquire a telescoye mirrer of 100-inch
aperture, By 1917 Dr. Hale had this huge reflecting telescope in
cperaticn, and until 1937 this was the world's largest fclesconpe.

Hale resigned as director of the Mount Wilson Chservatory in 1923%.

In 1528 he induced the Fockefeller Foundetion to denate 36,000,000
for e 200-inch refrector felescope, The site chosen for this new
glass was on Fount Falemar in San Diepe County. The partly coupleted
mirror vas received in 1936, bub it wes net until 1948 that the giant
telescope was conpleted and installed ot Mount Pelomar.

itunt Wilson Ohservatory, %,710 feet altitude, is located in Angeles
Hational Forest on a 1,050-acre platesu at the sumuit of the mountain.
The prigina] buildings, and €0-inch and lCO-ineh telescopes are still
in upe, togefher with the =lx more recent instruments. The dbserva-
tory is open o the oublic.
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rale Alto Fara {Zadweard Muybridge)
Location. 35anta (lare County, golf course of Stanford University
at Palo Aluo.

Among the pioneers in moticn picture photography was Eadweard Huybridge
(1930-190%) wio photographed animals in motion as serly as 1072 for
leland Stantord, working largely on Stenford's Paolo Alto Farm.

Eadweard Muybridse was born in 1830 in Kingston-Upon-Thames, Surrey,
Prgland. In 1850 he came to the United States and between 1856

and 1860 established an antigquarien bocistore in San Francisco. By
1867 he had becoos known B3 A IAster ohotogrepher of Western scenes.
In 1872 he was commissionmed by Leland Stanford, one of the Central
Pacific Railroad's "Blg Four," to photograph the millionmire's
trotter, the racehorse Ceeldent, in rapid motion. Gtanford had

a theory that a running horse has sll four feet off the ground at
one phase of his etride. Muybridge conducted this work at Sacramente
petween late April and the beginning of May 1872. Despite the
technical limitations of "instanteneous photography” at that time,
he succeeded well enpugh to prove Stanford's point with the camers,
On the strength of Muybridge's firet efforts Stenford invested
during the next decade many thousands of dcllars in the photographic
investigation of mnimel locomotion.

In the early spring of 1873 Muybridge made a gecond attempt to
photograph the racehorse Occident, This time he devlsed a fast
shutter, used nevw chemicels for faster emulsipns, end for great
eontrast had the racetrack at Sacramento spread with white bed
sheets, This sscond experiment was a perfect likeness of the
celebrated horse. Maybridge calculated his exposurs time o
1/500th of e second, the most nearly instantanecus photogreph
taken to that tlme.

In July 1877, with Stenford’s epcoursgement spd patronage, Muybiddge
gave up lendscepe photography for good and devoted himself for the
rest ¢f his life to the glgantiec project of recording every aspect
of motion in humaps and animals, until at last the whole world

knaw about the "pictures that moved.”

He conducted bis seientilic worl with motion at Leland Stanford's

Falo Alto Farm from 1877 to 1881, then at the University of Pennsylvania

from 1583 to 1592, and finally as a lecturer and writer until his
dzath at Kingston-Upon-Themes in 1504.

leland Stanford begap acquiring nis Palo Alto Famm in 1876, and by
186Gt it contained more than 8,860 scres. The portion of the farm
devoted to the breeding and treining of racehorses was celled the
Palo Alto Stock Farm and was located about one mile west of the
present University guadrangle.
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Here, facinz Lths trask of the Stock Firm, 2 laboratory or studic

vas erected for Muyoridege in July 1277. Starting with five carcras,
Maybridee then increased the number to 12 mnd fipelly 24, eech placed
at intervals of 12 inches, with their shutters contrclled by means

of an electrical device. Those preparations were completed in 1378,
and during that year and the next, MHuyburidge cade a vast cellection
of photographs of animels in motion.

In July 1378, the photogtapher published and copyrighted in his own
name the first of the views of these enalytic photogrephs. Utilising
an existing instruvent kpown as the zoetrope, Muybridges devlsed a
projecting machine which he called & zoBpraxiscope, for throwing the
Fictures on the screen, thus successfully synthetically reproducing
the spnimal's movement. He demenstrated his new projector in the

fall of 1379,

Muybridee compieted his camere work in 1879 and then applied himself
to thoe task of collatine and printing the multitude of negatives.

It was not until May 1881 that he delivered to Stanford e complete
set of all the pictures he had taken,

Stanford published thess studies as The ilorse in ¥obion in Januery 1862,

The Falo Alto Stock Ferm end Racetrack, where Muybridge wade his
experiments from 1878 to 1881, is now occupled by the Stanford
University gelf course. There are no origipal buildipgs left.

Legter A. Pelteon Monumsnt

locetion. Yuba Courty, in the villepe of Cemptonville, Stete Route
59,

‘The Pelton water wheel, perfected in 1B878-1880, was z basic inveption
that permitted the rapid development of the hydroslectric iodustry
in the United States.

lester Allen Peltan came to Californie in 1850, at the age of 20,
end worked as a millwripght in the gold mining Mother Lode Country
of Northern Californie. At Camptonviile, high in the mountains of
Yuba County he built homes, mills, and water wheels. These water
wheels, much in demand in the mipes, atirected his particular
interest, and he began to study the force that cade them revolve,
in an effort te find e way to inerease 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 splitting the
stream of water from the nozzle into two poarts and changing the angle
of the impact against the buckets attached to the wheel, Felion
found he could sultiply its speed, Power, and =fficlency. He alse
iotroduced the use af twin buckets on the vheel instead of the sipzle
line of cups formeyly used,
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Telton eoyoirucd wich his exporimcncs, o cbteacand Instrumenis

{to measure the efficiency of the wheel. After tryiog 40 or more
different shapes of Luckets, he patented his invention on Oetober 26,
1880. He began making wheels of the new degign at Heveds City,
California, for guarte stamp wills and for other power use:s 1n

the mills. The Pelton wheel was quickly adoplted by the gold nigers.

Teltorn then moved to Sapn Francisco and in partpershiy with 4. P. Brayton
organized the Pelton Water Wheel Company in 1588, The Pelton Wheel,

in its perfected form, was manufactured for a wide diversity of uses.
Wheels weres made up to 20 feel in diemeter to produce many thousands

of horsepower, They wers s2lse made as srall as four inches in

diamoker, welghing only 2C pounds, {or the operaticn of sewliag

wachines apnd dental and other szall appliances.

Froductiaon of a water wneel desipned to sroduce maxisum driving
rower under the high static heads characterisiie of Moarthern
California vater sources was timely. It came just as the hydre-
eiectric enpineers werclaying placs for the firsy wabterpowered
generating plants. The Pelton wheel st cnce became a vital part
of the developing hydroglectric industrry. Pelton wheels tadey
drive the renerators in many a hydro-nowerhouse in the West and
elsevnere in the world.

The site of Lester A. Pelton's workshopn in Camptonville is marked
by a granite shaflt, erecsted in 1928, On top of 1he monument is
mounted = model of cne of Pelton’e earliest splitter wheels. Thers
are no repeins of the inventor's shop.
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Other Sites Considered

ALABAMA

The Hill Bullding, Infiypary of Dr. J. Marion Sics

Locetion: 21 5. Perry Shreet, ¥Yovhpomery

In. James Maricn Zdms was the founder of operative gyhecolegy, 8 branch
of sJurgery that bepen In the South ard was develcoped almozt entirely hy
Southern surgeons, Vesicovapginal fistula had resulted in enormous suffer-
ing in ¢hild-bearing women and had beffled surgeons Tor centuries. In
18%5 Tr. S9ms received several cases of This kind, which were considered
hopelecse, at his okall hospifal for degroes in Montgomery. An accidert
opcurred Adurinpg the examination of his first fistula patient which re-
veailod a new zuvproach and prompted hil to vegin a long-term series of
operations., These became a heavy burden on Sies and his famdly, but he was
determined to carry theo through. Success finally came in the thirteenth
operation; two weeks later the other two patients were also cured.

Shortly after success come 1n this lonp series of cperations, L. Zios’
health failed asz a result of an old ailwent. ITuring a leng ilineszs of
oeveral years furation, be wrote the histery of the vezicovaginael fistula
gperation; which appeared in the American Journsl of Medical Seiences for
January 1852 ard was reprinted scparately in 1853

gims moved to New York in 1553 and soon promphed the establishment of the
Woren's Hospital of the State of Wew York. He next spent a decads in
Burope {1862-1572) which was an wninterrupted series of triumphs. He re-~
turned Lo Wew York and the Women's hoopital in 1872: in 1876, be was
president of the Americen Medical Association; in 1830, he headed the Amer-
icen Cynecological Society. On November 13, 1883, Dr. Sims died.

A remarkable school of SouThern pynecolepists followed Dr. Sims' lead,
Thiz branch of surgery throughoot the world was especially active during
the 19%th century. Today orerative poymecology is often merged into gencral
surgical practilce.

The two-story, red=brick Bill Buiiding at 21 S, Ferry Strect in Montocmery
vas the early infirvery of Dr. J. Marion Siks. In the mid-twentieth cenfury
the building became the oiflfices of ancther surgical pieoneer, Dr. L. L. Hill,
whe was the first surgecn to operate succeszsfully on the humen heart. The
Hill Building is still rmuch as it was originally. The Montpomery County
Medical fAssociatlon has placed o marker coomemorating Dr. Sims! werk to the
lef't of the eantrance,
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COREECTICUT

Jomes Gates TFercival House

Geolemy, (¥ew Haven, 19203}, 190,

Lecation: 381 Percivel Avenue, Hensington, Hartford County

James Gates TPercivel, who conducted one of the earliest and meost thorough
teological surveys in How Tngland, was born on September 15, 1795, As &
youns man he attended Yale University, where he studicd medicine, althéngh
he 2lso dabbled in botany and geology. He also wrote poetry. Yale coh-
forred an M, D. depree in 1821, Lot Fereival soon ebandored medicine.

This slender, dark-cyed, stoored, and brilliant individwat, whe vnfeail-
ingly wore the same suit the year round, never persisied In any under-
taking for wery long. Tercival had a peevish, sour tepper, and he so
frequently thought e detected animus in others that he found it difTicuelt
to work with feople. Aside frem his devotion to poetry, he wandered from
one project to another; at one tims he served a5 a procfreader for Noalb
Webster, In 1839, the State of Connectlcut appointed him as o state
gurveyor, vhich led to Fercival's cutstanding geological survey of the
Hutmepr State.

The story is told that vhile makipg the survey, Percival was sccosted
one dzy Ly a farmer. The farmer, stating that hie wes & taxpayer, =sked
Percivai what he was deoing, Perclval zurprised, and probakly irritated,
gared ot his dquesticher for a meeent, then tock a few pennies Trem his
rockeat and peve them to the Tarwmer, saying:

Here iz the arount of your centribution. I would rather
remit than atterpt to explain.”t

The report FPorcival produced after his survey astounded everyone. Vhen

it appeared in 18L2, after the author hed been hounded atout it by the
legizlature, the work condnined 5C0 pages of undigested fects and detplls,
Yhereas those responsible for The survey had cxpected a oriefl rewort, they
recelved a Lome That no one wishned Lo mead, Subsejquently, Towsver, Japncs
Twright Tena, an oulstonding American geologist, stuodisd Tercival's work
and Tound such of value in dt. In perticular, TPercival lad suppested

a bypothesis of mountain formaticr that later hecawe mecepted, Cruched

al. the dezpreciation of his work, and vmpaid for his labors, Ferclwal soocu
retired to the Hew Haven State Hogpital,

At the very end of his life, he resumed his geolegical work. He becare
the sinte geolopgist of Wisconsin, but his death on My 2, 13%5, lirited
hic acccmplishrents in that peosition.

louoted in George D, Herrill The First One Hundred Years of American
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Poroival's heme in Kensington was builis around 1765. It is a two=shory
tuilding, whose original clapboards have been covercd with red rainted
shingless, £Lutszide of thet, plus the zdditiom of & zswnrocnm, a perzh and

g doymer windew In back, 1iLe house has not been changed. The original
intericr paneling is extant, and the house's carner cupboards and fire-
places are original, The most interesting rocm irn the ocuse is Percival's
study on the second fleor, which containe an attractive Tireplace and hand-
some paneling.

Oepjonin Sillipen Bouse, Hew Haven County

Location: 87 Trumbull Street, New Haven

The fmerican Journgl of Science is cone of the Hation's oubstanding
selentific perdodicals, havinog served Scerican seclence sinse Banjemin
Siliimmn fourded it inm 1818, It is probtably Silliman's moss iasting
contribution to sgecicnce in the United 3ftates, btut this notatlc fteacher

and potularizer of science still ronks as one of the leading scientists of
the aate«ballurm erg.

Silliwan's develepment as a scicptist nrobably surprised hizm as much as

his friends, Porn en Avgust 8, X779, in Truzbull, Cemnecticut, he entered
Yale when but thirteen. Knowm there ez "Bober Eer,” he exhibited sope
interest in science, but efter being gradusted irn 1756 he subseouently be-
gan to study low. He passed his latyy commme in 1802, but he never practiced,
Tatally unexpectedly, Ynle's rresident, Timothy Dwight, apnointed Sillizan
a5 the vollege's first yrofessor of clepistry on Jeptember T, 1802, Umiille
ing to shirk this challenge, Sillimen a2ccerted the eppolrtment and spent Lhe
next two winters studying chemistry in Thiladelvhia and Princeten. The new
and young professor faced his first cless at Yale on April b, 18504, In a
short while, ¥Yale provided a laborabory for Silliran in the besement of' a
new tuilding, aand Sillimer wryly cotmented at 2 lster time on his sub-
Eerrancan quarters, saying

Honr did 15 hapren. I suppose thet o . o the able civil architeet
« + « had recelived only =che yapue imrressions of clhecistry--

perbaps a confuscd and Gerrific dream of slchermy, with its black
arts, its explosions, and its wolrd-like mysterics. He appears,
therefore, to have Imagined thet The deeper dewn in mother earth 1
the ¢angeorous chemists could be buried, sa much the tetier , . "

Williman spent [iftecn damp, danlk years in this cell,
O1lliman's bascment laborstory did not discourage him, and he tought at

Yalc vntil his rebirement in July, 1852, Pragmatic, rersistent and re-
captive Lo new ideons, Sillipan mede ¥ole 8 leader in chendstry and geology.
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A irip to Europe in 1805 both bromdened nis chemical background end stim-
ulated a general interest In geologyr, Just as he Q18 when he organized

the Mation's {irst geologicsl scoilely, the Awerican Ceclogical Socciety,

in 1512, The dyuanic professor s£lso helped 56 crecate the Yale Fedical
School in 1813; and in 1846-47 he led the movement to establish a precedent-
broaking graduate faculty st Yale., Of course, throughowt his years at Yale
Silliman teught, and numercus men moved Irom his elasses 3o positions of
leadership in the Zperican scientific community., One student, Jaces Dwight
Dana, became one of the world's lesding geolopistes.

5i1limgn'es teachinge outside of Yale was also of major significance. In
1534, he bepan to give publis lecturcs on geology, which he continued until
1357, and through kis platform appearances he did more "to spread o know-
ledrme of science and to stimelate veopie fo study sclence than ary other
teacher of his goneration."® Tt most have been a miszsionary's zeal that
toock him Lo the people, for in that day, when {ravel vas so diffieult,

Te sroke in sueh widely serarated cities as Fittsburch, Tew Orleans, Mobile,
and Zt, Louis, as well as in nurmerous lesser towms,

A mar. of reparkable cnerpy, S5iilliman bad fourd time to establish the
frericen Journal of Science in 1824, It took almost four years of cndless
toil to makec the journal a2 success, but ever since it hos enjoyed an
enviacle position among scientific perdodicals. The mapazine, also known
ag 'S8illiran's Journal” in its emrly period, exercived a profoundly benefi-
tlal iafiucnce upon science In the Urited Dtates, cspeciaolly ns w forum for
the announcement of the latest scicntific discoveries. It continues to
stimulate the Country's sclentislbs, just as it rovains a unigue memeorial

to 2 great man long afher his death on Hovember 2k, 1885,

The S5illimen house bears 1ittle resenblance to the building ceoupisd Dy

the scientist, Pullt btetwzen 1807-00 by Jazes Hillhouse, the house stood
on Hililiouse fvermie whern 3illiman purchesed it in 1891F for &4, 500,

5illiman socon rade scme changes, ard in 1836 added a wing., After his death,
the house was moved arcund to face on Trumbull Street in 1871; also, =

rool over the Trant porch vag added st this time. Moreover, the stone walles
were removed in favor of olapbosrd, Gome years later, Lrick wings wers
added Lo the house.

ltuoted in Edward Farber {ed.}, Great Chemists (Mow Yeork, 1961), 408.
Eﬁérber, Greab Cremigts, 414,
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GEQRGIA

The Crewfocyd V. lLoog Memordal

locaticn: Jefferscn, Ceorgia

Sir Huphry Davy tock a long step toward modern anasesthesia in his
experiments with lsughing gas. In 1759, he wrote thal nitrous oxide
seemefl capable of destroylng physical pain and supgested that it might
be uzed with gdvantage in surgical operatioms. Swrprisingly, no one
acted on this supggestion for erovher 43 years.

In the early 18LG's the efTcets of laughing gas wers videly discussed,
Wandering charlatans geve deronstrations, and "nitrous oxide frolics”
were sonetimes held. It wes in &his way thet Dr. CravZord W. Lons of
JefTersen, Georgla, began M experdiments with mnaessthesie, When no
laughing gss was gvallable for a plenned frolic, Long substituted sul-
phuric cther., Ether proved to produce the sare sort of inioxicetion,

Or. Long streudly observed that his pussts ceemed oblivious to bruises
that would ordinarily have been guite painful, Freec this, ke began to
monder seriously the use of sther ta yrevenl poin, ond fipally deecided o
make the test, On the 30th of Merch, 1842, Dr., Long recoved z small
turor from the neck of one of his friends while he inhaled ether. The
pationt gave no evidence of suffering during the operation and indicated,
after it was over, tha%t he hed experienced no pain.

If Long had immediately reported this experiment in a medicsl journal,
there could have been no doubt thet he was the ddscovercr. The great
ether war would never have heen waged, However, Long was couvtious end
detergined to teat the results through other operstions. The firct pub-
1ished account of Dr, Long's operations did not appeer witil 1849, in
the Southern Mediecal and Surpicsl Journal., Fublication scered to have
been promphed by sn account of the exporiments of the Boston dentist,
Willigr Themos Green Forton, Eecause Long had not published his resulls,
others redlecovered his technicues independently.

Craviovd W. Long, Horacve Yells, Cherles T, Jackson, and ¥Willier Horton

all shere in the dscovery of surgical snaesthesia. Yet it was Horton's
work that was first ammounced on Hovepber 18, 1846 in the Bosten Hedical
and svrpical Journal. Morton had acted Indeperdently end conducted expor-
iments with cilker on his owr dndtiatlve. He bad assuped the entire res-
ronsibility for the outccme of his [irst public demonstrations on humens,
and hc thus, before sryvone else, convinced the surgical world of the
value of the discovery.

Althoush Crewford U7, Long was the Tirst to experiment wiil end use ether
successfully in surgery, most medical authorities would epree that he loses
the larger honor of acqueinting the mediecgl world with its bepefits beceuse
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e deleyed publicaticn of experinents with ether until several years alter
the universgl acceptance of surgical enaestheslsa,

the Crawford W, Leng memoriel in Jefferzon, Gecrgla, was reconctructed
on the fourdation of Dr. iLong's office before 1860 by the physician who
bougnt his practice. This LWellding has recently been restored and housos
a museun which was dedicgted and opened to the publie in 19%7. The memcrial
iz afrinistered by the Georgia Hlstoricel Commission.

INDIANA

David Mnle Tsren Leboraiory

Location: FPosey Covnty, Church Strect, Faw Hormony

Javid Dale (wen occupied an ixportant position in the renks of Americen
poologists between 1820-1860. His thorough and efficiently ceonducted
genlagical survers irn western Americs nobt only retain significence in

the history of American pzology, bub 2lso are reonembersé as having helped
ta develop thet ares.

faren was born in 3cotland on June 2k, 1307, the third son of Rdberbt Owen,
the founder of Hew Harmeny, Indiana., He received his esarly educsation in
Europe, cnd he returned to Londen for study in geology in 1631 aftcr having
been in Hew Marmony since 1623, Upon his return to smerica, Owen efiended
the Ohlo Medlceal Coliegze in Dincinnati and received an M. D. degrees in 17305,
In the f2llowing year he married Caroline O, Heel, whem he hed met in

Hewr Hermony.

Cwen bogan his pgeological career in the same year be married, 1837, Tor'
aome razzson ke kead turnsd froc medicine, eccepted s positicn as the state
genltogist of Indiane. He completed a report for the Stste within a year,
gnd then he resigned., Within & short time, however, he began to work for
the United States.

Cwan accorplished his greatest geclogicsl werk while working for the Foderal
Governmert. Althoupgh reticent and forgetful, Owen had a pleasant personsl-
ity and singular adeinizirative ebility. Uher the Geoveroment: conmissionsd
him on August 17, 1839, to survey sn cleven thousend square mile ares in
Yizeonzsin end Iowa, Owen formed a brignde of 139 assistants, frained theo
and sgb them to work. On Fovewber 1%, 1339, Gwen delivered a completed re-
port on the survey, 2slde frem describing for the first timc the cineral
riches of the pres, the report stands 2s a menument to "z Teal of general-
ship which has never besn sguoled in Amcrican geologicsl history,"

lGeorge D. Merrill, The First One Hundred Years of Apmericen Geolegy,
{Now Haven, 1925}, 199,

B 67




The David Date Owen Laboratory. New Hirniony. Indiana

WEE By, T



Subsequeatly, Gwen carried out a geolegical study of the Chipvews Lond
Digtrint For the United States., MHe covered gll of Wiscorsin, Ioweg and
Minnesote, and his report of over 6CO papes appeared in 1852, Owen was

8 talented artist, and his geolcgicel drawings in his Chippewa report have
hardly heen egqualed.

in incredible worker, Cwen served as the state geolopgist of Kentucky and
brkancas In his last jzars. He had alsc become the state peclogist of
Indisra for the second time when death struck him on Tovember 13, 1860,

When he died, CwWon was &t work on a report. Shortly before his demise,

g dgetor had werned Cwen that his illness, plus his constant writing, might
seuge hiz death within a week, but the geologizt had ignored the prediction,
saying "I only want thirteen days to finich . ., . Z;hﬂ repo;ﬁ?,” gnd kad

continued working.

Owen bullt hiz laboratory in Mew Harmony Tor $10,CC0. 5till liftle changed
from Lhe time it was erected, the building's towers, pitched roofs and at-
tractive exterior deceraticn glve it an exceedingly interesting appearance,
There is only one flcor to the building, and aside from the living room, the
rooms are not teo large. Gwen designed the building himseld,

INDIAKA

Themas Say desldence

Location: Posey County, Joutheast carner West and Church Streets,
Wew Harmony

Themas Say, the father of descriptive entemeolegy in America; was born in
Fhiladclphia in 1787. Of Huguenot descent, the young Szy developed an
interest in science, which subsegquently led to merbership in the Philadelphi
Avademy of Hatural Seicnccs shortly after its establisktment in 1312, cay
nlszo becare the curntor of the Acodemy, but at no salary. With almost no
income, the youmg man for menths spent about twelve cents a day Tor food,
eating littie else than bread snd milk, He lived in the Acadeny's head-
quarters, finding resting at might hereath the skeleton of a horse,

Tay's partieipetion in several expeditions after somre years in the Acadeny
greatly stirmelated his work, A ¥rip te Florida, which arce he ceonsidzred
8 superb place for tugs {as seme still do), led to Say's initial paper on
chtorclosy, which appeared in the Acsdery’s Journal. In 1819 and again in
1323, Say acceompanied the western expeditions ied by Major Stcphen H. Lowng.
Slender and tall, Say's white beover hat amused and intrigucd the Indisns

x

lﬁuﬂtﬂd in ibid,, fm, %1, 199-2C0,
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as much es his bug ecollecting. And doring the long, exhausiing treks,
Say mataged te build notable volleciions of specimens vhile traversing
a littie knowm area of Awmericn.

When the second Long expedition had ended, Say returned to Philadelphia
and the Academy of Wetural Sclences, He not only atltended to hisz curo-
torizl duties, but contimied his enterological studiss, In 1824, he
pubiished the initial wvolume of his American Fntomclogy, or Deseripticn

of the Insects of Horth America, & second volume followad in 182%, and
later a third volure, tut poor public reception of the work forbade thre
printing of additionmal wvolumes. This work vonstitutes Say'sz major seientifi
achievement, as well as rcopresenting the [irst prest Ameriecan contribution
in entemology.  Say, in his American mnfcomolopy, described the genere and
specics of American inseets, plus illustrating the insects by colored en-
gravings. There was no more artistic work of dts kind in dmerica when

sy wroduced these volumes,

Hot too leng efter the appearsnce of the second volume of the Zptomoloxy,
William Maclure, an old benefactor of Say's, tersuaded Say to move to

¥ew Harmony, Indiana. There he coulid teach and pursue his work, Sny
arrived at Robert Cwen's socialisfic cemrunity in Jamuery, 1826, A year
later he married Tumey Listaire, who proved to he an ideal cempanifon for him.
Travel, toeching, and study kept Say wery busy. Ip 1828, ne ypublizhed the
third volurme of his Arericarn Entomolaomy, for exsmple. Two years later, Say
published his American Concholoey, The pletes for vhich his wife had largely
prefpared, Four years later, when only Torty-zeven, death cut short his
sareer, denying to America further fruits of this percoptive, energeiic
seientist.

At same time, spd for an undetermined period Auring his years in Hew Harmony,
Zay lived in the Fauntleroy House. BPuilt in the early 18207s, the sturdy,
clapboard building kas housed many fomilies, of which the Say farmily was

the most excentional. The house iz now = museum, commemorating wvarious
aspects of vhe history of Hew Harmony.

MAZBACHUSETTS

Nathaniel Bowditch House

Tocatlon: Iseex (aunty, Horth Street, Salem

Hathaniel Bowdlich probably set 2 record for discovering errors in a pube
lighad work when he uncoversd eipht thousznd in g manusl of navigation.
Amonp the most grieveus mistakes John Hanilton Woore had made in compiling
his boal, The Practical Wavipator, was the cilation of the year 1BCO as

8 leap yeor--several sea disasters resulted. Tt iz obvicus then why ane
of the mogt remarkable soientific books ever published in fmerica,
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Bowditceh's The New American Fracbicasl Novipator, rapidly supplanted the
egrlier British work on shivs the world over.

Bowditch developed his inberently keen, enalyticel mind largely
through his ovm efforts., Borm on March 26, 1773, of o Temily who had
folloved the sea Tor generations, the young Bowditch received some school-
ing in Selem, Massachusetis. Dot when twelve he becsce an apprentice to
a ship chendler. Althougk he could siudy only after worle, the youth d4id
not forsake his interest In wethepeties. Within a yeer, for example, he
hed compiled = notebook on nevigablon., WILL borrowed bocks and emezing
dediration, Dowditch continued to study as cnergeticslly as most boys of
his age played. Oo impressed were two of his older friends with hiz zeal
and ability, that in 1791 they secured permission for him to use the vol-
ures in Salem's Fhilosorvhical Litrary Company. Powditeh deveoured the
treasures be Tound there. Indicative of his Intellecturl discipline is the
fect that vhen only elghteen he copied a1l of the matheratical papers he
fourd in the Trgnsaciions of the Roval Sceiety of London. By the esge of
twenty-one, he had read, after teaching himsell Latin, iy Isaac Hewton's
Frincipie, even discovering arn error in it, Moreover, with a French
dictionary in one hand and e Bitle in another, be had learned Irenck.

In 179%, the slight, cheerful, bripht-eyed and already gray-haired youth
turned to the sea. For the next nine yegrs, with some time off ashore,
Bowditch sailed over the globe., Throughout his travels he kenl a journal,
Tilled it largely with notes on the weether, or on matters of navipgation.
But when he wisited the Isle of Pourben in the Indisn Ceeen in May, 1795,
bis surprice at the easy ways of ihe lolrer sex produced this ertry:

Ok, my country, how much dearer to me is the demeanor of
thy daughters than that of the wemen of this country.

During these voyagss, Bowditeh continued his studies, especislly thosze
concerned with navigation., IZven when ke made his lasi voynge, as the
captain of the Tutnem, which he and three ofthers owned, tetiween November,
1202 and December, 1403, he pursued his studies. He Indeed almost let
the Putnam sail itself.

Tt was in the pericd between 1795 and 1802 that Bowditch produced his
Proctical lisvégator. By July, 1759, he had alresdy published two revisions
of Moore's error laden Navigator, but then decided to produce s new book.
Tlree yesrs later, in June, 1702, Nouditch's erndition and genius appeared
before the world in his book for seamen. Some 27h papges, +he manual con-
tained vevrigetionel alde, t£ide tables, astroncoical fables, the dutiss of
officers and a textbook on navigation, The material for feacling navi-
gation constituted & remarkable inncvation, and it protably stemmped Trom
Bowditch's otiempts to fsach geomelry to sailors while on hiz werious

1Quoted in Tgbert Blton Berry, Yankse Stargazer, The Life of Hathaniel
Bowaiteh (Hew York, 1941), S50.
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voyages., In e short tire, the book achicved outstanding popularity.

Ard as a sea captain later wrote, one sfter 1802 went %o sea with a
"Testament, o Bowdi%ch, a oundran®, g chest of sea clothes, apd 2
mother's blessing.”™ Subseguent editions appearsd during Powditch's life,
with the author kept busy by revisicns, and tke Fractical Tavigator, al-
though sorewhet changed, remains the seapan's dearest book.

Despite the fact that $he Fracticel Navigator vas Bowditoh's grest work,

he acconplished additional notevworihy achieverents in seience. His study
of the eston, Commecticul, meteor of 1867 received applause bere and in
Furope. Aside from thob investipgation and mimerous other scientific napers
Powditeh's transliation of 1eFlece's Mecanicue Celeste is of especial in-
terest, From at least the :ime of his last voyape, boiween 28C2-1803 until
hiz death, the seientist labored over iranslating the Frenchmen's greet
vork on xmathematics and theoretical astronomy. In working on Lellace,
Bowdiich said that whenever le cakme upon one of IaPlave’'s "'Thus it plainly
appears, " that he then had

hours of hard study before o . iﬁiﬁ? o Ti1l up fhe chasm
and fin? out and show how it plainly appears,

The Jjob was & stupendous ong, ard when the first four volumes ol the
translation appearcd, esch contelved over o thousand pages. Death cut shor
Bowditeon's work op Laflace's last volume (it iz =£ill untrenslated). Cur
pdmiration for this seientifis contribution, which brought continental
mathematics to ameriea, 1s increased by a realization that Bowdiich zpent

a third of his zavinps, $12,DCO, to publish his translaticn.

Bowditeh enjoyed more 4hmn just sucoess dn science.  Althovgh hiz first
wife, Clizabeth Boardman, died in the sazme year they vere warried, 17968,
he and hiz second wife, Mary Ingermll, whem he carried in October, 18C0,
had & hapoy marriape. She bore him eight children. After retiring from
the sea in 1603, Bewditch had joired a 1ife insurance coprpany in Salem.

In 16883, after accepting a position with a DBoston insurance {firm, he moved
ta PBoston., Towditch's shearp eye for fipures annoyed the firm's clerks,
put under his direction the coopony prospered. Death ceme te hip or the
sfterncon of March 16, 1538,

The house that Bowditch 1ived in 2t Salenm between 1811-1822, he living

here longer than in any other of his numercus Szlem residences, vas moved
from its origingl leocatiom at 312 Fosex Street to itc present zite on

Nortl: Street eround eipht years z=go. It is an early nineteenth-century
building and has been recently improved by the City of Znlem for use by

the Salem Park Deportment. In workings on the house, the @Ssler Park Deport-
ment removed post-Bowditeh partitions, repeiring the walls and Tloors, and
the zmall lizhts in the windows. On the exterior, the old belustrede stop
the house bas Jisepresred, as hove the shubters.

liuotoﬁ in Dirk 5. Btruik, Tankee Sclence in ke Moking {Eew York,
10623 109,
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Oliver Vendell Holmes House, "Holmesdale,”
tocation: Derkslhire County, Holmes Road, Pittsfield

bost of us rewmember Tliver Wendell Holres because of two of his poems,
"01d Ircnsidcs" and ' The Deacorn's Masteroiece, or the Wopderful 'One-
Hoss Shay.'" Holmes Was more than just an author, however, for he vas
£ noved doctor of his day snd & grest medical teacher. Xoreover, his
pager on pucrperal fever 1s a wminor landmark in the histery of Arericen
redicine.

Yolmes was born on August 29, 1809, and his father, 2 minister, hoped

that his son would also mssume the cloth. 2ul the young Holmes rejected
that path, and afier teing gradusted from Harverd University in L8ED, sailed
to Burape in 1833 %o study medicine. In Parks, he benefited from the letest
medicn? advenzes; and upon hils return hoeme received his M. DL degree from
Harvard in 1335

Folmes subseguently beeame 3 mepber oF the suaff of the Harverd Medical
Suhool, which he holped Lo make one of the best in the country. He shone

az a teacher, especially of aratory, enilivening his ¢lasses with wit and
Luror. Hever of narrow interests, Holmss also wrole opn medicine, as well as
othar subjects. Sthen Dr. ¥, T, G. Horton proved the value of ether in
surgery, it was Holmes who sugpested that the term "anaesthesia' be used.
Dvean more lwoportantly, it was Holmes vho first crplained the cause of
muerpersl fever,

fnece surpicel methoads bad been deveoloped ta aid in childvirth, puerperal
fever, which ceused many mothers to die, immediately broke ont. Doctors,
wha had been unable fo determine the faver's cause, Were astounded when

in 1243 Eolmes' paper, 'The Contapicusness of Puerperal Pever' asscried

that the Aoetors themselwves were restonsible. Dy means of statistical
evidence, Holmes shoved that it was just not an "unducky” case when a mother
died, but that theose in ottendance pusti bave transmitted the perm to the
victim., The author praved that chance was not responsible wher his statist-
‘el aralysis made it plain that ope docteor who had lost sixteen mothers

in one month wes move tharn only urnfortunate. Holmes also pled for anti-
sepbic practliees, and urged doctors to sveld handiing s delivery If they

hnd had & recent case of the Tever.

Although we know Holmes was ripht, his colleapgues ridiculed his con-
clustonas, As a resulc, mothers continuved to die from puerperal fever.

It was not until the 1880's that Helmes paper was fully accepted, after
other studies of the Tever bad piven the same answer. Then Helres dicd on
October 7, 1804, he died iw the xnowledge that tragedy in childbirth uas
far less frequent that it bed beer ip his youth.
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Eplres tuilt o supner residenee an pert of the Yendoll Jonlly lands nesar
Fittsfield in 1849. How known as "Molzesdale,” the srpacious, two-story
buildirg afforded Holmesz seven of kis most enjoyable suwmers, e spending
his wncations there until 1855, Tt was here that he wrote "The Deacon's
lasterpiece." IHiss Hell's School for Girls now owns the house and uses
it a5 a residence Tor teavhers.

Charles T. Jeckson Fouse, "Mayflowrer Seociety House,'

Locetion: Plymouth County, Winslow Street at Narth Street, Ilymouth
Charles T. Jackson Tostessed a brillinnt and oripinal mind, which carried
him t0 a commending positicn in American science before 18051, But he also
rossessed a suspiclous, sell-centered personality, which helped to eloud
his repulation apd lesd him to the insenc ssylum late in 1ife.

Rora in Plymouth, Massachusetis orn June 21, 180%, Jackson was orphancd
when fwelve. A pusrdian aided him, however, and Jacikson was able to
complete his medieal studies m%t the Harvard Modical Scheol dn 1829, He
Jjourneved to Europe in the ssme year and stayed umtil 1832, There, he
continued his medical work in Paris as well ag studying geclogy. Jackson
glso traveled throughoui the continent, availing himsell of cvery opporzunit
Tor Turther medical ard geological study. He algs becare very interosted
in electricity, and collegted some elesirical equipement fto teke back fo
Areriea. When he boerded the Sully ir the fall of 1532, Jackson probably
red a decper xnowledge ©f contemporary science than any other American.

Cn boerd the Sully, Jackson mel Caruel F. B. Merse, a nmeeting that event-
uglly led bo one of Jackson's epic guarrels. The scicntist and Lhe artist
discussed clestricity mhe evening, including the nossikility of sending
rossofes electrically. Morse, stimulated hy the conversation, drew g sietck
of an electric telopraph wpon rTeturning to his cabin.  And when the Sully
reached fmericn, llorse, alfter long and difficult yeers, finally perfecited
hiz instrument. Morse s success caused Jackson to ¢laim Lhat he really
was the inventor of the electriec telcgraph, and he tecame inveolved in &
violent Fight with Horse. The quarrel did nothing for Jacksen, except to
diverc him from his sclentilic work and fo sep his energics.

Jackson's cgocentricity slso fmpelled ko into an even mors wviolent

digpute with W, 1. G. Morton., worton, a one-time pupil of Jackson's in
Logton, proved Lo the world the angesthetic walue of ether during an
operaticn ai the Massachusetic Genoral Hospital on October 16, 134G, Sul-
gecuwently, Jackson claimed that ke bad fold Morton abeut etler, snd that he,
not Worten, should be reparded as the benefaccer of mankind, The frenried
fguarrel so Seared Laoth particiraats tist it helped to ®Kill Horiton ond rash-
ed Jackson into an insane asylum En 1573
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Degpite his unplessantness mnd his tragic end, Jzckson's bencficial
impact on American sclence cannot be depied., He not only contributed
inmurerable idess, but also stimulated rany individusls alomg the path
of seilentific¢ endemvor,

Edward Winslow built the Jackson house in 1754, The building has been
greatly altered since ite censtruction, especially because of a large and
folrly recent rear additien. The original secticn of the building, haow-
gver, conbeins Daneling dating Crem 175k,

Splem Athengeoum

locgtion: Eseex County, 337 Essex Hlreet, Salem

The Jalem Athenpeum owns an extremcly interestineg elghteenth century
collection of seientific works. Added significance attaches 1tselfl to
those volumes Lecause in g1l likelihaod the Athenszeum would never hatre
acquired them 10 it hed not been for the Americen Revalution.

In February, 1781, asn fmerlcan wessel out of Saler sttacked and captured
the Mars, o British ship., The capbor must have been surprised to find
gboard thelr prize a notable epllection of seientific works, the scientifir
library of Sir Richard ¥irwin, of Tublin. Kirwin had intended the books
for ar insvitution in {uebec, but fate decreed otherwise, UWhen the
Pilprim, the Amerdican ship, returned to 3Zalem, the vessel's twmers placed

She Loolks on gale.

& new eulturel ocrganizetion in Salem, the Philosophical Library, inmediatel
exhibited great interest in the tooks. And on April 12, 1741, the Phllo--
sophical Library paid L858:10:C0 for the eollection, thus mcquiring =n ine
valuable library, Included in the cgllecfion were most of the trans-
actions of the French Atademy, ol le Boyal Goeliety of London, end of the
Society of Berlin. The ¥irwin collection glso counted the works of Sir
Bokert Boyle and Sir Isase Hewbon. Through the Fhilosophical Library's
forezight, Cslem ceme to possess a Engpllicent Intellectual tool, and the
volumes, for exatple, helped to scheol Salem's famous scientist, Dathsniel
Bowditch, Scme yeors after 1781, the Philosophical Library merged with
the Zoeisl ITdbrsry in Sslem to forw the Z2lem Atkenaeurm. The Zocisl
Library nad been orgenlzed in March, 1760, end over the years had mcquired
g respechbable number of bocks. DBy 1910, wost of the nembers of the Soveial
Livrary anlse belaonged to the Thiloscphical Library, which situated led to
the merger of the two groups on Mareh 12, 1810,

Zince 1510, the Athonaeum has cccupled severgl buildings. Lty present
home was built in 1907, and is modelled alter "Hemeweod,” the Baltimere
rezidence of Charles Cerrcl}., The atfractive structure now houzes over
45,000 volumes,
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Zemuel Morey House,

Lecation: Grafton County, Oxford

The ehtcoedents of the internal combustion engine are much glder Lhan
1z commonly assumed. One of the first such epgines was patented in
1926 by Samuel Morey, an early American ilnventor,

Morey was born in Hebron, Comnecticut, on October 23, 1762, In 1766,
Yorey's father moved his lamily to Oxford, New Hempshire, where Morey
lived until he moved to Fairlee, Vernmont, & short time before his death.
Turing Bls youth, Morey menifested ar sptitude for mechinery, which aided
hiz svbsequent lumber tusiness., Even when wWell lavnehed on his businegs
career, Morey also studled the properties of heat snd light, and over the
years sdded to his knowledge of those [orces.

Because of his investigations, Morey became particularly inkercsted in
the avplication of steam power to mathines. Dy 1793, he hed nade a

steam operated spit, for whieh he received his first patent. Morey de-
veloped additionzl steam driven mechines, recelving alter 1793 patents for
g rotary stesm-engine and g steanm pump. Moreover, he visualileed the
possibiltities of a gsteem driven beoat, and had constructed seversl of them
by 2797, when he built and demonstrated a steanboat in Hew Jersey. When
Horey leayrned of hobert Fulton's plen for stessboats, he visited Fulton
end sought to hewe Fulton's plan 1or steamtosts, he visited I'ulton and
souftit to have Fulton sdopt his developments. Tulton rejected Horcy's
offer, btut cubsequently clalmed Fulicn had used his Ideas.

Tt was in conjunction with his efforts {o produce water gas, that dovey
conceived his gas or vapor engihne, After long experimentation, Moreyr
produced a “preparing box," or carburator, in which a mixture of air and
g gas could be made and carried to the engine. The solutdion of the fuel
problem paved ths way for Morcy's internsl combustion enginge, for which
he received a patent on Aprdl 1, 1826, He carried his engine Lo Mew York
and exhibited it, but failed Yo wrose interest in his inwvention, lorey,
in spite of public apathy, realimed the significance of his engine, and
correctly predicted that It woulZ one 2sy revolutionize transportstion.,
The gccuracy of his prophecy was underlined when he sonstructed a beoat
in 1829 ard installed & gas engire, which ensbled the vessel to move
alorg at seven or cight miles an hour. However, Worey erain Tailecd o
secure financial backlng.

Morey died on April 17, 1843, Unsung in hic own day, the inventor still
deserves greater attention for his contributions than Le has yet received.
The Morey house is 2 handsome, two-story clapboard structure. FBuilt in
Y773 by Cbedish Noble, the house wae purchased by Morey in 1799, who made
several improvements in 14, Among them were the handscme doorway and
Pallsdian windeow that o311l grace the house's front,
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Seamael Tabbris House, Tew York

location: Jefferson County, Sackets Harbor

The discoverer of chloroform, Szmuel Guthrie, was born in Brimfield,
Massachusetts, io 1T¢2., Hie educetion ineluded 1itile formal schooling.
Indeed, his father apperently teught him medlicine. Guthrie did sottend two
courses of lectures on medicine, one of which was presented at the Universi
of Penneylvania in 1815, Put even before 1815, he had begun to practice.
By the time he moved from Sherburne, New York, to Sactkets Harbor, moreover,
he had a wife, the former Sybil Sexton, and three children.

Vhen Guihrie moved in 1817 to Sackets Harbor, which was to be bis home

for the next thirty years, he found that isolated section of Hew York
virtuelly = wilderness, Undaunted, however, he acquired a farm, built g
Louse snd started his work in chemistry, The taciturn, Independent and
inventive Cuthrie bullt s laboratory behind his house for his exverimenris.
Hiz neoighbors hipghly approved of his fuvestipations, especislly when
Guthrie produced an excellend vinegar and fine alechol, He won sven wider-
epplanse when e invented the percuzsion cep and s "mineh lack" for erplods
ing the ¢cep, The flintlock musket bersme 2 thing of the past g a result
of this iavention,

Guthrie displayed en araring versatility in his work. In 1830, bhe notified
Benjemin Sillimayn, the gregt Yale chemdst, that he had perfected g method
of creating molassses out of potato starch. Subsequently, Guthrie sent
5111iman seme chloroform, which he had produced by distilling chloride

of lime with aleohol in g st111 made of copper. And in 1832, news of the
discovery of chloroform eppeared in the Americen Journal of Oeisnee, which
was edited by Silliman. Not until some fifteen years later, however, wes
the value of chloroform as an anodyme generally recoghizeds And at Jjust
gbout that time, Guthrie died on Cotober 19, 1818,

The Guthrie house is g ftwowstory, brieh structure. It has an attractive
front door, a gabled roof end a rear sxtension., The main section of the
house has undergone iittle charge, which contrasts with the zuch altered
wing behind the house. Guthrie's lsboratory stond Tar back of the house,
and todroy only the laboaretery's foundntions are extank,

Sylvanus Thayer, Zuperintendent's - uarters, Jew York

Iocgtion: Crange Couniy, Undited Scates Military Acadermy, Vest Foint

Sylvanus Thayer, the "Father of tlhie Military Acadery,” was born on June 9,
178%. In 1803, he entered Dartmouth College, where he pursued the

elassical course, but in 180T transferred to West loint. He received his
degres from the fcsdemy in 1808, plus a commission &5 a second lieutenmnt
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in the snginecers, Until the War of 1512, Thayer worked on coastal
fortifications. DTuring the second war with England, Thajyer served 2
with the army on the Canadien border and in Norfolk, Virginia. Follow-
ing the Treaty of Ghent, he sailed to Europe in order to study military
engineering. He had the good fortune to study at the Ecole Polytechnique,
which he enjoyved ipmengeiy. Moreover, his work at the Ecole Polytechnigue
impressed upon him the oeed for similar training in jmerica.

iTter returning to the United States, Thayer became the Superintendemt
of West Foint in 1817. He rotained this position until 1833, and during
hiz tenure made West Polint sn outstanding military scheol. Aside Trom
ending the lexity everywhers evident at the Acadermy, the Frenchetrained
Murerichendont 1ald heavy ehress oo frproving the secpdemic propram, e
horrowed Treely from his experience In France; morecver, he placed g
French engineer in echerpe of the enpineerdng deportment. Text books of
French origin, sither in French or in translation, also become stendsrd
ot West Point. Thayer's tconcern for {horoughness and proficiency stip-
ulated the developrient of an excellernt cnginecering department at Vest
Foint, end from it appeared many capable engineers. Indeed, ‘est Point
graduates plenned and build most of the early reilroads in fwerica.

Theyer left the Acedemy in 12933, at his owm reguest. In the Tollowing
years, he supervised the construction of coastal fortifications on the

Dew Imgland Coasfh, OF especigl importance were the fortifications he
twilt in Doston Harbor. He retired from the srmy in June, 1063, baving
attained the rark of bripgadier general. Defore hie death on September T,
1572, he had endowed the Thayer School of Engineering at Darimouth and hed
estabilished & free litrary in Braintree, Massachusetis,

The superintendsnt's guarters, the oldest btuilding av West Foint, wes
largely corpleted in 1820, Humerocus sdditions and chanpes were made in
the following years, one of the most notable sdditiorns being the ironwork
that was added o the porch during the Civil War., Thayer's ofTice as
supcrintendent was in the bagement of the bouse. It is now planned to
restore the office as g memeorial 6 Thayer.

CHIO

Themas &, Ddizen Birthplace

Ioeation: DOrie County, Milan

When Thomas A. Bdisom wes barn on Tebeuery 11, 1847, in Milan, Ohia,
Milan was & bustling, presperous grain center, Changing condiflons
shorily cpelled the town's ecohomic dewmfall, however, snd fLoday the
viliage 1z most remenbered becausz of the atbractlive brick cottage in
which Ddison, one of Americe's grest inventors, was born, =disorn lived
in the Lous2 until he was six, when his father seld it end moved to Port
Huron, MHehigan.
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Edison's amazlbe career iz well Xnown to most Apericans. & poor

student, he largely cduceted himself, and by zixteeq bad slready made
several inventions in telegrephy., By 1869, after mueh travel, a vericty
of Jjobs, and eomstant experimenting, Edison had secured a lubrative
position in New Yorlk, In the fellowing yeor, thoupgh, BAizon established
g manufacturing concern of bhls own, having received a geodly sum for
several of his inventions. Edison gathered arcund himself meny sxeellent
men, and his concern has been labelled the first "inverotlon factory."

And he and his cohorts 4id produce numercus new products, especially for
the telegroph and telephone,

The scope of [dison*s getivities created the need for wore epace, s0 in
1877 he moved from New York, He first built g lshoratory at Menlo Park,
New Jersey, where he remained Tor a decade, bhut in 1887 he built sn evern
larger factory in %West Orange, In the meantime, a flood of diseoveries

or developments came from Edison and his collesgues--the incandescent lamp
in 1879, the Pearl Street power plant in New York in 1882, mnd the "Edison
effecs' in 1883, After he had moved to West (range, Edlson continued to
startle dmerica with wow things., His ploneer work with motion pictures
during the 1890's alone is of the utmost significance.

In pddition to his inventive ebility, Ediszon possessed mn unusuel orgent-
zeticrsl telent, XYumcrous companics were orgenized by bim to produce his
inventions, as he feli there was little profit in devising new products

if they were not put to vse, DTodesy's glgantic General Electric Company,
for example, is in lerge port derived from eoncerns begun by Edison.
Edizon remained su ineatisble worker, even in his last yeors, The tre-
mendous benelit stemming from his unremitting teil was unrecognirzred by -
the Wation in 1928, vhen Congross awarded him a gold medal for his contri-
buticns to mankind, About three years later, on Cctober 18, 1931, Milan's
mwost famous son diled.

The house Edison lived in until he was six was tuilt around 1341, The
fabled brick building hes a basement, ground floor, and abtie. A living
roocm oocupies most of the first fleoy, but off of it iz the room in which
fdizon was Loran, Theres sre addltional bedrocwms on the second floor.

ifter the ¥disons moved from Milan in 1893, the house was owned by others
until 1994, when 1t was purchased by a sister of Zdizon's. In 1906,
Edison becenme Lhe house'ls owner, and after his deatk the Eflson Girth-
place Assopiation, Inc,, mssumed control of the house. The dsscciation
restored the housc in 1947, Unfortunately, only a few items of the
sriginal Ffurnishings of the house are now in vhe buildiog.

The house degs not possess excepilonal value because Zdiszon 1lwved there
Tor only about six years and becauss the bullding contains fow of its
original furnizhinpgs,
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PERHGYLVANIA

John James fudubon Home, "1l Growe,”

Locablon: Menigomery County, Horristowm

John Jemes Audubon's brief residence at Mill Grove reminds us of a highly
sipgnificant pericd of Ails lite. While living in the cemfortable, twoe
story, frabled roof stone house thet overlooks Perkicmen Creek, Audubon
began his study of American birds and met his future wife., Hiz subsequent
carsger, therefore, largely stemmed fron his doys at Mill Growve.

Born e netursl son to Jean sudubon in Zantz Demipngs on Aprdil 26, 1785,
Audubon arrived st Mill Grove in the winter of 18Ck. Hie father owned the
houge end some important nearty mineral deposits, end he had gsent his son
to supervise his property. The young Audubon was obly nineteen when he
first saw Mill Grove and was poorly prepared, bolh in trairing end tempera-
ment, to rangge his father's interests. Indeed, shortly after settling
down, he begen hunting for both food end sport, roaming the surrounding
countryside,

ReTore ccming $o dmerica, Audubon had interested himself in birds. Shorély
after reaching Mill Grove, his enthusiasm Tor studying birds resppeared,

end in Aprid, 180%, some young pewees in = cove on the Perkicmen ettracied
his attention. Intrigued by the fledglings, Audubon placed a bit of silver
colored thread around scme of the birds' legs. #bout a year later, Audubon
observed two o7 the banded pewees zome distance up the creel from the ceve,
Thiz, =z Tar as is known, wes the first bird herding edperiment, in faerics,

Audubon's fascinstion with birds was soon equalled by his Interest in Tacy
Bakewell, the daughter of & nesrby neighbor, The young naturalist did oot
Torget her when he moved Trom MILL Grove in the spring of 1805, snd ehout
threc years later, on April 8, 1308, they were married,

Avdubon's remsrkable subsequent career has been presented elgewhere in this
study. But af short as hie stay of Bill Grows was, 1t is understondable

why a leading bicgrapher of Auddbon soys "it was doublless the haprlest
vapr pf his 1ife. "

Mill Grove has been restored and is now open as & museum,

Tavld Rlitenhouse Birthplacc

Locatien: 207 Linecoln Inrive, Philadelphia, Fhiladelphia County

David IHMttenhouse, one of eiphteenth-century Arericats galaxy of singue
lerly talentoed Individuals, was born on April B, 1732 {old style}, in
the house built In 170F by his grest prordfather, the first colonial
paper
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paper monufgcturey. The paper mill, just upstream on Paper Mill Run-

free the young Bivterhouse's heome, otill sheod dn 1732, Tat Devid ex- '
hibited a greater interest in mathematics ss 2 boy than in paper maling.
When he was twelve, an uncle left the bright youth a chest of tools and
some books, Cna of the tooks in the beguest especially Pascinated Bitfen-
house, Tomae Newton's Frinecipis Mathepatica, and his study of 1t further-
whetted his interest in the poysiecsl world, Entrepced by Newton, Ritten-
house gbsorted all the scientific works he could, thus lergely educating
himself ir the glories of eiphteenth-century science. Skilled with his
ands, tie future pstroncmer alse learned clock making, and vhen only
rineteen opened a shop in Nerriten. About nineteen years later, in 1770,
Rittenhouse moved to Philadelphia,

Although Hittenhouse excelled in paking cloeks and although his clocks

arc prized todsy, it 1s as 2 scientlst that ne is best remewbered. Through
his ovn briliisnce and unending study, Ritterhouse early made his mark

in pre-ievolutionary science, and ne remainsd active in the fleld until

hig death on June 26, 1796. He accepted without reservation the Newton-
ian heritepge, stronply believing that sclence wos wman's best mesns for
achigving heppiness, and thus Rittenhouse rejected Christienity.

The scope and ddversity of this notable American's works is arpozing.
Durding his life he neds numerous boundsry surveys, the relighility of

his surveyirg causing hip to be employed by FPennsylvania, Delaware,
Maryland, Virginia, New York, New Jersey, and Massachusetis, As his
reyutation grew, he received commissions to investlgate any rumber of
geientific matters: and he entered into scientific exchonges witih Themas
Jefferson, Benjamin rranklin, end George iashirgton, He himself probably
enjoyed his astroencmical work more than anything else, and he made and
rerfacted telescopes s he eagerly studied the night sky year affer yesr.

Two of Ritteghouse’s most important achievements were astronomical in
character. In ordsr to observe the transit ¢f Venus in 1769, Rittenhouse
constructed the first $elescope to be rmade in America. Through it he
trachked Vemus from his observatory in Rorriton, complling accuratc obsers-
vations of the planet’s course. Two yoars hefore 1?69, mittenhouse had
begun work on kis famous orrery, or 'mechanical planefarium,” DRy 1771

he bad produced two orreries, but only one survives, and it belongs to the
University of Yemmsylvania. This mervelous insbrument simulates the motion
oi’ the plancts that were koown in Rittenhousze's era, and by using knobs

an individual cen determine the location of a planet on ary day within
2,500 yemrs before or 2,500 years after 1767.

Far frow being just e theoreticsl scienmtist, [ttenhouse never hesitated

in azplying his abilities in a practical menner. During the American

Revoluvion, he supervised the casting of canaon and in numercus other

ways sbthempted to further fmerdica's fight for freedom, ter independence,

ke helped to orpganize a pational bank and in 1792 became the first di-

rector of the Unltcd Stateg mint., For many years he played 2 vital role

in Amcrice's preeminent scientific spciety, fthe American Fhilosophical

Soeiety, and he beceme its president upor Franklin’s death 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, EBoth that soclety
ard his npative lernd continue o hold Rittenhouse ip hipgh esteem.

Feper MEll SSream still flows past the Ritienhouse birthplace, Todey,
the two-story, gabled rool and etone bullding is whitewashed, with its
doors, shutters, end frim pasinted green. The roof i= steeply pitched,
and 2 sirgle ¢himney protrudes from it near the center of the bouse.

The front of the heuse foces Lincoln Drive, the beck the stream, Frem
the back, one enters the ground fleoor, which conteins the kitcken and
two other small rooms. There sre three rocms on the first fleor apd two
en the floor above 1t, There are ro Rittenhouse furnishings in the
building,

This house does not possess exceptional walues becsuse Rittenhouse lived
there only as a youth and because it is bere of ordginal furnishivgs,

Bepjemin DBush Birthplace, Pennsylveniz

Location; Fhiledelphis Couniy, & mile east of the junction of
Acadeny and Bed Lion Roads, Frankford

Benjemin Bush was born on December 24, 1745 {old style), in Bayberry,
Peunsylvania, He received his 4. B. degree Tro; the Uollepe of Hew
Jersey, rov Princeton University, in 1760, and begarn his study of
medicine in 1761, He studied under In, Jobn Redman until 1766, when

be went to Ddinkurglh, Scotland, to finish his medical tralring. By the -
time be had won his M. D, degree in 1760, he had becowe a friend and fols
lower of Dr. William Cullen, =z noted Briftish decter. Pushk ended his for-
elpn medical education by working =t 3t. Thowas' Hospital in London for

a while belore returning to Ameriea,

Upor kis areival in Philadelphis in 1?£ﬂ, Tust rapidly rose to an
eminent position in the Philsdelbhie medical world., Vithin five years
he had built ¢ thriving prectiece, as well as having served as fmerice’s
first professor of chemistry at the College of Fhiladelphia. - Afler the
outbreak of the Arerican FBevolution, Fush become the curgeon-gensral

of the ltiddle Department of the Continentsl Army in April, 27T77. He
hed sssumed his new duties for only = short time, when he eccmplalined
atrongly zbout the appslling stete of the army'c hospitals, When his
copplaints remained unansvwered, he resigned froo the army, baving be-
come disillusioned with George Washington., Indeed, by 1773, rerconsl
relations betuween Eush and Washington had been ended, they formeriy
having been good Triends.



Oneoe oul of the erwy, Sush resumed his medical career in Fhiledelphia.

He began to lecture on medieine at the new University of the 5State of
Fennsylvenia in 1700 and becems a staff member of the Pennsylvenia
Hospital in 1783, Turing these years, as well ms subseguently, he olso
develoned n controversial theory of medicine, Heswily influenced by

his old mentor, Cullen, Bush attacked the use of naturael healiag methods,
offering instead remedies for each illness. Horeover, Hush scught to
trace every sickness to one cause, the unheglthy stgte of the blood. To
correct that situation, Rush bled patients, e wos willing, for cxemple,
to remove ot least foor-fifths of en individual's bleod in treatines bic.
When the yellow fever epldemic in 1793 overwhelmed Fhiladelplia; Fuch
keld thal bleeding saved many, Dut W1lliam Cobbett, o pamphlefeer, twrote
that Rush's trepiment geted ms the cause of death in many instances.
Furlous, Bush vehemently defended his trestment, but with greslier passion
than resson,

fside from practicing, RBush engaged in many other medieal aclivities, ‘hen
the University of Pennsylvanin was ¢reated out of the Colleme of Fhiladelph!
and the Unlversity of the Ztate of Pennsylvenia, Fush became a leeding mem-
ber of the new imstitution's medical stalff. He became s great teacher, and
by the end of his life he had taupht over three thoussnd students, Bush
alao did rewveolutionary work with the insane at the Pennsylvanie Hospitel,
publishing in 1812 his Medical Irquiriss and Observatious upon the Diseases
of the tnd, a ploneer study in the field of psychlatroy.

Fushk, who bad married Julia Stockbton in Januery, 1776, engeged in numerous
other activities during his life. He bad thirteen children, nine of whowm
survived youth, Tolitics had attxacted him in his younger days, and as a
merber of the Second Continental Conpress, he had signed the Declaration
of Independence on July 4, 1776. fubsequently, he supported the movement
to ebolish slevery, a campaiph Tor temperance, and a drive fto ilmprove
education in Pemnsylvania., WYhen he fied on April 19, 1813, Rush had many
detractors, but the brillisnce and diversity of his 1ife remained imoune
to thelr gbtacks.

Fush's birihplace, which he apparently lived in until he was aboub Tive,

in a two and o halfl story stone badlding. The originzl section of the
housc, erccted in the seventeenth contury, probably vss s one slory, square
tuilding; the second story had been pdded by the time of Tnsh's birth,

The stone walls are eipghtesr inches thick, mnd there is a chirney at either
end of the stone secticon of the present residence. A three story Irame
addition stands on the right end of the house as youw face the building,
which gddifion wes ceonstructed in the nineteernth century.

The house appears to be in wery poor conditlon today, When the writer
visited the house, he wps refused admitience, but it was cbvicus that

the birthplece hes deteriorsted greatly in the pest fevw yemsrs. Moreaver,
a residentisl development company ovns the struchure and She housc may be
demolished in the nesr future.
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SCOTH CAROLINA

Doctor Jotn Linlng Hou%g

Location: 1C6 Brosd Street, Charleston

The recently restored house at 106 Twoad Street in Charleston was the
heme of Dr, Jobn Lining, physicisn, pionser physiologlst, and exgperia-
center in electriclity for s number of years., Idning was the firat
{1730) of a group of Scottizh doctors in Chorleston to do importent
sclentific worl.

Lining first twrned his attention to the epidemle diseasesz which struck
Charlesten so regularly. In 1748, especinlly, he mmde a thorough study
of yellew Tever, and sent to Furope the earliest account from America,
of itz symptoms and patholomyr. This ccocount was subcequently published
in gn Edinburgh medical jouwrnal in 1753.

Ir. Iining turned to metecorclogy in an attempt to relate weather to
disease. Gver g period of a yoar he conducted a celebrated statistical
experiment in which he measured the intoke ard outpo of his body. Eachk
Jay e noted the tedpermbture, recorded the humidity, the extent of
cloudiness, the ameunt of rainfall, and the force of the wind, He thus
noted the effTects of climatic comditionsz upon Lis own metesbolism. These
obeervatlons were, incidentally, the first published records of the
weather in Arerica,

Lining continued his weather statisties for severgl years, and his
accounts ¢f Tharlesfon westher were published in communicetionz to the
Decreteary of the Doyal Soedely in 1754, Ldrning alsc corresponded with
Benjemin Franklin on scientific guesticons, particularly electricity.

Thoupt not a major American seientist, Linilng holds a secure positicn
in the history of scicnee as a distinpuisned merber of that group of -
intellcetual Amerivans who playsd a lesding pert in the cerly develop-
ment of science and medicipe in this country,

EharlEEton Museur

Lecation:  Charleston, Douth larolina

The Charlesion Muscum 1s the oldest in the United States. In 1773, the
Charles Town Library Socicky began its eollections by appoiniing a special
nomnittes for collocting matericls and for procoting g natural history

of the province. In 1852, trustecs of the Tollepe of Charleston revived
bhe musewn end loceted it In the college building., After seversl {ranscfer
and reorganivations, The mugeunm vas established In 1ts present Lome of
Iutledpe Avenue, between (falhoun and Eewmnetf Strects, in 1007,
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The museum has endesvored to bulld up a collection representative »f
local culture, snd Its gellerles sre devoted almast entirely to Sauth
Caroline materials.

There is contimaity in the museunm's eollectiones; it still hes some of

the speclmens from 1ts earliest pericod., The present museum bullding
ig, however, relatively modern and oot relsted to the original site.

VIRGINTA

Ir. Williem Brown House

location: 212 South Feirfex Street, Alexandria

Soon after he bnd received his medical degree {1770) from the University

of Edinburgh, Willlam Prown refurned to Americs and sstsghlished his practic
in Alexandria, Virginla, A% the outbresk of the Bevolution, Brown began
service s a regimental surgeon. WWithin about g year, Congress appeinted
Fm surgeon gereral to the middte deperiment of the Reveolutlionary Army.

He was next promoted To the office of physician-general to superintend the
practice in Alexandria,

While serving in the army, in 1778, Brown brought out a thirty-two page
Fharmacopeia designed to serve the military hospitals. It was sdmitiedly

a compllation based Iargely upon the Edinburgh Pharmaceopelm, but it was
highly =selective and the first to be published ir the United States, Tts
publication served the guthor's purpese 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 1T75.

Eelroi, Walter Feed Birthplace

Lo¢ation: Filve miles west of White Marsh, Va., on Stakte 614 at 1is

junction withk Route 616,

Walter Reed received wedical degrees from the Undversity of VWirginie gnd
Bellsvue Hospiial Medicel College (1870} and begen the practice of medieins
in Brooklyn, In 187k, Beed decided to seck an sppointment in the Avmy
Medical Corps =nd begen this new career as an ssgistsnt surgeon, wikh the
rank of lleutenent, Eleven years of frontier garrisorn life followed.

In 1890, Dr, Heed gave a new direction to this army career when he re-
turned to graduste studies st the Johns Hopklns Undversity Hospital while
e wvms stgtioned in Bgltirore, A&fter completing m brief course in clindeal
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medicine, he was attached to the pathological lsboratory, where he
specialized in the comparatively new sclence of bactericlogy. Three
years later, he wag promoted to major end detailed as Curator of the
Army Medical Museum in Washington, and as Prefessor of Bacterioclogy and
Clinterl Microscepy at the newly organized United Stetes Army Medical
School. Here, several yesrs later, he begen his practlcsl interest in
yellow fewer.,

When, in 1900, yellow fever became especially severe among Americen
troops in Cube, Reed was made chalrman of a committee to investigate Its
cause and method of transmission, Ohservation led him to discount the
then prevalent ldes tket the disease was btransmitted by fomites in the
beddixg and clathing of yellow fever patients. He decided to turn from
the search for the speciflc cause snd pursue the method of transmission.
Thus he revived the discarded notion of Ir. Carlos Finlay that the yellow
fever parasite was carried only by mosquitoes, By a thorough set of ex-
reriments, in which some of Reed's co-workers sscrificed their lives, he
proved to n skeptical world that the mosquito transmission theory was
correct, With this knowledegs, American sanltary engineers eradicated yellow
fever from Cuba. The succesa of the senitary measures in Havana in coon-
trollicg wosquitoes subsequently made the completion of the Panama Cansl
yossible, Yellow fever hgs sinee heen largely elimlnated from the ¢lve
ilized portions of the world,

The hirth of tke father of modern publie heslth at Belroi plantation wus
entirely fortultous. In the rall of 1851, the Rev. Lemuel Sutton Reed
poved with hiz famlly from North Cemrolina to serve Gloucester County,
Virginia's Methodist congregation. Just befors they were to arrive, the
Farsconage burned, HMrs. Reed was expecting imminently, The ovner of
Belrol plantetion had his overseer move to m temporary shelter end turned
his small frame house over tp the minister gnd his family. In that way
it happened that Walter Beed was borc ip a borrowed cabin consisting of
two rooms end a garret. The house, sbout five miles west of White Marsh,
Virginia, on State 614 at its Junction with 616, has been restored and is
well kept, The Virginia Medical Society owns the bpirthplace end malntains
it a3 B memordsl to Walter FReed.

¥atthew Fontaine Maury House

Locatlion: Virginis Military lnstitubte, Lexington, Va,

Matthew Fonteine Maury, the most distingulshed sclentist of Lhe South,
well before the Civil Wer bad earned the title, "Fathfinder of the Seas.”
His charting of the winds and curreants of the nteans had single-handedly
revoluticnized ocean reavigation.

In 1842, Maury was made Superintendent of the Depot of Charts snd
Instruments ip Washington, which he developed into the Urnited 5tates Navel
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Observetory end Hydrographicel Office. 1% was here that Mgury begen his
study of winds and currents, producing in 1547 his "Wind end Current
Cherts of the North Atlantic.” Even pmore significant was his book, The
Fhysical Geography of the Zea, which was published in 1855, This ca?EEr,
that Ied 211 the world to acknowledgze his leadership in the paritime
scieness, was tragicelly interrupted by the Civil War,

Trn the fall of 1BGE, after three years of exile abroad, Meury accepted =
professorghip mt the Virginle Military Tnstitute in Lexington. With his
greatost contributions plresdy behind him, Maury worked, teught, and wrote
at the V. M, I, until 1871. In =2ddition to his teachipng duties, he under=
took a physical survey of the netural rescurces of Wirginia. He slse pub-
lished six or seven volumes, dealing mostly with geopraphy. He lectured-
gll over the country, more frequently after Bis resignation in 1871, ure-
ing the establishment of the Federsel weather buresu which he had reccmemended
hefore the war. He dled at hiz home in Lexingten in 1873,

The home in which Maury lived while teachinog at the ¥. M. I. 58111 serves
a8 a Taculty residence, However, Mpury cccupied this house for only a few
of his Tinal years. It was not associsted w th the great studdes through
which he pioneered the sclence of oceancgraphy.
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1. ARMY MEDICAL ¥USIUM APD LIEFRARY

Toeatlion: ornor, Tik Sreet and Indovendence fve,,

1nru0ﬂ, B [

]
5
or
'.%f
I
4]
P!
'fﬁ

Cuacrskiy: U, 5. dovernpent, freed Peorccs Inetitute of Fatholopy,
225 - 3Gbh Shreet, ¥V, Washingten, T, C.

Bignificande:

Surpesn General Villiso A, Harmend established the Army Medicazl
Fuseur in 1362, The intenbticr waz Lo mininite she loss of lives and
lirke from woands Slyeough the céntrelived study of surpiesl and medicel
sTocimens.  Thus, this became one of “oe lrst orgericed medicomilitary

resepreh prograns incdurerios.  Frogably the Tirgt photcricragrephs pro-
dued iu Americs econe from the ol ol Durgecn Josewh Janvier Veoadward,
vko set uw bhe photopraphics derariment in 1953, The ecllecticn: of the

muscyr oroyv 50 Quickiy thal ouarters for ihe many Moeititics wvere dard ta

find., Finally, the present auseur; building was bulli in 1545, The (gsoum
and Livrary shgred this builiirg for zimeoss 70 years. How, alter scveral

YERES in ather guarters wiile the oxisience o thiz sbruewurs was joopard-
ized; e frpy Mediesl Moscun. iz cgouprying iks own Building once agzmin.

Fregent Conditicen

The arnmy Yedicgl “usewr arnd Library is a brick suructurc of % stories
cn 2 raiced Basement, The briciroel ig well exsecuied, and there is an
amuniones of terrn couia ormawenteiion, The emce;ltnu werkeanshin and
Prnsliiouol desipgn o this structare make it 8 good exenple of late 39485

century suvernoenial architecturec.

2. CARLEGYE THRoTTTUTTON ATETRTSTHATTCN BUTLDING

Loceabion:  Southoast Coreer, 10%th and P Streets, i1, ¥,
Vashington, D, C.

Cainers: Corneries Eoetituiicy o Te

Washingteon, O, O,

Bivgton, 1330 T Street, H,

Since its cstablishment in 1508, the Carnepie Institution of Wash-
ingvon koo direcied ifs energics bo scveral ficlds of fuadamentzl scicniiltio
recoerci.  The Institution carly decided Lo operate iic owb reseavch orpgon
sabiona, and 1l depavlmenbts wers zedaps Three of thess departments verco
Lased ir Wachingion, nameiy She Deportnent of Terrestrfal Masnotism, the
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Geophysical Iaborateory, and ilwe Derortsent of Historicsi Hesearcl:.  The
rrecent $ix research conters include the Loust 'dlscn ond Falopar Obscryv-
atories. In additicn to the sork of ithese branches, the Institution alsa
bes cdvcidized Lhe work of its reszaoral asueciztes at oulwer Ingtitutions.
Taring Vlorld a ar I, the interest of ilc Institution in Duvibering scieniifie
rageareh lod iz Eo Beln to ondow the iBoioml Acadeny of Seilsiacs ang 18z
of r'shaoci, *the ‘utlona] Pesesrelh Counuil.

Tresent Condition

1915, the Institubiczh ceorpleted this Indiana lipestone struciure,
dosigned by the architectural firm of (Cerrere snd Hastinge The claqU;ca,
desian s derived Trom bhe apeliitecture of the FTEPC“ FDWPl“SEn(C A broad
flight ol zisire leads from 16tk Ctreel thiocuph 8 larnce bronus fdsor wndor
the Icniz poriico. Vithin dis a Z-siory roitundzs, a small as aerb BRR o L B
moninronees prd keonuroes, eml exeeutlve offices on vhe seoond [laoe.

3. HUBBARD MEHORIAL IIATE

Southvrest Corger, 5Lh mud My Strects, T, Wes
Woghingricoa, DL I

Hoaviznal geupesphic Soclely, 17k gnd ¥ Strecto,

Significance

fmmorial Hall chards to Lhe mestry of fordiner Greenc Hubbard,
ol Yhe Fatlional Gooprorhic Sociefy.  The eveeoubive ofTicc
ar mocyyiod vhiz goracture Troo 19070 untis 191%. Paoed on oo
membership, ke Nolicrnal Georrazbic Soziety grew from o ziall
chety sc Lhe noralar Zastliubiorn and malior sionsor of selentilfic
expe@iticons it iz today. Ocientifie resesrch sponcored by the Society has
ronged rar the secpraply of ke poler repicns ho the erchoology of [Hiddle
America, Iros Lhe ccnditlors g thﬂ gurasevphere to the ethnology of prim-
itive pocplies, During the bUime Lhat ilbhord Mepovied ol wos andor con-
ctruckicn, Alexander Trabam Bel: wvccesded Rio father-in-lsv as president
of tho Goolelkyr, IS uwis ke woo Fauncl the Hooleyy on 1ts enphasis ol tho
posulari-acion of secgrephy in ordsy fu f2in g wide rorular suppors fow
ivreler sclentiric research. The public resucnse causeld the Soolehy to gut-
prow this structure viihin a goende o itg completion. The completion of
Hutbard Mzl1 was greewbed by s Soeicty of 2000 mesters: rembeorship hoo gt
acer Looewnr o o million puopie,

Procons Dondition

MLlibgrd Memordz] H2ll d5 s Pesiory, J-bay sbraciure whick Pacen 10th
Birect. Joseph S, Hornbilowers ord of. Bush Marsknli, avehitocts of voshinghon,
S B .{lc the tuilding, o be brilt of bali brick vwith lircstone tric
ad s Liloe ro Tl Aiprory ol o foclely eecuples tlic socond flocr of
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the building, the first rlcor and basement being used for office space
a5 origically intended. The 1i%rsry rocm, whick alsc served for Doard
meetings arnd lectures, has at the souih end 4 copy oF the larpe =tone

fireplace in the ity Yzil of Bruges, Delpiuym, Ia the stair hall are

5 large cil paintings on exploraticn, by the Tamous 1llustrotor, M. C.
Hyeth, painted in 1327.

4, OLD RAVAL OBSERVATCRY

ILotabion: 23rd and I Shreets, ¥. M., Washingtor, D, C,

Camershin: U. 3. Government, Havy Departuernt,

Significanco

ik the esbablishment of tie Maval Cboervatory, the federal gowvern-
ment cruersed dinte scienclfic ressereh in an impertant way. Here, during
tre Tirst years of its life, Matthew Fontaine lMaury underteok his work
whiek mede kixn Tamous, [nder ¥oury, the Nawval CObzervatory achisved wide
accizim for advance in aztrorcoy, navigabicn, and cteanography. The charts
of the Havy's Ocenpographic Office s5ti1) menticn thelr debt to this men.
In the post-0ivil War period, distinpuished and tpiented naval officers
inciuding Poar Aduiralz Charles Henrey Dovis and Jobn Redgers ably followed
houry a5 Superiatendent of the Mavel Obzervaiory. Leading mathematicians
snd astponcmers ot the place, such 25 Simon Jdewecwb, George Yilliaw Hill,
and Aserh Hall, won world esteem, Early in the 14807z, the facilities no
longer switable, the Chgervatory began the plens wnlch moved 16 to its
present siie far out Magsachusetis fvenue.

Presenc Conditicn

The demed, hricsk structure whiech houzed the Maval Observatory between
1843 ang 1893 is stild ia use by the U, &, HBawy. The center section ol the
north side contging the enfrance to the building and is pert of the criginal
structure. The deme, now enupty, onee housed a g,6-inch refractor telesscope.
The wings o bhe east, west, and south wers 2dded on eb varicos bines as
needed by successive cceupants of the building, In 2573, the eylindrice?
tuilding mt the ond of the south wing wes bullt to house ancther refrachtcor
telescope,  With the exgerption of ihe center secticn hear the entrance, the
geconil flaors to z2ll the wings date since the time of the Choervatory's
iz, The bhuilding and 1ts more recent appendageos now is occupded by the
Tolckae niwsn of the Bureau of Medicine and Surcery.



5. OLD BATERT CFFTCE

Lonotion: T Street, Detweesn Til and 9th Streets,
. 4¥,., Vashington, D. T,

rmershin: Smithsonian Institution, Washington, 2. C.

Gipgnificance

Thic sctructure coatained the United States Fatent Cfiice frem 1840
unkil 1922, Ariicle I, Section 3 of the Constituticn glwves Congress the
pover', . . B0 promobe the Progress of science and uselul arts by securing
Tor Ximited times to suthors end invenicrs the excluzive rights to thelir
respective writings snd discoveries.” rresident Uashinpteon recemrended
patent legisiation, and the Tlrst patent act was ayproved on April 10, 790,
The crrrent patent sysiem originated irn 1876, miving indiviiualis 17 vears
o mare, usg, and scll inventlonc of their ocwn., The growth in the nusber
ol patentes isaued by the Oflice over the years attests to the encouragement
thig syeten has sziven to dpventors, Jher the Fatent Office moved to lis
new tuilding in 18k0, it had beszun the collection of sceds and scientific

b e

intoremticn on agricultyure which would lead <o the formation of the Depart-
rent of Agriculture during the Civil War. In the structure, rooms of models
of totented devices stimplipted Aserican inventivenesz. HMorecwver, the
library of the mtent Cifice had the cumplets reports of both the Fronch
gnd Loo British patent orfices.

Fresent Consicion

The pepbrained Greelk Dorie dasien of the 014 Tetent Offico i the
woris of William P. Elliot, DRobert Milles supervized the exccuiion of
Eitioh's design, ccmplsting the pouth wing in 28%C., ®i2ls sisc beran
Lhe cacu wing, authorized in 1353, hub be wes roplaced in 1821 by Edwarad
wlart, The erectlon of the vest and north wings coopleted the present
structure by 28467, Althogh Mills liod tricd o walke the original build-
ing firevrsoel, a Iire gutted the interlor on Septepber 24, 1877. Elaborate
plars were made to enlarge the building, bui bhey wore nover carried out,
Tu 1935, whe leng flight of stzics on the soutl side was remeoved Lo aocon-
medote the wiqening of B Stoeet.

Inzide the gouth wing, visiitcrs entered one of seversl ornsic halls
displaying patent models, The south holl peasured 256 feet lewng, 63 feot
widiy, and its high, prohed ceiling rested on several rows of columns.
Fuch of bhis iz boinp restcored.
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6. SMITHSCNIAY BUILDING

Lecabion:  Jeffersen Drive, 8. W., ‘ashington, D. C.
twrershing Mnithsonian Instituticn, Weshington, Do C.

Sipnificoice

The tmithzonian Buildinp has housed the administration of the
Soithzondan Institution rractically sinee itz incejiion. The Insticution,
oo Yag made rahy impertant contributions to science, origineted in the
maad @ & it le-znown Euglish seientist, James Spitbacn,  Should ks helirs
die ehildiesz, ke left his entire fertuge, his 1ibresyy, and his scientific
golloosions M, . ., to the United States of fArierica, t¢ found 2t Vashingbon
under Lhe nesme of the Smithsonian Institution, =an establishment for the in-
crease and difrusion of knovledse apong men. In nusust 180G ten years
after ihe hequent Lecawme availalble, ithe Cougress Tinallyr decided on the
Torm of tie Inctitetiag, appeinted the rspents, and sutherdzed the con-
struction of 5 building.

il

The firzst Secretgry cof the Institution was Joseph Henwry, who sharss
with Faroday the oredit Tor the besic research in electro-wsgnetic in-
dustion wkich made the invention of the teleprarh nossibiz. Iater secrotar-
iec hove alug bren chosen from the ranks of 2minent scientists. The Bureau
ol Anerigon Sokinlegy is a center for ethoclogical ressarch oo the Arerican
Indian, The Averican Asscclation Tor the Advarcorent of Scienee, founded
in 3040, lomng vade the Institutfion its naticoal headguarters. In 1971,
largeiy snrough the srforts of Suencer Balrd, then Zecvetary of the
Inshouvtlon, the goversment estebliched the Fish CJoresission to study end
conserve Lhis Velusble natural resource, Since ibs inception, the Smitk-
sonian Instituticon hes contribuied srestly t6 scientific knovledge, as well
ag Lo nerular edunalicon,

Progent Cordition

vaves Benwizi's Norman Revival styvle entry won the desipn competltion
Poyoinds wallding . Erected on 2 osite on the (3ll selected cerly in 1347,
ity carngrshone ves laid May L, BRY.  The bighly remsrtie building of
rved feunla sandslonc grew sleviy as funds were available, being Tinally
comnleted in 1955, Amopz ibs unicwe features are its Tinely carved
crogrentaticn end carefnl overall adeniaticn of siyle Lo function., The
baiiding rermalns lavpely unchonced cinee its corsiruction, and serves its

orlzinel fopeiion,
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OTHER SITES NOTED

Californis

1. Site of International Latitude Observatory (1898), Mendocino
County, at Ukleh.

2, ¥urphys (site of Boyhood Heme, 1856-1865, of Albert Abraham
Michelsen (1852-1931), Calaveras County,

Conuectisut
3. The Peghbody Museum of Natural Histmy, Wew Heven.

Massgchysgetts

L. Massachusetts Institute of Technolegy, Boston.
9. Gray Herbarium, Cambridge.

6. Marie Mitchell Observatery, Nantucket.

Te dJdames B, Francis Fleodgate, Lowell,

B. GCeorge Whistler House, Lewell.

few Tork

8. FHensselmer Polytechnic Institute, Trov.

Pennsylvanig

16, Edward Drinker Cspe House, PFhiiladelphie
11, Franklin Instiiute, Fhiladelphin.

i2. The Academy of Natural Seciences, Philadelphia

Vermant

13. W. A, Bentley House, Jericho

West Virginia

1%, Jsmes Rumsey Merorisl, Shepherdstewn.
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CRITERTA FOR THE EVALUATION OF
RIETORIC SITES AND BUILDINGS

1. Structures or sites at which events ocecurred that
have mads en ouistanding contrivuticon to, and ere identified pro-
minently with, or which best represent, the broed culturzl,
political, economlc, military, or soclal history of the Nation,
and from which the visitor may gresp the larger petterms of our
American heritage.

2. Structures or sites associated Importently with
the lives of outsimndlng historic personages.

3. Structures or sites associated significantly with
an important event fthat best represents some great ides or idesl
of the Amerlcan people.

4, Structures that embody the distinguishing chavacteris-
tics of an architectural type specimen, exceptionally valuable far
g study of 3 period style or method of construction; or a notable
structure representing the work of a mester hullder, designer, or
architect,

5. Archeolngical zites that have produced information
of mejor seientific importance by revealing new cultures, or by
shedding light upon perleds of c¢ecupetion 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,
soncepts, and ldeas to s major degree.

G. Every historic and archeclogical site and structure
ghould have integrity--that is, there should not be doubt as to
whether it iz the original site or structure, and iIn the case of
a structure, that it represents originel materials and workmanship.
Intangible elements of feeling end association, although difficult
to dezcribe, may be fectors in weighing the integrity of a site
or structure,

T. SBtructures or gltes which ere primarily of signi-
ficance in the fisld of religion or to religious bodies put are not
of naticenal inportance in other Tields of the history of the Unifted
Steles, such as, political, milltary, or erchitecturel history,
will not be eligible for considerstiom,

d, Structures or sites of recent historical importance,

relating to events or pevsons within 50 yemrs, will not, es & rule,
be eligivle for cansiderstion.
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