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PREFilCE 

The Na~ional S'.lrvey of Historic Sites and iluildinas ~s 
a rssum~tion of the Historic Sit~s Survey begur. in 1937, under 
the au"t1:ority of the Historic Sites Act of 1935- Dur~ng \lorld 
1/a:r II, and tl'>e emergency :follovin:J", it WIS neccsgary tD suspend 
these studies. The Surveo· has now been reswred as :>art of the 
llational Park Service !-'.IS:;~~!. 6·S Progrffi:' .• 

The :\)urpose o1" the Survey, as outl!ned in the Historic 
Sites Act, is to "make a survey of historic and archeologic sites, 
buildings, and objects for the pUrpo5e of determining which possess 
exceptional value as commemorating or illustrating the history of 
the United States." In carrying out this basic direct.ive, each 
site and building considered in the Survey is evaluated in terms 
of the Criteria for Cl~ssification, ~hich are listed in the 
appendix of this reporc. 

When co,-._plete<"- the Survey will ::ake rec=endations to 
the Director or the National Park Service and the Se~retary of t1;e 
Interior as to the sites o:f "exceptional value." This will assiGt 
the Nationnl Park Service in preparing the National Recreation 
Plan, including sites vlcich may be administere<l by tfle National 
Park Service to fill in gaps in the historical and archeological 
representation "'ithin the National Park s:,·stem. It "'ill also 
rec~end nnd encourage programs of historical and archeological 
preservation being carried out ~ state end local acencies. 

This study is a joint product. The narrative section 
was -...Titten under contract b;,• Dr. Eenjamin ~'. Gilbert, Prc::"essor 
of History at San Jose Stat.e College, Cali:fornia. Historian 
Charles W. Snell, Western Begion, San ?rancisco, cocrdineted the 
theme study. Historians RBy !!. ~:Sttiscn, Midwest Tie(;!ion, Cmaha; 
'l<'illiam Brm,'II, South.,eat Ret;ion, Sante Fe; Horace J. Sheely, Jr., 
Southeast Region, Ric~ond; and S. Sydney Bradford, Northeast 
Region, Philadelphia, contributed the material on the individual 
sites in their respective regions that appears in this study. 

After coopletion, the study was presented to the Con· 
suhing Ccrmtittee for the ~rational Survey of Historic Sites and 
Buildine;s. The Co=ittee consists of Dr. 1<"-ldo G. Leland, Director 
of the American Council o:f Learned Societies; Dr. S. K. Stevens, 
Executive Director of the Pennsylvania Historical and Museurr 
Ccrrrission; Dr. Louis E. 1-lrig!1t, Director Folg<:>r-Shakespearean 
Lib::"ery; Mr. Earl H. Ree:t, Chairman fuoeritus Alloerican lnstituoe 
of Architects; Dr. Richard H. Hm:l<lnd, H"ad Cu:rator, Civil HiGtcry, 
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Smiti:tso£.ian Institution; !IT, Eric G:.~gler, Member llo,.rd of 
Directors, American Scenic and Historical Preservation Society; 
Dr, J. 0. Brew, Peabody Y.useum of ~cheolOEY, Harvard University; 
IV. Frederick Johnson, Curator, Robert S. Peabody Foundation for 
~erioan Archeology, Phillips Acade"y; ~~. Robert R. Gnrvcy, Jr., 
Executive Director of the National Trust for Historic Preservation; 
and Dr. Ralph H. Gabriel, Sterling Professor of Histor;,.r Ec!eritus, 
Yale IJniversity, and Professor of American Studies, Junerican 
University. 

The over-all S'tu'vey, as well ae the theme study which 
follows, is under the general direction of John 0. Littleton, 
Chief, National Survey of Historic Sites and Buildings, who works 
under the general supervision of Herbert E. Kahler, Chief, 
Division of History and Archeology Studies, of the National Park 
Service, 

George B. Hartzog, Jr. 
Director 

ii 
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A HISTORY OF SCIENTIFIC DISCOVERIES 

I. COLONIAL PERIOD, 1600-1715 

Evolution of nautical and geographic science and the discovery 
of' Americe.. 

The revival of applied science was an i~ortant aspect of 
the Renaissance opening the Age of Exploration and causing the 
eXpansion of Western Civilization. The Arabs and the Crusaders 
hBd transmitted the compass to Europe from China. The compass, 
a device for determining directions by means of a magnetized 
needle s~inging on a free pivot and pointing to the magnetic 
north, 'ms used by the Silician"' during Marco Polo's time. Ey 
the beginnina of the fourteenth century the compass was generally 
used by sailing vessels in the ~~diterranean. The discovery of 
America by Columbus vas a nesult of the development of the lllBri­
ner' s COIDJlass. Although Columbus had not acquired kn010ledge of 
the methods of astronomical navigation, he could plot his cours~s 
by use of the compass and by relying on dead reckoning.l 

~ astrolabe, an instrument for determining latitude, vas 
in use by Europeans as early as the thirteenth and fourteenth 
centuries. Tables of solar declination ~ublished by Jean de 
Koenissberg in 1473 aided in t~2 use of the astrolabe. ~ im­
proving the instrument mariners were enabled to sail at night 
by the light of the stars. In the Iberian Peninsula the Portuguese 
were the first to use the astrolabe, and it vas introduced into 
S~ain by Amerigo Ves~ucci. 

The quadrant, a simplification of the astrolabe, ws another 
iMtrwnent that assisted navigation. Although latitude could be 
determined, the problem of figuring longitude remained unsolved 
until about the middle of the seventeenth century, vben the chrono­
meter vas invented. The scientific views of Columbus and his con­
tem~oraries were those of the ~ddle Ages end in actuality shi~s 
out of sight Of lnnd never knew their exact east-and-west ~osition. 
Hence they sailed by dead reckoning, calculating their position by 
the estinated speed o~ the ship. 

1 Frederic C. Lane, 'The Economic Meaning ol the Invention 
of the Compass," American Historical Review, LXVIII (April, 
1963), ~. 605. 

1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Dcs~'ies t;!:e improvcmen-;; Df :mv~(;t<tional inst:rumer.t~, cx­
-,l_orero ,,,ere (l.~sisted by a<lvancc:::en:o,, i=> the sou<:y of geogra}'hy 
~nC' a~t.ronon,;,:. A l.1rce n=ber of cm,rt charts, csl:Ccd :;:orto~.sni, 
w"r" l::acle. •rJmse plotted tho coac·c -_i:-Jee of D.1ropc un:l !'lort), 
1\frica ,,-;_th a conuiderable de(>ree o!" accuracy. In 1409 a Latin 
translation of Ptolemy, the great geograp!ler of the R=-'1 Empire, 
"!>pea.red. His belief that the earth vas :round was accepted ae;o.i>: 
by many Europeans. 

In the fourteenth and fifteenth centuries ohe science of 
cartoeraphy centered in Italy and Portugal. In 11119 Prince Henl')' 
the Navigator, governor of the souther~ost province of Portugal, 
built a residence, llllva::_ school and arsenal, lib:rery, and obser­
vatoTY on the Bock of Sagres. Here trained mariners, some or 
whom were Italians, studied geography and navigation and sent 
out expeditions down the African coast. Th" use of movable type 
made for more rapid print~nfl causing scientific an~ geographical 
di~coveries to be t<idely disseminated. ;1ore WlJlS were :o;rinted 
and as a result map ~king bee~ a science and a pro~ession. 
At Prince Henry's naval school maps were studied an~- corrected. 
Navigational tables were improved, nautical in~trument~ were 
advnnced, ar~ new t~es of sailing ~hi~s vere devised by naval 
architects at the school. l<ith larger ship m&:riners could ven­
ture into the uncharted AtlanOic. 

'l'he discovery of' "'"""rica in 1492 was no isolated evont, but the 
culmination o~ a series of rrarit~e develofments. The study of 
astronoQY, geogra~r~, and ~nrtography, the improvement of navi5a~ 
tional instruments, and the advancement of shipbuilding "ere ell 
factors in leading to the dir,covery of America. While Spain and 
Portugal were the pioneers in ocean e~loration and in New World 
colonization, because o~ their earlier acquisition of scientific 
and technical knowledge, the latecomers as colonizers were soon 
to learn. Shortly after Spein and Portugal attempted to divide 
the ~lands between themselves, John Cabot sailed on his ex~ 
pedition for the King of England in 1~97, However, successful 
£nelish colonization of North America was delayed until 1607. 

P~erica's discovery as a stimulus to science. 

Jo.'hile the discovery of A'l'_erica was made possible because 
of scientific advances, the discovery of new lends in turn stimu­
lated scientific interest in Europe as data concerning the strange 
plants and animals and the Indians ca..e to the attention of Euro~ 
peen scholars. America was colonized when a scienti1'ic awakening 
was astir in Euro:pe, Scientists came to the New World. and scie<:~­
tific ideas wore to cross and ~ec~oss the Atla.~tic. European 
science had long learned lessons frorr, the Orient and Yes now 
rea(ly to learn frorr. Alllerica. 

' 
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In the spring of 1585, Sir 1·1alter Raleigh sent out a fleet 
Df seven .~hips corunanded by Sir Richnrd Grenv!lle to "discover, 
seBrch, find out, and view such remote, heathen, and barbarous 
lands, countries, and territories not actuB.lly possessed by any 
Chridien prince, nor inhabited by Christian :people." Releiah 
selected Thomas Harrio,, a young ~nd brilliant scientist, to 
survey the new lend, to serve as historian and geoerapher, and 
to prepare an account of the natives, mineral reeaurces, and 
flora and fauna of the area. 

The expedition landed at noanoke Islond in the waters between 
Palmico and Albemarle Sou_"l.ds. At "'chis site of tt.e first English 
settlement in NDrth America Harriet began to map the area and to 
take notes. He collected specimens of aninoals and birds. Besides 
~ls such as the raccoon, otter, marten, and skunk, Harriot 
brought strange birds to England. Among the plants he carried back 
to England were corn anC: tobacco." John 1-lhi<e, the artiso of the 
exredition, painted JliCtures of the Indians as well as of t"he 
Jllants and the animals. 

The next year the 
2hgland becnuse of 
never returned to 

firn colony '"'"" forced to return oo 
and warfare w·ith the Indians. Harrjot 
but his scientific ob~ervations were 

,~":',~e•s~rch 

post1".1Jlf.ously in 
modern form. 2 

By the time Jamestown was settled, Buropean scholars were 
aware of the wonders of the lands overseas. Interest in the flora 
and fauna, in minentl specirnEms, in fossils, and in Indian artifac-;s 
of America """ -widesr,read. The origin and religion af the nn.tives 
were ~cudied. The ant~ropology, botany, ~limatolcbY, mineralogy, 
and zoology of America were studies tPat interested the explorers 
and settlers. Ascronomical C(l.}culations based upo,-, observations 
!l'ade in America were to be of value to Euro!)ean scientists. 

In colonial times science was not S))eciclized nor oeparatee. 
into compartrn~nts. It""" :;cr.'·'ralized into two broad :fields, 
natural philosaphy and natural history. The former comprised physic5, 
che~istry, and math~atlcs and the latter comprised geology, botany, 
and zoology. Actu..ally JOOst colonial scientists investip•ted in 
both fields and en indi"Eidu..al scientist might be a physician, a 
botanist, a rr.athematician, and an cnt~.ropologist. 

* Sara A. Dickson, Paracea ar Frecious Ban;o, •Pobacco in 16th C en+,urv 
!:.-literature (Ne<: York, 19~h), 1}2, proves tba~ tobacco <ras inLrod~~ed · 
in~En~~ prior to 1570, cominG by wny of Spain. 

lBerNlrd Jaffe, Men of !lcicnce in .1\mErica (N"'-r York, 194!,), l-10 
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Field naturalists uere the pioneers in ~he devalop:ll1ent of 
Jl.merican science. 'Ihey discovered, described, end classified 
~he nw.el:"ovs anirne:ls and plMts of the virg.Ln land. The naturo.lists 
included physicians, clergymen, la~~yers, wealthy planters, college 
professors, and SCQe non-professional people. They collected 
"bot.anice.l and zoological specimens and >rere intrepid eXplorers. 
They traveled primitive and dangerous roads often at their own 
expense vhen :fUnds were liml.ted. A.lthough t.hese American natu­
ralists diii not "dvence new h)'!lotheses, they contrfbuted knot.dedr;e 
to suprort the theori~s of fellow scientist~ in Europe. The early 
collectors were field naturalists, but once learned societies 
were cst,blished in Al>.erlca, they were .joined by museum curators, 
who classified the material collected in the field. 

:1/oted colonial scientists: 

The John l!inthr<.>):>! 

John Hintl:rol', Jr., eldest son of the !'runous first governor 
of Massaehuse,;ts Bey Colony, and himself a governor of Connecti­
cut, was the first notable scientist to appear in America. He 
collected a scientific library of a ~housand books and his hom~ 
beca.rr.e a scientific center. He mmed wh.at •res :probBbly the first 
telescope in the English colonies. He subsequently presented it 
to Harvard iu 1672 end it was the f.irst scientific instruu:ent 
pO~Gessed by tbe collefle.1 

Jol'.n Hinthrop, Jr. was a student of o.~tronorny, chemistry, 
uoedicine, and witchcraft. fie is believed to be the first American 
nember of the Royal Society af London. He studiad celestial 
bodies with his three-foot refractor telescope and in a letter 
sent to the Royal Society predicted the discovery of Jupiter's 
:fifth satellite. In 1535 he ore;ani2ed a "chymist's" p1ant,·the 
first in the colonies, where he produced che~1cale needed by the 
colonists. He also set up a ~lassworks as welles a saltworks to aid 
the fishing industry. 1-(oreover, in 1641 he organized the first iron­
works in the Nev Er.gland colonies at Sll.ugus (cynn} in Massachusetts. 
Although he prospected for iron, lead, tin, and copper in the Nev 
England hills, he failed to solve the shortage of l:lets1s. \'iinthrop 
hBs been called, "the pioneer indusuial chemi~t in the Nev l<orld."3 

2The ult~te discovery of this satellita by the astroncrner, 
Edt.'ard €. Barm:rd, vas !:llde in 1916. 

3.rohn >1. Oliver, 
p. 66: for a sketch 
Bay CaJ.on~~ (Boston, 1930). 
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John 1-linthro:p, !Il (1714-7:;) >las a noted astronomer und 
physicist, l.'ho beld the Hollis :pro1'essorsl".::p of rnathen:e.tics and 
natural philosophy at Harva::-d. He observed the nature of' sun 
~:;:ots in 1139. The Massachusetts provincial legislature assisted 
in financing his astronomical expedition to IlOV<'- Scotia in 1761 
to observe the trensit of Venus across the sun. In 1769 the 
Pennsylvania Assembly financed the construction of telescopes 
and observatories for another study he ""'-de of the transit of 
Venus. In addition oo t\fO &cientific p>!Jers on the transit of 
Yent'.s, >linth:ro"[l also authored his 'I'w'o Lectures on Comets (Boston, 
1759). 

John 1/inthrcrp III vas the first; AI!oerican seismologist; he 
explained earthquakes in te~s of natural causes rather than 
divine pun1sh!:mnts. lle read A Lecture on Ear-thqlla\<es in the 
college chapel a" Harvard on November 26, 1755. In this lecture 
he described the earthquake o:r Nove!:iter 18tt that "so lately 
spread terror, and threatened desolation throughout Ne>7 Znglend." 
Actually this oarthlluake had been barmless, but lhnthrop ~~so 
studied the des"ructive Lisbon earthounke of November l, 1755, 
in which 15,000 persons lost their lives.l 

Th01r.as Brttttle 

Thomas Brattle {1658-1713), a prominent Boston merchant and 
truscee of Harvard, made significant lunar and solar observations 
with the telescope that John \linthrop, Jr., had donated to Hervard. 
He was the first colonial to observe the variations of the magnetic 
needle. In his leisure hours he B.lso compiled en alreanec of celes­
tial motions. His studies assisted in determining the exact longi­
tude of fuston. He is most noted f'or his observation of Halley's 
Comet in 1680, which he reported to the Royal of London. 
The data was cited by Sir Isoac li'evto:1 in his In 1692 
Erattle condemned the Saletn witchcraf'~ -s an 
org..nizer of the Brattle Street Cho:-ch dissi-
dents in 1699. 

1
For n bibliographical listbg of letters and pnpers of the 

two Y.'inthrops see Whitfield J. Bell, Jr., Earl.v American Science 
{Hilliamsburg, 1955), '!'?· 78-79. 
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Jf~.:ES LCGA!! 

One eli' the founders of American coloninl science in the Middle 
Colonies was J~es 1ogen (1674-1751), bo"anist and methematicinr.. 
Born in Ireland, Logan arrived in Pl:iladelph!a in l699 as Uilliam 
Penn's secretary. Logan, during the next 50 years, occupied a key 
position in the affairs of Pennsylvania, contributing much to the 
rapid developcent of this colony. 

Logan's strenuous public career did noc rrevent hil:l :from pursuin;; 
his icrSerest in science, Ee asse,bled the oc:tstan<!int; scientific 
lib:cary in t:-Je fuglish Colonies, his near 4oo scientific and mathe­
matical works even surpassinG Harvard College's library in 173~. 
lie published nurr.erous rapers dealing with subjects such as the 
motion of the moon, sugaested improvements of the quadrant, and 
improvements in lense5. His greatest accoJ!'.plishrr.ent, however, was 
l'IB.de in botany. 

In 1727, in a carefully controlled e:<JJerii'lent, Logan ,.,roved th" 
vital role of the male elerr.ent, pollen, in the fertiliza:tion of corn. 
He repeated the experiment in 1728, ~ut delayed ~aking his findines 
public until 1735··36. 

'l'he ar>->oouncement of Logan·a experi~r.enc excited scientists in 
Eurcrpc. In 1733 Linnaeus, '\.he great Dutch botanist, \lrOtG to Lose.n, 
stating that LOil;ar'l should be placed '·1ll!long the demigods of science."~ 
Logan's disco>'CI"J remained influen<.ial for several deco."es af<..er 1800. 

Lagan also assisted and st;imulated the interest of' young botanists 
such as John Bartram. On his death in 17)1, Logan 1~-t his great 
scientific library to the City of Philadelphia. 

fuvid Rit'!oenhouse 

An excellent example of a scientist is 
seen in the career of David l Pennsylvani~ 
:'an:: boy, vho made himself r.mster o:r :Nevto.c' s In an 
eulogi\JJll <!eliverad before the American on 
December 17, 1796, Dr. Ber.jam1n Rush s~a':;ed: literary 
rr~ends or society, and ,:ith but tvo or ~.hree books, he became, 
before he had reacted his four ana twentieoh year. the rival of the 
two great rrathewaticians in Europe! "2 

1Frede:ci~:, B. ToC1es, "f'hiladelphia'~ Flr~l Scier.t-,ist, Jat:'.es 
Logan," ISIS, 1<7 (1956), 28. 
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As a boy RitCenilousc .ln'.~ered "i"'Ch "Cools and studied ,-_athe 
l!'.atics. i-le bee= a successful clock and inst~-,ent ma:~cr. In 
176T he began cons~ruction c:f an orreC<y (a model si,...ula~ine: 
:olanetary motion), "Ctich \Hls purchased "by the College of Nev 
J"ersey (Princeton), 'L'J-'.io was described as a "mas·.er-:r.iece oi' 
ingenuous mechar.is:o. '' P.ittenhousc made 2. second orrery, after 
the model of the firs·o, for t1:e College of Philadelphia. .'lush 
in his eulogiUJ!l re'Jarked: !iis mathematical instruments have 
·oeen esteen:ed by cood judges to be superio-· in eccuracy and wor'k­
!lll'.nship to any of the SB!'C kind th<lt have been htported from 
Europe." l 

In making leis observnt~on o:f the trar:tsit of Venus in 1769 for 
the Jl.merican Philo~o:phical S<Jciety, Rittenhouse built an ob~ervatory 
and n transit 'celescol'e; the te!escope was said to be> the first ll!B.de 
in Arneri~a. He made a fair)_y e.ccurate estimate o:C the ditn;ance of 
the sun from the eart:r. as well ElS a discovery of the at.nosphere 
surrounding Venus. In 1775 Rittenhouse i!elivered the annual oration 
before the American Philoso-phical Society, speaking on the history 
of astron=.y. In 1785 he bventfOd a collimating telescope "'hich ""as 
one of the firs~ to have spider webs in a telesco~e·s eye111ece. In 
1793 he discovered a comet. 

On several occasions Rittenhouse's engineering talents ~ere 
called upon and he surveyed the boundaries ,.,-_ong various colonies 
Y:t-.en territorial disputes arose. He served as treasUJ"er of 
Pennsylvania from lTT7 to 1789 and President George ~·,'as:1ington 
appoin':ed him first director of t'1e United States IIi'lt (1792-95). 
Rittenhouse's discoveries >Jere published in the Transactions of 
the llmericen Phlloscrohical Society and he ~ucceeded Benjamin 
Franklin as president of the society upon the latter's death i::t 
1791. Rit~enhouse was also reci-pient of ma::ty honorary degrees 
and he was elected to mem"bership of t~.e American AcnUemy of Arts 
and Sciences in 1782 and or the RGyal ~Oociety of London in 1795. 2 

John and Hilliam Bar:r1llr. 

In 1728 John Earoran {l699-lT77) laid out a botanical garden 
of five acres on the vest ban'< of the Schuylkill River, at Kingses~ing, 
ne"-r Gray's Ferry, and he l;uil t a house o:f hel-m stone "ith hi~ OI-IIO 

:t-oa'lcl_c. The e;rmmds are nm; a :part of the Pl;iladel?hia parl' syste:n. 
Bartra"' •·ns e'1~auraged in his sys~.ema.tic studies by James LJee.n. 
Hence he learned Latin in order to rend the ••orks of the 81-redish 

1Ibid., "" 10. 

211n early account of his li:fe is '·'illiet"' Barton, 

1813). A 
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bot"-r..id, Carl LinnRe'-"6. On various collecting exreditions 
Be.r;.ram tn:veled from ~he Great Lakes to Florida. In his cerdens 
he cultivated and studied the specimens collected on his ,;ourneys. 
He eXperimented in hybrid~zing and sent specimens to European 
scie'ltists and horticulturalists. Ee cor::"esponded vi"Oh many English 
scientists and with Linnaeus who ca:aed him the "greatest natural 
botanist in the l>'orld." Another corresJlondel'.t was Peter Collinso!l, 
n (:)uaker merchant in England, who was interested in horticulture. 
Bartrar.; nnd Collinson correoponded for nearly fifty years and 
Collinson located patrons in England for Barcraa's ex~editions. 

1.)]·,en the S\ledish botanist and student of Linnaeus, Peter K.al:n, 
treveled in llorth Alrerica on o. natural hinory- survey froiD 1748 to 
1751, he >'as assisted in his stuO.:ies by Bartram. In 1765 George HI 
appointed llar',;re.m as his fln>_erican botanist. 1'.-nrtra:" contributed to 
the of the Royal Society of LondoCt and :he was one of th2 

or the flmerican Philosophical Society. On /l;pril 25_, 
Royal Academy o!" Sciences at stockholm elected him to 

"'"''''"'">>· Many scientists gatl:ered at Bartram's gardens which were 
a favorite resol"~ of Benjamin FTanklin and George ·;,'ashington. 

The elder Bar"Orazu trained hs son, 'tfillier.. (1739-1823), "·to 
participnted in his work and continued it sfter his f'ather's deo.th. 
Hilliam Ilartram becO!I\e a botanist in his Ol."tl. righ' as well as ;m 
ornithologist. Like his father he published an account of' his travels. 
Also he prerared a list of AI:lerican birds, which was the first ex­
~ensive study on APGrican ornithology.~ 

Cadwallader Colden 

Dr. Cnd,nllader Colden (1682-1776) was a versatile practicing 
physician who wrote ~dical treatises ane studied oath~~ics, 
physics, astronomy, anthropolot;Y, end botany. Born in Ireland, he 
graduated from the University of Edinburgh, then the best medical 
college, in 1705. He served as lieutenant governor of l!e<: York froc-. 
1761 to 1776 and was a loyalist. 

His Prbciple~ of Actions in Matter published in its definitive 
edition in 17~1 at London was his most significant ••ork. In this 
obscure and technical study he attempted to explain tl:e force of 
gravitation snd dared to grapple ''ith the larg<'r prc!,leli\S of' Newtonian­
ism. !le eY.Plnin"d the universe in materialistic tenns and virtuaC.ly 
ruled out supernaturalism in his belief tb~t all existence dependeQ 
on r.~atter and t1otion. :Besides gravit<J.tion he also studied the n-,.tt•!'e 
of light. 

.J. Yonr.ans, ed., 
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Il<ls::oite his them·ctical aF!'roach, il<> J:".&in~ained an utili~arian 
at'oitude trnlard sGlence 1rhich was 1'robnllly most evident in his ~~edical 
trea.tises. Ee authored a Treatoise on '.'ounds and Fe•·ers, contrib~tinc 
to materia medica. 

John l!oro;~ 

Dr. John J.lor~;an (1735~39) served his apprenticeshir under a 
European-trained physician, Dr. Job~ Redman, in Philadelphia. To ca1n 
further traininG from Brit; ish doct;orS he became a medical lieutenant 
in the "Pennsylvania militia durinr; the l''rench-Ind!an ".!ar. Once r.e 
learned all he could :fro~ the=' he a'ot<mded the medical scl:ool at; 
the University of Edinbu:cg<:t. 

<-~organ objected to -ohe apprentice sys'oem of trCtinint; doctore and 
developed a plan to reform """.ericf'.n rr.edicine. He> persuuded the t:rustees 
of tr.e College of Pl"ila<lelphia (late:r Unh-ersity of Pennsylvania) to 
establish the firsi medical school in Colonial America. In arguing for 
his plar. Dr. Morgan staced: 2 'Oh! let is never be said in this city, or 
in this province, so happy in its clit:'.ate, and its soil, ·.rl::ere comnerce 
has long flourished and plenty s~;~iled, that science, the amiable 
daUghter of liberty and sisoer of opulence, droOps her languid head, or 
follows behind 11ith a slow ur.eqW~l :race. I pronounce with conf'idencc 
this shall not be ihe case, but, tmder your protection, ever-J useful 
kind af learning shall here :fix a !"avorite seat, and shine forth in 
meridian splendor." 

The medical school was founded in 1765. 1-iorgan lectured in 
materia l'!edica and Dr. lHll.iam S"hippen, Jr., lectured in anatomy 
and surgery. !1organ vns the greatest medical teacher of the colonial 
period a."Jd he urged his students to ex}Jerirnent ar:d specialize. In 
1768 he organized the Philadel;:ohia l·:edical Society. From 1775 to 1777 
!"le servGd as C.irector-general of hospitals and physician-in-chief of 
of the American Anny until removed by Congress. He was charged with 
neglect. and wrotl(l<loing, buc. later exonerated by '.-lashin;ton ar.d by Cong.ce~s.-

lFor an excelleno s!Aronarization of ColCen's scientific interes"';c 
and contributions see 1-'.ax Savelle, Seeds of LJ.Oerty· 'Lhe Genesis _o-;: t~e: 
America" Eind (liew Yorl<, 1948), :rr-. ~1.-!i), 93-lCO, lo8-C9, 117, l21-:2b. 

2As quoted in~·, p. 84. 

3.:--moes ,,._ i'lexnel·, J.loetors or> l-lorse"tac;, (lie~· York: ?O:cs'o C"Jl'-~'· 
:'ooLs F.O!'.:o:· J]S2), l•g~2_;_-:-'-t::--~---~ 
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Jaret Eliot 

The Rev. Jaret Eliot (168)-1763), a cra~uate and later trustee 
of Yale College, was a minister, ~bysician, botanist, end agri­
cultural scientist. He is particularly noted for hi~ experiments 
in agriculture a~d mineralogy. P.e also introduced sericulture i~~o 
Con_~ccoicut. He authored the first agriculttrral 
The first of his six essays entitled, 
in Neu EMlan~ was :nublished in 17~8. in 
176lani! appeared in one volume vitl:: an index. 
drainage of s>.•amps, crop diveroification, sheep diseases of 
wheat, and agricultural impl~ents. 

\!hen Eliot convinced h:L!n~el.f that black particles in sea sand 
were magnetic iron, he had at his son's iron worl:s smelt 
some send into e. bar of about this 
experiment in his Essay on 
if noco the best Iron, :frOiii 
a gold iiiet."nil"';om the Lonrl.on Encouragercent of' Arts' 
~~nuf<~ctures and Commerce. Elioi. trained about :fifty !'ledice.l 
students and. has beer. called the "Father of regular medical practice 
in Connecticut." l 

Benjamin Franklin 

Hl1ile Benj=in Franklin (lT06-90) ""'s less of an exact and 
mathematical scientist than either ~linthrop, Col<!en, or Rgtenhouse, 
he geir.ed a greater reputation as " practical scien"ist <1fld inventor. 
It is true that his political and diplomatic careers were important, 
but science dominated his thinking. His scientific interests pervad~d 
his long life from the time he was a young printer in Philadelphia until 
he was a venerable sage. Franl<lin we.s the first Arnerice.n to gain in·.;cr­
national fame. Contemporaries called him "the Nevton of Electricity" a'1c: 
and his tvo greatest achievements were his electrical kite experimcn: 
and hi5 invention of the lig.~tning rod, Although he was primarily 
f~ous as an electrician, this natural Philosopher ~as also interestad 
in agriculoure, astronomy, aeronautics, botany, chemistry, ethnolo[Y, 
geology, mathematics, medicine, weteorolagy, navigation, ana paleon­
tology. For example, Franklin ...-...s the first meteorologist in .1\merica. 
He VTote on this subject fr01u tlle time of his return t:ri:r from Lo."ldo'"l 
to Philadelphia in 172£ u_~til his long-rang~ forecasts ir. 1786. He 
studied wind currents, eclipses, and tt,e causes of storms. 2 

2
cleveland Abbe, 'Ben~!ll!:in l'Tanklin as MeteorolO(lis-<:.," Froceedi-r;,s 

of the American Philosophical Society, XLV (May-Sept., 1906),pp. ll7-'21l. 
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llhen Fren:Gir. vitnessed scrr.e electrical demonstrations "Perfon""d 
by Dr. Adav! S:pencer in !loston in 1743, he il:lnediately acquired a deep 
in"erest in electricity. Tb~ next year Spencer r"!'eated his I>er.rorr..:~r.ce~ 
in Philadelphia with the delighted Fra~~lin acting as his agent. Then 
Franklin boUGhc Dr. 3pencer's apparatus and obtained other equi~ent. 
In 1747 he began a series of exper1J:Jents in Philadel-rhia thnt were to 
engross his attention for several years, 

Franl\lin built a laboratory in his heme, Hlllliing iiiiProvements in 
condensers an(l batteries. In 17li8 he retired !'rom his printing businec,~ 
so he could devote more tme to his studies. He =de an analysis of the 
ne1<ly invented l.<lyden jar. He discovered that the charge in a Leyden 
jar is negntive on the inside and positive o~ the outside and he deuon­
strated ~r.at the t•o charges balance each other. Until FranKlin's 
experiments, a theory of two different kinds of electricity had been 
accepced. Franklin asserted that there was only one kind of elec';.ricity 
and he contributed the concepts of plus and minus c:r..arge. Althoueh tis 
one-f'luid electrical theory ••as not entirely correct, Fl'Wlklin approoched 
the modern conception of' the electrical nature of ~ttor. Moreover, he 
originated Words like battery, condenser, conductor, aTTiature, electri­
cian, and positive and negative elec'oricity. 

Franklin reported his findinBS 
these "ere rrinted in 1'[51, ns 

century; it; appeared in five fu>i;'~:~:~ 
editions, one Italian, and one The climax of Franklin's studies 
with electricity YI!S his f~ous kite experiment or 1752 in "hich he 
demonstrated that lie;htning vas electricity, lie was soon auarded lJ\Bn;'f 

honorary dee;rees by colleges and universities at ho~r_e and abroad and 
the Royal Society in London a'W'll.rded hb the Copley l~edal. Franklin',; 
ex:periments had great u"tilitarian value, liis studies of he>'tt >'tnd 
ventilation also ha<i Jlractical use: for example, he invented the 
Franklin stove an<i made useful suggestions in regard to clothing.l 

AleJ<8nder Garden 

Dr. Alexander Garden {1730-91) of CherleGton, South Carolina 1Jil.S 

a pl:ysician and botanist who had settled in A!rlerioa shortly after 
earning his medical degree in 2753 trcrn Marischal College ( late:r 

H 
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Abe:rc:een 'kive!'sity) ir. 3cctlend. He corresponde<l and exCh<lnt::ed 
botanical notes "ich Colden and JQh~, Eartram. >·lhile J.ore exact tlmn 
Bartram in his scientific method, Garden ""'" obscure in cor.-,pnrison. 
He also co:<-res:.onded t-•ith Linnaeus, Collinsor., and Johnnn Gror.ovius, 
the :r:utch botanist, who .. uthored Fl.om Virp;inic~ (1739-43). 

Garden classi~ied the flora and fauna of Carolina and hod an 
interest in the ccdicinal properties of plants. He contributed a 
paper on the electric eel to the pr-oceedings of the Royal Society 
of LondDn. In 1763 he was elected a rnernber of the Royal Society 
of Upsala and in 1773 a fellow of the Roy3l Society of London. As 
a Tory he r.'.oved to Bngla.'1d, after the American Revolution broke ouL. 
John Ellis, the Enclish nacuralist, named the "garden; a" in rcco~;nition 
of his botanical vork.l 

Scientific Societies 

Probably the first scientific society orcanized in English 
America 1ra~ the Boston :Philosophical Socie"Ly, Formed in 1683, it lssc<Cd 
only briefly and was headed by Increasa t·'ather. Ne,bers met to discus3 
natural :pl":iloso:plw. It has been said that ~·.'olferdur, Se1)guerdius, a 
DutcC\ scholar, utilized data gathcrO"d by chis society in his Plliloso,.,'oi.1 
I!aturalis, 2 -

The earliest :permanent scientific society hl3S the American 
P!-.ilosol'hical Society proposed b;,c Benjw:tin Prm<klin in 174}. In tbe 
form of a circular letter Franlilin issued a "Proposal for promoting 
useful "knowledge fll'!onc; the flritisL plam.ations in Merica." il-"lonc; 
cche :principal fe,_i.ures of the "Proposal" were th<> follo<ring,3 

"That one Society be f"ormed of Virtuosi or ingenious l·:en 
residing in th<" several Colonies, to be t"alled 'The AMerican 
Fhilosophical 3ocie.y who are to =ir:i:ain a constant Corre~ponden~e. 

"That being the City- nc,.rcst the Centre of 
, , be i.l:c Centre of tbe Society, 

"That at l'hilad.elphia tbere be alwayc at least seven 
i1cmbers, ~· a Fhysidan, a Botanist, a Mat.hel:latician, a 
Chernist, e Mechanician, a Geo.;rapher, and n c;eneral N.~tural 
Philosopher, be~iiles a I'TNliilent, Treasurer and Secretary." 

lLouis B. ',.'rir;hl, 
Yor%: Harper Torchbool;s 
references on Garden see Dell, 

2 
Oliver, History of ftmericon Tccrnolo~y, ~. 32. 

3
E:<h'in G. Conklin. "A Brief History of tte ~.merican PJ:ilosopilicc•l 

Society," (Reprint from Year Bock of' 't.lte A<.1erican Fr.i 1 osr>phic~1 Soc.t~'-·: 
for 1959). p, 36. 
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•rr,e Atterica.n Philosophical Society was actually precede<! by 
a Junto est!lblished by Franklin in 1727.1 Hence the change of the 
local Philadelphia Junto, consisting of Franklin ~nd his friends 
interested in science, into an inter~colonial society 'Was a broadenl:::,., 
of its pu:rpose, 

The American Philosophical Society was inactive between 1744 
and 1763. In 1768 it was united with a rival or~nization celled 
the Al:r.erican Society whose origin vas traceable to Franklin's 
original Junto. At the election on January 2, 1769, Franklin was 
made president. Upon his death in 1790, he was succeeded by David 
Rittenhouse. Among the earliest members were John Bartram, Cadwallade~ 
Colden, and l!!lnjwn.:tn Rusl•. is the 
is the oldest scientific issued 
since 1711. Over half of its first volume vas devoted papers on 
the transit of Venus in ].769. The Sockty vas the :first organized 
group to consider agriculture as a science and it ~de date available 
to farmers. However, mention should be ll'.ade o:f the New York Society 2 
for Promoting Arts ~hich ~as organized in 1766 to advance agriculture. 

In 178o the American Acadernlf o:f Arts and Sciences was :founded in 
:Boston. John Adei!lll ,;as one of" its s:ponsors and J"Elll\es Bo~doin serve"-
as first president. Similnr in strJcture to the /Jil"rican Philoscph~cal 
Society its me~bers ineluded scholars and notable citizen~ of Boston 
and CEllllbridge. 

7he Royal Society of London, organized in 1662, ~as the scientific 
center for both England and the colonies. Several American scientists 
were elected fellO\i's and they and others published their discoveries 
in its -publication. John Hinthre>p, Jr., Yas the :first fellou el£cted 
from the colonies. Another was 'i.'illimn Byrd II of Virginia, 11ho had 
accumulated hi~ scientific library at 1\eotover. 

As related earlier the Philadelphi& Medical Society had been 
organized in 1768 by JE. John Morgan. A !-!assachllsetts Medical 
Society was established in 1781. Another early scientific group vas 
the Salelll l~arine Society which had been organized in 1766.3 

3A brief sumii:Hrization of scientific organizations appears in 
Oliver, History of Anerican Technology, pp. 82-87. 
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Role cf colonial co.Ueges 

The colonial colleaas -..•ere all QnaU and their pri=ry rurpose 
was to train tninisters of various religions. Nonetlleless, the 
colleges offered study in science. In orr;s.nizing the Cur!'iculu."' 
at Harvard College during the 16ho' s Presirlent !Ienry Dunster in­
cluded courses in mathematics, ~hysics, astronomy, and botany. 
At first Aristocelian ~bysice and ~lotetnaic astrono~ were ~aught, 
but gradually the way was pre~ared for the teaching of Copernican 
and H...,--t.onian science. In 16D6 a signiricant cl"l;;.nce occurred at 
Harvard, when Charles J.lorton's natural science text"book, 
~!0~' WllS adopted, This text helped to spread the 
discoveries of the I:r,Iightenment in New E.nr,land. 

!l.s wentioned previously Governor John \/inthrop had donated a 
telescope to Harvard in 1672. In the early eighteenth century ~he 
college acquired sufficient scientific a.pparatus to open a special 
room as a "Philosophy Chamber." In 1"{21 Tt:oo:as Hollis endo>J"ed a 
chair in math~atics and natural philosophy. The first incumbent 
~as Isaac Greenwood, who introduced new courses in mathematics and 
taU(;ht Newtonian physics. He was succeeded by Jo:tm '!linthrop IV, 
11ho held th~ chair for over forty yee.rs and taught the tnoat advanced 
scientific ideB.a in the colonies, fl. fire in 1764 destroyed allot' 
He~tard's scientific a~pnratus, "but it was replaced within fifte~n 
years by superior equi~ent. 

Other colleges did not pursu~ scientific endeavors as vigoroud~r 
as Harvard. Aristotelian theories :prevailed at Yale until well into 
the eighteenth centUI"J. FTesident J'homas Clal' of Yale studied COtnets 
and meteors, but when he resicned in 1766, science at the colleae 
came to a virtuel standstill, Then in 17'70 Yale fino.lly established 
a chail• of mathematics and natural philosoyhy, 

As early as l']'ll, ~'illiom and l-lary College had appoint~d a 
:professor natural philosophy end mathe=tics, but he 11as no~ 
successful. By the n6o•s William and !>lazy acquired an able scient~~t 
and stitnulatine professor in the :person of -.<illietn Small, who had a 
profound iriluence on his young student, Thomas Jefferson. In later 
years Jefferson stateC: that Small ''probably fixed the destinies of my 
life." In 1765 a medical scllC>ol was organized at the Colleee of 
Philadelphia, leying thG foundatiC>n for the University of Pennsylvnnia' c 
later etninence in tnedicine. 1iithin e. fe;.• yenrs Kbg' s College al~o 
founded a ~edical school. 

lTre first chapter of 
.'3<-.ience, is "The 

Louis \1. l~cKeehen, 

(New 1947). 

Col::en, Some I~u-ly Tools of Jmerican 
History of Science at"TI;;;:V.,rd." 
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Popul~riz~tion of science nnd the i~pact of Ne~onianism. 

A.l.:im.nacs, !t!agazil:'.es, and n~spapers conveyed knmdedge of 
science to the co!II!Ilon in colonial America. Benjamin 

• and tJat\o_aniel Ames's Astra----ocience; both spread ideas 
Ne1~onian science. The American MaHazine 

:
~~E~:h:d1evoted SJlSCe to origine.l JlrobleiOSillthe study of 

At least one bool<, t·'R.rk Catesby's '!'he Natural 
His~ory £!Carolina (London, l731-43) vas widely-read.* 

On occasion colonial newspapers presented scientific ideas 
and controversies. turing the Boston smallpOX epidemic of 1721 a 
newspaper war raged over the velue of inoculation. Pnrado~ically, 
Cotton ¥Dther, the Congregational clergyman who had combined a 
scrange mixture of rationalism and superstibicn, favored icoculation. 
Mather, an advocate o:f Newtonian science, had been elected a fello;: 
of the noyal Society of I.cndon in :!.713. He persuaded Dr. Znbdiel 
Boylston to inoculate patients against Sl:".ll.l.lpox. Jarr.es Franklin 
end his young brother, Eenj~~in, opposed Cotton and Increase Mather. 
Benjamin Frar~in at the time vas only fifteen and he later admitted 
his error. l 

In the June 17-24, 1734, a Harvard Colleee 
instructor his summer vacation he would 
o::"fer lectures on astronCllllY, using "the Orrery, and all such 
Machir.es, instruments and Sch~es as are used by Astronomers, ... 
except only that it wants only of Sir Isaac Newton's Reflecting 
·telescopes, which New England has not, as yet, been honoured ;rith." 
As an enticement to fetnales the instructor adde<l:2 "If the Curiosity 
and Desire of Knovledge, jusc!y admired in the Fair Sex should excite 
any of 7hem; there will be some Expedient found out that They may be 
gratified twice a wee~ in the Afternoon, wlth their usual Tea and a 
Familiar Aatronomical Dialogue." 

Newtonian science profoundJ.y appealed to the AJJ1erican people ir. 
the ei!lhteenth century, and it a:f'fected oJl aspEcts of intellectual life 
and reached all classes. !t fostered rationaliso, forcing religion to 
adapt itself to science. In colonial America the nev science of ob­
servation and controlled e>.:periments helped to free mer'I'S minds, 
brin~ing about an exchfu'6" ef ldees that encouraged mutual criticisM. 
It led to a degree of cultural unity as evidenced in the for~ation of 
the Jlr,e:rican Philosophical Society. Although Az:lerican sclence was no~ 
as advanced as European science, the coloni~ts endeavored to ~eep 

'ri~~=~?li~"; by the South Carolina botani5t 'i'homas 1/alter (1740-
_: much admired by Je:fcrson. 

neNspeper con1::roversy between the l'rankli:os and tho Mathers 
over inoculation is described in Frederic /bdeo:-1, .!ournalist!l in the 
United States (NaN York, 1873}, pp. 67-11 and i:1 James H. :.ee, Hisi;on' 

of American Journalism ( Garde11 City, Rev. Ed., 1923), pp. 29-31. 
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Bbrenst and tneir sc~entists contributed ~ome data to the body of 
knowledge. From its colonial beginnings ~erican science has been 
utilitarian in a~proach. Hence it wss not surprising that ~enJa~in 
Franklin, a significant scientist of the world wns also America's 
greatest colonial inventor. 

Disruption of science. 

The Revolutionsey \.'er ru..d an adverse effect on ccience. In 
fact scientific progress began to decline even enrlier because of 
the tensions in 1774 and 1775. The demands of var pushed science 
into the bnckground ss many scientists entered 'lffir activities. 
Scientific journals suspended publication and many libraries were 
destroyed. Several important scientists became Loyalists end left 
the colonies. 

Scientific activities had been primarily urban and the larger 
cities, Eoston, Nel·T York, Ne"!'ort, Philadelphia, and Charleston were 
temponrrily oc~upied b.- the Bri~ish. The wr closed the nonoel channels 
of ~cmmunication betveen P.meric~n and European scientists who found it 
difficult to exchange ideas. Shortly after the outbreak of the Revo­
lution, Cadwallader Colden and ~ohn Bertram died. Alexander Garden, 
a Loyalist, rooved to England. Kence natural history in America auffer2Q 
with the loss of these botanists. 

Many of the colleges ~ere closed during the var. Provincial 
troops used lial"vnrd College buildings as barl"aclls and the library 
and scientific equipment were removed to the ~ountryside for safety. 
At the College of Philadelphia American troops occupied the buildings 
aa barracks; later the British used them as a hospital. King's College 
was occupied by American troops and then by 'British Troops. At the 
College of \'.'illiam and Ma:ry it o:ppeared at :first that science mig:r.t 
ben"fit vhen •.rories Vel"e removed from the i"aculty. The Rev. Jnmes 
Madison becarose president and he was anxious to improve the sc~ences. 
In 1779 Thomas Jefferson atte~ted to cultivate science in reforming 
the university, but as var came to the area the college also became 
e hospitaL 

The work of scientific societies vas also disrupted by the 
y.oliticel tu.....,oil preceding the var and then by the cont'lict itself. 
For example, the Junertcan Philosophical Society failed to hold meetit·,:;s 
f~ nine months in 1774 because of a preoccupation oi" members vith the 
Coercive Acts. Meetings were not held between January 1776 and Marc:1 1773 
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because .:.f the Br~tish o~c~zyatiOll of .PhHadelphia and bscat<se of dispu"'..es 
between t1b.ig and Tory mE!l!!b&rs. The II!N Je:<"S€'/ Medical Society vas 6U3~ 
pended during the entire period of the uar _ Medical schools also suffer"'-· 

§.ll!'-"'o!.etinr: in:flue_~-

Despite the disruption in science csused by tfle Revolution, improv~­
ments vere made in medicine as Americans learned !Tom British, Fre~ch, 
and Hessian doctors. Several medical handbooks vere published to aid 

with the 

l,~"'~'~';,~,;,~~~:::!::l";,'!,j,~:,:,::., vounded ,'",,'T
1
;; 

i~tration French. Valuable lessons in 
French during the var. 

A number of scientists c~ vith the invaders. Johann Dav!d Sch~pf, 
a Hessian physician, vrote about hrlericen geology, climate, o.nd faur,a 
e.s well as ooteria medica Upon his return to Germany. The Rev. Frc.derick 
V. Meleheimer, aGe~ scholar serving as cbapl~in of a regiment of 
Brunswick dragoons, stayed in America after the war; he later hec~e a 
-professor at FrankLin ~oll.,ge end th" first .Amf,rican entomologist.-

Scientifl~ organ~zations. 

As related in the previous chapter, the American Acedemy of A=ts 
nnd Sciences had been organized at Boston in 1780. Its purpose ~s2 to 

"cultivate every art and science Yhich tends to advance the honor, dign~ty, 

an<l happiness of a free, independent virtuous people." Harvard facclty 
members held many of the offices in t~~ organization. A number of dis­
tinguished Eu:rcrpean scientists were elected as nonresident members, in·· 
cludlng the English chemist, Joseph Priestly, the SWiss trathematicia~ 
and physicist, Leonard Euler, and the French astronDI!ler, Joseph J€r0tr.e L.o 
Francais de Lalande. In 1785 the Acadeny published the first volUtte oi 
its Memoirs with sections on astronomy, natural philosophy and natural 
history, and medicine. 

The Massaehusetts Medical Soeiety was founded in 1781. It was 
grsn"':;ed. povet" "to e>earrdne All Candidates for tha Fraetice o:f Physic anG. 
Sur(>ery." Eeaides regulating the medical profession the society also 
furthered medical Jmowledf!e hy exchanf!ing infornation vith other medicr..l 

1Both the disrupting and the ben~ficial influences of the Revolution 
Allierican science is described in 

2As s.uoted in Olive:t-, Histocy of A.>n"'.-ic~n '~'echnolcSI, p. 86. 
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sod;oti<;.R bnt;, aC ;.,cr.:c and ,.bc·oa.d. ln :..?')()<;he ~o'!_ct;,· :;ou1:l_j_sheC. i~~ 

fir;,t vol-...:>'..t An Gar)ier rnedlcal cren<l~zation .;c,~ 

the Ned!cal ''"""'~''' in 1779 by physicians from 
Connecticut, York. In l7l3l the Medical Soc!eti 
of New Jersey vs.s clinical arproach to meC.i~~ne. 

Noted scientists. 

Dr. Benjrunin Rush (171~6-1813) has been called both the fathe'<' 
and the "vampire" of AJnerican medi~al practice. A pupil o:!' Dr John 
Morgan and an epprentice of Dr Jolm Redl!lan, he studied "t Edinbur~;h. 
A rhysician more than a scientist, Rush was sometimes an un~cientific 
physician In actuali'cy he nev"r experimented, but :relied upon t:Ko::e>i;i< 
remedies_ AlthoUgh he prescribed bleedine and purging, he becane tr.e 
most in:fluentiol !Unerican physician of his time. He was a professor of 
chemistry at the ColleEe of Philadelphja from 1769 to 1791. After iCs 
merger into the University of Per~sylvania, he continued his lectures 
before prospective doctors until 11312. 

resulations. 

Dr. Rush vas also an important political leader. He had signe~ 
the Declaration of Independence and beca~e a member of the Contineno~ 
Congr~ss. Fr01:1 1797 to 1813 :te 'IIBB Treasurer of the United States Mint. 
He lias a rr.ember of the Pennsylvania ratifying convention, and in i.he :real· 
of the Consthution was ratified he wrote: "All the doors and wi.ndcrHs 
of the temple of nature have be.,n thrown open by the convuls:!ons o:f the 
late Revolution. 'l'hi~ is the ti~.e there:fore to press in upon her 
altars." 

Rush worked dili..:ently, thoU(;h unscientifically, during the 
Philadelphia yello>l :fever 11pidemics of 1793 and 1797. He was en nrd~nt 
reformer, who oppoced slavery and favored t,.,rerence _ He aOithor€d a,, 
influential temper&n~e tract entitled Inquiry into the E:ffec~s of 
Spirituous Mouors upon the Human Cody. 

Through his lecturi:lg and writings 
more prospe~tive than any other 
Re wan the author 
fh·e volumes f"rorn 

Rush probably influenced 
medice.l educai;ar o:f hi~ day 

published i" 
~ontri"bc:~ i ';' 

of the Mlnd \las his Medice.l ',!'1;'¥ 
( 1812) I'his va~ roe;:o;-oo He-­
urged humane treati!Jent of the insane and proposed -:bet the insane be 
treated by occupational therapy SOl:".e of' his ideas !"orushadcn.'ed the 
~rethods of modern r>sychoanal;,·sis. 1 

is -:-:rn~b>n G. 
'9:.' ) 
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.l.!J'onc the American scienCists r-~ilir.g tlleJnselvcs from the 
colonies because of Loyalisc Sj''ltrpe;Oh~es wer~ Dr. John Jeffries 
(1771<-lSlS:) and Bcmjar_in :i'hO!:l';lSOn (11)3-1814)_ Jeffries wcs a 
Boston p!oysician who had GC!l.duated from the University oi' _,_berdeen. 
He studied l:leteorology in !lew En~laniL l·ihe,., 'he Britisl: evacuated 
Boster:, he accompani<Od o)1e !<edcoat~ co Hnlifax. Tl':en he served 
briefly as a sur(leon ll'.ajor of "':-he Dritish troops in the colo!lies 
Afte:r t'l.e Devolutionary "ar, he settled in london and !JTC~Cticed 
medicine. In tle lTtlO"s Jeffries became interes~ed in "eerostatio.~" 
es b<l'..looninr; """ called at the tirr.e.} 

On t!ovember 30, 1734, Dr Jeffr!es and Jelln Pierre Dlanctsrd, 
a F'ren<:h aeronauc. tr.ade ln ""gland c~.e f'irst scien~ific observation~ 
fro:r. a bnlloon.2 In tl:e "s~cnt Jeffries o-o':;ained specimens of the 
"-rper nir which were ana:yzed by Henry Cavenliish, the English 
ch~l'l'.is<. and !Oh<'sic"-st. uho determined that their cheoical comrositi<''l 
did not dif:"er very n;uch from that of air at ground level 3 

On Jnnua_~ 7, 1785. Jeffries and Blanchard ~~de the :"irst crosci~g 
of i..he Englisl, Channel by nir. In 1"190 Je:f.frics reoorncd to his n;:,tiva 
Boston practicing there until his death. 

Lenjamin ':'Lampson or Count Ih.:r:"..ford, a physicist a"il adv~nturer, 
vas born in 1iobum, Massachusetts in 1753. As a Tory he spied for th"' 
British during che 11evolution. In 1716 he 11cnt to London and became 
Underaecretarf in the Ninistzy for C11rolba and Gl.'orr,.ia. ::~ re~ur:w;J. 
•.o.AmericB."ao a·c,val:ry officer witlJ ~he Briti."\11\r..c:s·, ca;·-.ici'[latir.c 
in t!m dGvest.at.ion· of Lang lsland. ,.rter the A111erican f:ovolution he 
re'.urned to Burope and began one of the most remarkable ca:reers ln tho! 
history of ~cience, entering the service of the EleC';.Or of Bnvari!l, 
who rr,ade 1-,im Count Rurd"ord of ~.he Ho.ly R01nan B:rrpire in 1792. Count 
Rumford made significant studies in ballistics and invented a device 
to me,sure lohe power of gunpovder. 

Cou..'lt Rumford also invented ma'Q" heating devices sucb !IS pots, 
kettles. pans, and stoves. A heating er.gineer, he designed the 
ruodern fireplace and flue. He developed a ca,orimeter and a pl".oto­
meter. rr£kin(l irnprovemcnLs in l.iglttinr> !l~s greatest contribution, 
hO'tle'>'er. was ln phy~ics. and this discovery vas tltat heat. is a fc;m 
of energy 

lDirl< J :::truH:. Yankee Science in the l-ta!':0f. (Easton. 191•8), 
:pp. 5~-55 

2c H Gibbs-Smith, llnlloor.ino: (London, 1948), !'· 38 
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Rurnf'ord was also a founder and patron of scientific sociecies. 
He founded the Royal Institution ir. London in 1800 and .lJlanned the 
orsaniz"-tion o:f ~he IE,var.:an Aced~- of Arts and SciGncen "'" Nu;dcll 
in 1801. He donn ted ~;5, 000 oo -C"b_e Royal Sociecy in London Elnd a 
like amount to the P.mericM Acnde!l'.y of 1\rts and Sdemoes. The latte\' 
or@!Jiizntion hD.s a1mrded -,;he RUl:d'ord l~e<~;,l for research in heat and 
light.. Collnt RL:mfvrd also est~tblished a ;professorshi:p a-c Harvard 'of 
the application of science to the art o:f living;" Jacob Bi(lelow ·oe" 
cmne the first incumbent. D:r TiigelO'IJ vas a botanist and professor 
of ,._,.tcria medica. Rui;>.rord :~ad learned :1is first lessons i~. science 
:fr=• Pr-ofessor John ~-.'inthrop at liarvard. Ab;!,m•eh Count Rutn:ford, l'l 
the opinion o£ many contempo~~ries, vas consldered to be somethinc 
of a rocue, Americans have tended ~o rcmembe1· only his genius !IS a 
scientist.l 

m EARLY REPUBLIC, l"{90-·lil29 

ScienLif' l c sod.eties and educatior .. 

In spite of their ne.Uone.l nar,es the Al<Jeriean PhiJ.osopl".ical 
Society and the American Acad"my of Arls nnd Science5 verc r:!ot 
national insoHutions in their early ".istory Altrcough they attec,,p-;;,/, 
to pattern tbemselves after tb~ greal Eu,-opean ~cientific socieoies, 
they ve~e more local in cl';aro.ct.er. Ye'" PhiladBlphia end EosLon ·,rere t.hc, 
scien:ific and cultural ce'li;ers of the e.~rly Re-rublic The colleges 
ot"fered no advanced training in science and thG federal and ~cate gc·.c'-'""­
rnen:.s offered fm,' inducements to scientific advance. ThoucL facilitC:.e~ 
for sc·iencific and technological rc:searcb and t.raininr; vere 1"-rcely 
undeveloped, the n""' government ~ns anxious lo fo,cer scientific 
discoveries a:1.d inventions. President. ~·fasl.ingtoc in his first annu&l 
message to Congress, January 8, 1790, stateQ,2 

lStruik, Yankee Science in wlle ;~al<inr:, PI'· 5~-~8; Col:en, 
Some ilirly TooiSQ;AmsclcmlSciencc, Pl'· ·?2, <:'9, 3"(, IJO, 1:?9: 
r.;.:.tchell ~!ilson, lunerican ~jC-:iE,ii"C'e@d Invention: ·'·Pictorial 
l~~C..££ (He<r York-;- 195Ji), PJl. 24-31. ~·~ .. -------

,, . 
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"~'he advru~eement of aiJricu.lture, Crn:Jilerce, nnd n:anu:f"-cturc.s 
by all pro:l'er means vill not, I trust, need recolill!ler>-da.tion; bu1·-
I can net forbear intimating to you the expediency of givine 
efl'ectual encourag=ent as well to the introduction of new an{; 
useful inventio!'s fro!.'! «broad as to the exer~ionc of skill and 
genius in producinG them "t hOJlle, and of facilitating the inter­
course between the dista11t pnrts of our cout1try by a due attention 
to the post-office and post-roads. 

'Nor run I less _per3t,.ded tl:at you will "-8ree with me in 
opinion ~l:e;o there 16 nothing \lhich can better desero•e your 
patre>nage than the prc1n0tion of science and literature." 

In 17?2 Dr. Ja,;:es \·/ood.'louse and ocher chemists orgeniz"d 10he 
Cl:ernical Society of Philadelphia. lt has been asserted that it ~tas 
tr.e first cher:lic"l society in the ,;orld. Another chemical society 
"as established at Philadelphia in Jilll \tith .James Cu~bush e.s 
')resident 1 

'~hrough the efforts of Dr. I'dward Cu:.-bush o.r.d ThOil7,JS Law, t;,e 
Columbian Inslitute -was organhed at i.'ashington, D C in 1'316 as n 
'lational sci,ntific croup Local bt•sir.ess and rrofesG1onal !:ler.. sorr.e 
civil se:rvo.n~s and amy and naval oi'f'ir.ers. many Congresso-.er., and six 
Cabine~- members becazr.e members Amon('; the cc:tentists and stetesmen 
enrolling were Hem";•' Clay, Charles Yil.kes, Clic<l!lrd Ruslc, Joel R 
Poinsett, and .former PreBidents John Adams, Thomas Jefferso>o, and 
Jwnes :O'Jadison. 

1'he objectives of \.l'.e Inslitu"e were to foster pra.c-cical arts 
and sciences, to study aviculture, to er.courage mechanical and 
scientific discoveries, and to offer its findinGS to t~e federal 
sover~n~ Concress issued a charter to the Institute in 1518 nnd 
gran-ced 1~ five acres of land for a botanionl garden near the Capitol 
Althoueh the Institute -wee fairl)• active in the 1820's, it never 
received financial assistance from Con.sreos wb1ch :it had sought. 
The "-echnical papers on matbemat.ic& ar.d astronon- read be:fore the 
Institute by Yilliem Lambert, a pension o''fice clerK, :pointed out 
the need for a national observatory. 

Tl',e Connecticut Academy of Arts and Sciences was es~ablished i" 
l799 as the fl.rst state c.cC~i!e'::-l'r of sciences. The firs-c of x:-..any city 
organizations co foster technical edllcntion was the r;echanics Institu+,e 
establishe~ at Eoston in 1795- At Philadelphia the Franklin Institute 
wan folLYlded in lfl24. In 1826 this orgar.izatior, begnn publi~hing ~he 
Journa..l. nf ·che Frankli:J Instt~ute undGr the Gditorshp of 1')-;=s P. 
Jo'iiCS;- p?'cires;;:or-ormecliiiil{C-sStt-be University of ?m-ms:;lvania 1'!-le 
journal dis5eminated mechanical. scienLiftc, and tecl-mical da~a. I" 
became Che official organ o-r the Unitea s-.ates Patent Clffice ancl. frc.TI 
182il unt.lJ. 1843 H- O"ecor~ed A'!'.ericail r-atents 2 

lOl_iver. 
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'Ihe first substantial natural history museum in the linited St,.~e~ 
'llllS established in 11312 ac t~e Academy of Natural .Sciences ,,:r Phil­
adelphia. This institution !".ede Philndelnhia areu.d:,• '<r.01nt as th" 
nation's scientific capHaJ., "the :•lecce of. Ar.lerican biologists."1 

)._,one; the "first ae;ricuLural societies forrned in the enr]y 
P.epublic uere the South Carolina Agricult1.ue Society (1735), the 
New York Society for Agriculture. Arts, and ~;anufactures (1792), 
and the l~o.ssachusetts 3:Jciety !'or Prcmoti!lg /'griculture (1796) 
By means of cheir publications these societies encouraged sciencific 
agr~culcure. 2 

In l·Sl9 the ll"'' Yorl< ::-tate .Ac:ricultu,,,} Society vas 
established through the efforts of Governor De Hitt Clinton. S';ephtn 
Van Rt!nsselo.er, the Society's president, er:gaged .1\ruos Eaton to mn.'<e <J. 

geological Burve;r of Albano• and Rensselaer Countie~. E,.ton nlso made 
a survey of the Erie Canal route from Albany to Buffalo and these 
so.;.rveye ;ron him fi'IIIle as the "Father of .AI!lerican GeoloGY. 3 

In l3l? a group at Yale College interested in geolo~J formed 
the Alne:rican Geology Society Among t'he r'ounders were Profeasor 
Benjemin Silliman Of Yale and l'lillirun l·iaclure, the Scottish ;;.;;o''''" 
and pioneer scholur of · 

"che United 
vrltinr; of 

began co pu"blish the firs~ 
geology JlUblication ln tha sorvaC. ac; 
p~esiUEnt of the American Geological Society until his ~eath in 1340 
The cociety then decli<md in infh:ence a"d disa.p_rearad. 

At the opening of the nineteenth century colleges and universiti<>s 
beean to give l!lore e!!lphasis to science o.n<l technology. In 1802 Y"t1c­
College appointed a young lawyer, :Eenjamin Silli:nan {1779-1864), e;s 
its first ?rofessor of chemistry and natural history. He at once "'"'" 
to Philedel-p!'.1a and attended the lectures of llenjam~n Rush, Eenj~.min 

"Barton, m>d Caspar \lister. Silliman did not give his first lecture 
until 1804. In the fall of that year t;he Yale Co!"IJorrrtion aprropri~tc( 
.$9,000 to purchase books and OJ.pParatus :for use in tencbi::tg cheliliSt:t;,· 
and physics. In Arril 1805 Sillii:mn sailed for Euro_!Je to sp<md the 
appropriation. Besides buying equi~"ent he also studied in London 
and in Edinburgh Upe>n his retun; to Yale in 1806 ha decided to 
specialize in eeolo[!Y. J..n 1808 ba began delivering publ.ic l<>cturcs "'' 
chur.ist:ry and geolon' Tr.ese popular lectures were vell reeeivecO ::~:­

Jt.any ;rears by nud:!.ences in the larger c:·:ie.~ in tr.e country. In 13'.8 

1 A '!' Young, Biolocy ir. Aroeriee (EosCon, l922), I'P· ')2-53 

"True, "7he Early :::evelopment of Aerieulturul Societies in tha 
United S~atcs, · PF 293-99. 

3o.liver, History of /l::!eric~n TecbnoJor:'f, n l)l 

4Hye, Cultural Li"D; of the New Natio;;~;., 91: Carrell L. a!OC: 
l<i.ldrcd A. Fenton, Giants of G<?olor,:r (G,rdan City, 1952), " 13:, 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

----------



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Sillima~ es~ablished the Ameri~a~ Journal 
renamed the ft.meric'm Journal ot' Science 
o"f st.'-!dents ~riCi1Bthe'Si""'i<ere"r.I$7ofi, Benjamin. Jr and r.i~ sor.-in-­
law, Jrur.es !Night D.!o,.,a_l 

As mentioned in the previous ch'-lptor, Jacob BigelmT occupied the 
%mford chair at Harvard frOil'_ 1816 to 1829. His lectures, "11~ic~- >re:re 
started in 1816, "heca:me p>pular both with Harvard students and vi tlo 
Bostonians. He discussed such o:ubjccts as arcl::itecture, chemistry, 
engineering, v.echanics, and mineralogy. 

In 1825 the Rer_~selaer Polytechnic Institute opened at rroy. 
New York It was founded by Stephen Van Rensselaer "for the purrosa 
of instructing persons wro may choose ~o anply t:r.eroselves ~n the 
application of science to the corr.mon purposes of life " Professor 
Amos Eaton, a lawyer and brilliomt sooienCist., was t;he heart end so,;l 
of Lhis first institute of practical sCudy Courses vere o!"fered i'l 
asoronomy, botany, chemistry. civfl enginaerinG. and geole>£Y Labon.­
to:ry vork """ scressed ir. instructior. The earl1est

2
sehoo) of agri­

culture ir. the nation was establis!1ed at Rensselaer · 

!"Joted scien~.icts 

In 1792. when Dr Jmr.en ~'oodhouse. Dr BenJamin Rush. and others 
had rounded the Ch"""'.ical Society of Philadelphia. e revolut.lon vas 
stirring 1ti.thi'1 tte world of chemistry Antoine L l.."J.Voisier. the 
French cllemist end. faC.ller of mcde:rn chen:is~ry. in the TreaLise em 
:Ol=entary Chemistr1' (l7fl9) exphined that 7he real besis of" co,buslion 
was oxyg€ll He exploded the "PhloeisLon" U!eo:ry and. reformc.J. t!Je 
nom<>nclat.ure of chcrristry Dr .Saw.uel L !t,i•.chell introduc-ed the n~w 
theory v-, Colurr.bia College in 1792 and ir: chc rage~ of his Journal 
~·leliical Rt>posito:ry. r....voisier's C':teories were debated. Dr James Food­
house, wbo had. been trained in "'ed.icine by Rush, popularized. the 
doccrine of Lavoisier in his students' laboratocy manual, The Young 

(1797}. Woodhouse taught chemistry"""""itl'."ll~ 
end attccked the phlogiston theory, w~ich 

Jose}Jh Priestley, had acceyted.. 

Dr. Thomas Couper (1759wl839), an English physician, came to 
tr.e United States in 1792. As a teacher he helped. to s:pread the""'' 
conc"'pts of Lavoisier's cl:cn,~s~ry in An:~rica. On April 5, 1811, ''e 
was appointed. professor of chemistry and. mineralogy at Carlisle Collcg~ 
(later Dickinson). He favored the practical application of chemistry 

lTh=s, TC!e Doctors of Yale Collel'le, PJO. 123-26; Strui\<. Yenkc•. 
_Science in the Makl.n@:, :pp. 166" '2. 

' Oliver, History of American 'l'echnolo".y, pp. 1~0-51. 
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and also believed that ch""_istry should be related c~osely -co oU:er 
cultural sub,•ects Be taught fer five years at Carlisle ·~here he 
made chemical experime~ts and wro'e on Dyeinr 
and Calico P:rintinr,. Following ""l:'niversity 
OrPennsy-lv'ffiii,;--a,a_ at the Universi"Cy becaE>e professor 
of chemistry at the College of South Carolina in The next year 
he was appointe~ president of ~he college ~here he evolved info a 
leader in education as well as a leader in Southern politics. 

Ceor5e 1iashington (1732~99) and Tbcmas Jefferson (Hh3-l826) 
had m•>tual interests in scientif'ic egricu~ture. Both kcyt iiiaries 
and garden bool<S in ••hich they described the agricultural and honi­
cultural practices ac Mount Vernon and Monticello. ~-leshington's five 
f'anns at Mount Vernon were comparable in ~cme respects to agricul-turel 
eXperiment stations. He tested seeds, Jlracticcd soil conservation, cr.­
gaged in selective breeding of shee:p, raised exceptional wheat crops, 
and tested new !!lS.Chinery. He corresponded Wich the Imelish ae;ricul­
turalists, Artl:ur Young and Sir John Sinclair. '1lashington -was asso­
ci,.ted wiioh the Philadelphia Society :'or Prc"'oting Agricultw·e founded 
in 1735. In Ho last rumual message to Cor<(lress, December 7, 1796, 
President Washinp;ton proposed boards of agriculture to collec~ end 
diffuse inf'ormation and to encourage a spirit o!" discovery and ~mpc-o'te­

r:-.ent."' Hrn.·ever. th~ governrnem: did not create a commissioner of agri­
culture until 1flG2, · 

Jefferson "'aS more of a scientist ';han 'Jashington. Desides agri­
culture, Jefferson vas in:crested in archaeoiory, astronomy, Uotany, 
chentis CT'J, -elhnology, eXploration, e;eology, ,..edicine, paleontolOQ', and 
inventions. Althoueh his k11owledge vas not always c=plete nor entirely 
correct., he did a great. deal oo advance the s~ac'.ls o!" science ln the 
United States In a let~er of eppr<Odation to PTesidGnt <."illard of 
llarvnrd College for his receipt of an honorary Doctorace of Laws, 
Jefferson wrote: 3 

'"I'he botany of Arr,er1ca is far from exhl!us~ed. i-:cs 
mineralowJ is untouc">ted, an<l. i.ts zoology tocally mis';akcm. 
\Je have spent t)-,c prime of our lives in procuring Y"ur stu­
dents tl'.e preciour, blessing of liberty. Let ohem s:pend 
theirs in showing that it >s ~he great psrent of ~cience 
snd of' virtue, ar.d that ,. natior. will be weao in both 
;rays in pro:portiol' !l.S it is free." 
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Jefferson's reyu+,e.tion as a scientiBt was due pr _warily t.o his 
:fotes on the 3tate of Virr,i:Jia .rhich r_e had -prep!'red in 1781. He 
described in ~il-'t:ie·-:ropOgraphy, natural history, and natural 
t•esources of Vtrcinia. The bool< W!S first "Printed privately by 
Je~ferson in Paris in 178~. An English edition was JlUb1lshed at 
London in 1788. The first hueric.an edition was pu:Clishcd in Phila­
delpl".ia in 1788 nnd t!le "-"X~ year a German transla~ion """ printed 
l.n Leipzig. 

Beginning in 1796 Je:fferson served as president of the American 
l'hilosOJ>hicel Society for eic:hteen years He ossisted in ·.rri ';ing t:H? 
first Americ!ll Jla:per on -peleontoloBY for the Society in l797. i'.~ his 
farms in Honticello Jefferson practiced sci,ntific ag:ricul"ure a:1d 
invented new machines. l-n1ile on his diplomatic lllission to France he 
carried out scientific investigations in Europe. As rresident. of the 
United States he used his high ofi'ice to encoural}e scientific advance 
Ec "'"S forced to restrict tis personal scientjfic pursuits to a ccr~ain 
dep;ree, but he had once snid that natm·e had intended him "for cl e 
trfillquil pursuits of science'" and H.at "science is my -pession; politic3 
is my duty." 

Jefferson like Franklin gained an international repu~~ttion ns 1t 

scientist and inventor. Ee also had an utilitarian attitude ~award 
science. Although Jefferson made no b~tsic con~ribution to science 
such as Fr!>r!klin bad in electricity, he possessed wider inoerests 
~han Franklin. Je~ferson had a greater appre~ia~ion thAn any of his 
countrymen of the v¥ue of science in pl'Qr\Ot:Ing the r;eneral welfare of 
'he young Republic. 

Joseph Priest1~J (1733-180~), the English cler~n and chemist, 
round asylum in the United States after his house and personal effects 
had been burned because of his SYlliPathy with the French Revolution. 
In 1794 he and his wife settled in !iorthutnberland, Pennsylv~tnia where 
~hey resided in the sarr.e house with the Thomas Cooper family. Pries<:l.<'"J 
~aught his experimental techniques in chemistry to Cooper, Dr. James 
Woodhouse, and Dr. John 1<'-acLean, who beerune professor of chemistry at 
Princelon. \llien Pries~ley died in 1801,, Cooper continued to use 
Priestley' s chemical laboratory and apparatus. Priestley's ~reatest 
work had alrell.dy been ColllJ>lecea before his coming to Americ~t, yet "Ohe 
discoverer of o;cygen wns influential i~ .Alnerican scien~.ific circles 
during the last ten years of his life. 

Constantine Samuel Rafinesque (1783-181;0) was an imporlant botanist 
and natu,-alisl in ohe United Scates uto bad been born in Const.anti;1ople 

lFor det.ajls see P.dwin 1'. !{artin, Thoma~ Jefferson: Scien~iso:. 
(I!ew York, 19)2). 

2wilson, AD:edca" Science and Invention, pp. 32-3) 
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of Freno~ ?ar~ntage. He tr~veled throughout Che U~ited B~ates on 
collecting expeditions and described many new species of :plants and 
fishes. Considered. an c~cer::tric, he o!'o1.:11d it difficul~ to rr.fll,e a 
livelihood in the United States. After being refuc;ed a number of 
college JlOSitions, he wep fir,ally a:~>pointed :pro:fessor of "botany, 
<l!lturel history, and moderr:: languages o.t Transylva.rlia College in K.ontucky 
in 1819. He taught there for seven years. IUnong his major works 1rere 

~~~:;:*;(1820) and i~edico.l Flora of the United States 
i- contribu~ion """ tliS'Cil.,;-he.lJled drav"the s:~T~Cloi~ 

of European naturalists to tha natural scier.tific tresnures of Ame:nca. _!_ 

Nathaniel Boml.itch {1773-1838), a self-educated astronomer ani! 
mathematician, was born ',n Sal=, l!aseachusetts. He =de five sea 
voyaces in ~be Cl,ina and F.ast Indian tn&e between 1795 a!'l.d 1503. In 
1799 he t';e firs~ Alnerican edition of J. H. Yoore's 1hc 

he eXJlanded and published in 1802 6.91''-le !km 
In compiling this work, Bo"dHch o:sedt:Fc 

collected by the East India Nnrine Soci.,ty 
,,,.,;:'c"';,; and ~ade commentaries on rour out of the five 

volU!:les of Pierre Sir.ton Laplace's Celestial ~echanics. A'o" his own ex­
pense he made Lhis valua,,]r> work available to the English-speaking 
uorld. Bouditch also ~trote on comeCs, meteors, and solar eclipses. 

The "ari~h!I!etic sailor' assisted in making sea."Tanship a science 
and lliS greatesL uork, The New American Practical Havigqtor. has gone 
chn:meh scores oi' editi";;r;~.For over a "c'<;";;tury and a half mari'lers 
have relied on Eovditch. Since the 1860's the book has been published 
by the United States llydror-r":phic Office and is kno"-·n as 21'.0. Ilo. 9, ., 
meaning the ninth :publication o:f the ~ydrogra:phic Office. 

Femous 'lacuralists. 

Alexan<!er 'Jilson (1:"66.1813), the ornitholocist, """born in 
Scotland. A weaver and peddler he came to the United States in 179~. 
He became a Oeacher in rnral schools in New Jersey a!'l.d e"3tern Penn· 
sylvania. His neighbor, ·,·.'illiem Bartrlll::, in~erested "him in ornitholoa. 
AsBisted by Alexander Lavson, "Who prepared :plates of che birds described, 
he began publishing his American OrnithcloAY in 18cfl. In his tr<!Vels !:2 
journeyed through the ""s"ern s':oates, down the Hississiwi, a"d to the 
"borders o:f the Southwest. lhlson has been ce.lled ::he father o:f ftJ1ericc" 
orni;.holof.Y. 

lJaffe, :cen of Scier.ce in ."merle"-, w. 104·2:;~. 

2Robcrt E. Berry, 
(l!e\1 York, l94l). For 
l'o"•dit<e],: 'i'L"' PractOcal 
r:>· 5G.Go. 65-9l. 
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l-lil~on's successor, Joh:-1 James .;·~dubon (1'?8~-1851), ·,ras born ir. 
Santo Domingo, As a boy he studied art in Paris. 1-f.1en he was 19, 
ho becallle man,..,e;· of t-is fntl•er's fal"lh at <•fi!l Grove, Pennsylvar.ia. 
As n hobby he oketched birds. In -che forests of" Kennlcky a.'ld Ohio 
1::" hurr'ced rare '::>irds. For a short :period he waa a ta::::idcrmist in 
the 'llestern ><uoellli! at Cincinnati. In 11326 he '"cr.t to Eno;land '" 
look for a :publisher and brourrh•. out the volumes of his _B~ of 

1827 to 1838. 'rhis work was hai1ed as a clnssic. His 
Diograpl.>l': (1839) and SynOJlais of.: the~ o:f :ll'ortr: 
next added to his fam~ 

Thomas Nuttall (E86-1859), an En£!;] ish botanist and orni tf.oJcgist, 
cMte to the United Stn~es in 1808. His interes~s in plant" was en­
co~aged by "Benjamin Barton, ~he Philadelphia botanis';. Nutta1.l 
traveled in 1810~11 Wong t~e Ka:1sas, I'lat-:ce, and :11ssouri P.ivers. 
From 1818 to 1820 he traveled in tl:e 1nterior vf Arkansas. From 1fl2? 
to 1831+ he was curator of tl;e botar:ical rrardens nt Harvard. In l8J2 
he pUblisl,ed A t-:anual of u.'::. Ornitholof'Y of~ _!Jnitea. States nCtd 
CaCl.ll.da. 

In 1831< Nuttall journeyed across the Hockies to the Columbia 
Hiver. He sailed Lo l!"awaii and t~en to CPJ.lifornia. At Can Diego 
Ricllard tlenry Do.na was surprised to see fillttall; in ':'lro Years ~!:.':: 
t~e '·'ast, Dana wrota: "'I had lefo him quio~ly seated in the chair c:" 
Botany and Ornitl•olor;y in Ha,-vard University, a.'"l.d 'ohe next I salJ af fdm. 
he w•~ strollins about San Diego Ueach, i'"l a sailor's -pea-jackec, uit~. 
a wide soraw hat and barefoot, ••ith tis trouse:r-s rolled up ~.o his lmcc·,o, 
picl<inc up stones and shells." 

NuLtall :r-eturned •:o the East around the !lorn with Dano. aboard •.Joe 
Alert. P.e resided in PhilaG.alphia un:Cil his return ~o 2ngland i:l 18!,~. 
Although his writine;s ""'e not as signif"ice"t as tr.ose of ·.!ilson or 
A•1dubon, he did classify many nau cenera and species. His explorationJ 
in the wilderness ar.d to distant lands were surely a,., indicetion o:­
reel scientific inl.erest es •;el.l as personal courage.;> 

Scier.tific cont.ributions of" exploring expedition~. 

1>'hile Jerrerson's interest in exploration was primnrily expe.nsion­
ist, ic had a strong scienLifio bcmo. l;lccn Jeffer~on was knhassn<ior 
""Oo ?ranee, 1.e Bnd Jobr. l:'au:i. Jcnes conversed uith Jo<m Ledyard, "tr.e 
American 1!nrco Polo," who plermed en eJ<Iladition to the NorClNest ceo-;.; 
Jef!"erson suggested to I.-edyard that he traverse Hussia ,.nd Siberia, ar,cl 

2.;;~ruik, Yankee Scie'lce in the 1-:aki:1r,, l'P· :o6G-6S. 
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from KareclletkB cross Lo Alaska where he nigh~ find passa;::e co llootk~. 
Tl".en he colJld journey eastward into '.he unkna,, inte:::-;o.r of Nort:1 
1\merica. LeCyard f;;il~d in an al"'oen,-pt to .<;ain ttc putrona,~e of 
Empress Cat;cerine of Russia, but I-.e succeeded in obt-aining "'ol'e supp:>;:~ 
of Sir Joceph .8(1_'1.\<.u. ;:residen~ o-r '·l'e Royal Society of Lmcdon. as u 
sponsor. By tLe fail of 1786 Letzyard vrote to Jefferson L'Hl.t r.e 
was pr"P9-rinc to cross Siberia. C.edyerd r"ached Irkutsl: ""d ""-"- rcmay 
to sail "i ~h C"Jl"atn Billings of ti:e F:twsinn nJ;J.vy, when he was arrc~·C.e<i 
on February 24 1788, by t,·o Coscack :police and "brougtc beck to J.:c-'"1''"· 
Ledyard's romantic drearn ended. and the next ye!lr te died in c,_iro. · 

In 1792 Jefferson persuailed t)le .l\!t1erican Philosop'lica.~ Society 
to :final"ce Ill" expeditior: by the Frel"ch scientist, Andr'E. XicLa•n:, who 
intended to "ascend the :.!isso=i River, cross the Stony Eountains. !llOd. 
C.escend dmm the nearest river to the Pacific." Jefferson dr.U"-cer 
l-~cr.aux's ins~ructionB to "t,.ke notice of the country you 1J«S~ throut)l, 
its general i"aco, soil, rivers, mcuntains, its ~roductions--animel, 
vegeto.ble, and mineral." He also instructed him to make astronomiclli 
oiJservations, to study the aborigines, and 'o search fo1· :fossils. 

On January 18, 18o3, Jefferson asked f"or an a~propriation of 
J\2,~00 to fl"-al"c<'" the l.evis and Clark Expedition. He scated:2 "Tbe 
interes'cs of corrJne!'ce -place tr.e prin~ipal object witHn the cons~itutie>l'~ 
-pO'Io'ers and care of Co,.gress, !lnd "!.hat ic <.tould ir::cidcntally advm1.c~ Cte 
l>eo~::rapllical l<r:mJledGe of """ mm continent can not but be an a<!ditio;o.·L 
rraun cation." ·:.'hen Congress approved, it established e. ne" precetdcr: 
of" ap-pl·opriatinr; tnoney on bnsis of the commerce clause for a scientifi~ 
eXJllore.tion. l-'oreover, tl:e Anny "as to sponsor the eryedition and it 
"as to explore f"oreign soil. 

Ca-ptain ~-~eriwether Levis s:pent several "'eel;s a"'c t.h~ American 
I'l:ilosc.pi1.ical Society in Philadelphirr for a scientific briefing He 
learned hmr l.o make celestial observ!ltiol's, to collect flora and f"aur:ct. 
and to study t'>e Indi,.ns. 

?he Lewis and Clark Expedition of l8o1,,180G made sienificant clis­
coveri es in botany. ethnolOCY, geogre:p\'.', ceolor:v, and zoolo:-;y. A vane 
mine of ceocra-phical inf"o=.ation and considerable data concorninc the 
Indians, particularly chose of" the Plains, were accumulated. Dried 
plants, f"ossils, ,.ock specimens, and India"'l u:;onsils, w<eepons, and ic~:o­

of clo",hing ;;ore collcc"ccG.. ':'l-.<> .·O'~rnals key:. on t'le= ,
3
_ry,ditio:l '-'er" 

gradually :published, but not in a satisfactory nar.ner_ 

l:borot11Y 0. Johansen and Chtu-les t·!. Gates. Empire of tr.e Columl,~,~-
A !'is-cary of r.:-.e Pacific J·:orthwest (l·ie>r Yor}<, 19;D!, pp ~9-n3. ---

2Rie~.nra~on, l.'essages an"- Fapers of the Presid~, Vol. I, p. 

3A Ihmter Dupree, 3cie::tee in the ."'ederal Governr:tent, ,',History 

PcJ1ci~d ActivitJes to \2_1~0 (r.embri<'!gc, 19'_,T). N'· ?6-28. 
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After the louisiana Purc".nse, Je:"f'erson :planr>ed sc.-p-,l~menta1 
expeditions up the Red ~d Arkansas Rivers, On Apri~ 1), :Ro4, 
Congress appropriated ~3,000 for this purpose. In tte ltinter of 
1804-05 Sir \.'ill.iBD Dnlbar and R Georr::e Hunter "'ada e. ocien~ific 
expeditior. up tbe CuncCdte P.ivor ir: :.ouisiar.a. Ir: Ncy 1806 the 
Frceir.an expeditior. of Civilians and soldiers set out to ex:rlore 
tl'.e source of ',he lied River, but it !'ailed because of Spanish resi~te:1~c. 

!iext; Je.fferson se"t ou!; "'' ~Y expedition in 1806 under Lieui.v-,; >L 
Zebulon J.lon~-e;omery Pike in an attemp'o to discover the source of :he 
Hississippi. Alt"ough 'vte expedition did not succeed in Hs purposes, 
it uas deemed a success and :Cike was sent on a second expedition in 1'307 
to t.te .Sout.'mcst. Pike <,<as iiOJ>rl soned by the Sp.:!niards ..nd his maps 
and papers ,,,ere confiscated_ i!e was taken to BP.d dctained in Chl:b.ua:,ua 
and eventually released on tte Louisiana border. From rnemor.f he made 
his valuable report ir, 1810 which added to tha geographical and scienL,";_ 
k_'lO\rledc;e of tha Soutl-.west. 1 

During the ··:ar of 1812 f\:rther veetern expeditions were delayed. 
·,,'ith the recurn of :paacfr in 1815 interest in these was revived. oTotr. u, 

Calhoun b his capacHy as Secretary of War organized the expeditions 
of Ha,!or Ste1Jl.en if. tong of the topo[!raphical cnr:ineers. In 1817 !.or:g 
selected si-:.es for forts on the Al"kansas River and ttcn on "'" l•lissi~ci:r:::' 

As -part of an overall 1'1ilitary plan the Yello;rstone Expedition of 
1819, colrnlllnded i:ly l-or.r;, was sene out to discover ti'G source of th< 
Platte, Iled, and Arkansas Ilivcrs and the princi-pal tributaries of U.~ 
b:issouri. Arnone: the scientists in the party "ere 'l'hcmas Say, a zoo~o:;,~t­

August E. Jessup, a c:eologist, and Dr, Edwin Carnes, a botanist. ?or over 
a year these scientists collected mineral specimens, -plants, insects, 
and skins of' aniwals, and s~t>died geolo~r t~nd \Teather conditions. '}'tG:eE.ro 
Say s'udied ·cte severel Indian tribes <J.nd -"cloeir vocabularies. Althcug!t 
~he expedition was larr;ely a :failure, since it had not discovered t:,-e 
oources of either tre Platte River or the P.ed River, the scien-.ifl.c 
results vere a decided improvement over those of the T.ewis and Clark 
Expeditior.. The cnllec'cions vere c1assified and ''"'"'" 
listed. Ja~es, <ay, and Long vrnte an 

Pittsburr,h to t.he r.ocky 1:-ountains ::l•:;•;!g~::~::~ S»:r' ( liWr -llJ31•)a:lso 'Wrote various 
,;tudied che dried plants that had been Dr·. James. 

In 1823 Call'.oun sen" out. ano~h~r expedition re,ded by Lor,o. 
'!T.omas 2ay served as zoologist and botanist and Professor ''illiam 
Kea'cing of '"he University of Pennsylvania served as Geologist. The 
rarty ascended the J.\ississi1Jpi and reached the source of 3t. Peter'£ 
':iver In 182') at London tte llnrrative of An the Sour~e 
of t.he Si .. PaCer's River "Was vubliahed in ~liD hundred .. _ 
pag;;;-,;ere devoted ~y' s notes on inse~ls. !">ay' s c:>lleci.icm o<: v'-an'o& 
;)nd flov~rs -.re.rc st'-ldied Ly Lel>iE David v:>n Sch1einHz, a 1'-ocar,~s'c, 1.1'~ 

lLeroy R. 
"1.,.,. ""-"' •· ·,,_ ~, -'"7;,v,, 

Eafen and Ce,-1 c. Pister 
1-C'· 18?- JG. 
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authored a S~"llOflSis of Harth 
species and ,.,;:;m:;-;:,:m;-gene;::e 

which over 1,200 new 

\lest Point, Coast Survey, and. Of'fice of Chief of Enp;ineers. 

In 1802 during the Jerferson administration the Corps of Engine~r~ 
of ten cadets and oeven officers 'IIBS created and constituted the Eil­
itary AcadEmY at West Point. A tradition of French methemetics ana 
an interest in science existed froc the beginning. In 1816 Crozet, 
one o-;,' Ne~:roleon's engin<'ers, bec<®e heaO: of the e:;gineerint; departea.,t-. 
In 1816 and 1817, Sylv,.nllil Thayar (1785-1872), a g:rniiunte of the J'.~"'~-­
eoy class of 1Bo8, studied the theory and practice ot· fortifications 
in France. From 1817 to 1833 'l'llnyer as superintendent of \-lest Point 
improved the science ;mG. en{;ineering departments. Fr"nch textbooks 
we::-e used nnd tlle et:ucation!!.l concepts of the ~Ecole Polytechnic ·ve:re 
introduced, '!lest Point engineering greduates became the "'ost skillo<! 
engineers in the country. Their skills were called upon to perform 
engineering work for c~vilian ~rejects end on the rail~oads in the 
twenties and thirties. 

In 1807 President Jefferson agreed to allow a geodetic surv~· 
of the coast by the Swiss geodict, Fert:inand Rudolph Hessler. H~w­

ever, diplomatic problems arising from the Napoleonic l>'ar caused 
the Coast Survey to be SUBJlendad. Hassler then taught mathematics 
at West Point for tvo years and so Union College for another t~~ 
years. De"Jlite the war, Hassler wus in England JrOil', 1811 to 1815 
purchasing instruments for the government for its proposed survey 
of the Atlantic coast. Finnlly in 1816 and 1817 he began his field 
vork, but in 1818 Congress :passed an act stating that only al'U\'f or 
n~val orficers could be employed in the Coast SUrvey. For the next 
twelve years the Navy !Mde local. surveys, but they wore of no real 
scientific value. 

After the establishment of the Office of the Chief of Ehgi· 
neers, the Corps of' To:pogr&phical Engineers becan:e important in 
various surveys. T3y provisions of the Survey Act of 11324 the 
Corps developed a plan for western and for Atlantic coast cnnnls 
and for a road :fro!:\ J..'ashington to Ne·"' Orleans. Ey 1825 anr.y 
engineers vere improVing the naviaation of internal '"ate:rwnys and 
working on the national road.3 

1 Ja"fe, Men or Science in ~erice., pp. 138·42; Dupree, Science 
in the Federal Government pp. 28.29, )5·36. 

D.C., 1959). 

:lrrupre,, Science <n the Federel Coverr.m::;:d., yp. 29-33,36. 
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IV. PRE·CIVIL 1{/lR PERIOD, 1830-1860 

Scientific surveys. 

The United States Coast Survey was revived in 1832 and 
Ferdinand R. Hassler bec~e superin%endent for the second time. 
Hessler fought for civilian control ll.nd zcod pay for scientific 
personnel. Most of his assistants were All:".' end Navy officers uhorn 
he had to give additional treinin(5. Hassler worked north and south 
from ~ew York, end by the time of his deeth in 1843 the Coast Survey 
had covered an area from Point Judith in ~hade Island to Point Hinloper. 
in Delal<are, 

Alexander Dallas Sacha succeeded Hessler as superintendent, hold­
ing the position from 1843 to 1867. Bache continued the survey of the 
A>lnntic coast and the Gulf of Mexico. Aeons the many studies he 
>reanizeil vere one of the Gulf Strea:m_. one of the lllE!gnetic force of 
the earth. and studies on the depth of the oceans and forms of ani~l 
!.ife. In 1851 at Bache's suggestion Louis Agassiz stud.ied the cord 
reefs of Florida for a ten.veek :period llhile aboard a Coast St.rvcy 
schooner. Extracts froro. his study were printed in the annual TC!JO""t 
?f the Coast Survey in 1852. Bache also introduced a greater use of 
scientific instlVI!Ients; to;- ex.nm:ple. the electr~c telegr~ph wes use<: 
in determininG longitudes.-

The North Carolina geological survey of 1824.1828 was the first 
of a series of important state surveys. It wes mede by Dennison Olll· 
sted, who performed the entire task alone and received no compensa~~on 
exca:pt for trnveling e:qJenses. Tbe results of the survey 1·1era pU"b· 
Hshed. 

In 1830 Massachusetts authorized a survey by Edl<ard Hitchcock 
as geological surveyor and Samuel Borden as trigonometrical s~veyer. 
Ei tchcock published the final report of his surv~ as early as 1833. 
~t classified IIIinerals, described lDI"'.tnta1.,s, ca.talo@led anil:lals and­
:plants, and the part on "Scienti.fic Geol,.,gy'' has been called a text .. 
book on geology. 

The ~~s~achusetts survey mRde 'he netirn a~re of its resources 
end th~ Peed for exploring the~. In 1837 Hitchcock made a second 
survey nnd published his final report in 1841. B;· tho.t yeor eish{;een 
other states had undertaken geologiccl surveys. The Ne11 York gee· 
logicel survey, beBun in 1536, was of s:pecial im:portance because it 
included a ~trntor;rrrphic record made lrJ the eminent :pal.eontolor,ist, 
,Tarr.es F.e.ll. 

1
2truil<. ""-~•'{ee Scie::tce in the 1-t-,\::ing. pp. 196, 282, :;21:.25. 

2Ibid., PI'· 183-85; Merle Curti, ~e Growth of Americnn Thr:~~~.!; 
York, 1943). p. 327. 
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Scientific cont:tjJ>~<2~ of oo:;>lorinG expeditions. 

Henry Rowe Schoolcraft (1793~1864), Eon of the director of th~ 
f!Uilous Van Rensselaer glass,m:rks, eXplore<!. the mineral deposits o"f 
southern Nisswri and Arkunsas in 1817 and 1818. In 1820 he ;ms 
.nth the Lewis Cess Exploring Expedition to the Lake Superior 
region. Schoolcraft served as Indian agent in the Luke Superior 
nren from 1822 until 1836, and then served as superintendent of 
Indinn affairs in Michigan until 1841. He made studies of Indian 
custums and folklore. AlthouGh he gnine~ a reputation as an 
ethnologist, his information was not entirely correct. Schoolcr~Ot'~ 
most notevorthy trip was his government sponsored expedition of 10:2 
to the upper Great Lakes. ,The ~rty discovered Lake Itasca, the 
source of the Mississippi.~ 

The Topographical Engineers of the Arm:i made im?<Jrtant surveys 
and estronamical observations while mapping <:ohe Hest. '!he moat f""'c·.w 
of the military explorers ~s John C. Fremont, who served his appren­
ticeship with the French scientist and I:l!l'thema.tidan Joseph Nicolils 
Nicollet, who ccmmanded an exploration of the Minnesota Iliver in 1!:'33. 
~·remont le!lrned mapnekin~ and was trnined in elq>].oring by Nicollet;, 

Fremont's Expeditions are best remembered for popularizing the 
'!lest t~nd for r;aining him the urnerited title of ''the pethfinder." · 
The reports of the first two expeditions were published by the gov­
ernment in large editions and in a private printing. ~~ile the 
expeditions vera-scientific in characcer, they were utilized by 
Fremont for sclf-a~rendizement and the third expedition became 
involved in Ghe conquest o:f Cali:fm·nia. Nonetheless, ~cienti:fic 
reports were prepererr, flora and fauna were collected, and eYcellent 
maps were drafted by Charles Pre'llss. Rq>orts of thr> second and thir-1 
expeditions l-.nd the :first accurate accounts of the cr_rstalline roc1:c. 
granitic, metamorphic, and volcanic at the core of' tne Sierra NevaQa.~ 
These reports were widely rend nr.d considered valuable by eeoloeist~.L 

lRobert E. 
327; CardiMl 

John Charles 

,, 
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Or, Au[;uet 11, 1838, Secret-ary of Navy J!l!1les K. Paulding ordere~. 
Lieuten..nt Charle~ ~!ilkes to Coll'lllru:ul. the Uc.ited Stotes e<plor!ng 
Expedition, 1-lilkes vith talents in estron~my, navigation, anO. 
terrain descri:ption was a logical choice. A lTeek lr.~ter six nuvnl 
ships c~~risin~ six hundred officers and men, incluUine; a corps 
of scientists, set sail from Hampton Reads. Among ~he civilian 
scienti~ts >'ere mineralce;ist .Iemes Thricht Dana, bot<'nist ".lilliam 
Rich, horticulture.liet HilliaJ:! D. B:reckenridtJt!, philologist Horatio 
Hale, naturalists Titian R. Peele and Charles Pickerinc, end con­
chologist John P. Couthony. ?he eXpedition spent almost four years 
in exploring the Antarctic regions, the islands of 'he Central Pc­
cific, and the Co<tst of 11/estern /ui'.erice. <lilkes bad special in­
structions to de•:ote six months to exploring the Pacific slope, !li!d 
to survey &m Francisco Bey. 

ffie ex:pedition reaped J(ll,ny scien~l:fic trea~ures, collecLng da:Ca 
on anthropology, ethnology, zoology, geoloK{, ~Ceteorology, bota_Yly, 
bycl.:rograyhy-, ru:td physic~. I·:Sny charts were made baslild upon the 
surveys and these were used by the l~avy even as late cw '.'orld \,'ar Il. 
The natural histor-:r collections vere arranged and described by the 

::::'~:;~'; Institute. The seeds and plants collected by the expeditlutl 
fer the United States Eotanic Gardens. In 1844 thE> 
United Explorinr, Er.pedition I:urinf!; ~he Ye"'"n 
]}l"41;- was -publiShed in five voll.unea with1ii'i·-· 

maps:---An of fifty~five cr.arts was published in 
Ey 1876 a total of tlineteen volumes had been published. 

In a sense the eXpedition serv"d as a training ground for young 
Arcerican scientists wl:o gained needed field eXperience. For example, 
Jernes Dwight Dina, the eminent Americar. geologist, .,..,.ote on tl:e 
geoloc;y of the Hawaiian Islhnds end of Hashington, O:r-egon, and 
California. 1 

In 1851 the ~lavy sent out the De Haven EXpedition to the 
Arctic to search for Sir John Franklin of the Dritisl' i''nvy. FrOI!! 
18)3 to 18)5 Elishn Kent Kane headed a second expedition into the 
Arc lie. The Ceop·erphic &>ciety of Ne" York, the Jlmeric!lii Philo~ 
SQllhical 2ociety, the S!dc.hsoniruJ InsLitution, the Coast Survey, •md 
the Naval Observatory aasisted wi. til the scientific aspocts of the 
e:q,edition. In 1856 Kane authored Arcti...:_ Explorations. 

T!•e llonh Pacific E:q>lorin!J Expedition of 1853~56 surveyed 
and ma:plled the North Pacific Ocean and l:ad the assistance of l~ading 
scientiets nnd scientific societies. In the fifties the 1lav:..l 
.Astr-onomical E;o:pedition co Chle \las made by Lieutenant .James N. 
Gi.Uiss. J'be Pacific Railroad slll'V"<OYG of the fifties dis:patched 
by Secretary of War Jefferson Davis also hl:>.d iJ!IPOrl&nt scientific 
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G.SCJ<octs, co~:L:·Ll·ut::.n~ 'vo the \mN?iedc;c of iJ.e flora, fclUL,~. 
c;eolo[Y of the Hest. 

Early Anttro.,ologists and E~lmologists 

The infant sciences <Y' An;;trOl'olomr ane EthnolOGY "be[;nn to dcv<'~0'9 
in the tlnited States pr±or to 1860. An:ong the firsc in these fi<>ld~ 
we.~ Caleb Atwater (1778-1867). Atweter '\ICC 'born nt l'!or-.:h M=s, L::~­
Stl.Chusetts, and gr~.dill!ted f::-om Hillian:s Colle'>e in 18o4. After re­
siding in Umr York CJty, he settled at CircleviUe, Ohio in 1815. 
Here he };lrncticed law and devoted his spare time to 'tte study of 
the earthworks and oth~r antiquities in the state or Ohio. His 
fi::-st :pa:per on this subjec"'o vas in 1820, in the ~ericar; 
Antiquarium Soci :oty-' s Volutne I. Atwn:ter 
continued his efforts publi~~ed accounts or 
t.is visits \lith va:rio:!js Indian t>."ibes of the !l.iddle l•fest in 18::.<3 
and the early 1830's. 

~be Jlioneeri'l.e; work of Eenry Rowe Schoolcraft (1793-1864) es 'l.rl 

ethnologt..:t making studies af Indi().n custons and foll<lore has alrs,,.;y 
been mentioned (see page 32). but ~he gEn,ra.lly rcc-op>ized ":!'at:J<Or 
of AI:terican Ar:thrO],lology" w~s Levis H"nry 1-!orgm:: {1818-1881). Morgan 
""'-S born r:en.r Aurora, Ne" York and e;r~<duated f'rom Union CollE'G" at 
Schenectady, lle>1 York in 13~0. l!e wns admitted to t"ho bcr in 181;4 
o.nd settled at Roche-ster, ll. Y. j_n .1851, where he resided for the 
remainder of his life. 

;,_'hen !o'or(lan returned to AUl"Ora from college in 184o, he joineC: 
a sccrcr. society called the "Gordian Knot," Hhich vns pr.ttnrned ~fte_,. 
the Iroquois Confederacy. After making a study of Lloe Iroquois Indi,1Jl3 
the society becrune known as "·The Grand Order of th10 Iroquois," •rtth 
l-!orean as its directing spirit, !'lnd its chief' purposes to study an[; 
:preserve Indian lore, to educate the Ind;rms, and to reconcile ';h'~m 
to the conditions im:f'osed by ci,cilir.t!tion. 1<orgen's casu!Ol interest 
in Indian matters was thus transf'orll!<>d into" serious investi{la>:cn vf 
Iroquois institutions and customs, which in turn led h~ to turt"her 
research (!!1\0ng other Americen Indian tribes and finelly i"l the fiel(l 
of llorld Anthropology. 

As a result of his service ~o tte Indians, Morgar. was r.dopted 
into the lle"k clan of tte Seneca tribe in ::54'(. This induction ed-­
mi-<cted i~or{lan into the inne=ost councils of tl1e tribe and gave hh1 
every facility for pursuing his st..:dies. Morgen begtln publishi!lg t,),• 

results of his studias in lfl46. In 1849 the University of the Str,te 
of Nev York made en npJlrOJ>rietion f'or the enlar~e11en"t of itn lndie.n 

~laced Morea_~ in charge or this project, His book, 
or l=!_c;::~is_ ( 1851}, nlthouc;h e J>iO!'>~' r--­

first sainntific "ccour.t of a Ind~''" 
extended Gi~ stt:dies -to the Ir.ilien t:d·,e3 

1Dupree, Science in the FederaJ Government pp. 94-99-
2Diatione.ry of Ar--.ericar p,_;o,'lre-phY I, 41)-16. 
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of' the ulti!lll!tely recording notes en the kir.s1:ip system~ 
:nejor work. Ancient Society or Resecrches iY: 

, >IaS :pUblished in li:J77~Ttl. In it he.,,..:,· .. 
common origin end psychic unity of' ell 

of men end asserted that they PJ.SSed through successive staeeo 
of savagery, be.rb~i=, nnd civilization. f.i_~ theory tlHl.t the f'av.i~· 
!'.ad evolved fron a state of :promiscuity and his interprete::;ion o:f 
ldnship ter!IIS brought about much acrimonj.ous d.ebate. Although nnthcr,­
pologists today find Mor~en's evolutionary scheme end methods, as 
applied to primitive ~ociety, extremely tenuous, his conclusions had 
far-reaching influence in his day, 

By 1869 Y.orgen has elso extended his interest to Indians of the 
Southmlst. Visiting that aree ~n 1878. he played a role in launching 
the first steps to preserve the ruins of the Pueblo lndi~ns. 

Finally, Morgan wns instrumental in organizing --che section of 
lmohropology of t!Je Jllr,erican Association for the Advancerrent of" 
Scienc" in 1875 anl1 w~s its first chairman. In 1879 he was aloo 
~lecced president of this ~ssociatlon.l 

Smithsonian Institution. 

By 1838, wh<on t.he original charter of the Columbian Institute 
!'or tr,e Proznotion of Arts and Sciences eY.pired, the organization had 
declined in inf"luence. To·o years later it "'"'" su,er~eded by n.e 
;tational InstiTute for the Promotion of Sciences, which had been 
organized by Sec:retm;c of liar Joel R. Poinsett. The ne"ll o~g,.""tnization 

cared for the speciltlena collected by scientists af the \.'il:<es Expedi­
t.ion. The liational Institute tried to control Smithson's bequest, but 
in 1846 Congress created the Smithsonian Institution. lne National 
Institute and the Smith~onian Institution fUnctioned side by slde 
tmtil 1861. In that year the Ir.~titute cease<l and. i<os collections 
·oecame -part of the Smithsonian. 

Although the Sltlithsonian Institution became known as the 
"American Treasure House of Science," it vas much more then are­
pository for collections. Under the capable leadershi~ of its first 
secretnry, Joseph Henry (1797-1878), the Smithsonian engaged in rc~ 
search in pure science h'i th utilitarian goals. In his f"irst annual 
re:rort "'co the Board of Rec~~,nts of December 8, 1847 1 Henry annollnce:l 
that the fj rst "PUblication of the Smithsonian Institution would be 
an ethnological study. He also related thet preparations bad been 
1:10.de "for instituting various lines of physical research " As an 
ex!llliple, he ~Jentioned the subject of "Oer~estrial m9gnetis:o vhich 
besides its theoretical interest had a. '"direct refer~nce to navigntiv~ 
o.nd. the ve.rioun c;,;,odeticnl operations of civil .~nd military lif"e." 

' B. J. Stern, Le.,·1s Henry ~forgrm, Socilll Evolutionist 
(ChiC'-<(00, 1931). 
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As another subject of rea~arch Henry mentioned "an extensive systei!I 
of meteorological observntionf, Jlnrticularly with reference to tile 
phenomena of American storms. ~n his second annual report, dated 
December 13, 1849. Henry stated: 

"The first volume of the S!nithaonian Cor.tributions to 
Knowledge has been published and partially distributed. It 
consists of e single memoir on the Ancient Monumencs of the 
Mississi-ppi Valley, comprising the results of extensive ori­
ginal survey~ and e::q>lorations by E. G. Bqui"l', A.M., and 
S.H. Th!.vis, M.D. It is illustrated by f'orty~eight litho­
graphic :plates, and by two hur.dred and seven uood enBravings. 
The 11:echanical execution of the voluu . .:. 'liill bear COliiJlarison 
wi·oh that or any publication ever issued f'nlm the American :pre»s." 

The SWithsonian Institution increased and di~~used scientific kncwl­
edge in implementing the :pu~oses of 8Githson's bequest. It vas the 
firsc organi?.ntion in the United States to :perfo:rm general s~ientific 
work 'ldth a regular staff. It organi~ed scientific studies in the 
nation, particularly in the field. of anthropobgy and meteorology. 
In fact Henry started the weather report systern by organizing a 
corps o~ observers and by using the telegraph for aimulteneous 
re:ports. 3 

He~ry inaur,vrated a series of Annual r~ports were 
issued, Smithsonian published, and 
in 1862 the series was bcgun.-
Ttte publications ;rere de~ 

positories throughout museum and en hall were 
ll10.intained. Popular lectures on Sdcnce were :presented in \-la~hingtcn. 
D.C. Grants were made for: original scientific investigations, stfm .. 
ulating private rescarch.j 

Naval OhservatO!"J. 

Complementing though conflicting ~th Henry's meteorological 
work, """ that of Hntthev FontBine lo!aury (18c6-T3), the "Pathfinder 
o:f the Setr.s." In 1830 the Secreto.zy of Navy organized the Depot 
of Charts ancl Instruments. Tl..•elve years later i-'; became the Naval 

l"First lieJJort of th~ Secretary" 
Rer;ents of the Smithsonian Institution 

2Ibid., pp. 1)6-57. 

3The best account of tte Smithsonian ls Paul H. Oehser, Sons of 
Solence (New York, 1949); for a brief accoun·c see The 5!:1ithsonillll 
Institution (l·lashin(ltnn, D. C., 1961). 



------- - - - - - -

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

! I 
i 

II 

Observatory whh ~~..!llll"'./ serving a:o SI.<"JX'r!ntendent :rrom 1842 to 186L 
l"aury vns more interested in oceenograpby than astronomy. He con~ 
ducted researches un ocean vinds and currents, makine wind end 
current charts of the Atlantic, Paci~ic, and Indian oceans. Mnury 
studied the old logs of ships and used merchant ship and naval 
captains o;u; observers. He collected his dP.ta throughout the world, 
and he issued a series of 1./:tnd and CIITrent Chr.rts and ],>"blished 
8ailino; Directions. ~euryT'i: directions ,.,.,,:eng;:ent advantage to 
commerCial shiyping interests in t~t they reduced the time of 
po.ssage fr<Jm -port to port. 

Maury developed " system o:f universal weteorological o"bser~ 
vations. Through his influence an internetional congress met at 
Brussels in 1853,-attended by scientists of ten commercial nations. 
He achieved world-vide cooperation in hie work. ln 1855 Maury 
authored his Physical Geography o~ the Sea which was the ~irst 
textbook of modern ocee.nograpjiy.r--

The conquest o~ pain. 

The demonstration of the effectiveness o~ either as an anes­
thesia was a great American scientiric discovery made·in 1846 by 
the l'oston dentist, William ThOWls Green Morton (1319-65). This 
triumph vas to revolutionize sureery. At the suggestion of 
Dr. Charles T. Jackson {1805-1873}, a physician and professor 
of' chemistry, Morton tested ether on animals and hir.!Sel~. In 
1846 Dr. John Collins 1-lan·en, e surgeon, mede the :first public 
demonstration of ether as a surgic~l anesthesia in an operation 
per~orffied on October 16, at the Massachusetts General Hospital. 
Dr. Morton e~inistered the ether to Gilbert Abbot, the patient. 
The next month Morton and Jackson received n patent for the nse 
of "letheon." From 1842 to 1846, Dr. Cratrf"ord H. Long (1815-713), 
a Georgia s~geon, had also used ether as an anesthesia in Dar­
forming eight private operations, but he did not ~ublish an account 
of his work until December 1846. Morton's efforts to profit from 
his discovery brought conflicting claims from Jackson end Long, 
end also Dr. Horace \fells, a fanner partner of M'>rton who had 
privately experimented vith ether in 1844. As a result Morton 
became involved in controversy and litigation. Ultimntely 
!o!ol.'ton' s clal..m \ro.s recognized, vhen he t~ns elected to the 
American Hall of F!Wie in 1920. Shortly after V.onon' s successful 
dEmOn~tretion of 1846, the English medical journal, Lancet, stated:2 

1
Pt. standard bio~Vaphy is c. L. Levis, Matthew Fonta1ne MaurJ: 

The Pathfinder of the Seas {Annapolis, 1927 

<'As quoted in Jaffe, Men of Science in America, p. 167, t<ho 
has e chapter on Mo-rton, VIJ. 154-"(8; also see Flexner, Doctors on 
Horseback, pp. 273-324, for a chapter on Long and Morton. 

3? 
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"The discovery of Dr. ~;or ton will undoubt"dly be placed 
higl:: U~ong the blessiii{ls of hUIP.llll knowledge and discovery. 
That its discoverer should be an Acericnn is a high honor 
to our transatlantic brethren; next to the discovery of 
FrankEn, it is the second ond greatest contribution of' the 
Nev Horld to science." 

Sc:ienti:fic meetill62.!...2rf'a~~ons, ""d publi<:oetions. 

In 1831 abouC five hundred chEIDis~s and manufacturers attended 
the f'irst; chemical convention in the nation held at Nev York City. 
In !B44 an i~ortant ~recedent vas established when the first 
Scientific Concress was held at Washington, D. c. Scientists of 
such stature as Matthew Fontaine Naury and Alexander D-:lll"s Esche 
rend papers end various meetings vere held on astron~, chemistry, 
geoloe::r, meteorolof!Y, :paleontolOf!Y, physiology, and other subjects. 

In 1842 the Association of American Geologists and Naturalists, 
the first permanent scientific orBanization of national scope, ~~s 
organized at Philadelphia. In 1848 it became a general professic~l 
society, being renamed the Acl.erican Association far the AdvancemEmt 
of Science. One of the yuryoseo of the Association was "to hold 
pariodical meetings, anU to prcmote intercourse between those ~ho 
are cultivet!ng science in different pal:"ts of the UnitC'd States." 
The AAAS also published its Proceedin,;s. 

After lBifO the number of scientific journals and magazines 
increased. Among these ~as the popular ~d permanent journal, 
Scientific American, first publislled in 1845. Science textbooks 
also bl'gan to appear in this period. !n 1846 J"runes and Robert 
Rogers authored a chemistry textb•lOk vhich enabled colleges to 
introduce courses in that subject. .Jerr.os Dwight rena., ''hile s. 
professor natm·al history at Yale, >rrote his t-<.a.nuel of Geology 
(1862) and his Textbook.:?.! Geolopy {186!;). 

Scientific schools. 

Although colleee education uac based primarily upon elassi~ 
eel studies in the decades before the Civil Hs.r, colleges and 
universities o·el:"e beginning to of:fer degrees in science and 
engineering. The School ~-: /,n?lied Chemistry was esteblished at 
Yale College in 1847 \lith John Pi tl<:in Norton s.nd Renja'llin Silli~m, 
Jr., as professors. Nine years later an effort waa nade to raise a 
per=nent endo1-11r.ent for the Yale Scicmt.ific Sctool. Josept1 E. 
Sheffield, a railroad promoter, provided a building and gave gifts 
to the school. In 1861 the school '"'"" n::med the Shef:fiold Scientif' ~ 
School end ito primacy in"!oercst bec><Tie the te~cl1ing o~ ch,.mist:ry. 

!n :i.Slq " scientific school vas organized. at H;n·v.~rd. Ten 
years Jnter ~t wns enJo~ed by Ab~ott Lavr2nce. Tho priuerJ objec~ 
tive of the lawrence Scientific School ~as engineering, but it 
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did r.oc have an engineering lBhora'o~y until 1B92. In 10>1 the 
Chandler School of Sciences end ArtB vas established in Dartmouth. 
The /.!assacbusettB Institute at' Technology '11'1'-B granted a charter 
by the l1assachusetts legislature in lil6L Four years later this 
Boston school was opened with William B. Rogers as president. I 

Science in lhe Old South, 

Despite the agrarian outloo!< of the ante--bellum South, its 
colleges and universitleS offered a certain ~aunt of scientific 
instruction. In 1827 nn astronomicd obsen"atory -s built at 
the University of North Caroline. In 1854 this institution crpened 
a ''School for the Application of Science to the Arts" and offered 
a bachelor of science degree. B,y 1852 South Carolina College had 
an astronomical observatory- in o:pf"rotion. Among the science teacr.er~ 

:":';:'";:';':~:':;":,',:'::",:'~";~';,'~fore the Civil 1far were John !!Ud Joseph Le Conte. In Kentucky at Transylvania University Constentine Sru:mel 
natural history and B. H. . natural 

in his 

sissippi for assist;mcc arnm(Jer>ent of survey's 
collactiono. lo/hile the SN>.t~ern colleges as a whole were probably 
not as advanced in their scien-.;if"ic curri~ule as those of the North, 
they demonstrated a great interest in t.he na";.ural sciences. 

Among the Southern people there existed a popular intarest in 
science. Scientific lectures found receptive audiences in lhe 
Soutr.. The people re~d s~ientifi c articles in their newspapers and 
!!!Sgazines. Many attcrq>ts were """'cl.e to establish scientific ll!Usew:>.s,­
but these ~<ere generslly unsuccessful; an exceytion was the Charles­
ton Museum which becnme en admir<'lble scientific orga.ni:e.tion. 

Among the si(!Ili:ficant scientists of the Old South 'W!l.S the 
Virginia planter, Edmund Ruffin, who conducted experiments for 
restoring the fertility of Virainia soil. In his Ess~y on Csl~areo~s 
Manures (1832) he reported that marl, a clay deposit mb:ed with cal­
~ium carbonate, corrected exhaust;ed soils to an extent that they 
~ould assimilate fertili2ers. In 1860 he authored his Notes on tl::e 
r•,.,c-1\ra'<e Ulnds of Ala"harna and in 1861 he -..rote his Jl(;:ricultUra'i7" 
Qeol,£f,.ical,~Descripti:::£ 3ltctches .£[ ~ ~ c!.rolina encr 
the S~lar A~ia~ent Lands. As s result of his research and 
writings Rui'fin hns be;;nconnidered "the f:>ther of soil ch""lstry 
in America." 

Struik, 

39 
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A brillio.nt c;eologiso of the Old South '118-s Oscer l•;ontgomery 
Lieber, who had worked on geologico.l surveys in Mississippi and 
Alabattn. In 1856 be bec~e State st o~ South Carolina and 
publisffiii the ~arts of '!~­
(1857~60). In th~r-
S, Venable on an astronomical 

Scientists of the Old South ~ade contributions to the national 
scientific societies. Ma,zy Southerners were !<dive in ti1e ·•ork or 
the JWerican Philosophice.l Society and of -:,.;ce Smithsonian Institu­
tion. \-Iilli= :B. RClt;ers of the University of Virginia served as a 
p1-..sident of the Aoerican Associo:tion for the Advancemen-,; of 
Science, and on the eve of the Civil l>'ar, FreOe:rick A. P. Earnard, 
presil!ent of "t-he University of Missis~ip!Ji, <"'-s its president.l 

V. CIVIL WAR ERA, 1861-1865 

!-'.orril1 J,ct of 1862. 

The Norrill Land Bill lo'SG first introducPd into Congress i<1 
1857. It ~irst passed in 1859, Out was vetoed by President Buchanan. 
'rlith the opposition of Southern Congressmen and SenatOJ.'s ren-.oved b:;· 
the Civil Y?ar, the act passed and was signed tJ.J President Lincoln 
on July 2, 1862, The act granted some l3,CCO,coo acres of the publi~ 
domain for the su~part of industrial and acricultural ed~cntion. 
Entitled, "AJ1 Act &matins Public Lands to the Severe.l States and 
Territories wh~ch may provide Colleges .for tr.a :r;,me:'iL or Agri­
culture and the Mechanic Arts," t};e n:easure BBvc a great impetus 
to the move;eent for state univeroities. 

llhile the cause of ai}Ticultural education 
i'Jc and eneineering education also benefited. 
been written ~o <chat both estab1 iehed colleges 

benefited, Gcienti­
Thc llorrill A.ct had 
and r.e" ones ~lig..'lt 

lThcmas C. Johnnon, Jr., Scientific Interests in tte Old 
02th (ll'e" York, 1936). 
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use the fur.cL hc<:!vrding to t!'>e act, "the iocailir:g oO~ect shall be, 
without exc,_uding other scientific and classical stuC.ies, end in­
cluding military tactics, to teach such brancfles of" learning as 
are related to agriculture and mechanic arts." Senator Justin S. 
l1orril1 had noG intended that the schools only bene:fit the fal':illers, 
but he expected theo to be scientific in purpose. Connecoicut wes 
one of the first stntes to accept the land scrip ar.d it L>Sed the 
~oney entirely for the Sheffield Scien~ific School at Ynle College. 

As a result of the Morrill Act nev co.:..:.eses such as Cor:~ell 
and Purdue and state universities such as those o:f Ohio end !llino~s 
vere e,;tubl1shed. l11hile SO!Ile sto.tes sold their lands unw~sely on 
the ~rket, others were more careful. The cl~ssic example is 
cornell University in r1E"oo York which benefited tremendously fror. 
the ~\orrill Act. Jl b1ll providing additional funds to the land· 
grant colleges was finally paseed in 1890. Ey trat time over fifty 
colleges had been established under provisions of the historic 
measure introduc"d by Justin S. Morrill, who "lighted ~andles of 
wisdorr.. "1 

The National Academy of Sciences. 

The north was greatly aided in the task of >~inning the Civil 
\·Far by the possession of S\!_perior scientific and technical skills. 
Fresident Lincoln recognized the value of scientific research -,·hen 
he sig._v:ed the act on Nsr~h 3, 1863, creo.tillg the ltational Acaderzy 
of Sciences. \olhile the Academy did not significamly contribute 
to victory in the Civil War, its creation established an important 
precedent for twentieth century military conflicts. The articl~ of 
incorporation stated: 2 

"'.i'he academy shall, 'l:henever called upon by any derert­
ment of the Government, investigate, exaroine, experipent, 
and re:port upon any subject of science or art, the actual 
expense of such investigations, examinations, exreri~ents, 
and reports to be paid from appropriations which may be 
rr.ade for the purpose; but the academy shall receive no coJn­
pensation whatever for any services to the Government of 
the United States." 

'rhe first meeting of the Natiol'..al Academy of Sciences was 
ha:C.d on April 22, 1863, and Alexander Dallas Be.che was elected 
president. The membenhip at first "'"s restricted to f.ifty, but 
t<Je limit vas removed in 1870. Al:Jong the prominent mel:bers were 
Louis Aga~siz, '11olcott Gibbs, .~sa Gray, Joseph Renry, and llenjwdn 
Sill~an, Sr., and his son. Buche appointed five numbered commit-

l.Hcm-., S. 
'(ork, 6th eel., 
Life of D:micl 

c=r.o.r;"::-, ed., ~'"'''''~l.c'\"c'j'c,''''.,;·i"i'c·';''''·o~n Eisto::-:r (n"" 
1958), Vol. l, J,_p. 412 13; rabian Pr;,-;::.;lb, ~ 
Coil GiilMn (i'lelf York, 1910), pp, 70-T3. 

X' ;: 

2As quoted 
43:·. 
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tees llhich studied: (l) weights, w.easures, and coinage, (2) "3YS 
to protect tl:e Oottoms of iron ships froo salt, (3) the magnetic 
deviation of the co~ss in iron vessels, (4) the hydrometer in~ 
vented by Joseph Saxton, and (5) the question ~f continuinG 
gaury' s current charts and sailing directions.-'" 

United Sto.tes Ccast Surve'J. 

In addition to being president of the National Academy of 
Sciences during the war, Bache was also superintendent of the 
Coast Survey. In 1-!ay 1861 he proposed a CGf'_mission to devise 
plans for naval operations against the South. The co~mission as 
organi?.ed included Captain Samuel F. Du Pont as president, Co!Illllll.m'!er 
Charles H. Duvis as secretary, Major John G. Barnard of the Corps 
of Engineers, and Bache. The commission gathered data useful for 
n b"!.oclmde "nd selected objecth·es for am:phibious operations. Tne 
CClfl!Oission planned the successful. assault on Port Roys.l in South 
Carolina. AL""'ter the Port Ro:,•al victory, DuPont 'Was able to ex~ 
tend the blockade of the South.2 

~ithsonian Institution. 

The w"r curtailed :nur_y of the scientific activi~ies of the 
Smithsonian Institution. For example, its veather reporting system 
was disrupted by the secession of the Southern sta~es and by re­
strictions placed on the use of the telegraph. However, the musff~ 
continued to s~onsor expeditions such as those of Dr. Elliott Coucs, 
an /rmy surgeon and eminent ornitholoBist, in Arizona and lfev Mexico 
and of Robert Kennicott in the central part or Canada. Kennicott 
journeyed from Chicago to Fort Yu.':on and back during the l'ericC. 
frcm May 19, 1859 to February 11, 1862. He studied fauna and 
Geology of the region under the joint sponsorship of the Smithso!!ian 
Institution and the Audubon Club of Chicago. Wring the winter of 
186l-G2 Kennicott catalogued. his k'ctic collection at the Smithsoni.•n,, 
In the June 1863 issue of its Collections, he "uthored ''Descriptions 
of Four Ne>r Species of Sperrr.ophilus, 11 In March 1B65 Kennicot't ac­
cepted the position of Chie:!' of Explora:!;ions of the ',/estern Union 
Telegra]h Expedition to Alnska with cbe stipulation that he could 
appoint a COI'lJO o:f assistance, who wottld collect specimens for both 
the Chicago Acad~ of Sciences and the ~~thsonian Institution.3 

141-46; 
Oliver, 

2r:upree, pp. 132-33; H. A. DuPont, Reo.r .. ,l.d:llirs.l Satnuel French· 
tu Pont United States Navy A Biography (Ne;.r Yor!<, 1;;2b~7'105·l3 

F. 
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Apolication of science to the -..oob oi' \lOr, 

At tl".e l!hite House, on JL<ne ll, 1861, Jose-ph Henry, Secretary 
of tho Smithsonian Institution, introiiuced a young balloonist 
named Professor ThedCeus S. C. Lowe to President Lincoln. Lowe 
informed Lincoln of his -plan lor a militar:· \;elloon reconnaissan~e 
which included a telegra~hic air-ground communication. On June 18, 
Professor Lowe demonstrated the praccicability of his balloon for 
military observation, lfe took up a teleeraph wire and sent Lincoln 
the "First Ealloon Dispatch," rea<l.ing as follows' 1 

"?o President United States 

This point of observation co=nds an area nearly !"ifty 
miles in di~meter--'i'he city with i':os ginUe of enca;:-.~ents 
present.; a superb scerm--I h.Bve ple"-sure in sendinc; :,•ou this 
first dispatch ever telegrs.plled fr= an aerial station and 
in acknGidedging indebtednes.'l to your encouragemen~ for the 
opportunity o~ demonstrating the availability of the science 
of aeronautics in the ~ilitary service of the country, 

T.S.C. LOHE" 

Following che ile!;".onstr":':icn, Lincoln gave L:lwe e le~cter of 
introduction to General ~'Iinfield :Scott, but i;he Genere.l of ~he 
ArQY displsyed no incerest nt their meeting. On July 20, Lincoln 
wrote e :1ote to Scott., stating:2 ''1/ill :Sieut. Genl. Scott; pleeoe 
see Professor lmre, once more ebrut his balloon?" When Scott re 
:fUsed oo see Lo<te, the professor retc:rned to the White Houce and 
infor,ed the President about his inability to 6btain the "ppoint­
menr.. Lincoln then took lo>1e in verson to the 11'inder Building 
where General Scott :finally listened an<! agreed ';o accept the 
idea of' a balloon corps. 

lo\.'c 1-ras appointed Chief of the Aeronau"Cic SecOion and the 
next year seven balloons ·vere put into operation. Lowe also 
ilesi[lned a barge, the Coeur de Leon, on tOO Potoli'S.c as the ''first 
aircraft; carrier in history''to~e ascensions fro!:! vater, 
Lowe's telccraphic reports in several military maneuvers were 
of value to the I:nion A.'r"Jny. Hmmver, Love being a civilian never 
galnc:d proper ~upport f'or l1is recon:1ais0ance plans; 1-:e resigned 
and the balloon corps was soon abandoned.3 

lfls quoted in Rober'; V. Bruce, Lincoln and the 1'ools of !·Tar 
(Indianapolis, 1956), p. 86. 

0 

~Roy P. Bar.ler, ed., l'he Collected llorks of A"rnh~.Il\ C,incoln 
(New Bruns>~ick, 1953), Vol. IV, :iJ~. 

85-88; Patricie 
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In addition to -~!illoons the Civil 1·/a:r al~o witnessed the use 
of iron~lads. Scientific and technological lessons ~ere learned 
frO!ll the engage.,.,r,ts between the VirMnia and the !•Janitor a~ the 
Battle of H~mpton Reeds. Among othe?Tiaval innovatio.-:iSVere the 
efforts of the Cunf'ederate States Nav-f to produce "sl.lb!IIBrines" 
and Torpedoes.l 

Aroerican military medicine improved ~s a result of the Civil 
\lar. The Medical Denartment of t-he Army which had been in c con­
dition of cont'\u>ion Dna inccrOJletence in 18Gl was o·ell-orgnnized 
by 1865. An ambulance corps, base hospitals, and field services 
'Were established and mass medical axnminetions were given. '1:-he 
Nedical Deyartment 'tlas required to lr'.aintnin vast records which 
wel'e lat"r used for reaeerch. The A.""niY Medical t-luse= and 
Library grew out of the "ffr and became n great center of l!.edical 
bibliography. A few doctors engaged in research during tte war. 
For exan;ple, S. Weir Mitchell stoudied neurology and wrote Gunsh,.,t 
'loWJds ~ ~ In,juries of Ne:t""V"es (1864) 

American ~hysicians for the first ti~ organized and operated 
large general hospitals. Th~y learned the value of training and 
discipline in nursing. ¥.any country doctors were forced to be~ 
com<> surgeons. The snnitary lessanB of the Civil u.,r helped to 
~repare the nution for the public health movarnent which developed 
in the last third of the nineteenth century, 

lJumes P. 
(C~bridge, 1933); E. 
States nnd ~lorld Sea Power 

44 
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VI. INDUS'I•RIJ\L AGB, 186G-1913 

lnr:ecc of Ihnrinis::<. 

Dc.nrini~m had a tnmerdmm ilrpact upon science, religion, 
~>nd industry in the United States. ·I'he Darvinian cor;trovcrsy, 
"1-:ich raged after 1359, bacame part oi' ~he already e:<i~ti"G 
conflict bet>reen science "nd orthodox interrretntion or !..he Dible. 

Louis Asasdz (1807-T3) '"'~ the rnocc vocal critic rmd an"oac­
onist of t!Je ra:nrinian theories, He opl)OSQd chc U:eory tLnt nc.;r 
species originate mod survive by the process of r:atu<al selcc~lon; 
ir.stead he held to the gr<!W::'ally accepteU belief that an srccies 
were ilrn!UtB.ble since Creation. 

<r·he s·.rlss naturalist had r;ained international recognition 
before his llli(lTation to America 1,-, 1846. l!e htld becom" frnnoua 
Ooocnuse of his glacial cl-.eory ••hieh h.'"!d b:rol:en new ground in 
geolOiTJ· He had ]JUblished '!:·te l'isf·es of Brazil (1829) nnd the 
F.istory of the Fresr. V,'atar Fiches of C<Jr.tral Europe (lfl3')-h2). 
Fro"iii"l84if" until his d~hc ""s a profesnor of natural hiGtory 
at Harvard's Lewrence Scientific School. l~ introduced the 
htbor<ttory c-.ethod in zoolog;v, and oncouraccd k:crican r.nturalists 
to ex"'"i"e tr.e internal fu!lttions of animals ins~ead of concentrat­
J.nr, on clnosifi<"ntion. Ae:nssiz r:>ado zcological explorations to 
Brazil in 18G5, to Cub,;m "e.tero in lS"i9, end just. ber'ore hie deatl' 
ho traveled aroun>l the Horn to Cal:lfornia. His collections became 
part of tl".c Harvard Ml1SCWOJ of Ccmr.arative ZooloB:{. 1 

-~!3tlnsiz's eollcarrue nt Harvard, A~n G:tay (1310-SS), wns <:he 
ou~star.d.il"'g sc.icntif~c proponent of I:erwinimc. A dl~ti~guish~d 
hotm:ist, Gr!ly h"d collnboratcd wit.h John TOTrcy in r-reruring the 
Flora of Horth ;.,crice_ (18:1!-1•3). k a prot'easor of na-cural his.;ory 
it HarVflrd he rrade cmo.bridge th~ <>ent,Gr of hne:dcan "botanical stu-

o 
dif's. He wrote <;extbool:s, =m.:als, nnd otl-.er books on bob:my.~ 

J)]n<in lilld correcponded wit!' Gray before his Ori[lin of SpccieG 
had aweared a:Jd Gnt~' wnz the firs10 hr.ericnn ncienHst to defend the 
ne•• theory. In a re"llieu of On the Ori~<in Nenr.s ot' 
l·Tablrcl Selection (lil59), appearinG in U.e l -------;;-r-

11'he best biography of Agassi;; is -;:'d,·:ard Lurie, Lcuis i\<1;assiz: 

f'"'"j'~'j'~'j"~'~'~'i"~"~''i'i,(~Ci';':''';"j';"~•;;']';6:0~)~."~';'"~';":'(1ier one is Cbarlcs F, }!older, lcuis Av.u~siz liis Life and 1/0Tk (Ntc" York, 11393). 

2.~.n r,utstandins bioc;rapbJ is A. Hunter Dur.-r>ee, Asa GrE'.y, 
1810-1!.!88 (C"""llridge, 1960). 
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Science:, Gray cx:pla.ineil both the views of 
surr.ztW.rized their differences in one sen­
theory of Agassiz .·cgards t"he origin of 

species and their present gmmral di.,tribution over tl::e world as 
equally primordial, nqually supernatural; that of D(Ln<in, as 
equally clerivativc, equally naturnl." 

Grey ntte..::>ted Co rerr.ove the obvioCls materialism fron-, Dervin's 
theory by asserLine that natural selection did not exclude the hand 
of God from nature. Grey's t'-rrrurrtent in Dandnian controversy was 
that Dervin's theory "had no special relation ':.o reli[lion and U.at 
one could believe in God after accep~tng evolution. Gray's many 
articles on the subject >•ere publisl:ed in 1876 under the title of 
Darwiniena. 

Agassiz's rej~ction of Darwinism impeded its accepcance ~one 
!lew !::nt:;land scientists. Grny def"ended I'anrinism only after recon­
ciling it "ith religion. Je:ffrics liyl:oen (1814-74}, a distinguished 
professor of anatO!l'.y in the lawrence fcientific Sc~1ool and curator 
of the Peabody Museum at Harvard froo its organization in 1866, 
l!'ninteined a neutral position. lie stated: 1 \le arrive a~ no reason­
able theory wl::ich takes a _position intermediate beh•een the t1m ex­
tremee." 1-lyr.en rr_nde this statement in 1863. In e letter of 1871 he 
stated:2 

'It is a curio= fact t"at the opponents o1' evolution 
~ve as yet started no theory except the preposterous one 
of i.!:!w:ediate creation of each species. They s:i:m;>ly deny. 
PSter many trials I ~ave n~ver been able to ~:;et Agassiz to 
~CI:JI.i1. hi:r.~elf to even the ,._ont seneral statement of a con­
ce;rcion. He W"-S just the ~ran wt.o ought to !'.eve ta>,en up 
the evolution 'olloory and \lorked it into a good sl::a:pe, which 
hio :mowled(,s of embryolog-.r and yalaeontology l:ould h~ve 
enabled hi~ to do. He tns lost a GOlden opportunity, but 
cl'.ere is no use in telkinf( of tl:!lt. · 

'·iyrr,er.'s research on the anthropoid Rpe contribul.ed to tl'.e 
discussion on evolucion. In 131fT bo wrote tt.e first sc~entif'ic 
description of the gorilla as" sey£:rnte species of ape, Just 
prior to his death \-lyrnnn noted tP.et r1an ··nrust have eone :.lrrouo;h 
n '[<'riod when he w~s passir.e out of t.hc animal into the hur.an 
state, when he was not yet provided "it.h tools of any sort, and 
vhen he lived tP_e life of a brute." In preraring his Descent of 
!-!an ( 1871}, Darwin used the r.-.aterial collected by Hyrran. 

lAs gunted in Druik, Yar.kee 3cience in the Making, p. 312. 
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James IN::Ight Pa.na (18.13·95), the geologist, remained :rublicly 
silent on the Carwinian con~roversy between J\{;assiz and Grey, but 
when the fmor th edition of Dana· s ;.\anual of C:eolopy ll;'J'Oared in 
lB95, he accepted most of D&ndn's ~or.ceptof l'1P.n's riee. 

Buriq; the Civil \lar Yale's Sheffidd Sci8ntifi~ S~hool sent 
a -premising younr; grnduute, Ot:hnie' Charles l•'ars), (1831-99), to 
Ellrope to study ver:ebrate raleontoloc'Y· l·Carsh i::rprcved his mm 
scholarship, nnd also obtained for Yale ColleGe the Feabody Museum 
of i"nOural lfistory by maneuvcering tile philar.thropic inscincts of 
his ''ealthy uncle, George FeE.body. Buring four s=crs, begir.nin;:; 
in lBTO, /-!arch led partie~ o:f Yn~c scudcnts and sraduate~ in~o ohe 
11estern preiries and ;';ockies in search for l;one :fossils. Mnrsh' s 
first rr.ajor monoc;raph was Odonto~·nithes: fl ).Jonorraph on Extinct 
Birds of Nor~h Jlr.erica, -----

'l'horre.s Henry Hw::ley, the Enc;lish biologist, credited Marsh 'IH.h 
bridl}ing the cap between the reptiles and Ue birdD. Huxley sRid: 
"The discovery of the tootJ-.ed birds by Marsh completed " .. he series 
o:f transitional ferns between birds and reptiles and reTr.oved 
Br·. Durwin's prO]'osition tl".at 'many a~.it"al :fortls hnve been utterly 
lost' frcra i.C!o region of hypothesis to that of dm:mnstrable i'act." 
On AuiJust 31, lBBo, ~rvin wro":;o e letter to thrsh, stating in rart 
as :'ollows: 'Your vorl< on these old birds and on the t:m.ny fossil 
snirr,a~s of N, ~.mcr1cc. !:I.W afford<Od tl;c best B'lpport to the theory 
of evolution, ,,.hich has appe~red ;.•ithin tte last 20 years ... " 
;.;arsh also collecteii horse fossils and e:t<ploded th~ theory th~t 
the horse bad origiMted in the Old \·1orld 'by demonstratinG tloec 
the horse ""s indiger.ous to fill'.erica. 

In 11?82 l,~nrsh was ap)'Ointed Ver'-cbratc Palcocttoloeist of the 
United Sta•:es Geolocical SUrvey ond i:J 1887 SJOencer F. llail·d a:p­
poin'ced hi~~ l!onorary Curator of the Dq'e.rt!".e"t of Vertebrn~e 
Paleontology in the United Sta~e" !l!ltional ],;useum, Fror. 1883 to 
1895 t.'D.rsh ""s also presider.t of Che :'etional l'lcaderry of Sciences. 
'·lhile with tl'e Geological Survey frO!:l 1882 to 1892, l:arsh coll<>cGei! 
"lO!ass of lr.ate>'lah. The Survey I'ublished his Dinoc.au:rs of ~lo:rth 
k:'!erica. an<! his Vertebrate !'o~sils of the Denver Basin inl8§'D:T ---
Ne11 !·'orld of Chettdst.ry. 

Josiat lHllerd Gib'bs (1839-19C3), a Yule prof,~Gor of rr.athc­
matical physics, in his scudies of tl•emodynu::-i<:v revol:xcJonized 
accepted cor.ce;ots of "he 'behavior of mat :Ocr and cnercy in i+,s 

to fields he publis~ed his 

lcr.ur.l en Schuchert and Clur;. !.~. 
(Ne>.· Haven, 1940). 

":":t~:::!:;'i";,;':"' '" 
Co """" 

LeVene, O.C. Ma:onh: :non~e:o 

Jaf:fo, l·i!:-1 of Scienc" in ;.,-,e,·;c<l.. 



-------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

I 
I 
I 
I 
I 
I 
I 

i I 
I 
I 
I 
I 
I 
I 
I 

che:o.:is-:;r-:_:, but American scientisos did not realize tho signi!'ica"ce 
of his (l<Oneralization ;or,t;il yeurs lnter. Io develor-"d th~ fUnde.­
rr.cn~ol prjnciples underl;yir:t:; che"'.i~nl eguilibriu::;. His hie;h.ly eb­
etrw~o "please rule" had a nttt'lbc.r of imporoent indus~rial "JCplications 
in the field of' allo~ts and in "'cho :c.ar:ufacture or Foreland cc::t~nt. 

·:rhe Gcrrcan cr.emist, ~-Jilheill Ost,.<ald, cnlled Gibb£ the r-ounder of 
chemicf\l er.ergetics." 

GiCbs :perforned \J!l-'C)\ oi cte cr.-,omd vort for U:c science Df 
rhyeicnl ctemistry. Ilo did pione-er vork in vector anfllysis, in 
statistical .-.echnnics, and in t~1c mcnsurerr.ent of cr:.GTI!:.f. Fror~ his 
studies develo~cnts were made in radioactiviLy, ~he theory o~ 
rclativi10y, elcctroche:nis~ry, colloid chemist,.:r, and ma<!en: ~ynthcticc 

Although Gibbs was elected to the National Academy of S~ience;, 
in 1877, end was auarded tho Rumford Hed.el of the American 1\cadoey 
or Arts and Sciences in 1879, he 1>as not well lmcnm in 1\I:',erican 
intellectual circles. In hiB biographical sketch of Gibbs, Bernard 
Jaffe has stated: 1 ·Gibbs was a gre&t scienti£t who scrove co Orinc 
order out of the heterogenous mi:dures of rr.etals and salts in solution. 
He was also a syrr.bo.l of A!!'.erica s'orur;glint> to brinr, r;y~t= and la" c,ut 
of the chao~ of an e)[Jlandin13 ir.dustrialism." 

I:d>m.rd '~illlam~ Ho:r-ley (1835-1923) was a great .1\:loericar. ch=.int 
and p!zysicist, who is best rem€lllbered for his series of C:<pcrimen~s 
'lllth itlbert A. ~·'.ichel~on. 'l:·lle t·,ro men made the Nichelson-Mor.l~y 
ether-drif~ cx:periment Clt the Case School of l'.pplied Science in 
Clcvelar>d in 13[l7. T<1c nai;ure "n<I signific,.nce of this experiment 
<~ill be subsequently exDlnined in t,his chaDter under phy~ics. In 
1902-04 t·~orley a!.so !!'.ade experiment~ >~ith Daytoa C. Hille:· on the 
ether-drifC. 

I'l 1868 J:orlcy acceDted an olfer fr= \·:estern Reserve U:oiversii:y 
to a prol'essorship in natural philosoyhy end che,ist.ry. In addition to 
hiB researches in che ethor-drift, Murley also studied t.he variationc 
of at::r.osphe::-ic oxyr;en content, thenr..al eXJ'ansion of tnses, and tl:e 

0 

dcnsi ties o:f DX'Jgen and )',ydror;;en. '-

Nev J\stroncm:v. 

1'1 ~he Industrial Ace a ne" 
""s named a"trorl',ysics. :•lhen·as 

a;>]'cars on 
Chen,i st r.v 

science of astronomy nrose vhich 
the ce:<"lier a~Lronrn;,y attempt..cd 

p. 328; J~_ffe' s full toketcb 
D. ilcn·l·"'", ·rb; 'lt'.l dv 01' 
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to find out how che heavenly bodies move, the new astronOIDY ettempte.l 
"to determine tLe :present constitution and the evolution~history oi' 
ohe stars, the comets, the sun, tl~e pla1"'ts." Spectrum anulysis, 
celestial "Photorr.etr"'J, end celestial photoerapl-.y bcc=e the tb.ree 
major lines of researGh. Astrophysics, the daughter of astronor,y, 
was directly related to chgmistry, ~echnica, end physics. 1 Improved 
telescopes end lcrger observatories vere built. The observatories 
were supported by universities and staffed by distinguished scientists, 
Researeh in the new astronor:;y was costly, and philanthropists such '"" 
James Lick and Charles T. Yer:~cs gave che necess!l.ry financial assist~ 
ru>ce, 

Aroong the =inent astronomers of this age vas Maria ~l1~che11 
(1818-89), the firct vo~an to be admitted to the American Academy 
o~ Arts and Sciences. As a young girl she had helped her father, 
';/illiam, a Nantucket nstronomer, vith his observations. On Octo"ber 1, 
1347, ;.•aria Mitchell discovered a cOII!et. As u result she gained 
international recO!YJition and ;ras mm.rded the gold medal of the 
King of DellWl.rl<. In 186~ elm was !l:!JT-Ointed to the ch!lir of astron=.y 
end director of the ob~crvatory at the ne>Tly t'ounded Vassar College 
11t.ere she studied the sun, JuyHer, nnd Saturn. Eer brothe<, Henry 
l-licchell (1830-1902}, bec""'e the leading Anerican hydrogra1Jher. He 
served with tr.e Unhcd States Coast Survey froc 1849 until 1888 and 
authored such "~>'Orb as his Tides and Tidal Phenar..ena (l868). After 
her death an observatory WlC dedl""Catetl to her memory at i·Tnntucket 
and her ni)Ille wes enrolled in the .AI!lerican Eall of fame in 1922.2 

Benjamin Pdrce {l8C9-80) was e 
e.st:r-onoey at Harvard f<cm 1833 until 
sultin{l astronomer for thG !Jautical 
Peirce succeeded Alexander D. Bache 
Survey from 1867 until 1871~. 

prores5or 
his deaoh. 

of ~thematics and 
He wns also con­

to l8S'T, and 
of the Coast 

Peirce '~>'ElS noted for his accurr.te CC!!'J'U~,,tior. of tt,e general 
pe:rttU"bations of Uranus and l'leptun.e and for his rcscarc:t: on the 
tings of Saturn. He wrote 'P"'J>ers in a new lf.!lthe~:utical field, 

firs~ lithographed in 1870, and then 
.rournal o:f Mathomatic5.3 

lEdward S. !:olden~ :innd-Dcok of' tbe Lick at:scrvatory (can 
Frrmcisco, 1188}, P'P· til- 2. 

2Hclcn . . . Marla }ti. tchell., 

3struik, Yankee Science in the l·lal\lnr;; P!>· 330-35. 

,, 
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Benj=in AJ>C-horp Could (1821;-96) •·as ~.:r.e firno i'.!!:erican 
estroncmer to be trained in Europe. Ec four;C.ed t!:e As~rm:rn::icul 
~ournal ir: 181.?. F>"om 1855 co 18)9 he we.s dir»c~or of tte DJcJ1ey 
Observatory in AlbaP.:y, New Yor:,. P.e uas ascociated lfiLt I'eirce ict 
U:e loncitude dcrartn::en~ or' the Coast Gurv<>Y from 1G;2 to !867. 
He adapted n." telecrap:oic method to nbtai'l cr.e longi'.ude difference 
beCween 1-la~htnr;ton and Greem.'icb by '.lsine the firct trar-s-atlantic 
C"-ble, 

Beginning ill 1865, Gould steldied che southern celestial het'ii~:rhere>. 
In 1370 he organ:! zed tl:e Cordob~ Observ:.~ory in Arccntir:a, and in 1872 
he established meteorolocical sCations souoh Lo ~ierra del Fuoco. He 
deter:nined nagn:ltudes of so\!~hern stars 'fl".ict >'ere publis~1ed if' ~­
m~"'oria Arr;entinn in 1879. lie also prcpl'red zone cetaloc'les of o:-,e 
sou~hern a lara whicr. wen> nublished -in :<esultnclos del Ob~e:rva.torio 
Hacional Ar:;entino en CordOba (1379-95). 

3""'unl Pierpont Lanr;ley {1834-1906) was both a famous asoronome:r 
and an aeromm~ica1 pioneer. As an assistant as~I·onorr.er at l:'arvard 
Observatory- he discovcreil l.wo faint stn:rs in '·l•e creat neubule in 
Sar:;it~arius. "'or a year he taucht mattenacics nt the Naval AcadeF..y 
and directed i10s astronomical obsel:'vacory. 

From 13G"r to 183'( Lancley vas professor of astro:"lor::y and physics 
a~ -che Universit:r of Pittsburg!> and director of its Allegheny Obser­
vai.or;::. lk inve::ted the bololll"cer ar.d used it in lB73 to mal'e spectral 

solar ar.d lunar radialion. His paper on The Bolon·eter 
(1881} bccartc o scientific claosic, In 1881 Lengle;,' 

"'''' to l!o~;nt "hi tney in order to c t;udy tbc c::ua:1<.i t.~r 
su~C's radiation to ~he en:rth, 

1·!hile a!. the l:n1versit.y of Pittsburch, l<mglc,y first dcvclaped 
hio incerest in tl1e theory anC. practice of t.eavier-than-air fligho, 
In 1831 he becarne Sccretar;y or the SJ;ithsonian InBtitution and becan 
to concer.~ra-o;e l:is Btudies on aeror.a.utics. Duri.-Jg Langle;)''s tenure 
as Secretu,-y che Astrophysical Observatory ""'" establisl::ed at the 
&ti:.hsonian. His writin;;s we:re collected and publ.isl:ed e~ 'l'b.e l'ov 

i'1 1833. Laneley recei·;ed many honors. being eleet"ed lo 
,~;;,,,,:;,,; Society of london, Royal Society of Edinburr-h, and the 

r l.- dei Lincei m" :lome. 2 

1st;ruik, 
'took o.n'l gs 
sran as 1"(37~13~9, ir.s~eud of 182:1-96. 

Paul 1:'. 
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------------------------

Sit.on llevco;c,b (1835·1909), a :professor of !".atLcrrat;ce oc i1:e 
!laval Observ,.tory, vas "- leading "-""Tor.cmer of tte nati,m. In 1875 
he ·.ms offered the direccorship of ~he Harvard Observatory, but 
decided co remnin in ;:;overn~.eno sen·ice. From 13'({ co 189T te was 
superintenden~ o::' the 1·1autical Allranac. 1'P_e :-~ava} Observacory and 

enjoyedtiielr 30ldeCnce durinc newcomb's inc=· 
lievcol:lb, was c.he eJ.rinent nstror.omer Georee '1. Hi11, 

wilo studied tl:e theory of the moti-or•s of Jupiter and Saturn and who 
devined a new method to calculnta the moon's motion. From 1884 to 
1894 "~.d fro~CJ 1898 to 1900, Newcomb vas a professor o:f rrathematics 
and astroncJ:JY at Johns Eopkins Unlversi'.~·. Throughou: his career 
he contributed to sdontific ,lournals and autr.ored such bocks as 
Popular AscronO!nY (l[!Tfl), The f,tars (1901), ar.d AstronoDtV ?or~~ 
~ {1902).1 

George :Davidson ( lG25~1911) 
1 

the as•.ronorter and c;eographer, had 
a long ca-reer \dch tlle Coal>i.. Survey on the Pacific Coasc. He arrived 
in Califor·nia in 1850 es head of an astronomical end trinnculation 
party. ln 18~"( Dav1Qson erected !l. small observatory on Ri'lcon Hill 
in San FranciscD. He later built .a teiDForary observatory at 1/ashincton 
Scuare in San Fnmcisco "here he interchanged time sitr-"ls witt. the 
Horvard Observatory using the telegr!'.ph. On !.-'ere!\ 18, 1869, Super­
intendGn~ Benjamin Peirce in~cr~cd Davidson thao the succe~s or his 
,.elegraph ;rorl< ha.d "actracted the attention generalJy of the publi~ 
on "'ol'.e Atlantic." 

Devidson worked to establish a lart;e observatory on tr_e tacific 
Coast. His -propos!'.! eventually tr.aterialized tr.rough the 'bencficience 
of James Li~k. However, Dl.vidson favored n Sierra llevuda ni~e. 1!hen 
Lick decided on a site in ohe Coast !lange, Davidson er.ded his role as 
an adviser to Lick. In 1379 Devidson builo a s.-.all observatory at 
Lafavctte Park in Gar. Francisco where he -performed hi2 Coast and Geo­
dcti~ Survey work untiJ the 1906 earthquake. 2 

Edward Single~on !;olden (l81•6~!9lh), a :.'est Point graduate, "'as 
an a.st,.-or.crner n:t the !laval Obsorva<-OT.Y in \-hsbnc;to,-., D. C. froe. lilT} 
ur.til 1879. ln 1881 he bccarr.e director o:f the ll'osLburn Obs"rvator.t 
of -Lhe Univerdcy of ···li~consin. Ai"ter serving as I'resident o!" 'che 
University of Califorr.ia, he IJecu"'e ohe first direc'vor o:f the Lick 
Observato:ry on Nt. He-milton from lfJ83 until 1897

3 
In 1889 !!olden 

founded t.l1e Asl.ronomical Society of the I'acific. 

lr.u-p:rca, Saienaa in the Federal Goverf'Jl".ent, p. l85c St!'Uik, 
Yanl<ee Science in t:-.e Nakir!h, p. 330. 

2Gcore;<> Davidson, 'Letters and Repons to BenjaMin Peirce, 
Superint,endcmt of" Udted States Coast Survey, 1866-lil"f)," 0'-nnu­
r.cripos, The Hational Archives, ir~shington, D.C.). Oscal· Le,;:s, 
Georr;e Davidf:on' Pioneer '.les~ Coast ~cientJst (Berkeley, 1951<). 
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Edward Er..erson !larnard (lS~,T-'923) 
Ob3erva.tory for eight years and in 1395 
YerkeD Obscrva~ory. H~ discover"d f1ve 
the nebulous rint; around. Eovn Aurigae. 
he bec;ar. to pho·.oc;rapl: ..;l".c l-iilky 'ls;r. 1 

was on 1,he s".aff at Lick 
he bccar:e an est,-oncmer el. 
satelli<:ec of Jupi".er nnd 
l!hile et Lick Observatory 

J:dward Charles Pickeri'lC (131•6-1919) vns director of the 
Harvard Obcerva-::ory from 1376 to 1?19. Ha ·ves fru;,ouG for his 
work in stellar speclroscop:r and in stc:llar photograph~'· In 1891 
he cG~-ablishcd an observation stacio'l o.;:, <:treq_uipa in Peru m·ch tloe 
Msistnnce of his bro·-he,.., ~iilliam Henry Pickering (18~8-1933), ar: 
astronomer who he". di~covered Phoeb~, C1e 9th satelliLe of Satu,-n. 2 

Dr. George Elle:t;,' Hale (18f3-19}'l) was L~.e organber at'd direc-'oo; 
of the Yerkes ObDervatory of the Univershy of Chicaso. Eale hed 
persuaded Cl>arles T. Yerkes, a >Tcalthy ChicaGoan, to donntc tl-.e funds 
for a telescope. Hale -wa~ aJso th" orLanizer and direcoor of u,e !~oc·n'. 

1·iilco:> Golar Observatory fro."' 1904 unal 1923. 

About 1891 Hale invented tile SJ'"d.rohelio;:;raph dl>'.ulu•necusly 
wi;.h '"he l'rend1 astrophysicist, P.rortri Alexor.dre 'Des1.and:-es, Hal.e 
dir! ~ir;n:<fican"\.. re5enrch in solar a:od scellar spectroscopy. He also 
performed rodito!•ial work for Astronom:r ar:d J\strgphysics in tbe enrJy 
1890's and later :for the As>:roF~Y~l~a.'. Journal. 

Obs.,rvatories. 

I"l".e Allecheny Observa.cory or che University of T'il.c~:,urr;ll wns 
found~d in 1860. Its prir.cip.~l ir.s~;rurr.e!n wns a 13-inc'l Fi""~ re­
fractor. ~·fhen lanr,lc:r was director, H bccarcc the leedinr; observatory 
on "atters relacing co solar pl':/Gics. The lH .. eral [li fLs of ''illiarn 
'l'l'.nw of ?it t;s'burc;h was the source of' mair: .'JUJ:>PO!'~. 

Hm·vo.rd Observatm"Y,wbich began operations in 15h7, had a disoi~­
guis(ted bswry ur.dcr such dircclors as ~·Iilliam Cro;.!d-. ~o::td, Georee 
}hillips Eond, Joseph ·.-."inlocl'., an<l Eclw!'lrd Charles Pickering. J~s 

prir.cipal ir.strmc.ent was a l)-inch : . ..,rz refractor ><"Lh wl,ic!• G<>orr,e 
r-J,l lllps Pond di3covered a new sa teclli te of' Saturn in 181.3 ar>d :r.ade 
his extensive studies on Saturn in ld~O, on "\..he nebula of Orion, an<l 
on the IVCat cOICet m' 1858. ;.'t".en lickerlng became director in 1877, 
he ~mpJ-.asized researcb in <>~crc,pl::;sic~. 

:Jne Lid< Observatory (llerlwley: .L2th ed., 19';1), :r. 20. 

2P.olden, Hand-Bool< of 1.he Lick Observatar:r, p. 11:,, 

3ravid f. ;·aadbury, ?he Glast Glar.\. of Pal.crr.ar (~:,.,, Yorl:, 
191,:,), pp. 7-18. 
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The lick O"cs~rvatory a-cop Ht. Hn"il~.on was t;,., first rc~carch 
observatory in 1-he Far ~le~t,. The Licl; ·rrueoees provided a 36-incl:: 
eque:co;ial refractor, a 12-incl:: equatorial rcfraccor, .-.nd a 6 1:--inch 
meridan drclc ins'crur:wnt, 1·ihen ~he University D£' Ca'ifornia acquire;). 
the obse:-vaoory in li383, it was considered its "cro<:ning possession .. , 
For clever. yeors the 36-inch telescope at Lick Ob~ervatory vns Che 
larcest in u,e "orld. Edward E. l'arnnrd discovered the faint flfth 
sntelli<~e of ,Jupiter in 1892 at t}.e """ obcervaco>"J. An atlas of 
the v.oon ""-0 prepa:-ed b t"e Lick staff based U!lon phocogr~pho ,-,ade 
with it5 creat elMs. The estroncmers at Lick pcrfcr!l'ed pioneer lfcrlo 
i10 tl:e study of sunspots er:d double dar systerr.s. 

n,e University of Southern Culirornia pla,med a telc~cope to 
outdo the Lick Observatory, bu-: the regents could not ol;tail"' t'he 
money :o -pay le:<s-maker Alvtl.n G. Clt1rk of Ca!!'"bridgc:rort for the ';;ro 

'huge g1n3s disks that he had ordered from an optical fir~ in Paris. 
An a result the University of Chicago vas able to acquire the hmn 
for a 40-inch telescope at ils Yerkes Observatory vt:ich "l'ene<l o:;:. 
Hillian'" Day, '.lisconsin in 189"(. 

The decision of the Carnee:ie Insticution of 1·.'ashinctcn, D .. ~ 
co '\mild tl'e J.lounc \•."ilson :olar Observatory in the &m Gabriel 
)'mmtnins vas rrade upon a reccn."'lcnda~ion of Camuel P. l!ln('ley in 1902. 
Two yearo lai:cr Dr. Ceor(';e i>1le:rJ Hale vao aE[:ointee. db·ector. Its 
pr;,c:ipnl ir.str=cnt at first. •·a~ e. CO-inch reflecting telescope. 
The obscrvatOT":"/ staff concentrated upon ch<> soudy of th" s1.::r1. ~'" 
comprehensive s-t-udies of sunspots nt Haunt "ilson rem.:l~eil in t'ce 
anr.our.cement of a cen,ral lh,or.r of so;nspo~s. In 1900 Jo~m D. ~:ookcr 
of Los Angeles cave 1-!oun~ Pilson Obs"rvatory ~loa rnoney to acquire a 
telencope mirror or 1.00-inch epenure. 1 

Aeronautics. 

/\s rela;.cd b~fore, "he~ Coamuel F. l~>neley became, Gec,.-et"ry of 
lhe 2:n1 U'soniar., he emphasi~ec. aero!'au:ics. Ir: 1!391 he au"';l,ored hi:~ 

In 1893 Alber~ ;c. Zal;tc. and. Octaw• 
conference "t C\''ica;;~ or: aerial 

navigatio~. AI:1ong 'che scicn~iscs l'.ttend.inc ;:ere La:~clc--.t and i'obert 
H. Ti1ur~tor., d.irector of the Sibley Sc~100l of Hechanical Er.r,ineeri~S 

at Cornell Univcrsit)c. Pa:ocrs !'r<>se:1led a·. the l'".ee"'cir.G included thoso 
by Dr. 'Za<un on '"Stabili,,y of .O.eropla'1es and Flyinc l·'aci1ines," lanr;lec' 
on 'Tte In~e,-nal 11ork o-r <.;lle "ind,'" and lawrence Harr;rave on '"Flyi"[', 
l-'achinc l·iotors and Cellular Kites.'' 

pp. 113-17; \."illiam · .. •. 
" Zoech S. 

::;~i·l·t}i"~l'· 
231

-
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lr. Lhe early ni:'leties 
ber 2~, 1391~, he lo.unched ac 
o. l'alf seconds. On Kov,;,ber 
quarters of' a mile. 

------------1 

buiL his aerodrc1:1~s. Cn Octo­
for a flicht of o.bout two and 
Aerodrcme He. 6 fle" three---

Th.!rin[l tho Sp-:miah-funerican c:ar lan['lcy was asl<ed to b:1ild a 
flyinG oochine that could be used in a~rial recon!'ais~al'.ce. l<lnt,ley 
e.ccepted an<l engae;ed Charles N. l•lanly, an engineer, 'co build aet 
eneine in the shOJ>n of ll:e DrnHtsonian Inc~icution. The cor.rpl.,ted 
flyiP-£ mac'hine, designed to carry e. l'i1ot, fniled in twJ trials on 
Oct.ober i3 and Dcc~mber 8, 1903. J;ine days ai'ter Lan[lley' s second 
failure, ~:te HriGht brothers succeeded in conquerinG the air. Al­
thoueh Langley >~as ridi~uleil by t"tc press for his :failure, he "as 
on the richt ;ratll and t,e is considered a p:j.oneer in tho theory and 
cons;.ruction of' heavie:r->ha:J·air n:ac:hiroes. ~ 

tlt'.onc; other """erican :pioneers in aeronau'~ics were .rohn Joscrph 
!-~on·cgo~.ery w.d Octave Chanute. As a student a·. St. l[lr.atius ColleEe 
(University OJ.- S>1r. Francisco) !·:ontr;=e:ry firsc soudied tl'e -problems 
of: f'ligh~ and earned hi.~ bachelor an<J 1r.nater of science dor;rces. ln 
1GD3 he studied the flight of GUlls in tr_e S"n DieGo £Lrea nnd built 
his first g~i<ler. He m£Lde controlled winged t'Jights near Ol"Y· 
~lontc;m:cery' s reporc at the Vhicago conf"'rencc in 1293 irr:prensed 
Cctav" cr.:mu~e, ,,•to also beean to eX)'e:rietent vith c;lide:rs ne"r C-an 
Die(>o. ln 189G 1-'or:Lcor.:e:ry bec=.e a physics p:roi"e~sor at ::ante Cla:ra 
Collece. He con-cinued his "Xl'eritnents vicb gliders u1oti1 his fatal 
tri~han on Octobl'r 31, 1911, ncar Ever13:reen in tie Santa Clara Ve>1lcy.2 

Cd-Dvc Clmrm-ce (1832-1910) in his Pror<ress in Flvin(' )·'achines 
{1/394) br-ougr.t ~ogether IN~h info:nrDtion o.cqui:redb~ botil !CUl"or>"-"" 
and /m-,erican flylnc macl:in~ experi=ntars. He had also antl,ored 

(1891). Chanut"' desipted a nu.,ber of r:1ide:rs. 
,;;;;;;; <•ae, that he desi[;ned !::iDYo.ble control sur­

faces and i•is gliders h&d r,ood stabilHy in fligllt. The ~-ric;ht 

brotiwrs 1ater aclmowledc;ed the value of n,a,ute' s e:-q,crin:em:s and 
designs. 3 

1
Jererr.ia], ~~ilbarJ:, Jr., -:'l1e I'i:ro~ 0<>'1tury of Plir:bl in Allcric3 

(Princecon, 1943), pp. 189-92. David C. CooJ<e, J:l'" Gl:ory of AviaLio" 
{I!ew Yorl<, 19~/l), pp. 37-41. 

3,, ,, 30JJ oo,·e, op,c~-., pp. v-_ . 
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Modern Fhys;Ccs. 

President Daniel Coit Gilman iL launchinrr chs new Johns 
Hopkins University in 1875, selected Henry Augus~us Ro"Wlend (c81•8-
1901) as tf.e fir;t :professor of physi~s upon the rccollill!end.~tion of 
General l.'Jichie of Hest Point ""d of Professor James Clark l·la..xwell 
of Co.n:bridge University. Drring a conversation at Heat l'oinc 
Ciln.an bec~m-e acquainted with Rowland's intellectual po•·ers and 
unusual aptitude for eXpcrioenf.nl science. At the tiw.e RO\dand. 
was an assistant instrucc;or at his all:na v:ater, Rcnss,.laer Poly­
technic institute in Troy, Hew York. Gilr..an later snid that 
Rowland had told him his dreams for science and t~nt he had told 
Rowland his dreams for h~gher education. Af~er Gilman reported 
the interview to the ,Tohns Hopkins Trustees, they replied: "Engage 
that young n:an end take hirn with you to Eilrop<>, where he n:ey :follov 
the lenders in his science and ':>e ready for a pro:fessorship." 

Thus llowland began his twenty-six years' career with Johns 
Hcrpkins UniverBity. He invented concnve gratings ueed :in observ­
ing the solnr spectr\.dll.. In 1819 he made lln accura~e deterndnation 
of tba rr.echanical equivalent of hea::O. In 1888 he COl!IPlet.ed a laree 
Phocoo:raphic 1-l.an of the Solar Spect.ruF.. He prqoared a table o:f 
solar spectr~-;;e-lengths which appeared in the Actrophysicsl 
Jourr.al in 1895-9"(. Rowland also di~~overed the rr_agnettc effect 
of ele~t.ric convection, and he investieated alternating ~urrents. 1 

Albert Abraham Michelson (11352-1931), the firsL American 
scientist to receive a Nobel Prize, was born on recemOer 19, 18)2, 
in the Polish town or- Strelno in Cerman terr l Lm-y. In 185~ th~ 
Michebons moved frotll Poland to new York City. In 1856 l'!ichelson's 
father OJOened a d:ry-gooils store at l-;urphy' s i~ Calaveras County, 
California. ',·!hen Albert 1-!ichelco-n uas thirteen, he >.'aS cen~ to 
San Fran<Ois~o to attend Boys High Sd·.ool. He lived in ~he r.ome 
of the school's scholarly princiJ>al, Theodore Bradley. The scl:ool's 
curri<Oulum stressed maf.hernatics, nat=al scier.ces, and languages. 
Prin<Oi-pal Bradley <Oncrurnp:ed Jt,ichelson' s scientific incerests, 
and put hil'l in <Oharge of the s<Oienti:fi<O awaratus at the s<Ohool 
then located on Powell Street. 

After his graduation "in 1869 from Boys High Sct.ool, t-:ichelson 
re-turned to hi5 horr_e which was no., located in Virginia City, Nevada. 
Micl".elscn decided to ap;>ly for an apyointmcnt. t;o the !laval A~ademy 
at Annapolis. On June 10, 1869, he passed a written exaxnjnation, 
but :failed oo Win an appointment. Armed with letters :fron hi~ 
Congressrran and from Theodore Bradley, young r:icbelson decided to 
ap-peal dir~ctly ~o President Grar::O. He journeyed to 1-.'ashingt.on 
by tf,e new transcontinental railroad. 1-iiche lson' ~ personal plea 
with President Grant on the ~-!hite House Dteps assiat<Od hL'n in 

1
Fa"bian Pnml-:lin, The Life of Daniel Coit Gilman (J·!ev York, 

1910), pp. l91-99; Flori~n cf..Jor"l, A History o:'" Ph~,'sics (tkw ;· .. d-, 
Dover edition, 1962), pp. 171-78, 20), Z'l, 26j-64; 291; j2), 328. 
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vinning the appoi!l.t~.e".~ to A~_na;olis. 

Followinrr his graduation and two years at· duty at sea, F:r.si!!D 
Michelson was appointed instructor of physic~ and chemi~try at the 
Naval Academy. He began oo experlme"t. with the measurement of •.he 
speed of lii]ht. In 1879 he attended th"' St. Louis meeting of l!":e 
American AsGociotion for the Advance~ent of Science and presented 
a entitled, "Experimental Dete:rmination of tt:c Velocity of 

" which a:rrpeared in the April 1579 issue of the 
Si.,on !lewcomb, t"he ret.iring 
far the AdvancemenT. of Science, was greatly 

im:pressed by l·lichcls<m's cxperimencs and supported further experi­
ments, Newcomb was able to (le~ Mict1elson transferred to the Nauti­
cal Al=nac Office. However, l~ichelson shortzy left l'levcomb a;;r-­
took leave frorn the Navy for further traininG in Genran and French 
universities. '·lloen !·lichelson compleced his European traininr;, he 
endenvored \:o ob~.ain a professorship of rrathematics at the r:aval 
Academy. i''hen he railed in this ac.t~n(pi, he resigned his comr.'.is­
sion ir. the l'iavy on September 30, 1881. 1\llr.ost irr.n:ediately lt.ichel­
son was appointed professor of physics at the Cnse School of Applied 
Science in Cleveland and given a leave fO!' ohe acadE!!ldc year 1881-82 
co continue his rese,rcb in Europe. 

In 1869 Michelson resiened t"rom the Case School and bec/W.e a 
professor at Clark Universit;y in '•/orcester, ~~assachusetts. ~·lhile 

there the Royal Society of London m•ardcd him itG Rw:!ford Medal. 
Because of a conf'Jict over rnoney with Pre~ident G. Stanley Hall of 
Clark University, Michelson o.ccepted. the offer of President l.Jilliem 
R. P.erpcr to head the departl".ent of "Physics at the ""'' University 
of Chic~go. F.ere he carried out research :projects in his effort 
to make Chicago a center of Gpectros~opic o.ctivity. Michelson's 
f::une c;rew and he was awarded rr.any honorary degrees. He received 
a degree from the University of Faris in 1895 and the scarlec robe 
or Ca.r.:bridgc Unive!'sicy in 1899. Eoth Michelson and Nark 1\:~>.in-­
tvo Calaveras Councy celebritie~--vere bestowed honorary doctors 
of law degrees at Yale University in 1901. From 1901 to 1903 
~1ichelcon served as :president of the American Physical Sodety, 
and in 1923 he vas elected president of the National Academy of' 
Sciences. 

Bichelson's entire life was con~erned •·ith the :vrobl= of 
tr.e speed of li[;h.t. He ·oas the first to determine the speed of 
light. He invented several scientifically valuable optical instru· 
ments. For eX11.lllple, he invented an itoproved in"terf'ercmcter for 
measurinG distances by means of the length of light •·aves. AJ; 

mentioned earlier, he perforl:'.ed. the farr.ous ether-drift e:-;perieent. 
with t.'orle'J in lfl37. This experiment de,-,onstra"ted that the abso­
lute n:oticm of the enrth through ether is not rr.easurahle. Nichel­
son's revelations in physics became a startinc poino in t~e develop­
me!"l"'c of the theory of relativity. 
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T!-.e significance of Michelso!''" e:rent scie!"ltif"ic lwrll >as 
:re!llized ir:: his life -cime. In 1907 he wns ""arde". the Nobel Price 
for Pllysics, receiving it for his CXJ'erirncn··s in r.:casuri~G tbJ 
speed or' ligl'.t. Thirteen :rears a:ftel" hiE death tl:e l·iich"l~<.m 

Laboratory of the United Stai.es Nav"-l Ord..'l!mce Test Station at 
China lake, California was r.amed in his hor.or. 1 

l-lict(l.el Idvorsk;{ PUJlin (1858-1935), professor of e:ectro­
'"-"char:ic" at Columbia University r'ror~ 1901 to 1931, ;ras born in 
Yugoslavia and carne to che United Stat"s in 1874. !le was both a 
scientist and inventor. He did rCGearch in theoreticel science 
and utilized the results on practicnl problems. 
are discussed in ~.l1e history of inventions :c:'':"' 
writings [lre r.tentioned here. In 1895 !le authored 
Theory ar.d in 1923 he wrote bis autcbiograpl.y 
to Inventor, w:1ich won the 192h fuJ.it.zer l'riee for 
biouapr.y. 2 

Floberc Andrews Hillikar. was born in I·~orrison, Illinois in 1868. 
lie taucH at tl'.e University of Chica~;o from 1896 to 1921. In 1921 
he beca,-.e director o:f Ue r:orman Eridge laboratory of Fhysics at the 
California In~c.l~ute of Technolocy. l·lillikan w.s credited "ilh being 
the first to isolate the electron ar.a to measure its cl:nrce. !·los~ of 
his wri· .. ings appeared after 1913, an,1 are beyond tl":e scope of t;Jis 
s~uil.v: h01rever, H should be men:io::ted "ohat ],c received tile Habel Prize 
in Ph:rsics in 1923. ~lillikan was t~.e second American ~o bu so honored, 
Hiche15on i><eing ~l".c first.3 

Yedi~ir.e. 

;imerican e'.~dicine "'ade tremendous strides in the Industrial Afl,e. 
In l%9 I'residenl; Charles Y. Eliot of :Iuvard University initiated. 
rcfoiT'.s in che ,..ediea1 s~hool. Pennsylvania, Columbia, ana <>ther ol<leo· 
ur.ivcr~iLies did like"l,oine. John~ Hopkins Universioy began inscrue~ion 
in med"ldno ir: 1326 ani'. opened a medical school in 1893. Hs medicaJ. 
faculty under the "brilliant lead.ership of ;))"". "'illiarn Henry i·,'elch 
attr~cted able students throughout the nation. 

' Ilcrnard 
Doc:.blcdo:r Jl.nchm· 
.174- t'l, 1')9, 322-25; 
l8)6-1J5fo {fn.l.o AEo, pp :7-12. 

2
i·lid·ael lupin, 0?'''~"'·c'C''"''"''''"'""''·~·co"J'o'"''''"'c'''' (llm; l::ork: ;:e" 

Sdit:.on, 192':>}. 

3Cajori, 1• 

371: Robert A. 

"·''!"" :aM Fi~.i<C>n ;' Vl~~ 
<:>pUc"1 ~C"f..,ty LX"\' (19 

335, 3"-0, 3~!,, 368-69. 
1950; h. A. :•'"!lliknn. 

o~ Ohe /lmm·ic;;n l'~1ill'-
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The America::~ ~-:edicnl Assodat-ion had l'e<'>n !O\\nded as early as 
18117, bu-c ic did not ho.ve a scientific ,jo•Jr:ml until 1683. In 1890 
the Association of Ar.:erican Medical Colloc:os =$ :fo=dd l!1 co­
OJ'eration Yith this new orga~_izatior. and lhe ;;tate ,-.cdical licensinG 
beards, tte ,'~eric-en !1edicnl f.ssoc-ia<:ion r~fonned medical education. 
In 1885 the Association of American PP~sicinns was organized, and in 
1901 ~he Jlr..eriran Association of Paticologiscs and Eacteriolcgi$ts was 
orcanized. 

One result of the "'""'' Jl.nericnn radical discoveries of this 
-pe!'iorl was the eradication of yellow ,-ever. Dr, 1-lnlter Reed (1851-
1902), an Army ourr;eon, in 1900 headed a commission, includinG Jm:-.es 
Carroll, Jesse·.~. Lazear, o.nd A:ristides Agrrunonte, 'olf,ic'b_ invest.igated 
the cransmissior_ o1: yellow fever. Dr. Carlos Finlay of Jlavar.a had 
recogni2ed that tho Aedes Ilel'}'llli -,;,osquito could cransmit the disease 
from yell"'' fever patient~ to non-irr;mune "Pe:r-sor:s. Ey controlled ex­
pcrjmenk the cOlOltllissior. "Proved Fl~luy's vie,;s. Gntorour.ately, Lazear 
dieil !'ror• the bite of an infected mosquHo, er.d Carroll acquired tf,e 
dis<Jase in non-fatal ron:-.. The researches of these POedic"l heroeo im­
Jlroved sanitation in the tropics. 

Dr. ~'il!iarn Crn> • ..,-ord Gorgas (18~4-1920) as chief sanitary officer 
freed Havana !'rom ~he s<:ource of yellm' fev.-:r- at the turn of che ~cntury. 
Acting as d:ief sanitll.T'.f ofi"icer :for U.e Pana,-B Cer.al CmwLission, frvm 
1901> until 191.3, he eradicated ycllov :Cever at Far:ama, and ma"-c tt.e 
buildinG of t~oe canal JJOSS rtle. 

':.'he uorL of D,-. Howard Taylor Ric1w~.ts (lH7l-l910} serves as 
an eX8Il1plc of how the discovery of" a civillan JXl-Oholo~;iDt nided public 
heal;;!'_. Pollm<ir:g his studi<Js in dcT11latolor;ical pa<:llol.ogy and blaa•-o.,-y­
cosis ac the Unive:rsity or' Chicago, Rick<Jtts "Proved the theory that woocC 
tlcks transmh~ed Roc];y l-1mlllt~tin spotted fever. Ee also discovered that 
body lice transtric lY1Jhus. Unfort.uflately, he died frorr. LYl'l:u~ -rever 
-..:hile invesci!:ating it in J&cxico t.'it;, RusGell J.1. '·lilder. 

The AEorican f-ubl.ic Health Association \JS3 established il"' 1872, 
wi~h Dr. Sterben f>~nith being ele~tea as its :fjr~l "President. On1y 
l·'a5sachusetts, Ccli!'ornia, VirGinia, an<i U.e Districc of Colu,oibia ha<l 
e~tablisLcC'. boards of ile"hh "Prior to 1872. l'he new oreani?atlon Jlar­
fonr.cd important work in encourar;i.nt; ·cba st!ltc cov<Jrr.r.-.ents co de\·elop 
:public h,.nHL 5tandards. J,Iembcrs of the A$c,Qciacion carried on sie­
nifccnr>t reseal"ches in bacCeriolo:;y with its ~Jractical applications 
-co pu"!:>lic lleal',h.l 

1 Frrwcis Il. Pack,rd, 'l'hc ilistor:v of l•'e,lioir,e ir. ,,l:c Ur.itcd Stntcs 
{? vols., Ne-1' Yorl:, 1931 ); Esl:lond R. LonG, 8~to:r;r of .'.:me.!.!:_. can 
"Patholcr:y (S;E'rinsfieV,, 19:5?); >:Uzycl: I'. :1avcne1, ed., !. Eo.lf ':ent'.lry 
of Fublic Health (lle,; Yorl<, 1)21}. 

;8 
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Advances in other sciences. 

Thm-.as Hunt Norgc.n, the eoincnt Jl.nmrican zoolog1ct, llllS born in 
Lexington, Kentudy in 1866. He was a pro:fessor at Colurr,bia Universi~y 
.from 1904 to 1928, and then becalr.IO dire>ctor of -.:he Kerckhoff I.aborll.torles 
of' Biological Sciences nt the Calif'ornia Institute of ·TeclmoloGY. In 
1933 he YBS a>rnrded the Nobel Frizo in :physiology and !l'edicine. Be 
discovered many of ~.he mcchanisims involved in heredity. He ex:Perioentad 
in the new :field of genetic~, demonstrating the.t ~Gical chnracteristi~s 
were ''genes." His research brought about Mdifications in 
tbe his early ~ublications were 

{ .1903), El<Jlcrimcntal !,<co!,; 

Herbert J.lcLean Evans, the enatomist and embryologist, grnduo.ted 
fram the University of California and then did graduate< 1mrk at Johns 
Hopkins Univer~ity. In 19C9 he demonetrated the orir;in of the vuscular 
trunk from capillaries. He became a ~rofessor at the ·University of 
California where he perforo.ed significant research which is beyond the 
chronological sccrpe of this hi~toric~l survey. 2 

George \.'ashiTillton Carver (c. 1864~1943), tho negro botanist, 
chemist, and agronClfllist, was born of slave parents in Missouri during 
the Civil \ler. l!e earned his bachelor and master degre<'S of science 
at Iowa State University. l!e had a brillian~ research career at 
Tuskcgl!e Institution in Alo.beJM. where he WlS director of the Dep!lrtmertt. 
of agricultural recearch. He !>.I'Jllied science to ar,ricul"t;ural practices. 
He """ particularly successful 1Tith his peanut experiments l1hich x·e~ 
Gulted in many edibl<" end industriel uses. He also developed nel• uses 
~or tr2 sweet potato and for the pecan. Carver's scientific vork was 
important in eiving the Southern fnrmcrs the planters crops t.hat they 
coultl sell ~rofitebly.3 

Role of the federal ~overnment. 

Hhile science declined in the military services after the Civil 
l·lar, scientific rese!lrch in ~he Department or f18riculture end in the 
Depart:oent of Interior develo:;Jed. In 1879 the United States Geo~ 
logic>tl Survey was formed as " ~ertllancnt bureau 'dthin the Depa.rtment 
of Interior. Clarence Kinr; ""s the first director and h~ "as succeeded 
by Jol":n Healey Fe<-·ell in 1881. Po-.rell made the survey national in scope 
and hired a large n~ber of scientists. Although Powell expected 
practical results from g~ver~cnt ~cience, he did not neglect basic 
research. As related earlier, he hired Othniel C. Marsh as Chief of 
Peleonotolo(;Y. \fuilc the main work '"'s concernGd with praparing a 

3ouver, 
or the Soil 
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"opogr~~bic %UP end a neologic nap, Powell also org~~i~ed a che~cal 
laboratory in ~lashington. I!l. 1892 the a:ppropriation ft•r the geological 
survey 1m a cut and >.'Ork •·as restric oed to topography. 

In 1871 2pencer F. Tiaird was appointed first Fish Comrnis~ioner, 
serving 11ithout salary. He trained uni•tersity students such as 
C. !'.art Nerriam and George Br01m Goode, who becaPe in:-portnnt zooloGists. 
The marine biology station ;,•as established at 1-lccd's Hole in l•'.e.ssachu­
setts. I::t 1903 t"he Fish COJ:!llli~sion became the Bureau of Fisheries in 
the Depa:rLment of Corr.,.erce. 

In the early eigh~ies an econ=ic ornithology section vas esto-"b­
lished within the Division of Ento~r.olOf'Y of the Departl:lent of Aeri­
culture. In 1886 it became the Divicion of EconORiC Ornithology end 
M=logy "ith c. Hart I•Ierriao (l8J)vl942) as its heed. In 1896 it 
was r~named the Division of Bioloc;ieal Survey-. It carried on a rev 
search pror;rem in lllltural history. 

Scientific interest in forest protection was ureed by- Dr. Franklin 
B. Hough at the flrn.crican Association for ohe Advance~tent of' Gcier.cc 
meetine; in 1873. In the next decade f'orestry work b"carr." a division 
of the D<opartrnent of Agriculture undGr BGrnhtu-d E. Ferne•,'. Clmrl"s 
Spregae Snre;ent, the fPJTIOUS American arboriculturiat, mnde his signi!'v 
icnnt "Re:POrt on the Forests of :<orlil America" ior the census of 1G8C. 
Hou~;h, l'"rnow, end Sarr.ent were :pioneers in the conservation mov=ent 
ana performed importan~ scientific: worl1 in leyinl!; the f01ull:lation :for 
an expanded role by the feder~l government. 

Significant landmarks in the federal ~cienoific eetabli~hment 
were creation o:f Che National llureeu of st,ndards in 1901 and the 
Bureau of Mines in 1910. Bot::. o:f these bureaus engac:ed in applied 
research for goverMc:1t!l] e.ncl. private agencies. 

In 1883 the tepartment of Agriculture esteblislled a Veterinary 
Division under Daniel ElJ:'.er Salmon (1850-1914). T):,e nGxt year Congress 
provided for a Bureau o:f Animal Hnsbnndry, and Sal~on served as its 
chief from 188!1 to 1905. He started a meat ins:pection systezo and 
devised methods to suwress the contagious diseases of cattle. 
Dr. Theobald Smith while "orking f'or the Bureau discovered the 
organism cnusi~g Texas fever; he demonstrated that it was tran~mitted 
by a aattle tick. In 1893 c:r.e Bureau's :i'inal report on Texas :fever 
appeared, and it indicated tP~t government science had rrzde an importa~t 
discovery. 

The r:assa~;e of i.he Eatch Act in 1887 Pl'OVided for the esteblish­
rr.ent of <tf;Ticulturel cxperimentul st!ltion~ in all states. This law 
>las second only to the Norrill t,ct in importance in fosterinG scientific 
aGriculture. l 

149-83, 19~-270: 

60 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
, I 

FroiO 18il3 to 1912, Dr. Harvey 1·~ashington 1/iley- (1(!44-1930), 
who had been a professor of chei:Jiot.cy at Pu:r<'ue University and 
State Chemist of Indiana, headed the Burenu of Chemistry of the 
Department of Agriculture. He led the campaign against food 
adulteration and assisted in winninn enactment of the Pure Food 
and Drug Act of 1906. He .. lso studied the beet ~ugar problem. 
As an apo~tle of pure food \Iiley won ~~~any honors. He was elected 
president of the lunericrm Ghani eel Society, and he presided over 
the first world congress of che~sts meeting at Chicago in 1892. 
Froo 1899 to 1914 he was Blzo a professor of egriculturnl chenistry 
at George \lashinrrton University. His major publication was three­
volume work entitled, Princinles and Practice of Agricultural Analysis 
(1894-97). 1 - -

Exulorin8 eXpeditions. 

The navy had nothing CG!llp!lrable to the 1/ilkes Expedition in 

this poriod. In 1869 the Bureau or llnvigetion dispatched several 
expeditions to CX<mine an istl'lmien canal rout.e.2 Naval officers 

operated the ste~er Albatross in its research in ~~inc biology 
for Spencer F. Buird, the Con~issioner of Fish and Fisheries. Zcra L. 
Tannor served as captain and Seaton Schroeder served as executive officer 
and navigator. 3 

In 1881 Lie, tenant Adol:phus ~'. Greely colr.IIlanded an !trey expedition 
to Lady Franklin Bay to establish a station for scientific observations 
and f'or geogro;phical discovery. In the spring of lil82 J'an:os B. Locl:vood 
1<1th" small detachment CXJilorcd the northeastern cce.st of Greenland 
in latiCudc 83° 24• N. A relief' vessel failed in tvo nttempts to 
reach tl:e expedition. I'he aetachlr.•mt thetc abandoned its shiJ> and re­
treated. southwards in beats. Lockvood clied at CaY' Sabine, and vhen 
relie:f arrived in June 1:884, pnly seven men h!ld survived out of' L:Jcl'­
wood's rnrty of t'-""nty-four,4 Here snecess:ful was the Arctic ex­
pedition under Lieutennnt P. Henry Rny of the Signal Service vhicr. 
erected a meteorological and astronomicnl observatary at Point Burrow 
in 1881. In the f'icld of' eXploration Ann,y expeditions in the interior 
of Alaokn were made in the J>eriod 1883 to 188).5 

book 

' Die,, 1'itens of the Goil, py. 152-)8. 

2
Duprec, Science in the Federal Government, Jl. 186. 

3seaton Schroeder, A Half Century of Naval Service 
159-TO. -· -· --- --·--··-

4Percy Sykes, A History_of E;qolor!ltion (New York: 
edition, 1961 ), pp~-21. 

(lJ.,w York, 1922), 

5JlenJamin F. Gilbert, "Arts end Sciences in J\Jeskn' .::rf>.',_J910." 
:Jo=_!l:>l m· the Hest I (Oct., 1962), "P· 146. 
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Science in ·<;he Fer Hest 

The first scientific society on the Pacific Coaso. the California 
Acadf'll',Y of Scienc.-s. ""'·" establiahed at San Frnncir.co in J3~-3- In 
18)9 several residents of San Francisco formed the PncJJ"ic Obs"rvntol"'.{ 
AsEociation, but their p:ropo~nl to erec: nn observntory 1<as not renl­
ized. l The greel- developments in California in the field of nstrono"'Y 
l\ave already bGcm dc;scribeol elaewhare in this chapter In 1870 the 
Sal FrnnciGCO Microscopicel Society wns or(l;cmized by members of the 
Celifm·nia Academy of Sciences In 18<31 tne Geographical Socic~y or 
the Pacific >ms es·cablished "t San Francisco with Georce fuvidson 
serving as i~s president for thirty years. In its TraCJsactions end 
Proceeding;, articles on geogre._Dhical ""d scienth'lc aubjects were: p:.!b­
lishod. 

Sever~l Southern California cities 
societies beginning in the 1870's. The 
History published the 
1896 1:.he Southern 
Los Angeles.2 

organized natural hi~to:ry 
San Diego Society of" lll'tturel 

t'roo 1084 to 1919. In 
""" organized at 

Geological surveys were f"irsc made in Celi:fornia in the early 
fit"tiec. In lfl6o Josiah Dlli[;ht '·Jhitney was ~mdc State GeoloGist and 
his survey J.,.,ated unt.il 1874. The t'hitney survey accumulated much 
scientific de.tc. and e.cted e.s a training s~hool for scvc:ral cden~ists 
such ns 1iilliem H Bremer and Clarence King who ""r" to gain YJstion"l 
re,ogni~ion In 1876 :.te California .';tate Geological fjocier,y was 
ore;anized PJ.C San Francisco. Four yenrs later it; evolved inco ·~he 

s+"ate J.;ining Bureau and exis~s Coday as "Ote Division of !.'Jines and 
Geolot:,•. Several Calif"ornia ceolor;isos such as Joseph Le Conte and 
Andreu C. l.cnrcon becarr.e na1..ion"lly promincn=: throuch Chdr scholarly 
uri Une;s 3 

1Benj01!l1n F. GilUert and Edlro.rd J". Farrell, 'Cul·.m-al :S..cinnings 
of San Francis<::o," Sen Frnncisco 'uanerly Y.V (s:rring. 1949). pp S-7· 
Robert. C. :-:iller. ·The California Acado"\)' of Sciences ar.d ~he Zerly 
His wry of .'kien"e in the ~lest," CaC1fornis Historical .Society Quart".erl_y, 
XXI (Dec, 1942). P"9· 3G3~Tl 

' Henry " ."pli.tter, "I'bc Developrr;en1:. of" Science in L:>s Anceles 
and ~J·,e Sou·:terr, California Area (13~0~1900)." (uarterl)' of tMe 
Historical Soci"~Y of Southern C'Hfornia. XXXVIII (19')0). pp. 90-li!O. 

3Fran..J.: ;.:. Anderson. "Pioneers in the Geolog:r,• of Cal"l.fornia." in 
Solon Sbedd, Biblior,raphy of t;[]e G~ol:nr-Y and llinc:ral Resources of" 
C,lirornJe (Cacral'.ento, 1933). pp. '~2~. 
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Besides the scientific ~nd medical societies nnQ the geoloGical 
survey, California schools and colleges encours~ed scientific studieo 
1~en the Californid State Normal School ~as located a~ San Francisco. 
Dr Henry Gibbons, en eminent locol physicisn, lectured on boteny. 
After the school moved to San Jose in 1871, Henry B. Norton, Georc:e 
Kleeberger. end Volney Rattan 11ere among the early instruci;ors in 
science. Rnttan had authored e botany manual entitled. A Popular 
California Flom.l 

In 1863 t"e ne>dy chartered University of California enga(_Wd 
the Le Conte brothers to assis~ in lnyine a stronc fcuncl.ntion for 
science instruction. John Le Conte taught physics and JoGeph Le 
Conte tnught IJE>alogy. John C. Nerriem, the first gradunte student, 
var. attracted to the University of California by the vritings of 
Joseph Le Conte. Merriam later becams a noted paleontologist and 
president of the Carnegie Institution.2 

Stanford University during its first year of existence in 1891 
established the Hopkins Marine Diolocical Laboretory ot Pacific Grove. 
Eastern end European scientisto made studies there end the results uere 
published in ~cient1f1c journals. 1\n;ong the early science tcac"hers 
hired at Stanford uere John C. Brann~r in gcolor;y, Charle~ llenry 
Gilbert in v<>rt,bra-.;c zoology, and JC1hn Jj, Stillman in chemisC:rJ. 3 

The Califorlli8 la~d~cape att:cacted ""'ny I'ield naturelis~s For 
cxm;Jple, Dr J6I'.eo Cooper otl!died ~lle :re.une and ornitholoa of California 
for over ::'orty years Jnntos XBncus, a flun[>!lriact naturalis~. collec-ted 
S)'eCimens for the Sl"i lhsoni"n Institution dU!'J nr; his A'rnly service at 
Fore Te,ion from l!.l;y ·oo 18)9 Late-r ns a tide observer wi:;h tl1e Coast 
Survey at Cape San Lucas in lo:Mer C liforr,ia and then as Uni~ed S~o.t"'~ 
Consul at 1-:en~ar>illo, X~nLus a[';nin sent specirrcr:s to the friithsoninn" 

John l!uir exnJor-ed Yosepita beginnine; in 1868. and \:as ·oo devise 
a con•.roverslal hYI>othe~is concerning ~l'>e valley· s odsin in r:;laciel 
erosion l-\uir sCudied "Ohe lrildlife, rnourr;ains, and valleys. of Californin 
e.nd i.l.e gladers of AJ.o.~lca- l·!uir was u-,e nuthor of l::ooks e.nd mae;azine 
arL:\~les and a founder of the Sierra Club E:ls first. book, The J.jounceins 
of California (1891,), had a wide distribu~ion Hhile :C'Jir w"BSno·c an 
exact s<Oien~isC, he ""s a G,rent lov<Or of nature who preached conserve.'.ion 
at en oppo~tune timo 

1Bcnjarnin F. 
SteCe College, 18'!7-19')"1 

2-,,,illilll'l \i. ':~:';;:,'!;' 
California (Berkeley, 

3orrin r.. !':llioL, Stanfo~d Universi'' The F-irs:O 'I'I'enty-Five Years 
(Stanford Univ<ersity Press, 1937 , pp, ')2-59, 107-

hHenry N. l-lndden, ::r.a11 ;,u:;, Hungarion naturalist in "':he P<on<eer ~lest 
(Palo Alto, 1949}. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Edward Paln:er (1831-1911), t:~c plane explorer of the '.-lt>st, collect.,;. 
nrchaeolot;ical. ctlmologico.l. end ~oological speci~::ens. He was r scien­
~ific exn'.ore::- 'lfho helped "to Tha!'e knmm U.e flOrll. r,nd fauna of i..he Far 
\·!es' •. 1 

David s·carr .Jo:·dan (1851-1931), an eminenC biolo['i:Jt and educator. 
"''"one of th<O bcs·. tmmm sci,mtisos in tl'.e '·'e~c. A t;rail.uace of lr.<'.ian"! 
1-:edical Colle(!e. !w tauGht in throe univer~itiec before he "becl'.llle pr.,d­
den:: of Stanford University in 1_891 Jordan made },is cren-ces-c contri­
bt.:tion to scie'lce es an icbtbyologist. !!" s·~udied i:he fishes of the 
rivers of 'che l~iddle 11cst end t'1e South end in the waters of the Pacific 
Coas~ from Sar. Die:-;o i:.o Seetcle. His publications on ichtl;yoloc;y ''ere 
nUlTlerous and of sc.ientiflc value. For exrun:ple. hc el.'t.hored Wi·ob :&!rtc:1 
'.1 Gvem.ann, ~ Fiel·es of J>;ort!l e;,d 1-;iddle Alc.eric'>. ( 1896-1900). 2 

Lut.hor BurhBnk ( 1849-1926) as a youn5 truck """''""''' Nas~t~chu-
sot'.s was :ln.fl.vt>nced by his reading of Ibt"".'in's Aniw:e.l~ f'nd 
Pla,.,~s Under Do,.,es-cicaGJon. He de·Jeloued the In 18"(~-
he noved"'ttSenta Ros"-, Cali:fo1"!1ia ...-he;.e he "''"~':"'''''' e nursery and 
;wrdens. He experimented wit!-. pUmts and tested Darwinian theories. Hi* 
improved old varieties, combined vi1d types with degenerated cultivated 
t;roes, end develope~ new lor<:--s of plant lila. 3 

.1\lthO'-li;h Eurbanl\ tlle horticul.uralisc =s cnlled a scicndst Ly 
David s·,arr Jordan Bnd ot:•ers, his r:-,e·ohods were ac'oually e:ore like 
~hose of en arl,ist Ris l'H'>"'chods -were noC entirely or!.ginel. but be in-
creased tl:e econoo.ic -val'\!.es of p.lan~ life. 

1 Ro;;ers 1-lcVnuch, Ed,<t!.rd r·al.t,er. Flam, EJ<plorer of ';he Ju"e:r<co.n 
C/est (l"o:rme.n, 1956). 

2noc:·uelJ -D. Hun<-, California's St.ecel'f l'"'-11 of Fane (5-~ockLon. 
1950). r:>- 1,29-34. 
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'PA.'lT I (Continued) 

A IUSTORY OF :r:H'JnlTIC:!S 

\Ill COLONIAL PERIOD, 1600-1775 

Transmission o:f F.uro"[Jean tools and tcckJOlOf'J 

'rhe :first settlers of VirGinia <:!Uickl::r reHltzed theL ~uccessful 
colonizaUon depended upon Lhe trans:'l!lndn(l of sl<ills. tools, and 
lechnolot:;ies to "~'·" !-lev 1'orld. It au effo,-t to save the Jall'estolm 
settlemen~ Captain John Smith in 1609 urr;ed o:fficiab of the r.ondon 
Company to send hiru 30 carpenters. husbandmen, black=ictw. rwd 
!Nlsons, ra·~her tbm a thousa:1d ndditional peoflle sicdlar ~o 'che 
(';enUemen already in Vir[.inia. The origir.al folly of adventurers 
searct>inr; for tre!lsure ceased, and tte cco:npnny becan to s!·ip sl:!ll"d 
ar'-isans >tlth tools. implec1ent.s, and uce'"lsils. 0:1ce ihe ,Tamest<Nn 
setclers ber;an co produce pitct, tar, clapboards, pearlasl•. and tob,.cco 
the survival of t:he colcmy vas made possible. Alr.one the Filgrir.~s 
settlinc at Plymouth were oon:r skilled husbandmen and art.isans w'".o 
brougb;; -cools and technique~ from Englar,d and Holland. The leter 
colonists wer~ also skilled nrtisans. For e>::rur.ple, 1h1li= Penn 
in ndvertising for em1grar.ts sour;ht induscrious l'.usbnndmen and 
mecbe.nics. 1 

The existence of abundant raw materials in colonial Alre:rice 
encouraced crude manufac~ures. Forest resources enabled the colonists 
Co engac;e in 1'-ll!lbering, shipbuildine;, the manufacture of naval stores, 
an<l the ,-,aldne; o:f potash. A plentiful supply of \load fuel per-mitted 
tl\""' to make iron, r:;lass, brict, anrl pot"ce'1'. l··iinersl resources, 
part.icularl:r iroP ore, \lere also available. 

Colonial craftsmen. 

Alt~-ouch the colonial economy ~ras _prima!"ily sc:riculcursl, crafts­
men !'laycd a significan~ role in .'lmerican develoJ"l'ent.. In Ct:c se·,e~,­

teen'ol-. century J\uerican crafLs~:~en and im~tendmen had co s~rur;gle l" 
the wilderness to make a livine U~der the :--,tr-al e.r.il f101:tier con­
dioions !!!OSC il'll!li(';rants tec,..,.e fs,_.,_ers Cre:fts ec'.ually did r.ot 
nourisf. in colonial .euc,erica ur.~;il ~l'e ei;}'l'.-Ccer.th cen~ur-:r wtcn <,he 
-po-pulati<m 1Jcgan 'Co dm>ble every L."enty years AE a grea·rer url>er. 
ecor.orw evolved '-he demand foe ~~e p;·oducCs of craf't.s,-.e'1 in~rea~ed 
M~ec: 1763 ~t.e o:rtf;llSll colonis~c sove'ht more er.d more to foster hor:e 
industry end to become seli'-s"fficien:. 

1cliver, l•istory of" Am~rican 1'echnolopy, pp. 1-ll. 

2victor S Clerk. 
(Ne" Yorl<. 1929), VoL 

lii.s:;ory o:f Manufactures in tl'.e UniC.ed SteLe~ 
I, pp 7~Jl ------·-
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In \.Le seven~cenu-. cer,tur:r household rnsnufae .. •Jrin<'. 'll!'I.S more 
impor~ar.L in An'nrica tbm ccll'.mercialized industry A labor sCoor';age, 
~l1e lack of capital, roor transportation, and the =all lnll.l"ket were 
arnon(l t!te facCors that ac first hindered the [ll'CIIItl- of industrial 
enteryrises. In General colonial industries vere small and s:lr.ply 
converted raw materials lnto crude products.l 

Ar,ricul·._=al imple:r.ents. 

In colonial Alr.erica where land uas Jllentifd and labor was scerce 
the fanner was -not concerned with soil conservatioct. b1.l'C l':e "!>3 ar.xious 
·co adop-: labor~savin[l devlces. The ~olonial fa=er iro!>roved ohe """· 
che plow, and the i1errm< He "sua:tly substituted >.'te cradle for the 
'mnd scyth" to cut r;rain. 2 

In the Jete colonial period Jared Ellct of Conneclicuu, v!'o was 
booL "-practical a.1d scie'ltific agrlcultura)iso eXIJe:rimented with a 
seGd drill in an at~eJnpt Lo si1aplify and ;.-._rrove t.l-., one pP:rfected b:• 
'~he Th[·lish acriculturalist. Jet~rro T·ull 1'i"uh ,,.,, assiso"""" o:f 
Presldeno T.oomas Clap of Yale College and of Benoni Hy\liard. a masA:e:" 
wh,el>Tric;ht_ EliaC invented a rloll and drill 'oll·i~i: was capable of O!Jen­
i"C furr<Nc. droppinr seeds and i"ertil.izer. and coverinr, c1:ern in o:oe, 
opera Cion I\.· ocr EJiol" s death, Denjmni'l Gale ir:1prov"d c!'e mac!-ine. J 

b the beginninG Che colonists depcmded upon ):),;gla:1d for clothir.r 
Af10er sl,cep wer" j~~roduc"d into ·vhc colonies the nroducUon of 
clotl".ing be~e.n Indians end trapp,:rn supplied colonial secclers vi .. h 
doe and 1luci< skins and hi dec were impor~ed frorr. the Spa:1isi' Hear. Indiec 
rnal<ir.c a lea·,hcr industry possible. Also liner, p:rod,c•.ion developed 

In 1G38 five vcavcrs ar~lved .,_t ~0\Jlcy, !<essac};unetc"- Here the 
!"irs~ <oloU. w~~ rnar.ct'ac-~ured in Enr:lish Alnerlca_ it' 1700 clo-:h 
rr.an•Jfact-Jrinr; existed ir. rr_os' .. colonias, 'mt it we~ rno"Cly manufactured 
by tr_e felcily in ~he household unit 

n,ames Beard, " sl--oer:~llker, was" passcq;cr ale<1rd ~Le 
end he bccrur.e pioneer of' t:"' t:!It<'ric"" boo'- and shoe trad". 
s~oe~akers and tanners vere plying their tr,de~ in VirglniB.. C3 
culttn.tinc the ground. 

1carl Bridenhau[lh, (Chicago: UniversiL.y-
of Chlcaeo Press, First passim. 

2oliver, Histo>;r of -~lllerican 1'<>chnolo~y. r. 23. 

3Brld~nbaue;h, Coloni111 Cra:ft=an. pp ~-0-51· Herbe~t ThO!'Is. 
The Ib"'Cors oi" Yale College, 1701-181~ (Hamden, Conn., 1910), Jl. 13. 

J-'Gli'ter. History of Alnedcan I'ec:r.nolor..'. ;:>p. 37-48. Bffol"l:6 ;wre 

made to introduce the silk industry at Ja~eslo<m in 1607 and tr.o lJn~n 
ir.dc•_st:ry in 1612. 

66 
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In 16)6 Phili~ Kertland beran the manufacture of shoes a" Lynn, 
Massachusetts. In 1'(50 John A. ThlOT established a shoe shop a:: 
Lynn. Hiring skilled craftsl!'.er. to specialize on specific operat;Jons, 
he s~arte~ a factory sys~en on a s~all scale. 1 

:rrans'Portatton Qtld communication. 

Small craft vcr.o buill in Virginia as early as l6ll. Rouboat.s 
and shallo-ps were constructed by the colo:1is"':s :for coa.ocal travel 
The first major c:Upbu.i!.ding ;'a"' becrun in !'lev England 5n 1&>9. On 
July 4, 1631, the thirty-con sloo~, ';'he Bles~inp; of ti'.e Bay, •·as 
buiU for Goverr_or John l-linthrop. By l6'i0 Ma-,;;;;chusetts had pro­
duced. ?30 vessels. In !,he seventeenth century the mein shipbuildinr; 
centers were at Bosoon, Cllerlen~on, Se.lem, end Scituate In 1690 
a nav!ll vessel, u-:e Falkland, was cons',ructed for the Hoyal I·1av:,' !lt 
Portsu.outh. i~ew Rarnpshi:ce. This l<'arsroip was built by colonial ship­
=ir:hts londer con'.:ract; in a private shipy!lrd_ 

Permsylvnnia "as another cenccr of coloninl sLipbuild-Lnr,; By 
~he oin>e of :he Americ!ln llcvolw'.itm shipbuildinr: was a ma.;or indus~ry 
in Philad<ll?hia Certain ~-e~bnclogical advances were rr.ede in American 
shioyards For exrrnrple, in r·r13 Andre" Robir.son devised" "schooner" 
'.loa o: rode ohe wa,.er' s surface· its speed a rod ma•-,euve!·abi J i ly presw;ed 
!.he late:r develorment of the ~llpper s!1ip In i:!1e eigl,cecnth ccncury 
sl•ipbuil"-ers in Enr;land were !!1ermed by /i!::erica:o """"''~:ition 

On ·che river hifh\1Rys of E.mcrics ~he colonis •. s craveled i :1 canoes. 
flatbo~Os. and ferries Land travel in Colonial /ll"<'rlca \1Rs n,·ip:iciv~ 

Hoads were ~oor and bridges 'rere few, but tte colonisls developed ~nme 
vehicles. Af~er 1700 .-.be J\Ir;criear. sedan an"- the gig vere devised '!'Cw 
Conestoea. Wll['Or. lffiS menufectured in the Conest,oga Valley of Lar.cas--er 
Coum.y, Pennsylvania. It could ·,ranspo:ct owo -to :four ~or.s of frel£'h~ 
vit.h safccy over U.e hills of Pennsylvania. Afler n;;o scagecoach 
lines were in operacjon between bos1,on and;.;.,,., YGrk and beb<een New 
York and Philad~lphia,2 

Iron and sceel products. 

At an eerly date iron ore was dis~ovt>rt>d i:-1 the peac bogs and. 
ron"-s of eastern Ha~sachusetts Joim ',!inchrop, Jr., or-ganizt'd ,,he 
"Cc;npon;r of Una,.r-tak,.rs for the Iron-"orlls" i"l Londor. in 16~1 :rhi 3 

group erecCed an iron focmdry and forge at Saucua, ~ia~nachu~"tts in lG!:l 

louver. 
"How the 
edi '.ed by llober·c 
hereinafter cHcd as 

ChapelJt', 
P'!'· 3-')l. ,, 
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~After o'.>tain1ng i;on ore cl.€.pos1ts. Joseph JenkG, a me+.alvorker and 
mecbo11ic. Produced some iron by using sea shells and eorals for flux 
and by untnc charcoDl as fuel Jenl<s end ot!>~r r.ec:1ar.!cs produced 
hin~;cs. horseshoes, pOts, and pans for Bos•"onians. In 16)4 Bos'.on 
engaged Jenl's to build "an Ine;ine ~o carry vater in case of fire " 
Even prior to ->eta Saug-~~ foundry. an i mr; fo=dr:r hed been est,blisbed 
aL Fallin[' Creek, Vircinie in 1520-lG22. 

&J 1710 iron manuLac'~urers in ~:l1e rw'"he:c country <reno co!!'plair.inc 
of compc<.itior. from 'he colonies Ey lf)O fuo-naces. forces, and tr.ills 
were operatin;, in >lew England, '.lle thddle Colonies It,aryln>:d. and 
Vlrgjnia. A fe<r sceel prod•,c~-~ vere also produced in .lle colonies.! 

Glllssmaltinf( 

Classma:<inc was t),., fHsC indusl,ry ir. E:'lG1ish .'.wcriea. As early 
as 160'3 Gerrr.an a'ld E'o1ish craftsm-en in Vi;cinia made Glass, :'itcl1. c,r, 
and soapeehes_ !n 1639 a r,las.-.wo_t•l:s was established at ?alun. l·'assa­
c~luo~tts I'c 1ras subeJdized by t''o General CourL Car:p!l.L' l:is',ar, a 
Ge=_a:'l <em'igranl, uas the s'.lccessful pioneer r,lass man'.lfac~urc-r in 
colonial America. He es~!lblisll"'d his plant in Seler_ Coo.nty, 1.'esc 
Jc,.S«'J in 'U33, man'Jfecturin(l1Jol:llcs, -"able crysta'-, and \:indmr r.;las~ 
Since ;:;las~ •,•as a luxury in colo,ial times. ics rnen·Jfacture \las not. 
e::<':e~_si ve _ 

Fatenl5 

Alc,•Oll('L ,-.anufac;~ures 11ere noC hic:hly developed anJ inven:ions 
were fe>' in Colonial ArnE>rice. bou;ot.les, subsidies. and Monorolics we"e. 
nor.e"tcless ~rar:ted ~o skilled cr~i'~ ~r:er. at variot:~ times. I'!•ese 
benef1c1al "'oasures e01coural';ed bot!· ol<O skills and nclt tnyr~nc.icms 
l•iorcover. a decree o!' ,.,tent pro~ec .io'l also il<eveloped i'"l tne colcmies 
1·ii1at wa~ p:robably the firsc pacent was eranted ·~o Josef>~ J"nks by th" 
Wln5a~l·uset,':s General Conr,_ Cn l·'ay S. lilla'i. be obl:ained a ;·our~<'etl­
year nonO]Joly fo::- in'p>·oved saur-.i lls and scy'oioeD E~/ 16;,5 Jcnk; l'ad 
de"·eloped a c'"'' Cype of 5cyt.l':e He m1'tde \-h<' bladf' of oh"' heavy CnclisO 
scyt.be longel' and ',ilinnel', a'1d he st:cenr:;cher.ed ii. by weldlnt; an iror. 
tar alone i~:s b.,c)·_ 

Gcmerally colonial pa'cn~s were for processes racher ·~hon for 
ma<'~il:f'5 f!m:cv<er. Ro"land liouc::,:oon of llos:mo vas c:c.,nted a seven­
year ;,a-~cnc i..n J73~ for a ~l1eodol.~~e- D.lrinr, t>oe la~c cer:~c·1-y of 
cl1e coloniol period only Sm;ch Carolil~a cranted palen:. nro~eccion ~or 
ne« r'achim,ry. Ir. 1C91 ~oe1tC! c,xolin" enacocd «l-oa·~""" probebl~.' the 
fi:rs-. reneral rmCer,,, la:• in 1<.-:-.erica, ''for -~he beCte:- encouc·ar;=e~i. of 
~l-.c :cald>Oe; of encbe5 for th= propac.,Llnc ~he staples o'f ·.1-i~ colony " 

'o!ive:-, pp. 6il-'(3: Dirl< J. Stru1\, Yan.:cc Scicnc<' in 7.''e Oinking 
(llos·.on, 19!•'1), pp, lO-ll. 
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l~ 1,132 a~,a. 1~33 Sou""- Cernli'la ~.)' sneciel acp :ranCed paten', ri;; ·ts 
.o Htree l'lVe'lcors of rice clea,nnr; o•e.cr~.1es · 

\Jar induc".:ri es 

Decpi'.e i:;s leek of G"""'rnmr.nta.l. :rower C!Je Con>.inan-"al Con:;:esB 
'ir.icia-.:0d Lerculee.n efforls ;.o m"ec <,he demands of lJar :cv~n before · r.e 
Revolu'.ion :;),e Con'cinen'oel Conc:cess :Cad cn<·ourag<?d devclonree;:. of mar.u­
fac•.ures after nas~inc -.he nonimpor·.a::~on acree,-,cnts Hhen '"' .ua)_ l-os­
cilities broke ou~ L1 lTTr•. ·_;,, colonies possessed sL<L"i_c~en- ~ron -" 
meet mn_;:.ary Tenui<·err~nts A U_ne of fo:rres ol_reedy eAJs::<>d fro,_ :·ev 
HaJ',pcUc·e ':o Souch Carol.ine l'o insure er. adeov_aCe S'-'CJPlY oi' war ma-e:dn 1 ~ 

Coner<>ss ar.d colonial le[!itla~ures o:ffc;-cd """'rds for "roducin(l i on 
'li!Jolen r;oo<:ls. pn .asl' and f"ircarms Hnr'cer~ <=l'nloyed at furnaces !ll'd 
t"orc,e.e were axeT".,.ed from mili'co.')' service 

T'e Connce·.;.cu': Cour-cil o~ O:a1"~<.y reauisi'ior.ed .fle t..a::evlUe 
!'urr.acG mme<l. by a Tory and "r'rCT'arcd l ~ to cas camoon a;cd arcmu11i :ton 
Guns for Ne;r Ynri· :for··.s were nrod1:eed ac th!.s fu!'J"'.ace 'l'ne "Pemosyl_•,•e:-,J~ 

end !lei• Jersey furneccs ""r" ea1'1eQ u,-,m-, to manuraccul-~ H'!r st•'lr-li~a itl 
lT(' a~a. lT(6 beceuse of :.J-..,'L-r lOt"OXil".i-.y to c>e me.ior sr-eT" o:f rjli';ery 
opece·oions Hence "-l•e Durhar: lron 1·/o,-l;s 'in P•,nnsylvania cas·. canno~. 

and oho Cormra'l is furnace in Lances ~"'r Coun<.y Pennsylvania <:a~· sl'.o · 
e::td shells 2 

Be".wcen l.TYG an(l 1 ?8? ord.nance nl.e.n:.s "\t<'>r~ alsn es'.ablisi e<l o c 
Fhi~ad<01,.,1 t;_Q at Yellov Sprinr·s Pennsylvania Onrin['field Mlo~~achuse 's 
and Fredcricl<sbl,·r, Vircin:!a Colonial_ r.unsmi ·.hs ~.ad made e:--celen:. 
""~flcs sevc:ral deced.es before'-~'" ounJ·,·~n'; of .r., r~vDlu.ion Abou· 
l'i'O --.be sn·'"''lcd ''Pcnn~~·l·rnnia rtfle" 11ed been d"slf'n~d It.~ l""L 
berTel_ end ri:fl~d bore cre"<.ell a '"'""o~. of r.-reeL veloclcy ar.d eccure<:;· 

1ouver 
"The United 
La Fane· .e 
s~atos Vol 

2
0livcr His'.or.v or M-~•·icen '.i'ccl:nolo!>C.'. pp 9l·91 

Andercon 
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rl.Dd 1c was used effectively o.t lonG range R((ainst the Eri1:ish Red Cant~ 
Colonial rl.flanyn encnf.ed in sniping and guerrilla ,;arfare 'mre doiDJ 
Dritish morale 

'!'he coloniel soldiers frtced a serious shortet_;e of r.unnm1der Folla<!­
inc LexinGton and Concord all available gur.ro>r<!e:r- va~ sei7.ea. and I!'.easurcs 
"ere Cs.Jcen to encouro.ce mor~ pro<'luction Powder mills "ere built in th<; 
vlcini'cy of Pi'iladely,hie and L-oJ.ncas~.er. Pennsylve~>ie Five years !!f'te_~ 
i-.he defeat of Corm.'l'lllis Pennsylvenia had ~wenty-one ;omJdcr mills r;oe 
exnlocives industry continued to flourish in J.rnericn after the 'lrnr 

At Bunker Hill the ~ssachusetts troops suffered fram a lack of 
gunpowder. \lith the !lssistance or Pau.J. Revere, who bad stuC.ied mill 
techniques in Philad.el:phia, Nassachusetts authorities were able to 
erect a p:>wd.er mill at Canton uhich supplied pO'\Ider for the Ms.ssachuse'ots 
troops. 2 

During the VBr Gener"l George l·lashington J;:Ointed out the need for 
trained engineers. Four skilled French engineers senred on 1-?"shington's 
~taff and they assisted in building fortifications at Valley Forge end 
Yorktown. Thaddeus Kosciusko, the Polish ~triot, was eppointed colonel 
of engineers in the Continental Ar'trly, and he """ put in charge of build-. 
ing fortifications at West Point in 1778 to 1780, David Rittenhouse was 
one of the :few Al::tericans vith engineering experi•mce, As a member o:r t:r.e 
~ennsylvania CCil!IIl1ttee o:r Public Safety he experiJrented on i~oving 
wmnunition intended for U3e in rifled cannon end muskets. After the 
Revolutiollllry War ended, e:fforts 1<ere made to :found a 1-lest Point 
Acadrnoy. A school was established in 1794 to train engineers, of vhic;, 
there ~as a great shortage in America, but the institution was destroye~ 
by fire in 1796, and the acadE!lly at ~lest Point we.s not reestablished 
until 1802.3 

AEcrng the inventions made during the ~erican Revolution to counterc 
act the superiority of B~itish naval ~ower ~s a unique iron chain con~ 
structed to stretch across the Hudson River at \lest Point. Peter To~m­
send, master of the Sterling Iron \fOl'ks, :forged a chain 500 yards in 
length. Completed in April 1778, it weighed 180 tons, had 750 links, 
and was held in place by twelve tons of anchors. The chain was in­
tended to ~revent the British from gaining control of the entare river 
lJ.J blocking the river. In this task the chein was a failure. 

--------
1~oger B''"'"'''''"''~ 

Library edition, c. 

:!oliver, H''''"> 
(Nev York: 

30liver, H1story of American Technolo~, pp. 98-99. 

4Burlingarn.e, l<'ia.Tch of th" Iron Men, I'll· 144-46. 
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Davie Bushnelt {1742?-1824), an officer in the Continental ~. 
inv~ted a submarine boat, the ~edecessor of the modern submarine. 
Applying the theory of the ~opelling screw, which had been conceived 
'by the Swiss mathematicinn Daniel llemoulli, Bushnell constructed a 
vooden craft C"'lJ!lble of submerging wben wcightea "'ith lead. The 

V>lS 11 one-lti8Il submarine driven 'by a crank vhich turned a screw 
The vessel traveled at a speed of three miles ~er hour. 

One oar moved the boat horizontally and another moved it vertically. 
It had a small conning tCI\I'er for the operator's head and had windows. 
Two automatic ventilating tubes enabled the operator to submerge for 
a thirty minute interval. 

The weird craft also containerr a device to attach a mine or torpedo 
to the hull of an en~ vessel. The mine contair.jng over 100 pounds of 
l'OI"der vas attached nee.r the stern of the craft 'by a screw. The mine 
was a timed bomb with a BUlllock and a clock. One August night in 1776 
the Turtle ~iloted by Sergeant Ezra Lee tried to attach its lethal 
charge to the hull of tbe 6~~gun H.M.S. of' Admiral Howe, 
in New York harbor. Lee maneuvered the side of the 

River, 

but. he was unable to attach the bomb to the wrship' s 
hull which was protected by a copper sheathing. Lee was com­
to surface; he released his mine and it exploded in the East 

The submarine experiment failed as a weapon of werfare, but ita 
princi~le had be~ d~onstrated, Altho~gh tPe government re:fused to 
give additional support to Bushnell's su~rine invention, the next 
year he succeeded vith tw experiments in mine wrfare. 1 

Wool processing and spinning, 

In October 1776 the Continental Congress offered a clothing bounty 
to men villing to enlist for the duration of the war. Until 1777 
clothing supplies were either Largely procured from imports or from 
prize goods of ~rimteers. In Mnrch of that year James !~ease lrnS 
a~inted Clothier-General and vas instructed to develop a sound 
clothing supply system.2 

To ~et the demand ~or uni:forms certain improvements were made in 
wool ~recessing. The ~r had cut off the supply of hand cards nnd 

146-48; 
and J.R, 

~or an account of the Cont:lnental .Arp;y uni:forrn see John C. 
Fitzpatrick, The Spirit of the Revolution (Boston, 1924), pp. 117-38. 
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Americans tlnd to 'P---od>~ce their avo. Carding we done by band anC 
usually by the hands of WO">en and children. A younG Delamo~re i~· 
venter, Oliver F>rans (1755-1819), invented a machine "!lich cut and 
bent the teeth. Later he inoroduced a device which inserted the 
bent teeth in e lenther fre::!Je. Ev,ms'a card-llldking w.achine ltll.S a 
rell!Brkable improvement in carding.l 

Another wnnime iloprovmo.en~ in clothine mnnuf'acturing vas "'ada 
by Christopher Tulley, who mnde improvements on a spinnine machine. 
His invention enabled a sinGle operator -to spin t~renty-!"our threads 
of cotton ar wool at one time.2 

Franklin ',/a.shinr,ton and Jefferson as inventors. 

Benjrurln Franklin died on April 17, 1790, shortly after the 
launching of tho ne1r Rcyublic which he had helped to creete. As the 
greatest J.lnerican colonial scienti:;t and im·entor he ha;l be\lU<mtlled 
the youne; He?ublic a technolC~~>ical tradition. His theories had 
asaisted in opening the electrical age and his utilitarian approach 
towards inventions had produced such pro.ctical device as the Franl,.iin 
stove and birocela. 

In 1742 Fro.nl<lin invented the "Pennsylvania f'ireplo.ce' which 
retained heat that ;,•as formerly ~meted by going directly up the 
chi:llley. 11/hen offered a patent for this invention, he refused it. 
Franklin's attitude was that his in~ention should be a gift to the 
world. l:le expressed himself thusly in his autobiography: "That 
as -...e enjoy o-ea-c advantages from the inventions of others, we 
should be r;l1.1d of an opportunity to ~erv,. oChers by any invention of 
ours; a.>d this"" should do i':ceely and generously." .rust before his 
deach ~ra~~lin expressed his pleasure concernins rapid progress of 
invGntions. 3 

lllurlin:;ame, Ma.:rch of the Iron J.\en, :pp. 139·-'>2. 

2oli ver, History of k!lerican 

3:For Franklin's other 

Technolofl:[, :p. 101. 

see Roger BurlinG~", Eenjaroi~ 
York: Sigr.et Key Book, 19~~); 
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~,~occe ',I,shi~::;ton's d::ie:f sc~cr.cific inteccs'o eeuto-red in sgri­
culture. fie fre';'le:~Cl.y att""'!P"Ce(l tD C:esigr. ?arm irolemants, l"or 
exru:'I'le, he designed an autovatic seeder. As 'President Jw constantly 
encouraged scientific pursuits and inventions.l 

lll!long the founding fathers T·horr.as Jefferson :probably :pocsesscd 
the grea~est faith in the ulti.'lle.te benefit to 1:he gcnerB.l lo'elf'are of 
advances in science !l!ld technology-. Hhile on his dipJomatic mission 
·Co France, Jefferson studied mechanical irrventions in Euro}Je. After 
observing t~~ clumsy pl~ used by French peasants, Jefferson conceived 
a moldboard lle.sed on mathematicB.l 'Principles in 1T88. Jefferson's 
~'~'¥'om"':i;,~explanation of his moldboard was published in the ~-

of lmeric"n Philosopld.cal Society. In recognition of llis 
the i'rench Academy- of JIIP:'iculture awarded .Jefferson a gold 

nedal in l805. ln its citation the Acedercy stated: "'Azr.ericn received 
Che plow from l'bTQ!le; it is admirable that America should give it back to 
to 2urope, i':;s gift .!JerfecLed." i,lodels of the improved plow ;,•ere exhib­
ited in tt:e French National l-:useul'\ of Natural !listo:rJ, in the li"ations.l 
Conservatory of Arts ar.d Crafts e~ Faris, and in the Philadelphia 
Society for the Fr=.otion of A[;rieulture. Jefferson correGJ>Onded 
'1ith Jathro Hood and others concerning imJH·ovemen-o of the plo1r. f!o,<­
ever, the princir>lea of plow cons'Lruction as d,yeloped by Jefferson 1rerc 
not actually used by Merican :fo.rmers. At a le.ter elate, when 1-lood's 
plow was introduced and used by :farmers, ohe -prin~iple5 developed by 
Jefferson were :fins.ll<f incorporated in :plov, 

Je:ffer~on was interested in cor.v<>yances, !T.achinery, and irnpl=ants; 
:for example, he Cesigned or altered carriages, gigs, and wagons. Be 
invented a f:e~t~pbester, end devised a leather buggy top, a swivel chair, 
and~ durnbwaitcr.2 

?ateno Act of 1790, 

The basis o:r all patent leo;islation in the United States is the 
clause in the Constitution ves(.ing Congress ;,•i:h :pm,•= "to promote the 
progress o:f science and useful nrts by securing for limited times to 
authors ar.d inventors and exclusive right to their respective writings 
or di.scovories." The first patent net wss signed by "President Wash­
ington on i\:pril 10, l790. It authorized the ersnting of patents lrith­
ou~ examination of the prior art, 'Any useful art, manufacture, engine, 
machine or device or any improvelllent thereon not before kno-.m or used" 
could be :pater.tad fer fou.rteen years. The authority to grant -patents 
1'as e1ven to em Secreto.ry of S"tate, Secretary of l-Iar, ami Attorney 
General. Thomas Jefferson as Secretary or state was the fir~t Adl!!in­
istrator of ti~s :patent act and he has b"en called, "the father of the 
_luoerican paten~ office." The first l"'tent wac granted to Samuel Hopkins 
of Vermont for "a new method of ll'skine- pot ond pearl ashes." The second 
')>atent was civer. for a """ process o1" candlemaking. Oliver Evans re­
ceived the third P".tent for improved flour mill tnnchinery. 

louver, i!istory of l\!lteriean Tecl-.nolOf'Y, l'P· 109-12. 

~Edwin T, Martin, Thcli!Bs Jefferson: Scientist (N<:II Yorl<, 19;2), 
?P· 67-106 discusses his ~nterest in invenlion~. 

7:-5 
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The first boe:rd ws vc:riousl.y n::med the "Patent Doard," 
"Patent Cctllnission," end the ''Ccrnissioners for the Promotion 
of Useful Arts." 1'he Beard beEeved that inventions should be 
"suf'ficientl,_v useful ana import.>nt." Jef'ferson usually handled. 
patent applications, end decided whether or net to grant a patent. 
An aoendment of 1793 to the patent act was intended to simpllfY 
procedure; it allm<eii patents to be granted upon the a:ppi.icnnt's 
oath's that his in·,-er.tion was origir.aL :Eet•reen 1793 and 1836 
unimportant aoendments were added to the patent act. An act of 
July 4, 1836 rrarked the birt:1 of the modern patent system. The law 
definit~ly established an examination system and created the Patent 
Ofi'ice."" 

Hamilton's Renort on Ma~actures, 1791. 

On December 5, 1791, Alexander Hamilton, tbe Secretary of 
T-reasury, isaued bia most signiricant econ=.ic paper, tbe !3.~~ 
.2!2 ~ Su.bject of lt.anuf"actures, in which he urged the introduction 
of new ~Bcbines in manufacturing. He expressed his belief that 
the nation should diversify its labor f'orce and develop a r.ie;h 
degree of sKills. Hamilton proposed a national fund co attract 
akilled r.echanics and to i!:'.port ne>r machines. Moreover, he even 
favored payinG a premi1.un to inventors of new J]'anufacturing pro­
cesses. Although l!arr.ilton's ideas concerning inventions 'Were too 
advanced to Ce adopted, 1r.any of his other iC'_eas were accepted.2 

A;l:ricultural im'Plements and :r.illinP: machinery. 

In 1797 Charles llcwbold o:f Philadel:»bia took out the :first 
fl~erican ratent for a cast-iron plow. Although Jefferson and other 
centl8L".en farmers ;.oere interested in it, the fannero refused to 
accept it, believine t~t the iron would poison the soil anrt Cll\lSS 

the growth of weeds. In 1800, two brothers, Robert and Joseph Smith 
of Bucks Cou.nty, Pennsylvania, p.atent~d a cast-iron p."!ow that vas 
used in PennsylvMia and New Jersey t;ntil 1850. 

In 1811> Jethro 1·/ood (1774-1831,), a fa.-,.er of Cayuga County, 
New York, obtained his first VJtent Clf a cast-iron plO'Io'. In 181') 
•,food obta~ned a second patent for his "improved" cast-iron plow and 

1
Cyruo N. Anderson, "The llnlted States Patent L.,:•s.'' in Science 

ar.d Invention editad by La Follette, pp. 381-83; !larr.1 l::ursh, Inside 
the ll. S. Patent Cft"lo::e (lle'-" Yor:k, 1959), pp. lh-2~. ----

' J=.es B. 
pp. 50-jl; Robert B. 
(Jle;r York: I'ocl<ct Eooks, 
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sales reached 3,600 that year.l '-'cod's s"'cond :plmr vas the f''lrst ca~t­
iron plow to be generally accepted in the United states. His plow •:as 
IT~de in separate pieces and a broken share or ROldboard could he 
readily replaced. The der..ar.d for iron plows increased and the manu~ 
facturers of 1food' s pl<Ns could not supply ther:~ in sd'ficient quantity. 
Wood's patent was infringed and he devoted hi~ last years in an effort 
to protect hi~ invention.2 

In addition to his c&rcl.-!:'.aking n:ac:-,ine Oliver E'-tans also inven-<oed 
flour I:.ill machinery. By the 1790's Evans obtuiMd patents on his 
ITachines which elevated grain nechanically to the top of the ITill. The 
grain vas cleaned dw-ing its gravity trans!Oission to the hoppers where 
it •·as ground and then conveyed again to the top of the rr.ilL The (!rain 
>;as ~ooled, bolted, and barreled du.:ring a second descent. These variot:s 
o~rntions were r.-cade without any manual operation. Victor S. Clark in 
his classic study of Azoerican manufactures stated: 3 "This may have been 
the first instance of any uninterrupted _process of mechanical manu­
facture, from rau material to £inished product, in the his-cary of in­
dustry." 

Rise of the factory system. 

Samuel Slater (1768-1835) was born in :Cerbyshire, England. As a 
young apprentice he learned cotton-spinning in England durinc the 
Industrial Revolution when inventi.ons radically clmnged the textile 
indl.Astry. He becnme farni.liar witl1 cotton-spinning machinery and the 
inventions of James Hargreaves and Setruel CrOI:lpton. 

Slater vas an apprentice in the factory of JGdediRh Strutt, who 
was a partnGr of nicherd Arkwright, the inventor of the spinning fra"'e 
which had revolutionized manufacture of cotton yern. In 1789 Slater 
was attracted to the United States by an article in a Philadelphia 
newspaper sta~ing that a bounty had been paid for the design of a 
textil.G machine. 

Slater had l!",emorized the secrets of k'kwright' c patents and with 
the financial support of Moses Brcvn, a retired l:'Erchant, he built an 
Arkwright cotton-mill "t Pawtucket, Rhode Island. On December 20, 

-------

sec Tioger 
Key Book, 
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the water-po>.'ered mill produce:! the first cotton yarn ever m'mufactuoed 
auto.onati~ally in the United States. The ingenius Slater hel:.;ed to 
start the Industrial Revolution in America. In 1791 the first will 
was closed and a new factory was built to handle all proce$ses of 
yarn ~nufacturing in one building. This was opened in 1793 and the 
factory system q_uickly spread throughout .i'/ew Zngland.l Ily 1815 that 
region had 13o,coo sDindles. 

Cotton p:in. 

In 1793 Eli \ihitney (1765-1025), a recent Yale graduate, invented 
the cotton gin "·hich removed seeds from the cotton bolL The invention 
was conceived 10hile Hhitr.ey was a guest on the plantation of Mrs. ;<atha<lial 
Greene in Georsia, \lliitr.ey entered a partnership ;1ith Phineas Niller to 
>r.enufacture cotton gins, but before he could ge·t his invention patented 
it ue.s copied by others. \lhitl"..ey and Miller uere unable to !:lake pro:fits 
because of infringmr..,nts snd lengthy litigation, 1-!hitney' s invention 
cau~ed che cotton industry to exFand and it shackled the South with 
slavery by revitelizing the peculiar institution.2 

t,t some date s~:or~ly before l'fJ~. e F'enc:-m<:n nameC l6 3le"c 
-~e~~~~ -... ,e mar:t:f;'oc:'-'.rc or n"Jcl<.e1;g D'l ~c1;e sys·.e·~- o- tn•,e,:~'~a_l(:,<!alJlr·• ''n::-to 
fo,. ~he Frenci' Govcn•me,t. 1-ioc'·i,-,ery had'"'""' dcvclo:rcd sllrficLe•,t1y ~o 
fiJ:ist. Cl e ~omplete lock, bu;, tl<e wr:, oe1 L!lC lJarrelc and ~toe:_ "as 
scill dor,c by :oaLd. ':'l:orna~ Je~f<=r~O:l, i"asc>na'.ed by c;,;n cmccep-~ 

v:'.dtcd La Blectc at>d repor;,cd or. _•'·u,o;tm<. 30 lTfl : -He -prese'lced 1~a 
,,;,, c.ar.s o[ '0 lock~ t1'li<e:-J to pice<'~. a'-<l arrar.,<cd i.n coon_pa,.~o:.er.ts, 
I :pc··, several ·.or;et:1er myself. ,_,,,<,:; I'i~ceG st. ;,,,..~rd ,e. ·tey came 
t.o hand. al'il "''")' f:v·cd i'l t.Le mos: perl"~ct. ma:1:1er-." 

Jefi"crson' s c-rror ·.s co induce La Rle~c ·co co'-".C ·.o _,>,e TJ:-,i -.ed 
StaCcs ucre unm>ccesc:·uL \1u~ Jelfer~Ol' iLf~lmcd Lli ·,!J•iCn~y o:· ·oLcsc 
Fr~rcc!1 er,·o,·;:s Frdljne lo p,·ofi · :"rt-'"• u,~ col to." ~-i, 1.f.>'icney 'lml 
l<>oked fm· ~O'ne o::oer occ·~p,Lion_ ar.d C_e cc•;zoC: apon '''" cor.eepc N: 
produc~lon of ir.t.orchm.·ealolc par•~s- In Chc cprir(~ of l'f98 ;,, 0'-':,­
line<d 1lis plm: co cLe ~ecre~ar:r of ;,-,e J'cea~'-ll.Y: "I s'1m:ld like ·~o 

l-A:rnold ·.-.'ells, "Fatl:er of CUr Fact my 
(April, 1958), :p:p, 34-39, 90-92. 

System," American Herit,;q;,:e, 

2,\rnold \·lhitri<lc;e, "Eli :-.~1ih1ey, Nemesis 
Heritage, VI (A_pril, 195~)( :pp. 11-lO; Holland 
Invention (Neu Haven, 19211, pp. 32-52. 
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W1dertake the manm'accurG of ten tD fii:teen tl;ousaCJd ctand o!' drms. 
I !llll persuad<>d ttat omchiner:r moved b;· water, a<:la:pted to thts busineas 
;rould ;;reatly diminis:l t:;e lr.bor ar!d crcatly facilitat<> t!Jc manufacture 
of Chin article, l•:ac:lines for i"orc.in{';, rollinG, Ilcacin[j, bol"ing, 
crindinc;, poli~!1ing, Gtc., ""'Y all be !N'Hle u~e of to advantage." 

Secretary of ·,.:a.r Oljv,r ':•olcott, nlarmed b:,c a threat of war "iUl 
France, entered into a contract with '.·ihitney on June 1~, 179R, for 
the production of ten thousand muskets -wl'chin bm years, \-.~nitnry at 
once net to work, but titN' ·vas required t.o Greet a fact.nry ar.d to 
destcn the needed l'W.chinery, ar.d tuo years pas~ed beforG his r.ill l\C 
\fllitneyville, Connecticut, m•s able to becin D"Peratior.s in 1800. ''"u:cthcr 
difficulty ••it.h devising inachincry llinclcred \.'hi+.n..,.r's piunecrinc ei'forts, 
and ~ir,ho !".oro y~m·e passed l,efore he 1.•as able to comrlete th<' contrac~ 
by deliverine; tte last of the kn thousand .:us}o:cts in 18a'l. 

H<' did betOer, tmrcver, l.'ioh r.is cGcor.d LJnited G .ctec contract for 
fifteen tbousen<l muskct.s; aun:rdcd in 1812, he completed deUvery · .. -J.thin 
ol".e s-pecifie<l t·.m year reriod.l 

Ir. 1801 Simeon North uas al>JO ,,,•arded a Govermnen~ contract for 
producinG pis~ols and he bc~an mnnufacturinr, l!"lese "·ea-pons on a sy~tem 
no.,._e·~ltat similar tL> 1/hitncy'~, first at Earlin ar.d laCer at Middlet.a·.m. 

Co;,nccticut. 

Hhile bolh 'l:lli·crwy er,d Iloro!; d"viscd mad:inery to do a porcion of 
the >Jorl<, much of the: task of pro<lucinr. th,se arow ,-,·cill l1ad to be 
done by hand o.nd thoir machinery lras a1 so r.o~. precioc enouch so t,),at 

tbc rarts of t,!1eir "caponB .rcre truly intercloan(leeblc. 2 

~'he r.ert step in ohe evL>lu<,ion of intcrchan[<mble narts a~d mass 
-proiluctiL>n wac ei'!'ected by JL>l.n Herris 'J~:ll (nrS-1341

.). Llf Ponland, 
!~nine. On t>;ny 2~., 1811, Hall, a boat builder, took out a pnlent on 
a breech loadinG flintlock rifle \Jhich Le b.ad ir.vented. His efforts 
tL> r.ave tlois weapon adL>-pted by the United States Army railed ir: 1313, 
but in 1817 the Government purcl".ascd lCQ ot" He.ll' s rif:'.es for tes tine 
-purposes. The;e extensive trinl.~ "ere r.L>i ocmplctcd until >~arch 19, 
1819, when the \lar :Dep~rtmer.t si(lned a contract \JitL Hall for tloe 
manue"acturc of ''is ri:fles at t),a United States P;nwry at Harpers Fe~ry. 
Under tl".is acreement, end in consideratim: Llf' :)1,000 plu~ )]is sela~O' 
of :~.CO a rr.ontl> as an Asr.istant Armorer, Hall ""s to svpcrvi3e t.he 
production of lOCO o:(' Lis rifles. 

1 It might be "oted, hmrever, ~hat t;oc LJ. ,,, Armory at Harper9 Ferry 
""aS prcducir.[l 10,000 mual<e'os a )'Car by 1810. 

?Abbott P. Usher, (Car'JbriclGe, 
Hevised P.U.ition, 19~1:), 
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Hell arrived a~ C!arrers Ferry in Ma;·, lill9, and"""- ~ssie:ned 
United Stutes land on tte IslE.nd of Vir(linius_. in tte OJ[,ennndaal< R'iv"''· 
a start distance from ~te U.-S. M:1sl<.ct F1\ctory. Hall proceeded to 
Lwent and d~velop tbe "&ater-pmrercd, precision machinery needed to pro­
duce hie rifle by " complecely autcmo~ed process, ubi.ch l'C<)uired no 
hand "orl< other tlcan essembline: the individual parte.. '.i'he first 1 

Chousend rifles lfere comp:!_eted in 182~ and the secor.d thousand by 18~'7. ~ 

On Jacuary 6, 1827, a special con:mission of weapon experts, ap­
poini:<'d to examine Pal1' s rifle ar,d t:tachinery e~ Harpars Te::-ry, re­
por~Gd to Colonel Georre Banford, CLief of O;·dnance: 

"It is w<ll-known, '·'" believe, that ar.,._s :1ave never y~t baen made 
so exadly sh,ilar tD Gnch otter by a>zy oth~T :rrDcess ae; to raC'uirc no 
Itarldnr; of l;hc several parts aril sn t!1at thosa _;larts. on beinr; chanced 
would sui.t e<JC'ally well >rhen applied 'co ever;.· ol.he> n>m. Bu'c the 
t~uchincs "e hovc examined effect ttis with a cc,·taint.y and precisior. ve 
should not have believed till "ll"e witnessed the operations. To delerc-.ine 
thi; point a,-,d t"sl ti1elr ur,iformiLy beyond 1111 controversy, 11e re{'u,~ced 
Colnnel Lee. S.lperintendent Df tLe United States Armory at this plac<o 
'CO send to Ilal.l'a armory flve box"~ contai!lir>g 100 rifles manuO"accured 
"by :Jim in 1324, and vhich tad been in the srsen~l cince t.l:at period. 
\ie then <lirected L"o of hOs 11or!<men Oo scrip off t!'e 11Drk fran tte 
stoclcs oi" "tCe "''ole '1:00, and also co Cake tD pieces the several parts 
of tte recci·1ors, ~o-called, and to scutter tLem proniscousJy over a 
larr,a joi.nar' s wo?k bonch. Ona hWld:!'ml. stoek3 vere t11en broueht :'ror.1 
Hall's ar<:".r>ry vhict tad beer: just O"inished, and on >Tilich no <mrk or 
~r.ountinc bed ever been pu,.. The lmrk_"len then ccmmenccd puttJng tile 
•mrk tak.en from off tha stoa!'s brought from Lhc Uni "!:ed States ~rsenal 
on to ''1.e owe loundred ne" stoaks, the liOl"k having been repe~tcdl,v mixed 
and cr.an[led by us and tr.e \!Orlunen also, all t::is Pas dDnoo in our pres­
ence, and the> ar.,.s, as fast as they >-'ere put toccther, '·"ere )Landed to 
us and ~.inutcly exnrnined. \le vcre unable to discovf'r any inaccurncy in 
any ot" lloeit· p<:rts fittinl': each o"Cller, and are tUlly persuaded that Etc 
part~ fitted, at'ter all the cl,anr.es they must hove 1.0nderc;one Uy llm 
lmrkmen, as 11cll ss tl-.ose made desirr>edJ.y -oy us in the course of '-"0 
Dr '0!-.ree dc>.ys, wit.l: as much accuracy and ~orrccO~ess as ~l.ey did Ften oL 
~he ~tacks to uhict they oritrinn.l.ly belon:;cd. In uni:for!!!ity. tl'arei"orc, 
in the c<JI:\poner.t par<.s of small arns is sn ior:rorta~t desideratum ("''i";' 
ve presUii\e llil1 "oc be <l.Ottbted by anyone t;J:e least conversant wit!1 the 
~ubJecl) L i~ in our opinion """'plctely accamplis!,cd by the "[llan 11hic;­
Eall b,s carried iJCto el"I'ect. Dy r,a otter rrocesc kl'om; ~o us (ar.d <'e 
have ccen mono, if not all. tf!U"O o.""e ·~n use ~n-olle United Sl:ete~) C<N1<l 
arm3 be made so exactly alike as to intercr.an,~e aCJd re<!Uire nD mark~ O'l 
L1·c differ<"nL ;Jarts. And >Ic very oncl' doubL >Ibe~r-.e,. lhe beet 'rorkmcn that 
r:ey be s-eleel<>d from any armory, \o"itl• tr.e aid of ~l·c be~t rcac!.ines in.,,, 
elseuhere. could, in a ••!.ole life. mal:e a hundred tiflcs 01· mu~l<e~s 1.l.ot 

1c!carlotte Judd Fuir<m.irn and 

' , !!o s. 

78 

C. !·~cad P.~tter5on · Captnin Hall, 

~ f. 6, (Cc~ober C: !lovomtcr, 19:9) 
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would, after beinc; promisc•~o:.wl)' mi>:ed to(l;etCter, fit each other vith 
1 

tf:a~ exact nicet:r that is to be f'ou:td in tloose rnar.cfactured by Hnll. "" 

1/hilc !lhitney 11as the first in the United :Jta'~cs to experiment witt 

the sy~tem of interchanr;eabl" parts ar.d t!ISSS produc~ion. Jo:on H. Hall 
'IJas ~he first to '.ranslate tr.ese theories into reality. 

In 1828 and 1829 t~c Government let contracts for producinc; the 
Hall rifle to Sil!:eon North of Niddleton Connecticut, Henry Derint;er of 
Philadalpl:in, Robert and Johr. D. Johnston of Hiddl~~on, Conneccicut, and 
Reuben lCllis of llew Yorll. City. All these contrnctorc e>:cept ifortll, "'''-<­
ever, changed or void"Q their contracts because they were ur.ablc to build 
tte pr.,cision nac~1inery -to produce the Hall Rifle. Only Eor~h, "i'CL 
Eall's assistance, was even"Ounlly able to 1'\;l:fill Dis contract;, al~ltough 
r!orth' ~ Tifl~s never reac'bcd tr.e sar.:_e hich deGree of p>rfection as 
acr.icved ·:oy HalL 2 

Hall's mas~ production technigueG verc also applied at the United 
SCates l'!uskcc Factor:,' at Harpers FeTry and the Uni t<Od States A emory at 
S!lrint;field. In the mid 18;'0's the British c:overr.menc decided to modern­
ize it~ arrr.s production and s~nt a spedal camrnlsslon ~o vhe United S'.etcos. 
1-I~er a careful study of the JWblic and privnte almories in ~lois cour.Cr;r, 
tl:e Ilrltis:, Goverrur.ent hir~d the !-Caster .~r,orer at l!erpers Ferry Arn:o:t)' 
oo establis'' und superintend the c:reat !enfield Arrno:rJ in El'.cland vhe~e 
Plnerican tecb>:tiques and machine:rJ verc utilized to pt"Oduce veapon~. 

In 1S30 the mass production tcchniqucc spread fron the armc in­
dusOry to tlm clod: mai,inG ir.dustry. Terry and Chaunc<Oy ~Ter0,.,e of 
Connecticuc """'" pioneers in "OlLis f:leld. '!'ert"'J becan the process by 
makinc uooden clocks in lar{!e lots ar.d C1,auncey c-~rr.ple"'ced it by suh­
sOi'..uting brass for "ood in the vhealvork. T"ne us.o of brass pcrrdt~ed 
t.he lihc,els to be prep>red expeilt',iously end accurately by si;umpir>£ !.cheJ:l 
nith dies from s;lec""s of brass. This tcchni~~;:e led to the moss pro­
duction of cheap brnsa clock~. 3 

lcJntional 1\rcl".ives, copy Df re-rort in the research 1'i.les of Harpers 
Ferry ilational ).;onumen' .. 

2Fajrbairn and rattc·rson, V, No.6 (lrovember, 1959) p. 19. 
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Introduction of steam power, 

'Iva Englishrr,en, Th=.as Savery ancl. Thomas Ilewcomen, introduced 
the first successful steam enGine, '['heir engines •·ere used to I"Jl''ll 
water out of the coal mi!:tes of :&~Gland, Jmr.es 1-/att, the Scottish 
inventor, invented the ~odern con~ensing steam engine in 1765, His 
improvements eade the steam engine ~ore than a pump and it was con­
verted into a oochine that could move the wheels of industry. In 
partnership vitl": Matt!>..Ew )lculton, l·fatt manui""actured stelll!l engines 
at the Solo Engineering \larks ncar Binninghem :frcm 171"5 to 1800, 
The steam engine became a machine thn~ revolutionized industry and 
introduced the modern factory system.~ 

Oliver Evans, the ··~latt of America," constructed the first high­
pressure engine in the United States. As related earlier Bvans had 
invented a carding machine and had improved Oil1ine ~achinery, In 1801 
Evans demonstrated tr..et his engine could drive l!:achine~ to groWlil plaster 
and saw marble, Two years later he vas building engines in his Phila­
delphia shop near the Schuylkill River. lte constructed a ste= dredge 
for the Of Philadelphia to clean the docks. He constructed a scow 
vith an which rollers by stem;; to the river. The vehicle, 

its rollers replaced by a stern 
JlB.ddle end ~;,~;~,:: This s2ow, '<hich was also a steC!OI-
boat, has been called the first automobile. 

A Connecticut clodu.w.ker, John Fitch (1743-98), ••as one of several 
inventors "l.'hO successfully o:.;erated stearr.-driven boats in America be­
foro 1790. In 1786 he built a small vessel vith six side paddles and 
propelling machinery. Two years later Fitch built The Thorton with 
three paddles at the stern; the vecsel had a maximum-Bpeed of eight 
miles an hour. By 1790 Fitch mninteined a regular passenger service 
on the Delaware River bet·,.een Phi.1adelphia and Tr,nton. Ho\l"evar, 
Fitch's steamboat never made a profit, ,mother nioneer steamboat 
builder, James Rumsey (1743-92) of Maryland, beg~n his eXperiTientt in 
1774. In 1787 he demonstrated a boat on the Potomac which was driven 
by streBI:Js or jsts of water :forced through the stern by a stesm Jllllllll· 

John Stevens (1749-1838), a rich New Jersey landowner, became 
intereste<! in the work of Fitch and Rumsey. In 1791 S.tcven~ obtained 
patents on a vertical steam boiler ar~ an iTirroved stear. engine. In 
the 1790's he IT.nde exper~er.:Os ~o~ith steamboats. ln 1802 Stevens built 
a mrall t~o~in-screw l!lnnch, the L:l.tt1e Juliana, In 18c6 he built a 

2Decker and Kaempffert, "Futtine Steam to 1>'ork," W· 484-88, 
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larger steamboat, the 
ocean voyage in steua 
several years it plied 
Trenton. 

Ill June 18o3 the vessel n:ade the i'ir2t 
fro"' !lew York to Philadelphia. For 

·~"''"'"' ;liver bebmen Philadelphia and 

Robert Fulton (1765M1815) was born in Lancaster Ccunty, Pennsy~vania. 
For over ten years he was an artist painting portraits in Philodelp~ia 
and Englund, About 1793 he became interested in mechanical eXperiments 
and studies. In 1796 he wrote a treatise on canal navigation ana in­
vented a subcarine in Paris. In l802 Fulton rret Robert R. Livingston, 
the United States Minister to France, who "as interested in stean: 
navigation. Fulton and Livinbston aereed to construct a steamboat to 
ply on the Hudson bet.,een New York and Albany, After making E'xperii'lents 
on the ~cine in 1803, Fulton returned to the United States in 18o6. The 
Clermont was constructed on the East River. On Augu~t 9, 1807, this 
~teamboat corrmenced its v~ous voyage from New York to Albany. It 
steamed 150 miles in thirty-two hours. The to Ne" Yor;, 
was made in only thirty hourc. Although the oms not the :firct 
steamboat, it was the first one o:perated at could prove 
profitable to its 0\o!ners. Fulton succeeded where otJ",ers hc.d :failed be­
cause he coc;bined the tllechanical knCI"ledge o:f both Surope and the Unite~­
States. He possessed the ability to ~ova hi~ deGign as he builo 
successive steamboets. Fulton more tha4 any one else nade the steanboat 
a practical vehicle of transportation. In 1811 Fulton, Livineston, an~ 
Nicolas floosevelt launched the on the Ohio River at Pittsbur&l 
as the first stelll:lbcat on '· In lill2 it stean;ed from Pit~s-
burgh to He>~ Orleans, Mr!dng the stnrl of inland transportation in the 
United States.l 

Iron industry. 

The bcl.Sic processes of iron-u.aking underwent few advances in this 
period. ·l'he de=nd .tor additional iron production was ,-,et by increasing 
the number of ~naces rather thafi by introducing new furnace practic~s. 
However, after the "dar->:>f 1812, Isaac Meason introduced the rolling and 
:puddl.ine method of refining iron at PlU!:".stock in \:estern Pennsylvania. 

In this era Pittsbur£;h had its beginnings as the "Iron City of 
America." The first :foundry had been built in Pitts-ourgh in 1805, and 
the first puddling and rolling mills were erected in 1819. By 1829 
eiijht rolling mills and nir:e fcundries were in oreration at I'ittsburgh. 

2 

1For details see J61lles T. 
of the Stea!."1boat (_New York: Collier 

:pp. 166-67; Clark, Histo:-y 
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Textile and woolen tec1:nolop;:r. 

The many inventions of the textile and woolen ir.Justries in the 
reriod o£ the Early Republic broucht about an end to the homespun age. 
In 1828 John Thorpe of Providence, Rhode Island, invented tlle riDB 
spinner which enabled finer yarn to be spun at higher speed. 

Arthur and John Schofield introduced power carding and spinning~ 
machinery in the 1roolen industry as early as the 1790's in !,W.ssachu­
setts, but it was another forty years before the various processes of 
woolen mamllacture were oerged into a single industry. l!enmfhile, 
Elisur &!lith of 1-/alpole, ~Oassachusetts invented an ingenious card­
making machine. In 1826 John Goulding invented his condenser and 
then years later \lilliarn Crompton of l>'.assaclrusetts patented his loOll'­
in England which enabled f'anc;:r 1molens to be woven on :power l."oachines. 
Crc~ton' s loom, hovever, needed certain iu.prcvec:ents which were made 
in the 1850's bei'ore it we.s adopted in the United States.l 

T·ransportation. 

As :population moved from the seaboard areas into the interior a 
need arose f'or ilrr!Jroved ll'.cans of inland trar.sportation. Canal con­
stn,ction was urged ns early as ~772. The firnt important canal "as 
constructed aro~~d the fells of the Corillecticut River nt South Hadley, 
Massachusetts. It <~as built with the assistance of Dutch capital and 
c=.pletcd in 1194. The J.!iddlesex Canal connecting Boston with the 
1-lerr:Ur.ack River was started in 1794, and was OJlenod to trai'i'ic in 1804. 
Th<:e construction of the Erie Canal :fr= 1817 to 1825 uhich connected 
Lake Erie at Buffalo vith the Hudson River, ho11ever, OJlened the great 
Canal Age, which extended into the 1850's. 

'i:t:.e building of the Rric Canal cave A!oerican surveyors valuable 
eXJlcrience. The canal has been referred to as the first ~erfcan 
ell(;ineering school. For exan<ple, CMvass \/l::i te ( 1790-1834) 1 who 
plnnned the leeks and gates, discovered a "natural cec,ent" with hy­
draulic rroperties which could be made from a rock discovered near the 
canal line. Nathan S. Roberts (1776-1852) WJlervised buildi:Jg of the 
flight cf five locks at J:.ccqort lfh:ich were cat out of solid rock. 

I" [Jeneral the construction of reads and tu.rnJlikes was left to 
locul authorities, but in 1GcG Congress authorized construction of the 
CU!:'.ber.land Read or National 'fur'lpike, a broad I'aved highu:1y built a.cross 
the =untB.ins. By 1818 it uas evened as far as ilhccling, Virg;nie on 
the Ohio River, a distance of about 130 miles :tram Cumberland, Naryland. 
In 1833 it reached Cohmbus, Ohio. 

The :tirst irn:rnrtant surfaced read was the Lancaster Turnpike built 
fro!:'. 1792 to 1794; it was a sixty-six ,-,ne toll road running -.·eso f1·cru 
PC>iladelpl::i(l. Other states :llnr::edietel:r cons.;ructed similar bn·upilws. 
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Several early bridgebuilders demonstrated remarkable skill. 
Timothy Palmer built the 'Permnnent .Bridge" in 1800~05 over the 
Schuylkill in Philadelphia vhich renlaced a log-pontoon crossing, 
Theodore Burr built the Trenton Bridge in 1805 and the 360-foot 
sran over the Susquehanna at ~cCall's Ferry in 1815. The latter 
"\lE-S soon destroyed by ice. l.e'Wis 11ernvag built the 340-foot 
Colossus Bridge over the Schuylkill at Fairmount in 1812, but it 
was destroyed by fire in 1838, These pioneer bridge proJects were 
not constructed scientifically, a~d the proper analysis of stresses 
did not a-p:pear until mid-century. 

X PRE-CIVIL \{AR PEiliOD, 1830-1860 

Colt Revolver. 

Sru:.uel Colt (1814-62) '.In~ born in Hartford, Connecti~ut. At the 
age or sixteen Colt went to sea as a sailor :f:ror:: Eoston to Calcutta. 
On the veyage he >~hittlcd a >:oodtm model of a revolvine pistol. He 
later devi,e<l. a method of revolving a cylinder containing cartridges 
and of locking it into alignment "ith a fixed barrel. He aut=.o.tically 
rotated the cylinder and cocked the harrmer by the same action. Colt 
took out patents in England, France, and the United States, and~ 1836 
bed obtained finar,cial suvport, e~tablishing the Patent Arms Conrpeny at 
Paterson, New Jersey, 

Colt f::.iled in hi~ atteiT.pts to heve the governnent edopt the 
revolver. The oricrinal Colt was sol{! to :f'rontiersmen :fiellting in 
the Seminole Indian War of 1837, and also to Texas Rangers. Tte :fir~t 
~~del was called the Colt~PUterson Revolver, Colt's ~econd ~o<l.el was 
named the Y.'alker Colt" after Samuel H. WBll.er, Captain of thG 'l'exBs 
Rangel's, who had suggested a trigger euerd ancl a load;ng lever. 'l'he 
Texas Rangers "irst used the Colt Revolver in the Battle of the 
Perdernales against mountecl Comanches, 

,. 
at Harpers Ferr:r 
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In 1842 tl:e Fntents k-1"3 Company beca.''"' vs.:nkrupt, buc Colt was 
!l.ble to regain his _pate::tt "hich l:e l".ad relinquich<:d to the CO!!l}'any. 
l'inally durinG the J.\e:.cicar. >lar the Colt Revolver Has accelJted ·uy ~he 

cove:rnrnent. Eis firs"t order for one tho·~sand revolvers Here rn:mu­
factured in Uhitne:r'c factory. \!hen the order ••as completed, Colt 
orened his 01m £cct.ory at Harlf"orcl. I>linha K. Root SUJOervise:l building 
of the nev factory an·.l its l!lechinery. 'rhe Colt factory bec=<e the 
~e!l.dinG anr,s :factory in the vorld and 1 t improv"d upon the :rr.ass produc­
tion techniques of John F~ll. The Colt Revolver alDc facilitated the 
settlement of the Great Plains because it enabled the •·bites to fight 
t:he Indian on horscbacl;.l 

Vulcn::tization of rubber. 

India rubber beca~e a cr&Le in the Uni~ed States in the e~rly 
1030's. In 1833 E. M. Chaffee of' Ilos-ton and o"toi:ters cstablished tte 
Roxbury India Rubber Company. TP£ company manufactured caps, shoes, 
coats, wagon ccrvers, and cabin covers. Other ccrnpanies were oreani~cu 
in l!assacfmsctts and t!e'W" Yorl<, but the p:~·oducts ~<ere soon reduced to a 
1nolten state. Charles Cooi.'year (1-GOO-Go), an a:r..atew· inventor, begar. 
experiments to irrprovc rubber 1r\-,en the so-called "India-rubber fever" 
was subsiding. J~tcr several years of disawoint:::ent, in 1il39 Goodyear 
accidentally discovGred th!C :process of vuJ.c,nization. i'Urther experi­
:r.cnts enabled Gocriycar to produce a ne1r stretcr.able material w))ich , .. ,.., 
l'esilient, wateryrcof, and an excellent insulator. I" 1244 he patented 
the :process. His invention """ applied to many uses and b~ca:r.e a~ 
iircportant it= i!l industry. 2 

Sawin;: ;;oochine. 

1ialter lilillt invented several item~ betuec,-, 1032 and 18)9. J\r-Ol'-1> 
these ucr~ a :;nchine :for <:".aldnG na~ls and rivets, icc plows, a re:pen.t­
jn;; IJUn, veloci:>oedes, and t"he safety pin. In 1832 in a l!ew York City 
shop he b·~i2.t a se>ring roachine o;,r.bodyjng the eye pointed needle and 
the shuttle. hunt gave up his idea in 1838; later he att~pted to 
obtain a patent, but ~twas denied O!l the ground of abandonment. 

Eeginning ir. 1343 EJ.ins Hove (l319-G7) worked on the design for 
<1. smd"G I"nchinc. ffowe wns assi;oted finencial;!}' b.Y George Fiaher, vho 
;>rovided a horre for Hrme en!". hie :fiiillily in Cc.mbridt;e '"!:tile he pt·nduce~ 
his rr.a~l1ine. 'Th.e se'fin(l rr.acin.ne pat<JYJted. b:r Hcuc on September 10, l81f6, 

84 
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was Che real begi~ning of the sewing ~achine industry in the UniteQ 
S-.oates. Ho"'ever, Howe's rr.achines were never :put on the J::arlcet. Unable 
to secure capital at h=.e, Hol-lc t·:ent to Englar..d and sold his &'"lglish 
patent to a corset rr2nufacturer. 

Improvement~ were ~de on the sewinc rrachine in 1849 by John 
Eachelder an<"- in ltl50 by Allen D. \,'ilson. On _4uGUSt 12, 1851, 
I~m\C M. ':;inr;er (18llv75) t:as iu~ued a :patent for a seuinrr maci1ine 
cor.~tructed frO!il ]lis ovn Uesicn. l·.~1ile Sinccr's machine -was a deciiled 
ll'pruvement over Howe's, he also uoed an eye-poir.ted needle. )lowe snell 
SinGer for patent ini'r1nge::.ent. P.i'ter 'dinning his case, Hm•c agreed to 
a pooling of se<.nng machine pgtents. Seven Ca:".:pl.nies formed the r-ool 
and Howe rec<;i'lred a royalty f:or every l!'achi,-,e sold. Later Ginc;er in­
vented several devices which f=ther iL>rroved the sewing machine, rrl'-kiq; 
it useful to industcy and" hou~cho'-d r.ecesdty.l 

Before tlw advent of the railroad the _princi"[al mnnuracturing 
center~ o.f the United States were located near the coast or ncnr 
navicable \latera. As early as 1766 Oliver Evans o-: Philaddr.hia ho.d 
atte);_pted to ob-oain the rig!1t to O!'erate "steam carriac;er;" ir. Pennsyl­
vania ar.d llaryland. As reJnted in the previous chapter he lJad de"'-on­
strated in 1&::4 tha-!: a stea:r. carriage ccu.::.cl run. 

Tl'.e greatest ex_ponGnt of udoplinr; the stea;·, locorr.otivc in ,\lneriea 
was tl:e invcntDr, JaCm Stevens, ••ho l:ad built a _practical st~ambout in 
lilCil. In 1815 Stevens received the first railway cl:arter in the United 
Statez :frcr.: the state of' Ne" Jersey, !lhilc Geo:rge StelJhenson ;ws still 
exrerir.'.enting •.rith oteat: on the Stockton and Darlinr;ton Railway ir. 
Ent;lar.d, Stever.s built e :rack-rall ~ngir.e. It was pro:pelle<l by a cog­
\-rl:eel enr;aefng a :rae!< belted to the ties. In lil26 Stevena built a cir­
cular reil!'cacl track at Hoboken. !!e o:perat<"i an experimental loco­
motive >~ith a multitub-~lar boiler "'~ich h~ had ir:ver.ted. 

The :first locorr.otives used in the United States i!1 a col!m.ercial 
""'! lfore imported from England. In 1!327 HOr"-tio Allen in:tForted a 
Stephenson locomotive, the "Stourbriclge Lion." A trial run "ac made 
on the trac:ks Of the D<-la•,•are a'ld .!lwJson Canal Clailrood "by Allen as 
encineer. The locomotive drove over the road GUL<Oe~s!Ully, ·out since 
it ""s too heCIV'J it Has coon ·oithdra\-.'11 i'roro service. 

:·~car.•,•hile, in 18;:>-y the l·laqland lecislature authorlzed th~ Baltiwoce 
and Ohio to btt1lU. a railroad. Peter Ceo per, awr::<"r o:f the Car. tor. h'D!l 

1!orl<e ir. lla:Ctimore, deGiiY!od a mr<>l.l lcccr:-.otive called the "'l'ort Thumb.,. 

1
John -~· Boshard, "The Smdnfl ].lachine," in Sclen<e un<l Invention 

edited by La Follette, I'P• 339~)C; Pctur Lyorc, ':rscm~ Jinger and his 
'.ionder:ful Se\ling l·'achine," i\J:'.eric"n Heri tarc, IX (Oct., l95D), 
pp. 311-38, l03-C9. 
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It l.nd one cylinder, weighed one ton, ,;.r.d r.oO. bctt:ecn cnc and one­
and-a-half horsepower. In AUGust 1830 it drew a car with passengers 
on a 13-"'ile track frcm Daltimore to ~licott City. In January 1831 
the "BeEt Friend of CC..er:_eston" began operation on the Charleston 
and Hmobu:rc Railroad, The engine was designed by Horatio Allen, who 
had left the Delaware and Hudcon. The locomotive ;;nc built by the 
',lest Foim; Foundry at Cold Springs, i'!e" York. It pulled for~y pas­
sengers in i'our car5; h•ter thi~ er.cine exploded. Allen next de­
sicned tr.e ·South Carolina" r.oun'ced on bw pivoted trucl:s ><hich y.er­
rr.ittcd the wheels to follaw a slte.rply curved track, ThiG ide" Has 
an important Arrerican innovation ar:d invention. 

en AU(;U$t 9, 1831, tl:e ''De 11itt Clinton," the> rc.or.t faJT.ous of 
pioneer Arr.erican locornotbres, was built at the 1/est Point Foundry for 
the 1-:ohmrk and Hudson Railro"-d· It ran from Albany to Schenectady 
and vith three coaches o~ pesson[crc it went fifteen mileG an hour. 

In the e01.rly thirties !(atthias li. Eald,dn (1795-1866) Gtudied 
Englisl:: loccrwtives and then constructed '"Old Ironsides" for the 
Phil;;del:r,hia, Germentmm and l/orristo-wn RniJroad. This enr,ine was 
rr.odeled after the British tne, but Tiald•dn soo::t 1lego.n to use his 
o\m conccptG in locomotivG dcvGloprent. By 1839 Baldwin had lmilt 
120 lococ.otivC<s. 

In additio~ to ilT!I'rovementc in locoMotive designs Arr.ericanc 
iFt;'roved train Ue~ir:ns as rolling ntock "began to lose its strtga­
coac}. and rnil~vacon ap:;,.earance. American locomotives >rere made 
liehter end 5peedier. '1.'ooden rails, protected by only thin i>on 
strap&, were replaced by lt!ore durable iron railn. In the J840'r: the 
e:q;eri);l<>ntal stage of the rai.lroad wa~ over. Roads 11erc COI!Jbined 
into through routes. By 18GO nd lJ"('ad~ extended as :far west as the 
Hissicsippi. Frc·rt 32 r:lifes ln 1830 ~·aiCroll.d r.ilea&e had increased 
to 30,G2G miles in l86o.L 

After the successful vent="' of the Gtcmmboat New Orleans, a 
number of improvcrr.ents 'Nere made to American rivercra:ft. As early 
as 1812 Daniel Fr"'nch und Henry l·liller Shreve (1875-18)1) began to 
build eteanboats in Brownsville, Pcr.nsylvnnia, on the Noncnr;ahila 
RiYer. In J.8ll; Shreve a~quire6 an intere3t in one o:f the l'ioneer 
5tcarobcats on the H.Lsissippi. In l81G hi' deBi[;ned and l.aun~hed ~he 
~.-~,llinr~ton, the protoype of the "e~tern riv<Jr stomnboat, "ith s:1allou 
llraft and high-pressure engines mounted en deck. Ste= nuviGat~on on 
tl:e W.ssissippi ana Ohio rivers ther<Jafter became practical and stemn­
boats assisted in openine the •,fed .. 

~lald~mar Kacmp:ffert, 
Ycrk, 1924}, Vol. I, 

rui 1.rcadinG. bUr.lingmr.e, 
T·he Pr:e 01- Invention, Jlp. 
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Tecl:>nolor;ical advances •'ere nlso made in Dc~an c::-s.ft. In 1816 
racket lines begar. plying bet,.·een the U!lited :;.,_,tes and Europe. By 
the 1e30' s regulur eailin13s "~re nm b~t11een Doston and Pbiladelphi<>. 
The :racket ships developed a new- desicn. The dreg aft was eli;:linate<l 
and the ship was n.bl" to sail or. roore even l<ecl. In 1839 the Roscio'-'s 
of lG09 tons, t~e largest racket ship yet built, appeared. 

'" tr.e 
ldh) tbc first of 
Cllina trade. The 

the a~oual ~liF[,er~, the , 
r.aval architect, John ~i. 

·.no.s launc:C.ed 
des i(';IIed 

u,e ves0el <thich ww the earliest larrrc Gliip or the hollo>o Uow 
type. The rnos;; frunous of the clim_:;er builders 1.•as Comtld (1810~80), 
\lhO b\lilt lGo veGse~s in hi<· Lcst lloston yards. P.r:-.on[!; his speedy clip:r:er5 

"ere t!::.c , SoverciE:n cr' the Uc.as, """:':.,";:~!": 7J,e 
cli:rroer~ in trade with California ' \!ioh 
tteir speet\ cargo cayacicy -:hey enjoyed a brid' lmt ,;i.,,,,;;; 
EUCCCSS. 

't'!le fire;-;; o~ean steamchip wa~ th~ flmerican built stcarr.cr Savann~-L 
On :-~y <:6, '819, she sailed frcm :::uvarmnh i:or Li••crpool, ,-.aking thc-­
ras"agc in 2') ;O.ays. A combil'.allon sail and s~e=. uhir, obe was equl:PJOed 
with auxiliary sceM:t]fOl.""''"· 'l'he llritiub •·ere tte f~rst to develo:p ~ub­
sidizcQ stcmoshi:P lines. In 1545 Congress finally rao~ed a measure 
grantinG ~-ail contracts. Two years later Ed'>,ar'l K. Collins and bb 
associates were Granted a rr.all contraet betueen Jle,; Yor\< and LiverpooL 
Col.lim~ enc;~ced the Mval at'chitect, Geort;G Steers, a'ld fo:ll' paddle~ 
wheel ';tean>erc !'".cue:ed ill'tcr pac~let :Jhips ucre "b•Jilt ~n tl:e yards of 
"•!Llliam il. fu·own and of fu·o,-m & ?ell in :Je,,- YorL 'Che vesselE powered 
"itl1 •JCD-horscr:ower steam cnsir.cc averaged 31G miles in a day. i<ith 
che cc",inG of the California gold rush hm lir.es of ~teamers ·.1ere orene:i 
to rar.arw, by Cecrge Lali and lhl'--iam i!. Aspinl,•nll. Ire "- cen-year period 
the Facific 1-'.nil :JtmrnsP.ip Ccmr_ur.y carried lT),OCO ]:ersons to California. 1 

John !:"ricsson (i8C3-59}, -:J:e [;·w.cd~ch cr.<;i:-leer and invcmtor, came 
to the United .st~Oe5 i~ 11\39. Frlc~son had "":periroent~d with stern 
propellers in Ene;llmd. In 1337 he \milt a sere>! steanoe-:· 'IIllich 'llaE 
launc!1ed m: ,;be Thames. He also designed a )O~horscpol:cr engine for 
the iron screw ~teruner, Ro"bcrt F. :3tccl; ton >Jhich sailed aeross the 
!ctlantic in lil39 a.<1d was used us a t~c 't:oat on tl:a L'elawarc and Raritan 
CnnuL 

~C!'i~sson' z acq=in'cc;nce 'Ji th Captain Rol;ert ? . ::;tockton of the 
Gnited :3tatc3 UaV'J WaG a i'actor in Ll0 &election to s·.>reri:>tend the 
l;uil<lir.c; o:' '~he U.-o.::;. I'!:c hull of -:he vessel was built ut 
"'" Ph:ilaO.elphia l:CtV"f rr.acl-.inery b::r the e.1r;ineer:ir.e; firm 

Cutler, 
Ship (l'icw 
Speer} at Sea,' 
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V?· 191-201; Cerl C. 
''I:!eri~an ClipJ;er 

' ThG Dr-l'lc for 
pp. ll.-21, ](·0-100_ 
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of tlenick a:td Towne in 1842 and 18~3. The 954-ton vessel was 164 
feet long and had a 30~ 1'oot be=. Its orisin"l sere·" rro-reller "'as 
:..nmm. as "tl:e Er~csson" and consisced o:f a ce.~t brass l'ub with six 
ar::-.5. Ir. 1B!;5 the originnl :propel.ler was replaced b-.:r a six-bladed 
sere~< wi thc"'t any auProrti:::tg drur:o. 'l'lle 1-ms the t"ir~t scre1r 
:;teaQ ••arship a:1d also the first ell rr.achirery "as 
lJelo~r 'c\'.e water line. A trac;ic the death of both 
the Secretary of J:avy end the Secrct<ilJ'· of ;Tar aboard the Princatcn, 
wss caused by s GUn eX!Jlosicn. flltllou(-'h Erics~on was blWJ:eless, the 
:i"riendshiD betweer. Captain Stocn:tcn and i:Iic~con '"'as breached. !lore­
over, Stcctton tended to take credit for Ericsson's inventions and 
8ricsscn "as never raiC. for his ooervicec >Jbicl: in reality """"l:ed -<che 
bcr;inninc o-r tl:c steam navy o-r the Ur.i ted State a .1 

COI'.!nU'lica t~ons . 

In 182il Hobert Hoe (1781!-1833) built the fir~t cylinder press 
ir. tr.e United States. 1-.'itl: his son, llic!wrd L Eoe (l812-l01l6), l:e 
made several ethel" ir-,provel!'.ents; ir. 1344 they devised the rotary 
cc"'bined cylinder preGs. Ho,cver, with tl:e begir.ning of thn first 
l>e,my net.•spa!Jer in 1833, a Gpcedinr pres~ vas nnedcd. In 18 1+7 Richar<l 
Hoe invente(l the revolvinG r:ress. -:rhir-ceen Yea"'s .'lE.ter ne••spapers in 
'"-rGe lunerican cities relied on t.be Hoe Lichtning 1're~s. 'Lbe inven­
tions cf the Hoes r..ude pcs,ible the rccdcrn ne>.·spa:per.2 

Joseph Henry (17?7-1078) wm: the scientist behind. ihe invention 
of tl-.e telec;:-aph. In 1831 he pulJli~hed tb.e results of l>b r~oearches 
on the dcsi[l'l ad. cllnstructio>J C>f' clcctrcrr.agnets. Po= ycarG :ater 
be demonstrated the c1c·ctrorrt;[liletic reL<l.y princirle. Henry Reno 
curre:1ts f"rcm a ::tultiple c:eJl better-; throuGh a l:!i1e Hire to an 
electri~ !"aGnet >rhich ranc a boll. 

In 1332 S=,ue1 F. B. J.\orte (1'191-1372) beca;-;-.e i:1~eres-ced in 
~rar.mc.ittinG siGnals and :oessagcs fror-_ a distance. :-:orse conc<Oived 
a telegrapJ,, ar.d was assisted by Joterh Henry, Professor Leonard D. Ga1o 
ol Co1=bia U:-Jiverdty, and r,L'red Vail. I" 1837 Norse bocan to g;ve 
succecsfuJ. ler:on~trations. By 1843 be gt;ined ConGrc:wion.:.l ~uroport 
and :.JO,COO "aG appro:Pr:iated to lmi1<1 a telegraph line between ·,.'a5hing­
to'1 and &ltimore. On 1-'?.Y 21~, 18!,!., i·forsc trann::itteJ. l:is firct 
JOescac;e over the clectrcn:nc;neti~ -celegrnpL.3 

1,.--, ~ '''"an.< .•. enncotc, 
hrr;h 18)-J), rp. GJ.-7.'1; 
Ircnclad i.'~rshin (Canhridgc, 

0 
~Jan:cs E. Col1inc,, "I·b<' Story of 

l!isOor;r of }ncr; car: Inv<'n:tions edited 
';he rr·<at~d '·'ore," in A Popula!' 
by Kael';pffert, 1/o_-,__ I,;~p.2l;:!-)2. 

3"tor;er E>JrJ.iP_jj,nnc, Ccier,tists Uebind <;he Invcr.torG (E"" York: ilvon 
llcc:,, l9GO), r-p. ~2-Si•; ·rhci<a~ C:o--•1~'-'"• Jos"e}ifl-fkri'i~·-,P.ls Lil's and ',lork 
(Irince·cor., l?SO), pp. ::'013-311; ;:it<:::o~U \iil~oii, "Jo,;<::pl' nora:/ j,n Liv"~ 
i'l ~'cier:ce c:Oltcd by Dennis Flanacan (Jic·,, Yore,, 1957), yp. 141-~3-

88 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
II 
' II 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Ar:ricult'-'!'al iJnple~. 

1\lnong the roany advances i!l a.gri~~lturul techno!oQ' in thi$ '!'eric(: 
>mrc ohe cteel plow anJ tr.e reaper. In 1837 at "hi~ bla.cksi:'.ith shop it. 
Grand Jeetcur, Illinois, Jotn D€erc (lilo4-86) im·cn~ed a plcu m' sa>.• 
~tcel. Sinon su11s >!ere scarce and expensive, he at first ir:cJ:ortcd 
steel ·fro;:-, Gen!'any. At a lo:ter date Le was able to plr<ca an or<ler 
for oceel uith e finn in Pittsburgh. Deere'c plcw 'furrmred -che st<.ck,•,c 
Illinois soil quickly -,;ith an econcrr;y of le!bor, In 18!~3 he added u 
founiliJ' to 1:is chop, enablin[l him and a :rartncr to manufacture !.CO 
plows. Four years late:r :Deere moved to Moline, Illinois, and increased 
hi~ <>nnual productic·n to TOO p!ows. Ir. 11357 his firm attaineQ an 
outc.ut D:f lO,CCO plows, Other l".enufacturers 'besides Deere turned out l 
steel pl("'-" on a f'uctor>' lla~is and they 11erc widely used in the pr.':'iriec.. 

The v.:o<:t sicnificant QGricu:Uural i:cplcmcnt invenbe<] in this era 
was "t" re<>rer. 'I-he successful reaper invcr.tecl "by- Cyru" Hell 1-lcCorrr.icl; 
(18C9-81:) uas the tHenty-thir<l 1\rr.crican renper that ">W :patented. 
HcCor,;_ick <lcvhe<l seven ii::por~ant principles. One o'C thcae "as to h"-v~ 
the hor5e dra;, the rr.achine frcn tbc d'le. He also had a l<CJifo, dlvi<ler, 
fingers, reel, p1utf"orl'l, and •.;heel. i'he moving parts "ere ccnrell to tbe 
••heel to r..a::c •.::r.em autcwatic. His .Cint trial •.1aS r..nde in 1./]31 on the 
i"amily .farm i!l tl:e Valley of" Virginia. f1fter rreldn;; improvement.~, 

HcCortAcl: obtaine:J. hig first ro-ten-'; in 1834. He JOld his first r;acf.ineG 
in 2840, and in 181,4 he eG~ablis:~ed a small :-actory 1't Ilroc"-roort, lieu Yort 
on Lo..'<e S:cie, and one in ~incinnaLi. 

To cac,; ta~ize on the prdri-e nm:cl<et 2-lcCormirh opc:ced a 1 arce factory 
in Chicuc;a· in l31tr. At fir~t he fon~~O. a ImrtnershiiJ 11it'1 ~;illic<r. il. 
Oaden, buc socn bouGht Lie oui;. Ry 2851 ~-kCoro.icl< lffiS producinf\ one 
tLousand reaper~ a year, Juring the :fiftiec l-:cCorrJid: became rich. 
)!is rca;;er 1ron the Grand p·ize ir. l8')l ut tile London E.'-f10~ition, and 
by 1359 he :1ad rr.an"clfactured )O,CCO rcapcr5. 'i'he sigr.ific'-"-"" ol the 
reaper was that it r..adc grain-gre~dnG on tl-".e pruir::.et llOSsible. furir~ 

the Civ'il. ~·.'ar E f'rced ;!or~hcrn rranpowcr for the ar~:~ies, and i"\;,,en-
ablecl cte ;;orU. to :feed p~rt of" !;\trope besides its o1:n p~orle. ~ 

lOliver, p. 221.; Rc~;in, Tlw 

' 
?:toc_;in, Jl!l• 54-?3: Ellward .r. Dies, "-'itanc of ohe Soil {CLapel 

Hill, 19~,9), !'F· 77-83. 
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In the first part of 'chis study rr.ention hac a~ready been r-.ade ot' 
tl;e ox-,e:riments vith balloonn and ironclads durinc tho Civill·.'ar, 
Vpon the autbre~ of the war five cannon factories existed in the 
north: atsouth Boston; Cold Springs, r:.Y.; the kr.es Foundry at 
Chicopee, 1-~assachusetts; the Phoenixville Foundry outside Phil­
adelphia; nnd Pittsbu-.-~:;h, Pa. J>.J 1863 o~her ract:>ries were built 
at Providence, Boston, Portlar,d, und ilcading, The 't."est Point 
Foundry at Cold Spr:inc~, New York o,anufa<'turcd the Parrott rifled 
crur. and the lar(!c Rcdll'un snooothbore guns were cast a;;; the Fort Pitt 
:?ourulr_r in Fitt£hurgh. In 1849 t.ieutemmt Thomas Jefferson Ro~an 
bad <levised a proce~u for coolinr; thC> larse cannon ca~t r.cllm,• at 
the fort Pitt Foundry. Ir. 1861 C~ptdn Robert Tnrker Parrott in~ 
vented a rifled ~annon -·hich usood cylindro~conical ehot. 1'1-.e ilest 
Point Foundry, at Cold Sprines, !!. Y., o:f which Parrott was :pre~ident, 
SUEJlicd the goverrw,ent >.·itt. th<>ce big guns during the ,-ar. Charles 
Jrune~ of thode Island and Benjamin Hotchkiss also ~;q;erir.".entcd with 
ri.fled cannon and rifled projectilcG. 1?hilc some ll'.ilitar.f leaders 
"t :fir~t OHJOsed the <J.cceptancc of rii'led cannon, exrcri,._ents with the 
ne<~ cnnr.ons ccnvinc"d President Lincoln an:l the people generally thc.t 
they ><ere ~vperior.l 

At the beeinning Df the war tb" llorth had t1m Fedc,·al arrrories ao: 
Sprinc;f"ield, ~.~ass~tchusBtts and H11rpers Ferry, Vireinia, tlmt C<mld 
manufacoure sl!lall anns. The latter was burned b";- tile Union li:rf'_y on 
Apr~l 18, 1861 to prevent He capture, but Virr;inia state trcops uerc 
able to ~::rip it of sone ,.acblnery ubich \las tal,en to the Richmond a"'"­
Fayetteville Confe<!erate arsenals. In Hnrt:forU, Connecticut,>.hc Colt 
/lnr.c \iork" ar.d the Sharps Rifle \iorl<:s inor;,u~ed their proC.uction of 
small nrrr.s. Other priva-oe an~orie~ in the north alco vastly increas•< 
their capa.ci ty <'!uring the "·ar. 2 

A !!UI:lber of advances in "~aponry "era l"ade durir.g the Civil1Jar. 
President Lincoln, 11ho was anxiouc to take advantaGe of' the north's 
&uperior technoloeical abilities, becane rarticularly interested in 
ordnance. !'or ~xatc._ble, LJ:ncoln ordereC machine ~ns caJ.led "t!1e 
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Union Repeating Gun •. , 'l'l::is flU" is ~uid to have been invented by 

either }))1mrd :-rugent or \.'illism Pahr.er. 1 On ::cvcm'ber :;, 1862, 
Richard J. Gatli~ (1818-1903) patented hie invention of a rapid­
fire om called tl!e "Gatline bl'"· ,. This multitarreled rr.achine gun 
uas cra!l;.;-o}lcrated, Toward tl-.e er.d of the uar it wa5 used. by 
Admiral Porter ar.d by Ccnernl Butler, but it 1m.s not o:'f'icinlly 
adopted by the United States Jl.rmy unti11866.2 

lTesident ti!:col:l ""'-S also intcel'esoe<l i" svb,arine inventions, 
He ondorscd a subrr.arinc built by a F:rer.chman, 1-:. Brutus de Villeroi 
and he raccl!.rr.cndcd consideration by tile l'favy of a ~ul;marine !JYOpoSed 
by Oliver B. Pierce. The Uav-,.- also examined a subrrerin<e F.odel devised 
by ra~cal Plant, but it was not accepted. A roc~et torpedo invented 
"by Pillnt proved to be a oirnilar failure in a deJr.onstration.3 

'l:ro.nsrcrtation and co-;;-,unication. 

TlLn Civllliar ww the first var i" ,;}lid: the rmlrcad >~as used 
"" u "earon co give amies ":obility. General D.C. l-kCallmr. directeC. 
tC!e Union'~ rc.ilitar:· rai.~road oreraticmn. During Sberrr.an'c !:'.arch 
thrcursb Georgi.,_ in lB64, HcCallu!'l <,•as able to deliver l,Gco tons of 
"W"!lr ,-_cteriul~ eacL day. 'i'he electric telegraph was also adapted tv 
!:tilitar~r purp>ses. -:rbe Fnion ,~rrr.y develqJ~d an ele~trical co=uni~ 
cation dcvi<.cc called tb= E<Oardsl'-'e r.agr.cto-cleetric telegraph set. 
It was portable a:Jd could signul over several miles, :rhc inJtr\lJTietrt 
W'IS developad by George l-i. Beardslee and adopted by Albert J. Hycr, t:1:o 
Union chl<Of slcr.al Ol'ficer. The "Flyi~g Tel"(lraph Train'' consisted C• 

tt.-o B~c;rd~leco in -;:;wo ""eons alor,t: "ith hand reel~, five r;;iles of 
insulated wire, and 200 lance poles. AlthoU~;h ~he Eenrdslee system "a" 
~uccess!Ul in the Battle of Fl'eileri~l:slouq;, it >~as dic.carded in 
!!ovember 1863.4 

FoO<l and clothinG. 

PL>rchaoes ef clotl-,ing ecnd boots and sbC'es for the \Jnicn p>ilita:ry 
i'orces stimuln.ted rwnufacture of t1ceGe iterr.s. The sel-dng r,ad:ine >~as 
introduced into Ute production of cni:forms and ~hoe;;. The shoe industry 

2Ibid., I:T. 290-91. 

3roid., Pr-. 176-78. 
11EU!jen~ F. lbrt, ':ievolntion ln TecLno~cey ar.d lor;istics," Al:,.-r:r 

Dip;est,:WI (Aug., 1')61), T'P• lC0-13; O·;~r;: )l<o"!,nc-,·, TTT, The Civil"' 
'i'iii'r"iiictionary (!:ew 'lorY., l9J9), p. )4. -- ---·-
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chan(lecl free household to l'o.ctory manuf'acture. A m~chanical davie~ 
for se,rine the uppers to the soles llith great speed 11as first :;:ate:1t<.i 
by L, R. Blake and later improve:'! by Gordon McKay. The McKay ~ewing 
rrachine was put on the market in 1862. It enabled a 1wrker to seu 
severe..! hundred plirs of shoes in a day. 1 

L'illiam LTnderwood, an Angliflhn•an, intrcdu~e<l tl:e canning inductry 
to the United States. Sbortly arter his arrival in Alr.cri<:a in 1817, 
he established a business in l'le•· Yorl'. where he pres<>rvcd fruits and 
pickles in elass jars. In 1825 ~houas Kensett beaan to preserve 
oyster:; and fruits in a tin canicter, iP_troduc:i.n;:; the tern "cnnnine.'' 
The ct~nning indc.stry wa3 not importar_t until arter 1840 uhen tr_e 
coLtrercial cannine of oysters and fruits started i~ the Ealtimore area, 
Hitb the decline in the price of sugar n"bout 1860 the industry was 
apJlreciab!y stirnuktcd and salmtl'll canning d~veloped in Cn1ifornia, and 
then on the Colu!nbi!l !liver 1864-67. 

In 1361 Gail Tiorden opened"- factory in Has~aic, N<ew York, wh<e:ce 
he conden5ed and canned milk. The Union Arm:; ccmrr.ar.deered the en~ire 
outrut for soldiers. As a result. of inprovetlents in canning fruits ani! 
vecet01blcs "ere canned. 2 

The Civil Har stimulated the inver.tive genius of the Al:ccrican 
poop1c, At the heic;ht of the war effort more ratents were issued in 
tte North than ever before in the entire country. Ex:ransion or the 
agricultural illlpleJnent, food processing, clothinr, and sClOe inilustriec 
gave an inpetus to new inven-cicn~. To solve the problem 
~carcity rrany labor·savine; cachincG were devised. The 
for 12G3 i:'ldicatcd that 40,000 reapcn ar:d mcn<ers were 
and sold :for tr.at year. The Eultirr.ore Farreer and 1-Echanic estirmted 
thd 66,075 reapers an:i 38,025 mowers vere man'Ufiictured fm• the 1.864 
harv<O'st. 3 

Confederate -cor-pedo an:l subl!'.arine ''arfare, 

The preponderance of Union see JOO\ler cn.u~e<'. the Confederate 
States to reply u~or. the use of torpedoes, mines, and sub~ines 
in an effort to cocopensate for ita lacl' of a navy. H.:cttheu Fontaine 
!-Iaury resic;r.cd fro;.; the Naval Observatory lollmring tho secession 

2
ouvc:t', History of Ar.ericatc TecC!nolCI'Y, pp. 211, 281; Clarl:, 

His~ory o:f l·lanuf'actures in the U.S., Vol. II, p. 33. 

~He, 
Civil ~:ar, 
pp. 91-92. 
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of :>:tis m.'.tive Virginia. ne d<:'vised a plan for a sy~tet:". of torpedo 
def'er.se and porsuaded the Confedoraoe r;ovenw.ent to awropriate 
!,;;o,cco for a naval su'tmarine batte:ry service. 'Torvedoes' or mines 
were planted in Southcrr, harbors for defensive purposes. !•line warlcrc 
took a toll of over t>~cnty feUeral warshifG, but shorta,ses of n:11terials 
and insulated wire har:pcred Confe<!erate tocyedo "~~nufacture. 1 

'Ihc Confederate Gtates exj;eril'".ented "itt several subl:!arines, but 
tbey proved i!IOp·uctical. The Pioneer built by private rartics sunk 
durin[l a dive. A second submarine sunk in shallo"' water. A third 
submarine, the Huntley, sun!' thG u.s.s. off Sumter on 
February 11,, 186"-. However, the Hunley in the hole 
tlla~ her torpedo h;:td torn in th<O Housatonic and she went do1111 wit1: her 
victi"'· The Hm1ley was t1:c first d~e"p suilrr:ersible. Her hull wa~ a 
boiler and ~he bad diving r'ins a11d balla~t tanks, A crc11 of eicht 
J'OWcrcd tl'.e •e;;sel 11itL a hand-cranked propellor,2 

XII Illi:US'IRIAL ACE, J8GG-1913 

2-;ecl indus<:ry, 

b 1857 Hi11ia.'l". Kell;v (lSll-8!3), 01' Kentucky, an /,-.erican iron­
r:.aster and inventor, hwi patente-d a prcce~s for :r.atinc steel ine:<pen­
sively by blowing air t!".rough mo.ltcn !'iG i:ron to oxiili~e Lhc exces~ 
carbon and othec· i1f4uritlcs, Kelly r.o._>-,.ed \",is prococs "pneumatic" m· 
alrblc;m, l\n Englisllll:an, G1r Henry Bessemer, llad discovered the smc-~ 

_proroecf, in 18~1,, Besserr.er fl.dded sb: oper.ings near the bottom of hin 
converter -throug:-t whid! air could 'be blm:n Ui> and into the molten 
rc.etal. '.-ihcn Be~semer applied for a ratcnt in the United Sto.tes, Kelly 
{l!'Otested ani! in a court action IlesseF.nr f'ailnd lo obtain an flroerican 
patent. In 1862 the C""'bria Iron 1!orlm in Johnstmm, Perm~ylvania, 
eneagnd Kelly to build a converter. A d=on~tration proved tl:at the 
converter wc.uld "n'Ork, but no steel was rcadc. In c8G!. the l':"lly 

1Dc.niel /,rQl!en, 'i'hc :::avy -;n the Civil Far: 'rhe Atlar.tl~ Coast 
(Ne-~r Ynrk, 1898), p:p. l>O, 1,7--", 157--G. 

21-i:ttcboll Uil~or:, j\_r.-.erican Science r.r.d Invention (Clc•r Yor:<, 19~1,), 
H'· 210-J.l; tl-:is 1Jool' J-.us p~c~·.1rcs oi tf~ 5tlo:can,es "s doeo '~hen•lono 
Roccoe frnd Fred Free,-,an, ?icturc HiGcory of the U. S. llavz (:;e~, Yorl:, 
l.9'):i), '10~. 8Jl-16. 
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1'newetic l'rocesg Cot'.pt'!:JY, orsuniz<e<.l by Uilliarn F'. D.rrfe<c, built a 
converter in ~·iyanC.otte, J.fichigan, ~1here steel was readc. Allcut tC.e 
srure tir.oe Alaxa,-,Cter !<. Holley of Troy, !lew York r"ade steel in an eX• 
pcri1nental '<ley uetder richts acquircd fron Bessemer in 18G5. A 
tllreater:ed r"tcnt war uas averted, when Holley bc<J~;ht the Kelly rater.-.;s 
n.nd cor.bincd ~he t\10 processe3. In 1267 tile ficnt ~te€1 railG rolled 
in the United States "ere r.ade at the Cmc.bri11 \Yorks in .Johnsto;m. 
l_arcc·scale produ(oticr> of ctecl by tlLc new rr.ethcds ""-" quietly extendQd 
in the early seventies. 

Follmring -the i!ltrcdu~tion o:· t'he DcsEe!"'ler prcceGc, improved "blast 
furnaces ••ere built. JamtL Gnyle~,' (155~--V.J20), o.n Alrcricnn inventor 
and uctalhll't;i3;;, inve:1te<l n br<:>nz-e cor>lin(l -plate for ~he ualls of 
blo.ot furm>~cs which was patenteod in 1891. Three yoar~ lstcr he in­
vent~<'\ ol:e Cir.{-air blnst. 

In 1068 Ahr= S. Hw.litt introduce<l the onen-heu.rt[, :c.et:10d of r:"-kir.(l 
~tecl ir> the United States nt the Cooper Heuitt CGm_pmy b Trenton. At 
flrst there ,;as little ""-""~n<l "':r_;;r th£ type of steel o:hich L'US more 
ccGtly and liL~ited in use. About lG79 tcclmicul 1::-,prove!'.ents >rere intro­
duced ••bich increased the cupucit:r of o:r:en-hcm·th plnnts. In 1892 the 
l'nited States pro<luction of opcn-llc<e;rtll ingo"c~ reached 670,0CO t<Jne 
compl.red ••itt. !:,l£G,OOC toc:ts of ~esGeL'_er steel. By l90C tJ-,e open-hearth 
plant~ r-rod"""'l over hBlf the tonr.-age o;- Ee.-.~et:'.er steel. The superior~Ly 
of tile open-heart!. proc"~rr ·,m.,; d<.le to -.he fact ttat it could \r.:lploy o. 
Greater varie-,;y o:f ores an(:. also b~causo OJ>en-hcarth ,;tee:_ ',ta~ tcuchcr 
than Eeorer:-,er ~tecl. By the er.d o.f the ccn~ury the Unit<>C- S~o~ee. led 
other r:atio,;g in steel ;>rodt:cUon and t)le /u:::ericar. econcro;y wcs Uased 
upon ste€1 
chips, nnd 

Petrolec;I:'. 

conm_ ... .,;ntion, ''hich ""-" utilized in r..aking ralh, lOCO<lK>U.vco, 
S\<'JSC:C~I'CY'<, l 

In t'1e late li3~o· s a fcv lndiviQu,ls Gearchml for "" i:1<ex:pen~ive 
ilh:r.,inant '"' u substitute for -,•l.alc oil becu''"" of the hiGil p:rice 
char(Oed by the He" lled!:'ord irtoalin::; interc~ts. ln the United 8-cate~ 
Abr=- Gessner bad distilled oil frcm coal aG early as J.e!,C, en<l lw tDoi; 
O"-t a rt~te:-It for an kproveci. i'-lu; ina~ing oil in 13~4. Gesc~:e:t' called 
lei~ :;::roduct "keroce!!e," but it 1-rar; noo r;opular because of its sT:.cll. 
lr, the 1350's Colonel A. C. Ferric. made an att8::,-pt t~ device c l~!:".p \.'hie'" 
,,0"-lcl b . .r:-1 retroleur... r.o thl~ 3ruic tirr.G Sarouel 11. Kicr ·~ac c.ellinr, rc­
fine•.i rot""oJe>k_ fro!". hin "al-:: "'ellc ~·?r medicinal }'Ul'J'CSC·B. In 1G)4 
Georce A. 3i~sell and Jonathe.n G. :Eveletl:, b'o lie" Yor;: lu• .. -ycrG, bO:.Gf>" 
tc :crosrect for oil in PP.nnsylvania, T-wo years later DiGseCl ~cnceiv~<l 
\.he ideo o:<: drili:Cnc; T:el"l" fo:· oil, Cn i·far-c'' ?3, ;,_i)58, IlL~al and 
Eveleol' f'urrr.,~d t1.c ~enec<e; Cil Cer:r.ar.y and oncapd Colonc;J :Cd>:i~. L. [(rai'e 

' Clar<., 
'( . : 
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as field sc:perintcndent. At Titusville on Oil Creek Drake started 
for oil, but hi5 •,rorkers "'ere flooC:ed ty water. Drake next decided 
to drive an iron pipe throllijh the water, quicksands, ar.d clay dolm 
to bedrock, Obtainine; tr.e services of 'dilliarn A, 2mith, who hatl 
drilled deep salt ~;ell:> for Sa:'cuel. 11. Kier, Drake crave h9 feet of 
pipe to bec'l:ro~.k. After cleaning this out, the "orbnen drilled to 
a depth of 69~ feet. On Au,gust 28, 18~9, a vein or' oil •,·as struck. 
''Dr:1kc's Folly" started to :rroducc l;o bt<rrel~ of oil a C:!ey ar.d the 
rctrole=. ir.dustry was started. As tile indu~try expanded oil J'Ul"PS 
"ere introduced, I'l 18G4 Colonel ;,.A.L. Roberts patented a torr.edo 
which \las used in ''shootinG" wells. Hany tools "ere iP.Ventcd to solve 
"Ohe problems of oil production. For exm;:plc, the rotary drill was

1 
dcviced in 1901 for L!sc in tte G-andy soil of the Texa0 oil fields. 

!-lining. 

The application o:: rr.achinery :-.a~ been an im:rortan~ ,\r:erican 
contribution to r.-.U'lng p::-ogrcsG. Ed,ard E. Hattisor1, a r:ative ot· 
Conr.ecticut, is said to have invented the process of hyilrD-ulic r.;ining 
in 1852 or 1853 at A~c.crican Hill, located north or' Nevada City, 
California. :-:e.ttheson did not patent his y.rocess and several Califcrn~a 
inventors w.ade devices for uG-e in the nc" process. Some ;;riters claim 
that tl.e IJroce~s was invente<l at- Yantee Jit:'~ in Placer Covnty, Califor~ 
nia. 1kre it 11115 introduced by Colonel \,'tlltAm J.JcClure. liydraulic 
minil"'C f"lotlridled "ln CnlifoTl"'ia until about 1883 and spread fron 
this state to other rurts of ~i".c mi:linc world,2 

J. J, -ccueh o'f Phile.del:pbia, utilizing a French :l.nvMI:-ton, ~mde t'•e 
first >·ock-drill in the IJni~ed States in 18''9. It ,,-,.s opcr'"'t"d l-y stean. 
but a!'rarently did not fu'!cticn >>'ej_l. Hith d>e assl,;tance of a 
Bostor. invenr.or, J. '.1. Fovlc, he iroproved it. Ccucil and Fowle built 
a ]'erfected drill in the rsilroad stop~ of Fitchburg, !-lu55uchusett~. 
Charle~ Burleigh bcu15ht -;;he pate,-,t rights in 1866, ceJ.lir-.g it the 
Burleich drill. This cco-,prcs;;;ed air drill 1<as used in boring the 
Hoosac railrcad tvnnel in ·,,'estern ;.<assachusetts in 1867, also in 
the: Colorado toines, a.'"ld it ""~ l"ter used o~ the Gutro Tunr.el to cap 
the Cor:;stock Lode at Virginia Ci-ty, Nevada in 1874. 

P.fter tl;e dincovcry of silver~lead ore at Leadville, Colm·ado 
in 11377, a number of invenr;orc including Sin:or. Ir.r>ersoll, A. C. Rrmd, 
Geor~e Gi--:~.cns, a.Ttd Her.ry C. Sergeant furti",er illlprovcd compre~scd air 
drillc. About 1897, J. G,;or(l<> Leynel', a Colorado t".achir.bt, bvc:1te:! 
the .iaci<.harmer. 'i'l-.e piston move:l U_!l and d.Ol-."l"l snd acte'1 as a hamer. 

lD.liver, History of A::-.erica-r~ "rechnolor-y, PI'· 331-44; Guy S.tlitclc<?ll, 
"Striking Ci-L,' ln ,~ Popular Hi~ tory of Azr.e>rica::~ Invention edited b~­
Kae:c.pffert, pp. 83-lCG. 
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'Ct:e drill was h~llow in order that water or air could be pum:red throto,-:0 
it to clear away rock duct.l 

&fore the California gold discovery the steop mill had been 
introduced rro~ Europe into the southern Appalachian gold mines. 
But the crude Eurorean mill was rapidly and vastly illlprov-ed in 
California. By 1358 there were over 280 g_uartz mills in California and 
tt.e number of stamps in these t~ills >rn.s 2,610. The foundries end ma­
chine shops of San Francisco ,such as the Union Iron 1-lorks, manufacture<! 
much CCil'.plicBted minin{l machinery. Tile experience t;aincd in construct­
ine l'".achinery for the early quartz mines of California and later for the 
Comstock and other c.incs in Nevada enabled San Frar.cisco !l'achinists to 
produce the finest stanp ~.oills and mining equij:u:ent in the world. 2 

Several notable mining inventions w<JrC also rnade in ~an Francisco. 
For exru:-.ple, Joseph Moore and George >1. Dickie of the Risdon Iron Wcrl<s 
invented the famous Chollar-Norcross Pun!p in the 1880's. 

In 1860 FhiliiJ Deidesheimc:r of ElDorado County, California, """ 
employed to ti~ber the third gallery (175 feet underground) of the 
Ophir Mine on the Ccmstock. He invented a systen of timbering l<nown 
as the square set (timbers locked together in hollow cubes and c"ch 
cube interlocked with tr.e next in endless r.eries) which wa" >~idely 
ado»te<l ill:".ong Inincrs for use in large end deer ore cbwc.bers. In 1863 
G. F. Dcetken of Auburn, Califc:ornia Dbtained a pator.t for an inexpensiv~ 
chlorin.,tion uppnatua which ·•as an ~n.proverr.ent over tbe procecs of 
serarating gold fro.,-. curifermm suphurets !"irst discovered by the 
Gerrran chemist, Plattner. 'I'he farr.ous V-fh>Jr.e was invented by .TBI!les H. 
ll.aines of Genoa, Nevada in 1868, to transport lllll'.bcr fran, the mountain u 
1'or u~e on the Cocwto~k Lode.3 

Lw,bering. 

Luring tr.e Industrial Ar;e the im•er:tions of many fl.,_erical'. lU!llbec'·• 
r-.en contributed to the ra:pid rjc~ of H,e hur.bcring industr:r. Several 
oi' thece inventions were develo:ped in the Far \lect. Tile fllllr.e W<J.G 
used to trans:port redwood logs in the i,'est abcut ll\9C. The fl=e o:(" 
the Frecno Flume 'md Irrigation Ccr..ro.ny had bc~n built orir;ir:olly for 
irri~;ation _purposes, but in 1891 it vas used for ecrrJing lumber from 
a sa\;:mill at Shaver to a :planinr; ,-.ill at Clovis, Californis, a distance 
oi" 65 l'liles. 

1Jame~ H, Collins, "'Mining Cooper end tho llobler Metals,'" in A 
Fonular History o1' /,!~;ericc.n Invention eQitcd by Kaa:mpffert, Vol n-; 
:Pf· G6-TO. 
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In 1864, .John Dolbeer anii Hillinm Carson, two -pioneers of the 
California redwood lumber industry, organized the Dolbeer & Carson 
lUJr.ber CCI!!PtmY. The year be.fore Dol beer had e.:pJJlied for a patent 
on a ~echanical tallyin~ ~achine. Its p~ose Wa5 to count the nuPber 
of board feet cut during a certain Jl"riod. In 1881 he d.evhcd the llolbeer 
Steam Loeging Donkey which ena"blcd steam pcuer instead of mnn :pmrer and 
oxen -power to cove the logs through 'ol".e forests, The invention,patented 
in 1882, revolutionized logging ~n the United states, allowing crews to 
c;et the loc;s to the ailrcnd and mills in a s'horter time. On Decembe:r 25, 
1883, Dolbear :ratent"d his "IID1>roveli Logging Yr.(line. ,. Bott1 his machines 
were used in the rCd\lood region f'or the next thirty yearc. 

On !<ovember 23, 1883, Ho:race Butlers of' Ludineton, llichigan obtained 
a patent for Fewer log-skidding wachiner'J. This sytt~"' of transportine 
logs by wire rq;eways vas later ll:proved by Spencer Hiller and G. !Lainc·s 
Dickinson. The first ground. skiddcr -,;ith _power was OJO<'ratcd in the pine 
re&ions near Fitcock, Georcio in 189G. In 1897 w.A. Fletcher of Kirby­
ville, Texas invented the :first pine lorzer. l·leam,·hile, >~hen railroed­
ing bccaiT.c a vito.l ro.rt of legging in the 188o• s, various types of 
loc<:!".otives were fl.esiened. to n:eE>t the probler1s of lumbering. In 1835 
the first Sl-:ay loccm:otivo wit11 genre o.djusted to give it more drawing 
ntrl'"" \ins nonufactu:r~a.l 

Electrical industry, 

't'he Electrical Age was ushered in follow:!.ng the Civil 1iar. The 
first electric lighting to 1:avc c:c,-lllercial value tl1'-S arc lighting. In 
18c8 Sir liwnphry DaV'J, the English el:er::tist, save the first pulllic demOCl­
~traticn cf an arc light. An electric current supplied by u "battery 
was passed between two pieces of charcoal. PJter touching the carbon 
electrodes together, Da\7 drew them ayart, fanning an electric arc 
emitting a brilliant light. For tbe next fifty- y-ear:; scientist:; and 
inventors atter.pted to improve the arc light, but it repained a labora­
tory inst~ent. 

3.:rohn S. 

97 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

C~~les Francis Brush (1849-1929) uas elL~ ,\merican :!JiOneer b 
the invosti(lation or arc lic;htinc. After t;raC.uatir.g ir. 1869 fror.-, 
the University of :·Jichigan >dth a bachelor's d~(lrec ill che,iatr:,·, he 
oponcd an office as consultinG ch<!!Oiat in Clevclan<i. In his spare 
time te eXperimented "ith elecoricity, buildinG a dynw:o, l-lith the 
fimnclnl a~olctance of George il, Stocl;ley of the Cleveland Telegraph 
0t<:riJ1y Ccq;any he begar_ -';;o prcdu~" arc-lie-':tting apparatus, In chc llorll­
shop~ of t!Lis ccmpany Brush built an i"'Jlrovcd dynamo nnd a simplified 
arc lalilp. In 1877, Dr, Ni~holas lonf,llorth, a Cincinnati physician, ;;as 
the first to purchase Brush's si;JGle-lig!lt generator and arc la!<I' ••hich 
\las u~cd i.o light tl:e :;;ore!-, and yard of his ho!:'.e. Brush continued to 
rnake technical icyrovel!'.ents 11nd in 1!379 the city of Cleveland intro­
duce<". street lichtiq; by arc lights ucir.e the Brush eq,ipme:tt. Hmrcver, 
the Cleveland experllicn<: did not lead to tr.e e5tablisl~,,ent of ar. arc­
ligttinG con:;pany or "ve:J a contract wi tr. the e1 ty. 

Beam;Jdle, tile Cleveland 7clq;ro.p~! !Jupply Comp!l:.:,t ~,ad obto.:Lncd 
Brush's :retents anil c'hanccd its r.mr.e to tl:e Brush ;o"Jectric Com}'~ny. 
'l"his Clevc:Cend cc,pany ''"5 re:rre~~:J.te(l in San i"rancif'co l.Jy ;/illifm 
Kerr, uho vas prcmotine; the nev llr;htinc apl'aratus on tl:e Pacific 
cca::t. AT- fan Francisco Georr;e E. Ro~ an<l others incorrm·ated t.he 
Cal.if"ornia Blectric LiGht Coq:any. In exchanGe for stoci' and a 
directorship ir. this nc•.< ccmpar.y >."illiol;;l Kerr relinq•Jisheil hi~ 
rights to tho Ilrush eqUiJrr.ent. A J>lant 'n"as erected at Four~ll and 
J.Jar1wt C.trcct5 \/here the Boush ~:..:::chines "er<o llou~.od, It beGan operatln'; 
in Clepte~~ber l8T9, and it was the first electric central station in 
the ;:orld. ll :fire in 1880 destroyed tl:e plant and a ne" buildinG ;;as 
opened on O'Farrell Street. In October 1881 ,_ 1arc;er plant ""~ er.,ctc1 
on Je~sie Stre>et bet,een Thlr<l end Fo-:1rth StreetE. In 1888 a ~econd 
l'O'"'rtouse was erected at :rmmGcml Street and Clarence Place. Bcanwl:ile, 
in 1879 anel 1830 Drusl: central Gtacion" verc built in Ne<: YorK, Dosto''• 
Philadcl:rbia, and otbcr citlec. 1 

'::llcmas Jl.l.va Edinon (l8h7-l93l) <:as born at /.ilur., Ol1io. {,:; a 
younc tdt[;T(l.pher lw took jobs at several places. l:-J 11360 h<e IIOI·;c_e<l 
as a ""fairrrun vith the Gold and Stoc" :rclecraph C= . .r~.ny. lie inven-ced 
an il\provcU stock ticker, earninr; -);4o,CCO. 1-iith th~G initial capital 
he ,carted to rcanufacture stock tickers and tdecrepl:ic devices ln ii'O-,; 
York City. In 187'! he '1ecided to devote Li~ tull time to inventions, 
settinc up a laboratory in l·:cnlo Porto, lfe"<; .T.:lrsey, and becan e>:per~ 
io:-.cn~inc with in~andcccto"t Ji(;lJt~. "'or several decade~ c.~ientists tod 
been ;:or}cin(l >~ith the ~r.c,nC.eccer.-1' 1"'-"·P· 2dison ,,•as anxious to develop 
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a lic;ht tilat could be used 1'or l::of'_e and office ill=ination £inca 
arc llr;htinr; was restricted to street and o~her :arcre space lightir.[>. 
'.lith tLc nGsistanco of Grosvenor F. Lmrrcy, the J~dlo;on C.'lectric Li(l!lt 
Ccmpany """ organized in 1878 to f'inunce the llOTk of the '".'hurd of 
)-~enlo Parll." On Octo"l:lcr 19, 1879, an incanQescent "bulb \lith a filo.:;ten-t 
of carbonized cotton thread burned for :forty hours. 2dioon's lo.n;> 
prove<l :r>ractical •.nd he securecl hiD 1Jaoic :ratcnt on Jo:nc;ury 27, 1<-'80. 
Edison also desicncd "-."ld mand'acturcd his dyn=.o<1, curr<:nt-carry con­
dt1its, bulb sockets, and current meters. In 1f!62 the ::dison C=rany 
o;:ened the Pearl Street Station :tn !Taw- York City which uas th~ first 
extensive systE~:t of distributinG electric po>eer. Tb2 :rerfected incan·· 
descent l=p o_cened. an entire na,,' ;mrl1 of electrical r-.arvel£._!_ 

',ihcn electricity was first ir.troduccd, a j:O'"cr could only be 
trax1cmitted Gl::Drt dintances because direct current. "as er:ployed. 
Georce ~ie£tinchouoe (lG46-l9l4) nnd Uc rwcociatec introduced alter-­
na~irc current "hereby the flo" of C'-'.!'rcnt could be increased or 
decreased by a transfomer. h'eGtinchou~e obtained the !'r.tent rir,l:tc. 
of a ''scco:-Jdary cenerator'' invented by h;o Luroreano. Ir. !IJ2G 1·.'illiDm 
C:tn.r.lc:r find other en(lineers at a ~.'oGtino;hov.se labo:>:Citory in G>·,mt 
Earring-ton, Na~suchuce~tn devi~e<J an alten:ntinc-c~;rrent li;;htine; sy~te:o. 
Shortly thereafter PittGbul·gh and Dui'f'alo i,-,stalled ',.'eorinc;houoe station$. 

George 'lestinghouse also developed altermdine-c:1rrent ll',otors 1'hicoh 
'>ere widely used by 1890 -ror in<lustrial purposes. T!1e introdu(·tion of 
the ~tearo tubinc in the l8SJO's ]_mrcred the cost of elf_ctricity and ex­
:rar.ded it5 use in factories. Slectrical cner~y conld nou be tran£::-,J.tted 
creCit distances fror larger c~ntral stations. 

Jwricultural technolon. 

J."-"lOS Oliver (1823-l9Ci3), an lnduotnahs~, was born ,., Gcotland. 
He cmce lQ the United .States in 11l35> rrettling in Indiana. In 1868 
he secured a ):atenc for n:tll'.inr; a plcw fr=. cl!illeil iron. This plow 
proved superior -to the cast-iron plo~<. 1.-lhen Bescer.Pr steel "as intro­
iluced, Oliver useil Eteel instead o-r iron in r.anUfC!Cturinu pl01'C at hia 
>IOrks. About 100. tl,e sullw plOFs carried c,-, «heel~ ·~<ere devi~eil er:d 
produced by F.s. Dt:lven:por:; and P.ober-t He...-ton on a ccrr>!l'.ercifll scale. 
In 1865 J". C. Pfeil invented a omr; or rid inc plo;, wi t'h ,,.. operator' s 
SC[lt, 

1ouver, History of Arr.erican :rcc!molory, pp. 343-')0; a' so :;ee 
l-iutt1Jc•,, Jcnepbson, Ed~~on, A lliorrani-ly (:·lCl,· Yorl,, 19:>9). 

pp. 3~3-J(,; ra~"er, 
3l0-l) 
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After 1874 i:c.pr~ved corn phmten 'md !jruin drills assisted 
femers in increasing their acreage. In the seventie~ !l'any imrrovc~ 
r..enta \iorc made in the reaper. Autou.atic binC.crs "\,•ore lntroducod; 
the wire binder >:as first used in 1873, b'Jt it was seen replaced by 
the twine binder. By 1880 3,000 twine binders bad been =rketed by the 
\-lilliatJ Deering & Ccmpmy o:f Illinoio. 

The combine, a cotlbined harvescer and tr.resher, became nn ir::­
portant technological advance in grain harvesting in California 
during the l~ilO' s. The first coiObine used in Calii"ornia ;;as probably 
the ~achinc belonc;il"g to George ~L Leland, •.Jho harvested 600 ncres o::'' 
wheat in Alameda County wi"th a corr.binc in 18;4. The ]'rorluction o:f vastly 
improved combines began at Stockton, CO>lifor'1ia in 18'16. Ey 18116 sewral 
tYJleS of c=_bines were used in the Sacra:r.ento Valley and in 'he San 
Joaquin Valley of California. 1 

The la£t fronti<Jr of the A!nerlcan \·l"st, the Great Plains, ·•as 
oJlened in the :perioi betveen 1870 and 1890, 1\moll{!: the inventions 
that "-SSi~t.,iJ in opening this sub-h""id areo. ••as barbed ;,•ire. A 
corncr<Jrcially practical version of barbed wire was invented by 
J05ep:r. F. Gli<'-rlen, a farmer oi" De Kalb, Illinois in 1873. Hi5 paten~ 
a.pplicntion \1as disa.llowed at first, but finally acccpt~d on Hoven:ber 24, 
187h. Glid!ien "as not the sole inventor of barbed 11ire, fOl" t!:ere were 
several vho had invented various t:rres, both practical a.-:d iPlpructical. 

Glidden tvistc?. together t•·o s',rands of 1rire so ti:tat thCty held 
pointc<l. •,rire ba.rbs at short ~ntervals. He bicgan r.roduci"'g barb~d 
vir" fcn<.'~ng in a snal2 factory at De !"".alb in 1874. 'I'he ;;ire manu* 
facturin{l fir"' o:" >!ashburn anG. l·lr>en of 'llorces~er, l·'asNtchuscV's Oow>ht 
lnto the Glidden enterpr~se and beGan ,-Rss productio!l of lfire fenci'lg 
in lll7(j, ~.'hile bar·oecl >:ire fencing ~olvcd tto problcv. oP e lack of 
timber on the plains, it was also a sig,-,ificant factor cuucing the dis­
ap_pea,·an<::e of the cattle kingdon. In addition to barbed lfire and ir.t­
proved fano. r:achinery, certair. >:oodiflcations made in the ,_.inchcill in 
the lfl7C's also facilitated opening or the Great I'lainc,.2 

Food technolo;:::r. 

!Jicholas 1\pper-c, a furtisiar: chef, invented a process in 1804 
for pres~:rv:!r.g fcod in hermetically sealed p;l2.ss ccmtain<•rs. Hi~ 
proccsc spread to Ensland and the Un~tcd S~ates, Ezra raGeett, obout 
1819, ·.;as prob:J.bly t1:e first Merican to utilize thio "[J:'ocoBs in this 
ccuntry-, and hir. son*in-l<nr, Thorr.as Kennett, secured patcntG. -~t r-Er~t 
food was preserved in glacs ~ar~, but after 1823 tin cans uere ue.ed. 

1
0liver, Hi~tory of American 'Cechnology, pp. 363-67_: Rq;in, 

Introduction o:l Far'!' 1•Iachim•ry, rJl. 1!0-2~. 

2
'.-.'alter I'reGcott 1,'cht, T'l:e Greet I'lair:s (r--.oston, 1931), pp. 295-· 

318 cr.d "'l'ha Story of Sorr.c l'rairic lm7ellflO<;.,," l'lebn:wl<a !iistory.::x;u\-
(Dec., 19)3), :pp. 22;)-113. -· - ·-·· "·- .. - --
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In ttc 13')0' s a IT.i'-chir:e :press to cut "Oops and bot'co~cs :for canD was 
invented, u~ually the food ;.•as put tbrouch a hole in the top vhicl' 
•>as soldered over a cap. In 1876 the Ho\/e floater 11a~ designed •.rhicl". 
rolle<l the car-,s, This tl'l-Chine used solder, 1nt tcn<ar<l the end o:f th:: 
century the can becane solderless. By 188~ the manufacture of cans 
beco.JI>e a Ge-rarnte indus-;;ry. HLilo canneries 1;ere ectal)lished throuch­
ou':; the nation, tC!ey were cor!centratecl in Calit'ornia a•ld l<aryland. 
The problmr, of food ferrcentation was solved in 139'), llhen rro:fcssor 
Henry L. Russell ccmplctcd his cxperinents '!;o c]l!!li:mte the s•.;elltng 
and unpleasant odors of canned foods. 

In this period refriGeration 'Ttl-S also Uevelope:l. ln 1875 
Dr. Carl Linde produced a practic:al coc:prec.£ion rr.achine ar.d in 1835 
E. E. Hendrick invented nn e:-:haust~ctean absorption ::.achir.e. About 
l[\77 Gustavus Sldft, a Chicago meat-J_Oacker, and an enc;in"cr name<! 
C:P.ase devhc<l a r'[r'rigcratcd railroad car -..·hich stimulated the I:lcat~ 
rackine industry. 

Tran5pOrtntion. 

The technolcgical :features or :u~erican railrcad:; were va~t1y 
i~>proved in this era. Steel rails were substituCed for iron rails. 
I~·-prove<l ro1:.dbuilding l!'.achines wGre introduced and outstandifl8 railroad 
bridc;os were 1mil-'o. 'i'he first steel~arch railrco.d bridGe, tl;e :Cads 
3rid&c at :::t. Louis, 11as CC!'ipletcd in 1874 acro5~ the liis3i6sippi 
River. Jan~o B. EadG (1820~87), an enGineer and inventor, use<l :pnGu­
JLatic caissons in constructinG foundations for the brid(le. Steel was 
alco uoed to con~truct rtl-ilroad lccoc.o~ives \:h.ich bee'"-'" larger ""d 
heavier. 

Sleepinr,~cars "ere u~ed in the United 0tates as earl:/ m> 1836, 
but the ~o-cn11cd '"bunk" cars lacl,e<l coi!'Sort. In 13)8, Georr;e 11. l'Vll_ ~-" 
(1831~9-r) <lesigr,ed olceping cars for the ChicaGO and Alton iW.ilroad. 
In 1861f he (lesir;ned a.'1d pntented the I'ullr~1n car with itc folding 
upper berth, and the next year he putented the seut cushions to make 
the lo-..·cx- "berth. 

'.!lcile the hotel~likc feature~ of the railroad attra~tccl more 
pacscnGers the ne>r snfety devices did likewise, Geor[\e ;-lestinghousc 
(184G-191l;) invented the air breke >~hich 11as :fint usea on rao~"r:cer 
trains in 1863. :;'he nex" year ho orr;anize<l th<J · • .restir:r,Louc;e Mr !;rake 
C:Qltlpany tc manufacture his inventi~n. !·lestinclwuse a]~o invented 
automatic railroad signal de·:ices. 

2
cliver, Histonr of lk-.erican TGchnolo~rV, l':'?· 415~2"i. 
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Technological advances in shipb·~ilding were not "c drama-.;ic as 
they had been in the age of tl:e clippers. /.!asters o"f tl:e new in­
du~trial capitaliBm lacked interest in shipbuilding because of hie;!". 
construction costs and because of English predor:inance in that en~ 
dcavor, Nonetheless, shipbuilding continued to make sc~e progress 
in tlw United States. In the 1880's tJ:;e building of the "Ne-<,• Navy" 
revolutionized the design and rnachinecy of lur.erican warships. 
George II. Melville (1841-1912), Chief of the Dureau of Ste= Engineet·­
ing in the Navy .from 188T to 1903, produced l!'achinocy tl".at Mde our ''~r­
sbips ~eeminent and gained for hioself a reputation as one Df the 
most distinguished marine engineers. For example, his adoption of 
coil boilers was a step that freed the Navy :fr=. a tangle of conventional 
practices. Triple expmsion cncines ""ere utilized ;,ith n:any innovations. 

Hooden naval vessels (lave way to iron and eventually to steel 
ships, Improvtr.ents in annor plate were Jl'ade by Hayward A. Harvey 
in 1861l and by 1/illiarn Corey in 1895. The velocity and rlln[lc of nuval 
/rUnS uere increased and Bradley A, Fiske (18)4~1942), a mwu~ oEicer 
and inventor, invented a range finder of excellent precision, an 
electric arr<nunition hoist, and an electric corcmunication system f'o~· 

interiors of warships,l 

Andrev :?mitl1 Hallidie (183(.1~1900}. the pioneer uire rope !l'.anu­
facturcr of San Francisco, established his factory in 18)8, The flat 
uoven-wire cables rr.anufactured in his plant were used in the Coliforni:::c 
and Uevt>da gold PJ:itles for hoist:inc; f:rcm gr'Cut depths. In 1867 h"" in~ 
vented the '"Halliilie Ror-;way, ., a <levice by which an overhead wire rope 
could convey supplies in the Jt.ountainou~ mininc country, For hm 
years Ballidie experin;ented \lith an underc;round cable moving street 
cars. In 1873 he perrected his invention of a cable cer with a grip 
capable o"f sei7.int; and holding u J:OYillG cnble wh.ich moved on a track 
up a steep hill. On August 1, 1873, the Clay Street Railroad be~;an 
or.eration, demonstrating a nev rr.cthod of street car trans:rortation. 
In the 1830's cable cu lines lolere constructed in most large Alr.erican 
cities; Chicac;o l".ad the largest systen' with 82 miles of track and 710 
~;rip cars. Despite hie;!"- maintenance co~ts, tLe cable car was superiClr 
to the earlier horsecar. 2 

libid., rp. 428~31; Bennatt, The Steam Navy of tl'e United St01tes, 
pp. 771~8~1;, 
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ALcer the aevent of the cable car, several inventors developed 
the electric street car. JIIr,ong early- pioneers -• .-as Stephen Dudlcy 
Field {1346-1913), who also inven~ed a multiple-call district tcle­
craph boy; and a dynamo g_uadruplex telec:rarl:. In 187~ Field applic'<l 
for a patent .tor an electric l·nilwcy which would uce current from a 
stationary dynamo and which l!ould be delivered through a thir<i rail 
to -::110 car-~>h~els and traffic rails. In ohe earl;)' 1880's Thomas 
Edison experimented ,;ith an electric locomotive at t·Oenlo I'ark, 
llmr Jern"Y· At the Ch~cago lbilvay D:J'Osi-::.ion of 1883, an electric­
elevated raihrny """put into operation under t:he Field and Edison 
p(ltents. 

Charlet Joseph Var. Depoele (1846-92), tr.e 'Fa~her of the Trolley,'· 
""as "born in BelGi= in 18~6. As early as 1.371. he d~!::onstrated the 
practicability of electric traction. In 1883 he built t1ro 5r;,n.ll 
electric rail;;ny" and sec'Jreil a l'atent. ln 1883 he cold his :ratent~ 
to the Thomson-Houzton Electric Ccnpany of lynn, t<assachusetts, and 
entered this company's emplo~o'· He built several of the early electric 
railways in the Unhed :::tates and Canada. In 1883 Leo Dilft also de· 
vcloped a cuccessflll street "ar, He installed car lines in several 
Bl.stern "ities and in 0t. Catl:arines, Ontario, 

The int<orurb,r. Gystcru devdofed fror:; the >:ork or Frank Jull'm 
:>pra~e {11357-1934), an electric<ll enc;inccr ar.d inventor, who orcanLe<l 
the Spruc;wc Electric Raih•ey and llotor Ccrc.pan;r in lSI>!, to !llallu.facture 
electric motors. He installed the first modern trcll.ey cy~tem ut 
Ricr~.or.d, Vircinia in 1088. Srr<~sue is considered tr.e ''father of 
electric traction.'' i'or he invented the multirle-u..>Jil: S;t5tuo of 
electric train C(mtrol. Hi-:ohin a three-year p"r1o<i two bur:,Crcd street 
car c~rctcrus were built or planned on tha Sprac;uo syst~m. The electric 
car quickly replaced tbo horse car, and cv~n the cable car excevt on 
oteep t,radcs. The success of tt1e ekctri~ car in urban service cauze.­
its expansion to intercity and rural oreration. By 1901 about l),CCO 
!hiles of electric railvay existed in the United Stateo. 'Ihe interurb"' 
systems expmded nntil abou~ 19ctl. In the end the autmcobile l:"eplaced 
the ir;dustry, "ut ""s not a real tbr~at until &bout 1911. >'he auto­
r.mbi le did ~ot reduce :he n=ber of i:-tterurbtm ransenrers nntil 
after 19l"T. 

Altholi[ll'. th~ bicycle \fas fir:;t Qeveloperl about 1300, it "as not 
uidely adopterl. until tlLe 113130' s. Tl',c first A.»<erican to rr.anu!'acture 
bicycleo 1."US Albert A, Pope, uho po~ented a ~afoty bicycle in 1286 
c>r 1887. His fir~;t bicycles, rll.:r.ufactured in a SHI(inr;-rcachinc shop 
in l'.artford, Connecticut, ''"iGheU over lCO :rounds. Pope and other 
bicycle nanuSacturer~ ':lcgan to reoiuce the •Iei[lht. They r:-.o.de fr,:ures 
of thin tubing and also puc: b"'ll bearings in tr.e >rheel£. T3y 18)G 

''i'. C=erforil Hartin, ''Electric Car~ ~m' 'Iruin,;,'" A PonLl>J.l 
History of f~f.erican.J.r0'~.nt~_9!'~ edHe<l by Kaorr.pffort, Vol. 1, pp. 
lCJ-33; GeorGe \1. Hilton and Jc,fm I' . .':u,, The Slectri~_ ~ntS'!.u:'ban 
Ra'l'-'"-:••5 Jn !:me:ri~o (Sta,for<l Cll:iv~,c;;:.y l-I'C:Ss, 1960). 
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By 1896 ttere were over 4,coo,ooo riden in the United States a!ld 
over 250 bicycle :.-.anuJacturbt; co"'Pnnie5. 

The pnemnati<· "';ire omd the chair.-C!r.d-sprockeco c.ec~onicm r,m·c 
tho bicyc-le sr:eed. :lli~ycle clubs "ere formed an~ "bi:~e-rncir:r:" contests 
more i"Je1.d. In limo tl:e Lmlrruc of An:crican 1ibceille,, '•'aG orG~nized ar.d 
influ<Onccd the ecod-rood5 mov=ent. In u rce\l way the bicycC.e cro."'·" 
prepared for the r:ass -production of tt.~ autct.".obile, l 

'E<le .-volution of the r.cdcrn autcmobilc was u gr,.dual prcce~~. 
S"Oearn-drivcn cerr1ar;e~ had existed fer nearly a century bei'ore the 
Gcrrc.ar. technician, Ilikolaus A. Otto, invented a :fcur-cyclc COI"frcsci~:J­
t:qe internal combustion er.gine in 1376. The Ctto Encinc ~forks pro­
iiuccd ga5 en.r;ines for stationar;,' >mrk, Cut not for read vehicle~. 
In 1884 Gottlieb Daitller in-,-en-:,.cd a :Cl(;ht hi[lh~s::o~ed t;asolinc "nclne. 
The saY.e J'ear another Ger~an, Carl Benz, bc.:iJ:c a Ga~oline auto!J'obile. 

In l8Tf, em American lo''"'cr ar.d inventor, Georce ll. Snldcn 
(18hG-J.922), "built a gasoline enGine. lie also r.:ade <lrawi"Gs of a 
carriage to be driven by a three~cyl~ndcr cnr,lnc moun;..ecl crot;C\JiSC> 
on the froCtt rude. lie "-PP1ied ror a patent uh:5.ch wu~ crcwtcd on 
l!over:"Ger 5, 189~, for a grrsolinc~driven vehicle. 

In t!1c enrly nine'oies several h;ct·icon inver,tors rionee:r-~d i>t 
building autor.:obilec. In 1892 Charles C. Dtu:;ea (18(2~1933), scu.e~ 
time~ called ~Le 'fatr.er of" the autoi"o1>ile," built a casoline~p:copnllc•.i 
car. l"- 189; be und his brotl1er, J. !':canl: DJryorr, o:r-eani?cd tt.e 
Duryea ~-'otc:c "acor. Ccmrany at Sprint:fi~:::i, ;-:a~sachuse~n. b 1892 
Heu:r Ford built his fir3t ca3cline car, ar:il J-.e teste!! it succe~sf'.ll:C:.· 

or. t/1e rcu:i tbe next year. Hir"-"' P. ;.:cod"' developed a casollno encine 
and autorr.obile durinG the 1390' "· lr. lt:\94 Sl\10Cd il:::.y!les ot: l~o:,cn1o, 
bdiana b:lilt an aucamvbile. I1ar:~ov1 E. Oldc had produced a three~ 
••i1eel stean vehicle in 1887; b 1896 lw began wor:: o~."' ea~ollne 
vehi~l.e. He -.·a:; the first to Jl"~ an incxpen<livo co.soline aut.or-.obile 
on t'>e ,\rr.e:ci~"" "'-"r':et, In 189T Alc:•ander 1:~:1ton built tbo firs~ 
larc:e care. 

IJ:r the turn of t:t:e century the United Stntes had acguiretl tJ-.e 
techno1oc;icnl kno'.!l~<1Ge to launclo Cl'e auto1c.o'.JilQ l<1do.r:t.ry. 15y the 
ti~.e jler.r;r Fori! ber;an his ren1 ]croducotloa lr. 1903, other au'cc"'o1oilQ5 
ouch"" ;.te 01d.o, Ha:f'les, ','ir_';on, Loco.,.obile, T10clco.r<i, a">d CaJi~lan 
1-,aQ already ron recoc:Ctition. Forrl r~Lw;ed tv JalCt t;,, A~God.aUun uf 
LiecnGcd AuCcme>bilc: ;2.,u:'.'acnl.Ter,~, "'"0 paid roya1tie~ to '~':e o•.-ne:t·& 
oC tlle Sc:ldc::J ratent. ::.·o:r-d i!lsi~ted on sCanW..rC:i:acion aCJd "'o"s _!T0-
duc\.1or.. n, 19oil he in~roduocd the 11odel~T, a li::;bt lcur-cy'.inC'.Gr 

1Jar,cs A. rurne", "celt]-. o.L ~r.e ill'lcri~a.> }'eof'l£: !• lli~Cor:r o~· 
T;1cir '"cnno!"'".ic L'f'e (lie" 'tor;,, l9li9.l~rP· -)lG-i1; Bt;rlir.r;a::c, --­
::ac~.ir.es TLac Built hc.or·l~a, pp. 131:-~0. Pope "bnc;en lnanufaclurint 
lhe "Co1UJ!lbia" bicycle in lR'!.r. 

J.Oh 
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tcu:rh:g car of 20 horscrm,er that carried f~ve :rassencerG. ?ord 
prcTJised i~ \./Ould rur_ 22 to 25 r~il~s _v=r callon of casoline ar.d tr-"c 
itG tircc. would r-un lO,CCO !:lil<en. t'oi3 r:,odcl enable<l Ford to pcodcccc 
a cnr in la,·r;c quuntity at lou price. Ly 1?13 ?ord ""c able to adopc 
tho moving as~e::.lbly l~r.e, and he ""-d produced a car for tl:e !:'.illion5. 
The Ar-,erican fani1y quick}s became geared to the autc,_obilc ,1 

-''.m<>rlcans st.;cl: as Thaddeus !..ctre, John J. lfontg~.ery, and Octave 
Cllanctte flad exreri!::.,ntcd >~ilh balloor.~ and t;liderc in t"hc ni,-,eteentl 
cent:Jry. S=uel ?, an<l Charles H. Hanly built an imernal 
combuaticon e>"~cine i:or machine. In their triD.l flic;ht o>' 
Cccober '(, 1903, the dove into the Poto,._ac R~vcr r.car 
~:asl".incton. \:hile dl6 not fly, laP.<~ley he.<l eontribut~<l 
''no~rl~dce o:f ;;ind e and ,,1:· _p1'€5~ure >J.:' '"ell as certain 
i m. tramonts • 

'!" . .'c broUcer~, i.'ilUur and 0rvl1lc ·.·rigllt, 11ere S(\CCe~s:ful pione<e:cs 
of flight. At the ;,;riglrt Cycl.€ Cci:Jpt.ny in Deyton, Ohio the t11o 
brotl.ers bad a bicycle shop. l!> 18')( they begar. to study tlce mectanic: 
or flic;!1t. :c!efore they attetc.pted ro•,,cred i'li[;ht they sbdied n.e :rrcbler:c.; 
of stability, cor:Lrol, a:1d ba~ar.cc in gliders. Evc:tt>.:ally they de·:elo.i"'''' 
n wint; d~si81 and deuigncd their o•m motor and rrorellcrc. Cr. Decer:-
bcr H, 1903, they t:!'ade the first ZUCC~!;SfUl flight in a ~otor-pm:ered 
"irplane at Xitty Hawk, :·forth Carolina. Cn its second flight the pl~.:10 

ren'"inccl ir. th« "lr 59 secondc and flc.c 13)2 feet. 1\fteJ' rml<ir.g 1::-.prcv~ .. 
l!'.entc, the brother£ suece,:led in noa:Cir,r;" circular 1'li[;!:t o1' 24·,':- r:",ilc~ 
in 3J 1.1inutes at Dnycon, Ohio or. Oc'Cobe::- ), 190). In l9CG ti'ey ~ec\Jrt•C 
"P"tent for tl:eir flyir..; '"''''!>inc, I'l .:9C9 the J\lc,cricm: '.il'ir;;ht Coqoo.:w 
'"aG or;::nni:::ecl to n:anul'a.cou:re nirplaneG.2 

CoblnU!l i ~a tion . 

. '_n ur_clerwLter cable insulated 'iitb GUtta percha ""a firs~ laid in 
lfl4~ be1.11c~n l'"[';Jand and the :european Continent. In 181,2 ;;orsc's oea 
cable bc.tueen Governor's l3la!ld and Castla Garden h''<l llee:t luii: ir. the 
Unitad Jtat""· l":tlttloev Fontnir.e /.iau:cy nw.ppcd the Atl.~nt;j~ floo:-; "" 
iliglis~oroan, '·'illiarn 'l'hopLson, ~ob·ed tl:e :<Oroble!:'. of sendirl(l 1r.cc-Gages 
over a great <list,.nce <~itloout reln.y~, n.nd Cyrus \!, Ficl<'_ provided th •. 
orca!1i''inc [;enius to lay the ,~tla.'ltic Cable. In J855 a cable"'''' lejd 
conr.ooctint; Er-(!.~_."1.!1'1 '"'c1 -:l.r: Unitccl 2;.ale~, but t.his fir~t fltlantic CaU.c 

, . ,, '' 
-n., .. Perry, -:'l~e J:L;" of tl:e ,",Lrcc,-obil<J, in A PoF>lE.r l'ictory 

Ycrlc: Sicr.ct K£·y Dool,, l)'';G); Eirru" F. C C~~:~ili~~~i~~~,'~:nc!:!pffcrt:, Vol. I, r.r. 13-,-T.,: Poe'cr 
(C:£V Ycr::: Dover l:dition, 1962), 

2 r:o.vid C. Coobe, The :ito;,;! of o.viaLor. (~:mr Yorl:, 1_:))8), Pl'· ',:::-;.}•; 
Q,-,ega G. E.ast, '.,":r-igbc Brot\w:r~ ;;u~i(;r.a~ j;~""O'Ol'l"-1 (lh:tc.;li;ogr.<>n, U,C.; 
::a~io:,ll rae·:, Scrvi<·c, !{btoricni i!i,-,db6ol: Seri~s t!o, 31+, 1)(,1_) 
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failed. In 1266 a ""'" cable with technical improvmoents met with 
crout succes~.l 

Elisha Gray (1835-1901), an Arc.erican inventor cf sCVGral 
tele;;ra:ph and telephone nppliar.c8a and adjuncts, invented in 1873 a 
teler;raph relay, a teler;raph S>litch, and an annunchtor which could 
be ur·.cd in hotels and offices. Gray was searching :for a ••ay to 
transDi '; the tones of the h\J1'Jan voice. 

In 1871, .Uexander Graham Bell (1847-l;J22), <1ho liaS born in 
~cotland, cc.::;c to the UOJite(l Stat"s as a teacher o:f speech for the 
deaf. From 1873 to l876 he experiir.entcd in an effect to develop the 
telephone. Dell bad his associate, Th=s A. 'latson, desiG~- an 
instrument, whicb th<>y calC.ed tl':e ''han:conic telegraph. •· 1.'hiJ c e"­
rerit:mnti~ with thi~ inntrument Bell. finally invented tim telephene 
an,: received a patent ito 11376. At first the telephone tra~ !:erely a 
curicsity, anrl :Sell end 1·1atson had co c;ive ll'.any -public d~r-.onstra:tim'~ 
before the invention was acce:pter1. The Bell Telaphor.c i\ssoaiation "aG 
orGffilized ir. 1377, and in 1878 the first telephone ex chance wes ope net 
at Nmr Haven, Connecticut. Hithi,; five year5 the telephone Jmd 1dde 
ccmmercial use.2 

Ar: Italian, Gur,lielrno l·'arccni, ir.v"nted 1drclcss comrr.ur.ication 
and rrade succ~ssful cxpcrinents in 189~, taking out his first patent 
in England in 1896. The American rionGer in wireless teleera~~~ and 
nl.diotele!Jhony was Lee De Forest, 11ho \·:as bor'l in Ccur:nil Bluf.fs, Imm 
in 1873. In 1907 D~e l•'orcst pa.ter:ted hie audion tube v:r.icr, :roade lo!JG 
distance radio ·poEsible. A ~:f,re~~electrode vacu:JL, tube, it ,,•as U5ed 
as a det~ctor and amplifier. The tube detected electrical waves and 
released a lar!Je amount ci' electric po·wer frcrn a sour~e at the receiver 
1rhich could rmplify ~ign>ll-rnaking power. In 19cB he installed radio 
telephony on /Lil>erican warships. In 1910 he broadcast l;nrico Co.rucn' o 
voice by radio. De Forest, who r~tented over 300 inventions, is some­
times referred to as "the fatl::er o;: raUlo." 

Another pioneE"r ir, radio scicnca was Michael I. Pupin (18:/l-1935), 
who haU been born in Yur;oslavie and ceor.c co tho United States in 187-'>, 
He bocar.e a professor of electromechllnics at Golunibio. University. 
Among his inventions •-ras a syst= of multiplex telegra:phy

3
und the Pupin 

coil 'o•l•ich extended the range of lonc;-distanco telephony. 

1;\rthur C. Clarke, '"I' 11 FUt a Girdle Hound the Earth in Forty 
Hinuh·G,"' /ill'lerlcan !lcrita.ge, IX (Oct,, 1958), W· 1\0-44, 85-96. 

2
oliver, History of Amerl<'ar. Techr.olo(.!:'r, pp. 1+35-39; Alexan<ier 

G. Bell, "'Beg:nnincs of the 'i:eleFhone," in Science ar.c'l Invention 
e.Utcd b:r I.e Follette, PI'• 171-82. 

Pupin, 
pp. 49G-502; :.:ichael 
Hew Edition, 192)). 
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Busir.ess macl-'.ines, 

In the In<lustrie.l fP.,C as business expanded a nwrber m" raconl.i:lr; 
mli tt:Ut!l,ting d.evices were ir.Yent~ll. As early ''" 1829, \~illiarn A."&.:ro 
of Detroit to.d invented a primitive typevriter called the "typoo-tlp:ler." 
Tl:e modern tY}leuritcr "'as inver.t<e<l by Christopher L:J.tlirur' SbolcG (l31S·~ 
90), a l·:ilwaukce printer, Toge-ther ldth Carlos Glidden nn~. Snn.uel U. 
Eoule he was cranted a )'etent in 1868. Tte Choles twchinc, .,,hich l'.c 
calleC: a ''type,,-riter·· !'.ad an up-strike type bar, a circular tY}'e 
ba~ket, finGer l:eys, and a cylir.drical roller. Sholes improved hi:.· 
rrechine to ruake it typa acccyately and rapi0.ly. A:'oer Glidder!. and 
Soule relinquished their rigl:k-, Sholes sold bis rights to Jn~cs 
Densr::ore. Dcn~r.-.ore intereDtad tile Remint>ton Ann~ Ccm:rany in its 
""'"ufa~ture, ""'' in 1il7l11 the llei".inGton typem:ite,. •:as rnarkolcd as the 
i"irst practicnl machine.~ The typo;,. iter became an esccnoial O".t<chinc 
in lhe busi"e~s world anC. it enabled. "'Oh.er. to secure .rositio:lc in 
bu~inecs and. U:e professions. 

In the 1870's Fra!'.k S. :2nld,,•i" (18.3[\-1925) ~;~:tter:-,pte¢1 to irc.prov~ 
th~ 8ol,-.ar caJ.c::>latinr; n'achine ..,.;,ich lwd ":oecn dcvelopcC: in B'rancc. 
In 1874 Dald•.dr. cxhibioel "tis '"urith;cmeter'' at 1·hila:5:di-f<ia. In 
1902 ha in"'"nte>d an ir..vrovoJ. cr:.lcu~aoing J:mct.ine t:hich ·,:as ~a~er 
red<:slc:nod with J.R. 1-!onroe ac u,e Eo:1roa calnulatin[; !:"ACI~ic:"· '' 
second j,Jone<>r in revolutio!1binc boo1:l:eering '""" 1··illio:m S. 3urrou:;l 
(l3)7~9c'l), >."J,o cave uv a])'"'" oler;:'s po.cioion in Aubttrn, Heu Yor~< 
~o eo:];erL·.er.t ·,!i-tt an adJ.br; '"ac"i:!ihe. By 1836 h<e );erf"ctad o:l aUdin,~ 
machine, a..'1C. Ci'e Ac'erica" ;,~loi-.!l:omc~.~:c ta>tpany vas· o:i-g,.r.izc-d to lOCO"'::ct 
·che lAA.CC1ine. 

In :!.379 Jar.-.es J. Fitt~· oL Day<"on, Chio inver.terl. a ca3h ree~c:ter. 
I1C.tty tall dif.[i~ultic~ in :-.E.:cketin" hs invention. In 12'34 John H, 
Pattersor; a~quir~d !Ut~y'c c~!:".pany and orcnnized the J:atJo~:J.l Cash 
Tiec;ister Co,.p:wy. l'he _pioneer in developinr, an auto":atic oyolen of 
cGlll_pJlln;;, r"conline, ancl ~aUulatine Jnta '•'as Dr. Herman Iiollerith, 
a cta.~J.Gticia~. Ir. lllii'{ "he u3c& JOUnChHl cariEs to t·ecbCer collcct~d 
daoa. ~ 

I'l'.onc;;ra]Oh, pho~or1raptw, ar.,2 motio•1 picture,,. 

"."l",e phonoel'aph •n"as lnver.ted by I'Lorms !c. Edison in lG"{;o. ·,;C,ill' 
·..ror!:inc on tr_e rsrGatinfl m;,l embossing te:ie;:;raph, he conceived the 
iclea of: a ;chonor,rnpl1. Dliso,'s l'irGt n:acl,ine Ha~ <:rucle, b".lt he '""''1 
ic.provoc.ents. In 1901 U'.e Cdh;on gr~r.ophone <>·as l'Ut on t'Jc =rket. 

1;JI:rr:' r;. Barbour, '"I'J-.c I::e;--~1 Ol·"·""t of :.he Typ~·.:t·i'OGr, · in Sci e:JCe 
and tnvencior. edited bo· La Follnte, .H• 3C/-69, :'or <'c•.a:Lls see_" __ -z,-o-co 
" Cun·m,t, ne ".("ypeuriter and tlX' Ue~ ftllo l.ade I~ {U>Ua:k>, l9Jl;). 

pp, Z(O-T6. 

3Je>:cr .. e S. J.:oycr, Great Invecctions (Hel< Y<lrk: 
~<;;62), l'P· 262-GI,. 
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Gcorc;c E.:onbd2!1 (:-_';5~'wl932), en !o_.cricon ir.ventor and industia.l_ 
leader, reri'ected 3 process for rnaJ;ing photograpbc dry plates in 
1880. In 1884 he :>ntcntod a transparent flexible film which l<as t:1e 
first cor.~r.ercial filn. Cut into narro" strips, the fil.r:!>_ rrndQ on 
coated raper, oas wound. on a roller. In 1888 !le inve::tted the 
'"Kodak," a portable hand carr.era. 

;Jl'_ong the pioneers in rr.otior. picture photoQ"apl".y ·.ms Ead·.reard 
Hu:tbridge (1830-1904), l<ho photocra:;Jhed ani=lB in motion as early 
as 1872, wt.en he «as en(laged by Leland Stanford of Californie to 
prove that a runnine; hor5e had all four f'eet off the erour.d at one 
Jlb.a~e of his stride. 

In 1888 the Edison laboratories at Menlo Park, :·ic·.; Jor~rcy Btm·ted 
work on Ohe kineto~cope. l!ith the "ssistanee of \,'illi= K. L. Dickson, 
tha Edison-Dickson kinet03COfle "'tl-C ccnctructed. Jl.s a res~.:lt roo~pshc>:c. 

;,c,re Gho\.n beeinnir::e; in 1394. C. Francis Jenldns (1867-1931!) with t!::~ 
ascistance o:f 'l'hcma.G t.nna.t invented the rr.odern motior:: picture prcjec:te>r. 
l!e pttented the <".llChinc in 2.895. Jenkins's inventions :rrcrared the 
way :f~r tl'e ll'fll<ing of !'lovies as a l<e" rem of COliJTJ<Orcial:i:-:.,d amuse­
n.ent. 

Tecloni~nl cdc>eation and .icurnals. 

The f,TOH-olo of scientific and technical education :in the Unite<l 
States "a~ tremendous in this rcried. The ~!aGsacln's"ttG 1'15'Litute 
of Tec''nclO(,')', Yale's Shef:field C:chool, the land-&ant collc[·,cs, 
mininr; ~chools, and other ,._ec""-l'ical and technical institutiOJ:c 
f~stcreCL i:nerost in aprlied ~cience. ln California the 'rllrcor 
Un:iversiC,y ot PaGadcna, J•rescntly California Institute oO: Techr.olo['y, 
was es~ablis!oed in 1891. tlerhanics institutes and 1r.m::unl trail<inG 
sd•ool~ i:1 ~he different sectlol''' of the nation also C<J!ltributed to 
the advance of technical education. Several technical and enr;in"crinc; 
cocie't.ics vere es-tabli~hed; for cxrunple, the American Soc~ety for 
Engir:eerlnt; Education was orc;arlited in 1891. 

"•as ~stablisLeu 1n 1r,66. 
usetl cy -c/w ""cion's 

launcl1cd in 

""' 

1Ibid., :pp. Bl-8G; Oliwr, History of k.erican ·:cech1olocy, 
pp. 4112-11,, ~04-07. 

' Oliver, Hictc,·v _ cf _A1'"!:icun 'i'c.cCJ!'~olaf'Y, Pr. 309-:2; 5obel t H. 
F'er~c 1 ~ , · ::-,·.--v;•·~ss in ..;,Gi"~crin:;, " ir. :::c Lencc a •d J.~'_,_:::t;ic ~. ~it "'1 
b:; [" I•'--,llc•<;t.c•, :Ff· ;:9'{·-31:0. 
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Awa:ccr.ess of 1\Jr.erican technological edvanccs. 

At the "Paris &position of" 186'( the imentive gcnim, o~- the 
.'W.erican people vus '"'ell displayeii. Cylo.u McConr.icl: '!On a cra"Q 
:prize as uell as the Cross of the Lq;ion of Honor for his reaper. 
Cyrus Field was recognized and praised for the Atlantic Cable. 
Tl"::e llm•e 5e·~ing n:ncl,ine llas am:trded gold Eedals, 

'!:'he CeCltennial Exhibition of 1876 at Philar1elpbia had a 
Hachinery Hal1 that 1rnpregsed both I"oreir;r. obscrvc.l's and /L::mricans 
alike. 'i'he faeious Corlis3 engine of 1,5c0 torscpower we.s tl:c Jl)8in 
attraction. A large m>n:ber of O:urorean inventors, scientists, and 
industrie.lists came to Philadelphia ~o gab knowledge crf Ancricnn 
ccchnology. 

At the Collli'lhian Deposition at Chicaco in 1893 the electrical 
exhibits constituted th<O n:ajo:r technological a-.;t:raction. 'Ihe ex­
hi1oit0 of """erican "'achincs were ~>lso a vriroacy attro.cticn. The 
r.ext yeo.:- the Chicago fair ;,ras copie;l at Can l':rancisco 'by its Mid~ 
':ir:ter Fair held in th• Golden Gate Park. The di~plays in the 
1-:echanical Arts Buildin['; \:ere a rr.ain feature. 

The United Stntes exhibited l:lodcl3 of it~ agricultural, textile, 
and mininr; machinery at che ?uris 6:position of l?CO. In the first 
decade of the t;.rentieth century ppcricml tecohnical skillo uere rlerwn­
str,.ted nt home in the )'an-flmerican 2<]'csition at But"I"alo, the Louisiar.a 
Purchase Ex;:oosition at St. Loui~, and the Ala~\(a~Yukon-Pacific Ex­
position at Seattl~. 

As the nineteenth century closed the ri:r;ened rr.aturity of 
IL!Ilerican technoloGY was eviJenced by the CXch>lne;e o:f visits between 
l!I:leri~:U! and Eu.J:opean scicntistn a.>Jd tec"b.nicians. l·~oreover, by the 
1590' c a considerable nurrller of A>:Jc.J·ican li'acbines "Were c:<;.orted to 
.c:urope. For cxa~C.plc, Ar.~rican shoe rr.achinery was adopted by several 
German cllOe r:anufacturcrn. I:-: a rey;ort Jatcd April :?5, 1898, Freder1.c 
::i:".ory, Chief of the :aurea.u of Foreicn Cc~:.lllerce of' the I:ep>rtl!'ent o:f 
State, inJicated that t:lC r<>ports o'' consular officec prov0d a grmrlnr; 
pq.ulru-ity of United st,.tes nmufactW"as. This "as particularly 
evident in iron and steel produ.ctn, labor-saving r:.achinc:r.r nntl. tools, 
boa"'os, G!ot>eG, bicycles, electrical cupplits, and locomoci ves. Th\o:ry 
asccrted that in certe<ir. industries production sur.passeJ. dome~tic 
constc.ptiort an<: that aJ.,Utiorw.l fo:re1(rt r:::arl:ets \le:re neoode<l if .1\toe:r~cnn 
opera:Civcs and artisans 11ere to be i:eiJt employed. In 1893 rranufactu:rcs 
cor;,priscd lecc than or.e-fifth of United States eXIJortG. By 1903 the 
fir,u:re had risen to one-third, and in 1912 it rose to '•"( :ro:r cen~.l 
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Xlll CCHCLUS!O!J 

Ir. tl:e bq;innin;:; A:..erican ,;clentif'ic ani! technological ideaz 
vero' prirr.eri:Cy an expression o:f E\lrorctm intGllectual thouGht. 
In ract t:t:e P."r.erican 3Cientific tradition "'as EngliGh in oo·i(lin, ""d 
a sin1i1nr:ity re"ained belween tl:e t"o treditlom; for '\lons tiroc, 
l!m1e""r, A:rr.erican c.cience was al<.'ayC more utilitarian. As soon as 
;lllerica wa~ discovered Euro]'.,nn science 1ms ~t:i:rr,ulated by interact 
in the new ler.ds. Actually scientific knmfledc-e has alo•ays cros5~d 
aad :rc;crossed the atlantic uhether tterc be -""""" or ,,•ar. 

Durlr.(; the colonial cr" J\merican science ·.ms nor; s!Jedalizcd, 
beinG ge'leralizcd into the Cuo broad 1'iel<ls of" natt1ral }ohilosorh:,• 
and natural hiGtory-. r>ospite their ;;eneralizatior. tl::e coloJCial 
r.a;;uralids were pioneers in advar~~~!l.G AJ:..crican sciacce. A ce:rtain 
degree C.L. popu·•arization has always cl".aro.cter1Zfld k:crica" scientific 
develcpmcn~. T~1is vus true cvc:1 in the colonial era '"'hen alrranacs 
und nmrsJ_:a}'er~ di5scl:'.inated ~~i<:mtific data. 'fh" A:;-,cricDn Revolution 
tended at first to dicrupt o•~r r;cientific advance, but 3oon a burst of 
scier.ti.fic activit:r occurred. ~·ihcn tLe Ur.ited Sta<::eo:. ~;ainca their 
inde~cnilence, An.ericans remair.~d for u time deper.iler.t u:r:on Europe 
!'or sc:i.cnt.ific and tec:lmolor;ica::C ,zuidailce, j,ut gradually facilities r·c,­
research and traininc; "'ere ~l'",provto,l; rc.orcovor, the r.etlonc:l gcv<er=m:-;; 
"became interested in ~o~terinr. ,;cient:tfic diGcoverics anJ ir.ven':ions. 

·rte e:xi,,tencc of a frontier ~tiruulated the inventive and 
scienti:flc gcnit:s of the 1\ltericnn :r:co)'l<O. ilith an entire con-oincr,t h 
settle invem;icns '"'r" needed ~o rc,bce dlstancc,; anJ to d"velop ~~c 
.l.and. For axac:ple, locomo~h•cs in America b<e<:ruc.e heavter and faster 
cotolC"Tcd ;;o those ocf Luro-pe. ~o o~me tho dif:ferent I"rontien, of 
i:ro"'"icc 1.nv;ontions su.ch as t!·,e Colt r~volv;or, the reape!", :;.nU f:nrlJed 
virc were devised. The uniq;.:e 11roL lems of the various ,-_ir.int i'ront:lc,·3 
of tl:c i.'cct c,~lled for zol1-<tion a."'\'1 these veJ·e tnet b:r tunc:ricaE !"ininc 
enr:;incer'-< and inventors \lho h:~otce rreecdr:ent in iiesicning minir.r; 
ccp:l.I'mc"t ar.d machinery. Gcience vas fost,red by nevcra). ezplorinc 
e~.p,di~iorw oronsored by the r.a~.:ion<1l. covcrre-.cnt in t],e r:erio(l bc:f"orc 
the Civil \!o.r. As eE.rly f>.S the l520'G a fe•· stnte [lo'.•<on:rwno3 becar, 
to unde;•cnk<• c~olcgicul su•'vcy~. 

iU<.cr:icanc l.rwc a.!.vayo b,"wl". '' r.atJon oi" joinen; and h:<c- ~cienti~t" 
ani! inventor,; b~·ld rr.ectings and :·orn,ced ~cic::t~ific and ;;ocJtno](•p;;cal 
cocieoic5. l<any oi" t~tece orcsni~ationr, laur.cllcd publi-cai;im,£, ancl the 
United Stac~s t"cl"y l'as '"".ny ~c:!.anti::"ic £!nd t<'ch~ical jc--urnalG tl!c:t 
date 'oac" to the Cnst ccntu..ry.·. l!'l tLe <JegJnnlnr; collegco ~<l·.,~ation 

1 .Stepl'~" , .• ).:_~aon, A HLtor_v of t;ce Sciences (I:e·-' Yod 
]aol<, I!c,.' ~l<'Y. ed. , l~G2), I'. j(l'). 
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'ms based :prire.a.ri~• upon cl2.ssica1. ~~udies, but O:r c:,e lqi,C'~ collcogcl' 
ac,d univer3ities began to affor ~n.;t;rcctio:~ in sdcnc<e a'l6. cn;:;ir:<et>r~n£-'. 

_,_,otcr the Civil \·.'ar technical and scienwific cduca';lor: •·as i'~r-Ohcl· 

~·;inulrrtcJ. by 'che evolution o:o the br:<C-::;ra!lt collq;e,-. 

'T.nen the r.a'oion bccmr·e involved :ln the Civil 'iar, Che Unior. 1:ne 
~u~c,incd in !>fll"O l><ocuusc of tb" ,;uperior scicntL'ic and technics~ 
>:>tillc of t;'" l·lorthcrn people. Ec<:cver, Gclcntif .ic anc'. tcchr:olor;':ea~c 
knowlcdc" >~a:> neve1· ~onf~ncd to the rr.ore industri"1 an<l ro=latcd ureas 
oi' the !Tortt.cust. CCdentiflc ;:r;terests existed even in the 01<': Cc·~t'>. 
f,J:·cc;• cb~ Civil ~-faL" as industry sprcc;.d iroto tLe Soutf::, tcchno'-oc:i~a!_ 

a<'var.ce~ .:ere abo =do in thet Gcction. I,-, the I'ar l.'e~C cGclmiccc~ ~,-;~ 

scientific clcvelormc:1<.~ occurred vCrtually ::·rrn;, th<" li:c.e o:' t''"' fjn;o 
settlcc-,cnlc wic!• o·eat"r acivanc"s c.xis'oiEg ir. tl1e ::ore po!J"lv:Oed ,,·e. 
0 ,° Culii"ornia • 

. 4n~r~CD. · c; r,ren,t,c t •; den.,·l ~-i c and tcc:~r_olcci caJ. aitva."lcc caY.,c a~·""'" 

tl1e Civil ~:ar '.lhcn ~-"' ir.creudr:c in(il:GtriEli~atio:-. an<i urban~:a·.:io:• 

occur:rer1. In t!:ic; ac:e o/ fi_~acce capitoliao bur;inees ""l''"''lecl end 
:'ac~o:r:r !tle~hcd.s and ctanX!rdiza'-ion" •,Jere vJ~ely adopted. ~:cit>ntistc 

c:ncl inven"Cors ·.;ere caJ.le"- u:ron to devi"e """' busincoo; mn,~hi,ec ar:d to 
i!:'.provc rc.canc o: fuctor:r o;;crat:icn SCltl c:ran''l'O?ta'.i8n. C.'he at-traction 
of Jiner~car. >r~alth CJ:CO'-ll""Ged inoreaGcd. inuod(jr::tior: -'co tte United :icc,tc~. 
and ~''" Ame1"'l~r:n ~c:entl:'"~~ trudltic" ,,•ac stren{~t!-_c,Gd iL -tti~ era .--,.-
t!Je arriv::1. of llOO.llY actual 0.:>'1 ::_lotm-,tial ":u:ropccm .;~ieccis-;;~ and ~r.­
vento,-.o. !!eClcc iclbert A. :'ic:,o::.5on, u I'oltur, ir'l'ic;rano, -~"""·.,--" -;;te 
fi,-~t ,l,r-'.e:r~ca,-, t~ ::-eccive ~. h"ohcl T;·ize in >=c:icnee, The ~cie,c~£ o:' 
,_,,~l-e:!oC'_y, c;lC,ui~:;ry, J;l:;rG:i~G, aml ,_w1icir_e, to rr.cn"':JO'l only a r'e-.r, 
,,-.ade t:remen<lous striC.e~ '-n t:O,e Industrial AGe. AJ,,~:c·i~a:Jc l:c~a:oc i:!1e 
forec.osC pion,,ers ~,-, dev<O:O.O!J~nc suet ::-.odei";-l inv~n~ioc.c- aG ·.h;o t~lepLe1:1e, 
uutc,-.ob~l<>, an,t airpla,-,e. 

Gip:n·:ricflr:ca oi' .'\Ir.erica'c :role oncl r.cr contr1butioCls. 

':"he ma~,or c~r,nificuncc of .'\:c;oriean ~clcr.tifi<' di~;cove:rics mcJ 
i"veCltion~ throl:[!;h the years io tbnt th<"o;~ advar.~"" ""'Ja tbc United 
s~utc." ·.be vcclti,iest Cl;otior:: i.-._ the vorld. 'l'hey enabled Ax:-."'ricnnc c~ 
be ~<ell f;od 4'kl uwe the '<'-'"''""C"' •oan con abunda,.,ce of tbc comi'orl" of 
lire. LC>st oi' tl:e inventions vcre utilitaricn and _!?rac':i,'al. )lcsid"s 
(lldnc the A!C.erlear> :reople mr.pl., food, elm.h:Cr,g, ar:<l ho:win~;, "-" Cl'­

TJhnsis on p,·oduciq:; lai:lor~:;avlnr; devices GD.Vc ticcm more ::.ci3Ure for 
educ<'!o; o~, travel, mxl cntcrtairu:.'<-'r.~. 

Sc-:cn"c end t~cbno1ogy arc bnsicially P..:J(ll'"-~ura'l~,' inioernnti<nc•l 
iJC t.l'D-<11-cicn ViOl: '10 1·ace oc· peoylc t.avJnto a rc.or.opoly cS: -,,~,_¢om. 

Arno;·ican~ b.vc c:l'-'l<Y" bonetlt~d :·ro.· tlte Gc;~n-c~lic mzl invcntivcc "'"-~ 
triUutio"c of otJ_e,- P<-'Op1c.•. Jr_ te''" cl13 Unltc><l stc:te3 c:~de<'- tlo" rH;c 
or c:,~ ;:or~:l b;r ib CA:r. ooiennr::· ~.:-vl te~'''"''-oci•:nl k:lO•-~l:e•:. In 
fD.cC by 1')00 hnc.·i~an ~:-~ger.ulc:r "a£ ·.r•clcorr_c,l i~: '"-"'W ~·orcicr lc:,.,dc. 
~:,ny na"io:w, )Oart".cularl<,' Jar-em c:nd lit,csic:, i:·-:;Jol--Oc"l r:h,,;,-Tn~r;; fl''"' 
-,;,"' :.Jl:itcc' States. /cf~·Jr tl1e ~-:pan.i.;t~;'J·,el·i·o, Uar, ,,:_on~''" :.hll<"tl 
~_;ta~ce loz,mnc a world !JOilCT, l:"r ,,_,,d,incs •.rerc cleo i!Oc>:"U'l·LC<o<1 in'Oc 
C1'l'a am1 cl.,, :Obili(.pir.cs, 
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In the baccalaureate address delivered at the University of 
\lisconsin on June 20, 1909, Joa'-!uin llabusco, Eraziliun Ambassador 
to the United States, spoke on "The Share of America in Civiliza­
tion." He pointed out that JIJI\Ilrican inventions had brought about 
a standnrdi?.ation and a unification. In part te said: "The A(;e 
of Franklin will not end as the Age "f ~lidas. You have chP.nged the 
rhytbm of life, you ;.•rite in quick tC'm:po, and the world is catchir.g 
frov.. you the spirit of rapid transportation .... " 

American science and technolo.<!"f 11bout 1913. 

Cn the eve of World \·,'ar 1 the United States was on the threshold 
of assumiug a pnsition of <Jorld leadership. An A."terican 2rnpire Wa5 
created follow1n1J our victory over Spain in 1898. In a large n:easure 
t'he ease 'lith vhic'h the United States defeated Spain "'as due to her 
te~hnological superiority. Since the eighties the United States had 
been emerging as a great naval power. The new steel navy and the 
superior weayonry of the United States were results of the advances 
in American science and technology. In 1898 the United States passe~ 
Great Britain in iron and steel production. By 19CO the United States 
r~ssed Germany in machine tool production. 

In 1900 agriculture rerr~ined the leading industry in the United 
State5 with a third of the :population engaged in farr.ing, but the 
~nutacturing industries were on the march. Industry was movin[l ,;est 
and soutt. Its density increased in the Great Lakes region and it 
was bringing new pramise to the South. At the turn of the century 
us the United States becane more urbanized and indu5trit<lized, the 
natio~al GOVernment and the states beBan to increase their scientific 
fw.ctions. For example, the :public l:ealth rr;over..ent gained momentum. 
Also efforts ~-ere rrade to in~ure pure food and drue-s, conservation, 
and safety in industry. Scientific research became an accepted 
function of eovernment. By 1913 the American people realized more 
than ever that science fostered derr.ocracy. Ho11ever, n;odern science 
and technoloQ-" were changing the world so rapidly tl:at the future of 
funerican damocracy was soon tested by the impact of World 'ilar I. 

The interplay between sc_ien_ce and invention. 

Scientific discovery (bo.sic or ""pu:re" science) and invention 
(applied science) are related and dependent upon each other. The 
discoveries of scientists freq•.lently lead to inventions, and con­
versely sorr.etir::es inventions lead to scientific dis~overies. For 
example, Joseph Henry discovered eJ.ectrcmap.nctis".l; once this phenctr<­
enon was known the telegraph could be invented. In Axncrlcan history, 
pqrticularly in the early period, science has been C'.ore arplied thl\'1 
bacic. Althougl: tt'e United .States has l:nd scientl&ts cf intcn-.ationul 
standine since Franklin's dey, the nUJnber ~ocere r'e•• until the Industl"J"l 
Age. >iith tt.e (l.dYance of scientific education in the United States 
after the 1370's a greater et'.:;>bad.s was ;ohccd or. basic sci~r~ce. 
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In a sense the United States received much or' its basic science 
fro~ Europe until more recent ti~es, but in~ntions end engineering 
achievements ~rade the United Statec en industrial giant and world 
power by 1900. Throughout our history scientists have ~ided inven~ors 
end inventors have ai<ied scientists. Sc.metir..es it is d.if:ficult to 
distinguish bet\1een a scientist and an inventor. 1\ goOO example is 
the career of Michael Pupin, >rho aG Roger Eurlingrune appropriately 
said: '\,as the 5Cientist behind his o~m inventions. "1 

lRoger Burltr.[\lllt•"· ::Ocientistt; Behind the Inventor~ (New York, 
1960), p. 72. In ttis "book the autllOr explores tl:e inte-rre)atj<>ushlr 
between ccienc~ and invention. 

Ul 
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SELECTED BlllLIOGRAPHr 

Bridenbaugh, c~rl, The Colonial Craftsman (Chica~o: Phoenix 
Books edition, 196!). 

The book is a history of the work of artisans and craftsmen 
in Colonial America. This is a scholarly study by a competent 
American historian. 

The book covers the period froo 1865 and is a useful study. 

_____ , Machines That Built America (Nev York, 1953). 

This book is a brief and popularly vritten history of the more 
significant machines in American histo<y, but it is not a thorough 
study. 

The book is a study of the social Iattern which made the United 
states. The viewpoint is technological invention and its place in the 
forrration of social trends. The book is scholarly und has an extensive 
bibliography. 

In a historical approach 
relationships between science 

(Nev York: Avon Paperback 

the ~uthor demonstr~tes the inter· 
~nd invention. 

these volumes, ~epored ~ the Carnegie Institution, are based 
upon oril!inal materials. They -constitute a detailed ~nd doc=ented 
economic history, 

de C=p, L. Sprae;ue, The Heroic Age of American Invention {New York. 
1961). 

The book is a popul~r, but not thorough, survey histo~ of 
Al!lerican inventions. 

This is an excellent ~nd scholarly study with document~tion. H. 
mainly follavs a chronolol!ical approach, but ~lso b~s chapters on s•ch 
topics as agriculture, conservation, medicine, and public health. 
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Grin_'"lell, Jooeph, ed., :/atur~ u.r.C Science on the Fe.c~fic Coast 
(lOan !o'ranclsco, 191)). 

The book contains 1n·ticlas by various scientista, 
it L not a ccm:nete stucly, i"i' is one o;:' tn,-, fev books 
to science in tl::is area, 

Hindle, 
173)-1789 

AlthOUf:h 
relatill(l 

This scholarly ar_d docu."'ente<l study hes been h~c;l::ly pra!sed by 
Arr.erican historia,-w specializins in c'-llturill history. 'Ihe author 
has a"l ezcelle"lt chapter on the k.erican l:'ililosophica2_ ,Society. 

Jaff'e, Bernurd, :1en of Science in A.,-.er<ca (!·,.York, ;<ev. ed., 19)2). 

Ti::e cutter has 1aitten ebout leaders of ""'ericcu science i'ro::; 
Thomas Harlot -:oo llirico Fe=.i. 'L1E' book is """ of the best (;GC~Gra:;_ 

bhtorics of k.erican science end b based Or> thorough r<Oseurch. 

Johnsen, 'I'hcm~.s c., Jr., Scientific lnt"rest' in the Old South 
(l!cw YorL, 1936}. 

I:1 chis p;u(ly Q1" th~; attit~<dt:$ cr tl''<' p.trrnter~, !'olitician51 and 
professional reopl_e oi' the Old ~>Outh tm;ar~. the natou.ral GCicn~es etc 
author a·.tcm)Otcd ~o explode tl-.e c-_yth tt:at th-J 5cction lac~ed c,cicnti:Cic 
int":re.:ts. The book ~us extcr.sivc footnotcc ancl "-" b~~-ed upon sount:. 
rezenrch. 

Kaenrr:t'f"rt, •'alde:r.ar B., l'd., A Pol)ulaJ· Hir;tory of A:ccrican Inven~ions. 
(Hell York, 1924). 2 vnls. 

'fLe firGt vclur.-.e trcmts traaccortr,tlcr., cor.nunicution, and )lo<;er 
ar.d the ceco:1d vo'.ume covers n:~otur:;1 .l"eGources an:l labor-savir.g machine~. 
The ~hapters are ,.7itten by vartow. spe~lO.li~tf J.n ncn-tecb;i~Hl lo."­
@W.ge. Tb~sc volmr.es are not er.tirely accurate and arc not Oace<l uron 
sound scl'.cl,lr$hip. Nonethele~c, the~· contain ::.•~ell datu that is not 
readily nvailabl<·. 

Cta-pt,ers t;ro m::d ~hrec deal 
r<>t.cnt sy~tem fror. l79C ~o 1836. 
bll.G'C<} C!IJOn thorO'-lt;ll rcm~CUQh. 

115 

tlJG b:::rtl; ~nd ,k·•e1opren~ o.· "I<: 
hcok ie u ;roJ.uhr nc~ount noc 
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SELECTED BIBL!OGMPHY 

Bridenbaugh, Carl, The Colonial Craftsman (Chicaeo: Phoenix 
Books edition, l96l). 

The book is a history- of the work of artisans end craf'tso:.en 
in Colonial America. This is a scholarly study by a competent 
American historian. 

The book covers the ~eriod from 1865 and is a useful study, 

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

This book is a brief and popularly written history of the more 
significant machines in American history, but it is not a thorough 
study, 

The book is a study of the social pattern which ~de the United 
states, The viewpoint is technological invention and its place in the 
formation of social trends. The book is scholarly and has an extensive 
bibliography. 

(Nev York: Avon PaJOerback 

In a historical appros.ch the author demonstrates the inter­
relationships betwee~ science and invention. 

e. 

These vol~es, prepared by the Carnegie Institution, are based 
upon original materials. They constitute a detailed and documented 
economi~ history. 

de C!ll!lp, L. Sprague, The Heroic Age of Merican Invention (New York_, 
1961). 

The book is a popular, but not thorough, survey history of 
American inventions. 

This is an excellent and scholarly study with documentation. 1t 
mainly follows a chronological approach, but also has chapters on s1ch 
topics as agriculture, conservation, medicine, and public health. 
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Eason, Stephen F., 
Book~, Hew, Rev. 

(New York: Collier 

This i£ an excellent sinGle volUJlle history of \Wrld science. 
It is a hiGh~v readable survey fro~ ancient tiffies to the rrcsent. 

Ochser, Paul H., Sons of Science: Tte Story of the ~ithsonian 
Institution and Its Leaders (1826~19l19) (Kew York, 19h9). 

Thic ie a reliable history of the t'Jr,itlwonian Institution 
by the chief of the Editorial and Publications Division. The hook 
has e ct~onolcgy of principal events in Srr.ithsonian history and a 
selected bibliocraphy. 

Oliver, John ;r., History of 1\r:-.erican Technoloi'Y (new York, 19)6). 

This boQk is a coc.prehensive history of American technology and 
invention. ~ihile the err.rhasis is on tccP.noloa, the ~tudy contains 
;:-.uch of valuO pertaining to scientific hi5tory. lt ~~ e. text t'or coucae~ 
in its subject and 'ia scholsrJ.:y. The book, hmlever, i!oea contain'eZ.rors. 

S"ruik, Dirk J., 
Ecol"., Rev. ed., 

This study coverc United States science and t<Cch::.olc~y :rron:: 
colonial times to 1865. It is a classlc with n."> extensive "biblio­
Graphy and documentation. 

Thon::pGon, Holland, The Age of Invention {~!et.• F.aven, 1921). 

'l'he voltz.e is in the ChronicLe of k'.eric& Series. The book 
:r.erely outlines the personalities of a fe1-1 1\!Eerlcan in,·entors and 
relatec their significance. It covers the l'eriod frcrc Denjamin 
Franklin to the conquest of' air. 

1bll<or, James ll., The !';pic of Ar.lerican Ind1.0ctry (l'!ew York, 1949). 

Tho book is written ror the general reader and is nn a~count 
of the ri3e of' industry, ccmt:.erc,., bucine~s, tran~;portetion, and 
co,-,munication in the United States, It t'.as considerable data cr. 
specific inventions sucil us the telephone, t'lutorwbilo, and busine~s 
Machines. 

O·.'ilsor., t.at,.,hell, 1\!Eerican Science and J,-,venticn: 
Hhtory (Ne" York, i95li")~·-·· ·· ·· 

A Pictorial 
-· ·- -

The book is n general history o£ the duvelop::ent of American 
0Cience ;).fl<l invention coverinc; the period from Frant1.in'~ ex:reri­
u.ents with electricity Lo the Deeinninc: of -';he atomic a(le, Th~ 

narrCl.tive lacl<s detn::ls, but the book YaG over or.e thousand docu­
mentury picture~ . 

ll6 
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3ITF.8 OF 1'XCSJTIOIAL VALUE 

1. Lick Oboervatory, California 

Location. 2'<lnta Clara Cour.ty, on /.fount P.al:lilton, 24 miles east 
of Son Jose. 

ovne:rship and ACminidration. University of Cnlii'ornia at Berkeley. 

Lick Observatory, estobli~hed in 1888 on to:p of l·!ount 
f'irt.t great re<leerch astroncl:liCal observatory in tbe 

Far \/est, Alc.or.g the distinguished American nstrononers associated with 
this observatocy 1<ere Ed"<!rd S, Holden and Ed,.mrd E. fu:rnard. The 
astro,-,omern at Lick per.fo:rred Jlioneer 'clerk in the study of SUJI srots and 
double star .:;ycten:s and many other sienii'icant aztroncmical discoveries 
~<ere also !:IUde he1·e. 

In 187"· .J::Illles Lick, llho had cot:e to California in 1847 and made pillions 
in sellinc real estate in Can Francisco, donated $7CO,COO to the University 
of California for tho :purpose of building a treat o"bservcrtory. In 1876 
Congress granted lnnd for site and this, with later grants, nm,' totals 
abm!t 3,100 acrcts, Licli: a±ed in lll76, but his trustt:en provided a: J6~inch 
equ~torial refra~tor, a 12-inch equDtorial refractor, and a 6 1/2-inch 
rleridian circle instn<ment. \,'hen tl;c Univerdty of Colifornia <m~ givoon 
the coQPleted observatory in 1888, it wan considered its "cre>,minc pe>s­
session". Until 1899, its 3G-inch telescDpe was the largest in the ><orld, 

Edo;ard Sinc;leton Holden (18116-191~) served ac the dirccto,. of the Lick 
Obce:r-vatory frcm lll88 \llltll 1897. :, !lost Point Gradllate, Holden had 
been an ustronoz,cr at the r:aval Ol;scrva~ory at >1ashin1;tor., D. C. i'rom 
1873 to 1879; he vn,,-, next director of tl<e \.'~shburn Observatory oi' the 
University o:i' 1,'isconsin in 1881, and finnll~· FTesid<ent of the Cnivorsity 
of California. In 1889 Holden founded ;;l\o !IGtroncmiccl Society of tl:e 
Pacif'ic. In 1892 },e discovered the f'nint fifth sete1lite of Jupiter, ar.d 
a!! atlas of tb-e moon as also prervred by the Licl< staff' based upon photo­
r:raph: l;';ade vith its Gr~at glasP. 

Ed11nril EJ:,erGon Barnard (1857~1923) vas :mother dbtincuished 'wtronomer 
11ho served on the Lick G"taff frcm 1888 to 189;;. '.,'hilt: at Lick he becan 
to :pi10tograph the l-~ilky ' .. 'ay anll al~o <li~covcred five sutellitec of 
.!upiter and tl:e nebulous rinr; arounJ. l!ovn Aurieae. Ee 1eo."t the Lick 
Observatory in 189:; to beecme an a~1-ror.cl:'.er nt tlm Yerkes Observatory 
ot the University of Chicaeo, at '.iilliams !Jay, Uisconcin. 

Tl::e moderr. stucly of nebulae l.'es be!]\lll at Lick in 189:; nnd more than 33 
cornets and i;,i300 double starG h>vc since been d!r,covcred and charted, 

11"1 



c 

' 
' I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Present AJlpearence. 'l'he Lick Obsarvatory is situated on the surr.rnit 
of !·;O'.mt llnr::ilton, 4,029 feet altitude. A narrOl{ paved road, ~raking 365 
tUins in the l.a5t fiVI'l nd.lcs, lead~ to the mil~-lone ridge at the &UI!Dlit, 
thus ~ffordinG an interesting ascent. 

!J.thou~h ,;ubsequent additions r.avc boer. made to the observatory' c equip­
Eent end plant, tho original build1ng5 ar.d tnlescopes ere still in use 
and intact. Jnrnes Lick is buried under one of the supportinG nillnrs of 
the 36-inch telescope. -

Tl".e observatory 15 open to vhitcrs from 1 to 5 Ill! daily, <>XCCpt on 
l'niversity holid,Y3. 

ll3 
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JAMES r:w.!Glfr DIINA HOME, CClNNECTICUT 

Location: New Haven County, 24 Hillhouse Avenue, New Haven 

Ownership: Lr. Kingman Brewster, Jr., President, Yale 
University 

Significance 

James Dwi~ht Dana transformed geology from an investigation of 
individual rocks and minerals into a study of the earth's evolution. 
The work of thi~ scholar stimulated the interest of legions of 
Americans in geology, as well as bringing him international f~e as 
one of the world's major geolo~ists, It was a re~rkable accomplish· 
ment for the owner of the il;.posing house Bt 24 Hillhouse Avenue, 
~~~" Haven. 

Born in 1813 in Utica, New York, bane manifested an early interest 
in geology, \Jhile attending the local high school, he accompanied a 
science teacher on field trips and began to collect ~inerBls. When 
he entered Yale University, Dana's interest in geology vas heightened 
as he sat in Benjamin SillUnan's classes. Silliman, the first great 
teacher of chemistry and geolo&r in America, was not for~otten when 
Dane became a tutor in mathematics to the midshipmen on board the 
U.S.S. Delaware in 1833, after being graduated from Yale. When the 

visited the Mediterranean, Dana continued his study of 

anl'l minerals. 

had the opportunity to land, and ~hen he returned 
he carried o~f the ship a collection of rocks 

Once ashore in America, Dana quickly accepted an offer to become 
an assistant to Silliman. Although he analyzed rocks for his mentor 
and created same geolo~ical charts, Dana still had a lot of t~e at 
his own disposal. He used this opportunity to investigate the con­
struction o~ minerals. Crystallography, as Dana's study was called, 
constituted a new branch of geology, and the young scientist soon 
made himself one of its leading adherents. Hia measurement of 
thousands of angles in crystals fathered his devising of a mathe· 
metical relationship between a crystal's angles and axes. To help 
himself in his work, he made gla_ss models of crystals, an alJnost 
pioneering step in the Country, The culmination of his appeare~ 

in 1337, when Dana, only twenty-four, published his 
;~ineralocy. This work is a classic of its kind, 
use it. In Dana's day, the book pleased the layman 
scientist, stimulating nuu,erous amateurs to collect rocks 
~:tinerals. 

ll9 
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The man who had •"ritten the surprisingly popular geological 
work was undistinguished, except for his mind. About five feet nine 
inches tall, Dana was slender, had deep blue eyes and brovn hair, 
until it turned gray. Plain in his likes and forthright in his state~ 
rnents, Dana shunned public life; he only lectured to classes because 
he had to. He had a vigorous, questioning and flexible mind, hovever, 
and he never shr~k from any problem. Most remarkable vas his 
willingness to change his point of view on scientific matters, even 
if he had to modify or abandon some of his own ideas, Dana married 
a daughter of Silliman in 1844, and then erected his house on 
Hillhouse Avenue, 

Although firmly established as a geologist by 1837, Dana's 
evolutionary, world-wide concept of geology only developed during his 
participation in the Wilkes Expedition of 1838~~2. Sponsored by the 
United States and led by Lieutenant Charles Wilkes, the expedition 
covered a large part of the globe's surface in its quest for scientific 
infornlll.tion, tana had a splen<lid opportunity to study geoloGiCal 
matters. When the trip was half over, tana in June, 1840, wrote from 
the Fiji Islands that the natives were cannibals and preferred roasted 
white men, More important, he said that he had made almost a hundred 
drawings of caverns, craters, mountains end rock formations. More~ 

over, he had collected numerous fossils. After the expedition's re~ 
turn to the United States, Dana spent ten years in producing his 
reports. lhe very nature of the reports, one on zoophytes in 1846, 
then one on geology and a final one on crustacea in 1854, shovs how 
!:ana's point·of~view had been broadened. The reports appeared in 
beautifUl volumes, but in such 1~ited quantities because of Congress' 
parsimony that Dana did not receive copies of them. 

Dana's appointment as the Silliman professor of natural 
and geology at Tale in 1849, which position he held for almost 
years, did not ~pede his vork. Not only did he complete his 
of the 1-/ilJ..:es Expedition, but in 1862 he published his 

In this book Dana pictured geology as a vast, 

;
;;;;;,,;showing from the beginning of time how the interaction of 

air, heat and pressure underlay the evolution of the earth. 
He had thus travelled far beyond a mere commentary on individual 
-',,'.'',,'.oand minerals; he told how mountains, 
_.. had Subsequently, his 

explained the 
interest and desire to learn never 

seventy~four he took his family to Hawaii to show 
island's volcanoes. There the natives called him "the rock~ 

breekine medicine man." 

L'O 
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Hhen a man's a[!;e prevents hie from learning, Uma maintained, 
then it was time for him to die. llut even Dana found it difficult 
to acce~t the theories of Charles Darwin, Not because his mind had 
fossilized, but because his Puritan heritage opposed a mechanistic 
explanation of man's development. As the years passed, however, Dane. 
accepted more and more of Dervin, finally agreeing ~ith the Englishaan's 
concept of man's rise. Dana always maintained, though, that a divine 
act began the origin of man. 

J.1hen he died on April 14, 1895, tnna left behind 215 published 
~arks, a legacy of faithful teaching and a new concept of geoloGY. 
All of this entered the mainstream of American science, enriching 
it in a seldom equalled fashion. 

Present Condition 

Henry Austin, a prominent New Haven architect, designed the 
house that Dana built in 1849. The two-story, stone building, cover£i 
with a creBlll.-colored plaster, .follm:ed the Italian or Tuscan style. 
Its flat, overhangin~ roof, was topped with a lcrw cupola. 

Inside, the high-ceilinged, spacious rooms reflect the era of 
the house's construction. Large windows provide a maximum of day­
lig~t. Beautiful parquet floors are still e~tant, as is roost of the 
other decorative detail. 

The building nov houses the Departnent of Industrial Administra­
tion of Yale University, Only ~inor changes, such as the boarding-up 
of sOJr,e fireplaces, have been lllB.de since Yale acquired the house in 
1962. 

York, 
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OTHNIEL C. 1-IIU1SH HOl-lE, CO!ili!:CTICur 

Locution' New Haven CoUllty, 360 Prospect Street, Ne" Haven 

Otmership: Dr. Kingman Brewster, Jr,, President, Yale 
University 

Signi_ficance 

The stupendous skeleton of in the 
F.all o.r Invertebrates at the in 
New Haven d\larfs human beinss. dinosaLU" lived 
eons sao, and it has been only within the last century that knowledee 
oi' it and other archaic creatures has been augmented. Much of the 
credit for our familiarity with antediluvian animals belongs to 
Othniel C. Marsh, after wham the brontosaurus in the Peabody Museum 
was named. Moreover, Marsh not only discovered and studied an in­
credible number of vertebrate fossils, he pioneered in reconstructing 
the skeletons of ancient beasts, reptiles and birds. He, more than 
any other American, startled both the scientist and averacre citizen 
into a greater awareness of the significance of the primeval animal 
world. 

Marsh, who became the New World's first professor of Paleontology, 
develo~ed ~ t6Ssion for fossils in his youth. Earn on October 29, 
1331, he collected minerals and fossils as a boy. After entering 
Yale University, he treveled in !lew York, !lew England and Nova Scotia 
during his summer vacations, searching for fossils. His second trip 
to Nova Scotia produced the fossil of an ~~ovn vertebrate, and 
this discovery confirmed his determination to follow a scientific 
career. Marsh von his diploma in 1860: for the next :fou.r years he 
pursued advanced work, both at Yale and abroad. The university 
then appointed 1~rsh Professor of Paleontology. 

The young professor possessed physical and mental strength, as 
well as wealth, Of medium hei~ht, Marsh had a solid, robust build, 
which stood him in aood stead on his collecting eXpeditions. His 
eood humor and thoughtfulness a~so aided him on his ~ield trips. 
Eut beneath his friendliness lay a steel·like will, which propelled 
Marsh on an individual course in his work with ancient vertebrates 
and caused him to disdain cooperating with others. A celebrated 
feud with a rival paleontoloGist, Edward Drinker Cope, resulted. 
The two resolute specialists, like er,battled dinosaurs, :fought each 
other fiercely, to their discredit and the disadvantage of science. 
At the same time, Marsh spent his own :funds in a lavish manner on 
his work. Moreover he induced his wealthy uncle, George Peabody, to 
establish the Peabo~ Museum at Yale, nov one of the Nation's major 
museums of natural history, 
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Soon e.fter joining Yale's raculty, 1-la.rsb ino.us:urat~d his 
collecting. He led the first Yale Scientific Sxpedition to the 
.'lmerican l>est in 1870, largely W<dervriting its costs. The thirteer. 
roembers of the group, plus its ~ilitary escort, roamed in Nebraska, 
northern Colorado, Wyomi"8" and California. Because Mar~h encouraged 
Indians to bring in bones, he became l'JJOWil as the "Eone~Nedicine man." 
This trip and later expeditions in the 1870's produced ~uantities of 
bones and led to some major discoveries. Fossils of birds with teeth 
(heretofore unknovn), of niosasaurs or sea serpents, and of winged 
reptiles, toothless pterodactyls, were round, Although these fossils 
startled America, the Country was little prepared for the massive 
flow of dinosaur bones to New Haven that began late in the 1870's. 

Marsh, who had not originally intended to concentrate on dino­
saurs, became enamored with th"!!l in 1877. Hhen he received in that 
year a letter describing deposits of dinossaur bones in llyoming, 
Marsh sent an assistant to investigate. And when the assistant wrote 
tbat at Cooo Bluf"f, HyOI!ling, dinosaur bones lay in tons over a seven 
mile area, Marsh became a modern victim of the long-dead reptiles. 
Under his direction, dig~in~ at Como Eluff lasted until 1892. He in­
sisted upon extreme care and thoroughness in collecting, with the 
result the.t bones reached New !Iaven in excellent condition. Noreover, 
Marsh's demand that nothing be overlooked, produced remarkably com­
plete specilllens. As box after box of bones reBChed YBle, the rap­
turous Marsh vas able to describ~ one nev dinosaur after another, 
until at the end he had written of eighty new kinds of dinosaurs 
and thirty-four new genera. 

Fascinating as they ~ere in themselves, the fossil birds, 
reptiles and animals that Marsh dug from the ground also gave in­
controvertible support to Charles Darwin's theory of evolution. A 
convinced believer in evolution himself, Marsh's discoveries dis~nyed 
~ny an opponent of DQrvin's revolutionary theory. Dervin's foes, 
for example, had pointed to the difference between reptiles end birds 
in discounting evolution. But Marsh's findin~ of cretaceous birds 
in 1872-73, vith their teeth and other reptilian characteristics, had 
illustrated the genetic similarity between tr~ two families. In 
addition, the paleontologist's amazing collection of fossil horses 
illustrated the evolution of the horse from about the size of a fox 
to that o:f an ass. 

1-ls.rsh' s tremendous energy did not .fail him until his death on 
March 18, 1899. Because of the overvhelming collection of bones at 
Yale end his other activities, he did not publish as much as he had 
hoped to do. Nevertheless, his contributions to paleontology guide 
his successors in the scientific world today. 
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Present Condition of th" .Site 

Mar~h began constructing his home in 1876 ~nd completed it in 
1878, although the interior was not fully £inished until 1881. The 
building cost about $30,000, as did its furnishings. The structure 
is a ~assive, three-story brownstone building, vith a tower. Inside 
there are eighteen rooms, the most interesting of thero being the 
octagonal reception room. Marsh especially enjoyed this roam, which 
he called his "'h'ig<~"am," nnd he filled it vith mementoes of every kind. 
As he nevur married, Marsh lived in the house in lonely grandeur. 

The Yale Forestry School OCCU:f>ies the building, kno·~n as Marsh 
Hall, today. Its rooms are ueed as offices and classrooms, but the 
building remains largely as Marsh erected it. The fireplaces, corner 
cupboards and dark, heavy woodwork <rre ll!ltouched. Marsh's "'rligwam" 
is now empty, but it still reflects the spirit of the builder. 

1940). 
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;>;U Wl;ITNEY AAKORY SITS, CON!'lJXT!Cli'T 

Location: Nell Haven County, ~lill River Dwr,, \·/hitney 
Avenue, Whitneyville 

0\mership: Hr. Arthur 1. Corbin, Jr,, President, i'le\i Haven 
Haten~orks, 100 Crom Street, New Haven 

Significance 

There is 13enernl ue:reement that few men have equalled Eli 
lYhitney's in:rluence upon American History. A machine of his, the 
cotton gin, s:purred the rise of a cotton economy in the ante-bellurn 
South at the very same time that his successful development of the 
idea of the standardization of parts stimulated the industrial 
Grovth of the north. Subsequently, the two sections met in battle, 
with the North and industrialism tri~~hing. ~~itney is a e8ll '~ 
cannot i!YlOre, then, even ii' little more tha.n the site of his !l.l11lor:r 
in ',lhitneyville remainc. 

'.<ben Hhitney l.'aS born on December 8, 1765, no one would have 
dared to predict that he was fated to chanrre "the ethnolocical, 
economic, political, ethical and industrial face"1 of America. It 
is true that as a youth he possessed a strong mechanical bent, doinG 
such widely desperate jobs as repairing violins and cons~ructing a 
for~e to make nails. But his parents, suspicious of college and the 
Gupposed dissolute ways of students, restrained him from entering 
Yale until 1789, when he was twenty-three. Fortunately, his lnte 
entrance did not abash him, and lfbitney obtained hi~ degree in 
September, 1792. Shortly thereafter, he sailed to South Carolina, 
to take a tutoriniJ position. 

Once in south Carolina, he abandoned the tutoring job; instead, 
he invented the cotton (lin. Intrigued by endless talk about the 
need for a machine that ~auld really clean cotton of its seeds, 
\Yhitney decided to invent tOOt machine. Dy- .rune, 1793, he hlid ec­
cornplished his sool. '.;}Jitney's 13in' s great innovation consiSted of 
a revolvinff cylinder, with hook-like spikes, that tore the cotton 
o.wa.y from a. stationary "breastwork. 

' RDger Burlingame, March of the Iron Men {New York, 19110), 170. 
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The possibilities of the gin, especially when water~pmt~reii, 
stntck both l</hitney and the planters. ';lhile the inventor returned 
North to secure a patent and establish a gin factory, the planters 
beean to make their mm gins. Hhitney soon took on a Southern 
partner; and the partners planned to build sins and charge for their 
use, not sell the lllll.Chines. But early in 1795 lihitney's Iiew Haven 
factory burned; and by l796 'ilhitney and his partner had been forced 
to tal'e lecel steps in the South to protect their interests. Hhitne:r 
soon discovered, however, that Southern courts were not too interested 
in upholdinrr his patent. Geor~ie courts in particular aroused little 
enthusiasr.o in \·lhitn,.,y, and at one time he said: 

I have a set of the most ~praved villains to combat 
& I might as ~ell go to ~ in search 05 Ha~iness 
as apyly to a Georgia Court for Justice, 

The legal struggl~ continued for years, in other Southern States as 
~ell as Georgia, and u~st of the profits ~ere consuned by le~al 
ex;:enses. Despite 1.-fhitney's small profit frOlll the gin, the machine 
greatly stimulated cotton production. So rnuch so, that the South 
grew over 2,0CO,OOO,OOC younds of cotton in 1860 versus a production 
of 1,500,000 pounds in 1790. 

Whitney's persistence in pursuit of justice in the South high­
li~hts a vital aspect of the man's character. He had a determination 
thnt quailed before no difficulty. When working on a project, he 
became ~ersed in it, even going without food or sleep. If this 
dedication failed to redeem his interest in the gin, it paid off 
handsamely \Jhen he established. his a=ory. Aside froo machinery, 
\'hitney was interested. in little else. He J'Sid. no attention to 
political or social problens, and although he attended church, 
displayed no passionate concern ~ith religion. Ferhaps his concen­
tration on machines helps to explain his late marriage in January, 
lil17, to Henrietta F,d.,ard.s, who at ttlirty-one "as \·/hitney' s junior 
by twenty-one years. 

Whitney's frustration from the battle over the gin did. not deter 
him from applying his mechanical genius to a nev und.ertaking in 1798. 
Anli, in writing to the Secretary of l·!ar on May l and offering to Ir.nke 
ten or i"ifteen thoJsand stands of ams, Hhitney probably realized 

' Quoted in Jeannette Mirsky and. Allan Nevins, The World of Eli 
llliitney (New York, l952), 1962. 
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that he wo·~ld not be hampered by coopetitio~ 
:factories in the C:'.ited States at that time. 

There were no arms 
It is obvious that 

1-!hitney hELd carefully develo:r:cd his I?lans for an armory, because 
his offer to produce at least ten thousand muskets in two years was 
astoundins-. Ai'ter all, each ou.sket pt•oa.uced at that t:ill.e was an 
individU!ll, hand:I>.ade itetn, !levertheless, Olive:r liolcott, o·ho headed 
the War De]'<lrtmcnt and WhD was alemed by a threat of "ar ;.•itll France, 
entered into a contract with Hhitney on June 14, 1798, for the pro­
duction of ten thousand muskets within two years. 

The a::oazing contruct fathered llhitney' ~ amory et Whitneyville 
and the first successful use of r.nchines in mass production. It 
took Hhitncy over ten ye.,rs to cooplete his first Federal contract, 
rather than t>~o, but by the "nd of' that decade he had created the 
jigs, machines and production methods that made the ~ess production 
or standardized parts possible. His second Government contrnct in 
:!.812 for fi:fteen thousand =skate he>"alded the dawn of a new indus­
trialism, for Whitney fulfilled the contract within tva years. 

The New Haven genius had not been the firot to think of the 
production of interchangeable part~. But he success:fully applied 
the principle fer the first time. It is also worthwhile to note 
that Hhitney's approach to l!'.anuj'acturinc >~as all inclusive. He, 
for e>~:ample, in determining production costs not only included the 
obvious expenses, but elsa the ~ntercst on the invested capital 
and the cost of insurance. ~~reover, he Cuilt the first nill town 
in America at his ~lant far hiz employees. 

1fuitn~:r, n01or af:fluent, died on January 8, 1825. One of AI:lerica's 
tr.ost brilli<mt ~ons, his leGacy 1Till never be :forgotten. 

Present Condition of the Site 

The site of l1'hitney's armory is about all that remains of his 
arms :factory. Part of Whitney's dam across !till River has been 
incorporated into the present dam, and the foundations of some armory 
buildings are extant. A small stone building stands on the site, 
and it is purpm-tedly a survivor fioo ',·.'hitney's day. Further re· 
search on thnt structure is necessary, hovever, to eubstantiate that 
theory. 

The :rlew Haven 11aterworks he.s several buildings on the site. 
One is used by a strall manufacturing concern. 

U.S. Springfield !i"Cf:ory 
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DR. EPHRA!H MC DOWELL HOUSE, JffiiTI:CKY 

Location: 12~·127 S. Seconll Street, Danville, Kentucky 

0\mership: Kentucky Medical Society 

Ephraim ~~cD:rwcll establicl'.ed :medic:1l _practic., in early Danville, 
Kent~cky after havinr, studied under Dr. Ale~ander Humrhrey of VirGinia 
and in Scotland at the University of illinburgh ~nd \;ith the brilliant 
private teacher, John Bell, He did not atudy at the Univ<'lrsity long 
Gr.oug):: to earn a degree, but he cained a broadc.ned understanding of the 
medicine of that d.~y and rurticulerly of anatou.y ar:d :;ureery. 

In Danville, NcDowell collected 'm excellent library. lie was a1way0 
a st11dent and, with ttc young rr.en Gtudyinc in hh office, carried on Jh­
c,ctions durinG each winter. Very soon he had established a re:putation 
etc the best su:q;;eon we~t of, Pllilad<:lphia, ~~c:COWell wa~ not only a tkill~cl 
operator, but :possessed all the hi;::;h~r attrilutes whi<:ll ,-.ad~ up the cter"c .. 
•.cr of a great surgeon··intence conGcientio>..~ness and a scrupulou~ rcr,arcL 
:'or the >:elfara of the ratient, 

Ir. December of l8C9, McDowell' 5 skill :faced ll serious challene;e WhGn 
'"' '<ae called to aid Mrs. '[·hom:pson Cra\<ford. Tvo local Doctors told 
McPol:ell that J.·;rs. Cra;,•ford ;,•as 'Pregnant; Jo.e soon realized, ho,evor, that 
ete was ~uff~rinr; froto. an ovcrian tumor. Elnir.ent SlU"(';eons then uniformly 
h<Old that ~uch was th<= dang,'r of peritoneal 1n1'lammation thct orcninG tlm 
1lbdome:J to extract the twwr was inevitable death, They beli<=ved that ex­
vosine the inner wall of' the abdorr.cn invarinbly produced fatol inf'cction. 
,\t that time the dressing of -..roundn, amputations, und care of broken llor.c·s 
'"''' cprains, stones, rupture~, nnd trachootmdes cover<=d the whole scoJ•e 
of surcery. fiureeon did not d2r~ invaile the great cavities or t;he body, 
Scmc do~tor~ had diocu~sed the po~eibility of e>:cising tu-.or~, but no 
~urgcon r.ad ever been "-'illing to hazar:l sue}. an operation. 

Dr. 11cDo>Jcll discus~ed th~se fa~ts vit!l his ratlent and pointed out, 
-~""''~ver, tl.at retr.oval of tile tumor was her only hope. He agr"<=d that if 
ehe 1;ere prarared to face the ri~k of •l~eo.th, that I-.<' wculd re,-.ove the tuo-Jr. 
Er~. Crawford accepte<l and >Jas ren:ov~<l te the Y.ci:o1HJJl horr.e in D::mville 
ll!Jero the;e were facilities mod a~ci~tanca. 

Altl->~u(l!J l::e faced stubbcrr. onrooibon in illnville, Dr. l·ki:ouall o.nd 
tis ncJ,hm-.' performrocl the: 0perati0n c_,n Cl-.ri~t.,..q,; :Cay. 'J'"e Cflcratior: w~c 

successf'ully c~'"!'l~-:o~<l, but the !"c:Jl <langer Gtill la:r ahead, ::auld tt.e 
!''Utient develop tbe dcorlly infecLoCt, r-eritcniti~? Mrc. Crawforl's 
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convolc:::ccnca ''"'' briei' or.d 11ithin tucntyMfivc day~ she resumed the 
active life of a pioneer housewife. She remained in e:<cGllcnt healt!J '-''!til 
her death at tte aGe of ~evcnty-nir.c. 

lkDJwcll' s operation ·we£ one of the most important in the history of 
~urgery; his cure for the usually fatal ovarian tur.:or was only a m:mll 
Iert of his discovery. Even more :>ignificant >.'as hi~ dcmonstratior. t/'.~t 

~he atdotlinal cavity could be cut into safely, TJ-.is operation wa5 a fore. 
runner of a rrajor "F8-Tt of modern s=cery; its succcs~ cot::bined >:ith tcu 
revival of Caesarian ~ectionc to destroy e false tabOD ur.U hlaze tha ;my 
for other surgcoM . 1 

Recocnition of 1-~cDowell's work wa3 slow in cO!:lir.s. l·~cDG'!.'cll waited 
ccven years, until l:c had OFcrated three titoes succc~sfully, bel" ore pulo­
liGhing anything on his diGcovery. He then published ar: inadequately 
,;rittcn acCoWlt in an obscure journal. The result 1;as adverse critici~l'. 
at hc"'e and abroad, A subseq\Jent article in t'C.e saTJOe journal, written 
after two additional orerations, bnrdly i~provcd the situation. Finally, 
a report addressed to bis old Edinburgh teacher, John Fell, wns publi$l:ed 
l y John Lizars in the Erlinburl!h 11e<iic~ l and S>-lrr.ical Journal for October 
.'.·324, sever. ycarc after it was first ·•ritten. In 1827, the University ol" 
~~ryland conferred on him -.;J,e honorary degree of doctor of rnedi~ine. 
l·:cDoucU i~ c;otlsiil.cr~d today to be '"th~ fa,ther of a"t:dominal ~VIr,cry," 

Pr~sent ~ondit:!on of the Site 

'rhe Kentucky Stnte Medi~al .r,~cccia:ion ha~ boug!!t nnd restored tl-.e 
hci:Cmell bor:-,e to itc origlnal state. The 1101:".en's auxiliD.ry of the Soci~ty 
hao co~.pletely re:furnished the hon:e in nutlwntic period pieces, and hac 
,;ecured 1wny llc>::owcll rapers aml per3onnl i"Cems. N: espedal interest i" 
th" small bcdrOOOJ on the 5econd floor above the dining rocrn. This i~ ~~-~ 

rocm in 1<hich it is believed the opcraticn >."as perforr..ed. 

Adjoinir.g the house is the t·!c~mrell Apothecary .Shop. In 1795, 
Lr. Ephr"l""' McDJ«Gll and Dr. Adat". Hankin started the rracticc of "'"didr.e 
~n thi~ St".al.l two-room br~d: "buildin[l. '1\lo years later, they purchased 
the buil,ling, and it wus uced by thet: or their cuccessors as an apothcear:-' 
d1op continuously until 1856, The back roou: 1ms the docotor'~ office ar.,~ 

cl.c fnm"': roc:"". \iUS cpora"Lod as a l'hysician-mmc:i apothecary cbop. ,\n 
aprrentice to Dlc'oor~ :-~~Dowell S!!d Rankin rrcrared rr.e~ic~nes for their 
ra',icntc,. 

l'he ,~:>otheca:rJ Shop ha.r; been ru:mi~hcd ><ith a collection of lO';iJ 
ar.d carlJ' 19th ccCJtury apoth~cory ""'-'iJ.·r>ent u:od p:rcducts. 

l,To;,-.e,~ 'I. Flc>"ne:", Thlctors 0'\ i!or;;eb 'ck L ioneers c:' hl"'ericm: 
J,:wlic'nc (NG'' Yo:rk, l9'J'T;, 130, 
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Tbc houaa e<r:d 3lloJ; cr'< or.an ilo..Lly m;d.er the :1ucpices oL tP.c t·~clXJ\:cll 

}:oc.~e Conr,itte<e o:i" t;;Q Kentuc:,y State :-:edical As5ociation. 

:·'l''"''" l·~CDo>rell," 
Jet:tef: 'l'. 
(nmr York, 
1940). 
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Dr. Ephrain McDowell H<>U>e, Danville. K~ntucky 
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ARNOLD AROORE'I'UH1 l.ii'i.SSACHUSEl'rS 

Location: surrolk County, J~ica Plain, Boston 

Ownershiu: Dr. N. M. Pusey, President, H~rvard University, 
C..r.,bridge 

Significance 

1~e Arnold Arboretum is Arr.erica's pre-eminent institution for 
research in ligneous ~lants. Charles Sprague Sargent, one of the 
r:ation's foremost silvlculturists, GUided the develo:pr.ent of what 
·oas originally intended to be a rr.odest tree fn= for Harvard 
University for half a century, making the arboretum uhat it is 
today. As a result, the arboretum is a thing of beauty to see and 
an invaluable fount of informatior. for the study and pro];agation 
of woody plants. 

James Arnold, n successfUl and public-spirited Tierchant of 
Ncv Bedford, provided the means for creating the arboretum. Upon 
his death in 1868, Bedfo~d bequeathed $100,000 lor study andre­
oearch in either aariculture or horticul~ure. ~Jo of the trustees 
of Eed.ford's estate, both of whom deeply a:pJlreciated the beauty 
and value of trees, thought that the bequest should be used to 
estal;llish a tree farr.,, wher'i' the scientif lo stuey of tree3 could 
be pursued. Throush their effor"n, Bed:fonl.' s fund was presented 
to Harvard University on Narch 29, 1872, with the understandinc 
that the university develop a tree faro, to be called the 
"Arnold Arboretum." 

The development of the arboretum proved to be a ~ore difficult 
task than anticipated, and without Sargent Perhaps much less would 
have been achieved. \/hen Harvard aJlpOinted Sargent as director on 
l'!overober 24, 1873, the young man, he being Dn~ thirty-two, 
apparently possessed no particular~ obvious qualifications for 
the job. He had been graduated from Harvard i~ 1862, had served 
in the Civil l-Iar, had traveled in Euro-pe, had dnne some additional 
studying and had ~arried ~~rY Allen Robison on~ two years prior 
to his appointment. He r~d not impressed others with his scholar­
ship, nor "had he published any scientific pa:rers. Eut this tall, 
;.•eserved an<! r.ersisto:~t y=r.g rcan had now :found his callin~, and 
he bec!ille a superb administrator and scholar. 

Sergent said of his early y-ears with the arborctwr,, ':ohat no 
one had at first realized the challenge facinG th~, especially 
"the rna" selected to carry ouo the prvvis~on~ of this ar:;ree11ent 
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.'~Tic.dford's ler:,ac;ij."1 But Sargent soon realized that the inccme from 
the trust WOUld net be sufficient to develo~ and maintain a tree 
farm. Th<' iltaginative d~rector then turned hi~ Eye~ toward the 
City of Boston. Fortunately, Frederic L. Ollr.sted, the create.· of 
lie" York's Central Park, was then "ork:ing on the Boston Par!t syscem, 
und he and Sarcent joined forces i;t a ceml'aign to Bain the city's 
l;elp in estaOlishing an nrboretU!IJ. CJ.nste<l, spurred by his unfailins 
vision, conceived of an artistically designed arboretum as foro:inc; 
the esthetic hiGtpoint of the city's park system. 

~he crusaders four:,ht for nine years. Finally, an agreement 
dcned by Boater. and Harvard an JX,cerr.ber 30, 1882, signified tl:eir 
triurr.ph over the OPJlosition of "tovn and (>01m," and public apathy. 
According to the pact, Boston received the title to the land in 
Jamaica Plain intended for the tree farm and then leeseJ it back 
to the university for a thousand years, for a rental of one dollar 
~year. LookinG to the future, Harvard reserved the right to rene~ 
the lease for another thousand years vhen the oric:inal period ex­
piced. The city also ac:reed to insta1lVBl.kvays and drives, and 
Clarvard agreed that the arboreturo vould form part of the park systm.1 
nnd vould be open to the public. The oriGinal 120 acres ,,•ere also 
added to; tod.loy, the arboretum cover~ about 260 acres. 

','lith the agreec~ent •.rith Becton 5igned, S,rp;cont could concentra+, _ 
on developing the arboretum. A basic desire on the part of' the 
univarsity guided him in this ~ork, i.e. to grow a specii:tcn of' ever:r 
kind o:f tree and shrub able to thrive ir. eastern HasGachu~ett~. 
Throuch pt:rchuse and exchanr;e many specime::ts were r;ained, but it 
~oon became evident that Sargent uould hr.ve to seek out plant~ for 
the arboret=. As a result, travel !n search of woody plant~ 
carried Sargent and his staf'f' throur;hout the United States and th2 
Far East. It vas in the Far East in parti~ular thct they found 
:l=erous plants which could c:row at the arboretUIII, and cxpedi tions 
to Japan and Chir.a supplied numerrr~c varieties for the tree fr.rm. 
laborers planted the s:pecilllenc in croups of species, a:J.d uithin 
opecies by fanilies, As the farm's varied landscape, which included 
hills, eeadovs and brooks, was planted, Sargent al5o made every effort 
co make the arboretum esthetically appealinG. 

Hcrison ( 
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m-.:!.le crc:ating the arboretum, Gare;ent never forGet ita research 
aspect. He began to tes-,; >mody plant~ .in"ltledistely ir. order to 
deterroine which ·w~re suitable r'or the clilnllte. ":f the tilT•" of hb 
death in 1922, the ram r.aa srO'>/n l,2SG plants for the firs~ -cllr.,. 
As the yeaT~ passed., Sarr;cnt also bt;.ilt up a library, '-'~ing l:is c·.m 
botanical collection as a sb.rt. He also dcvcloperl a herbar~Ul:l, 

now of inestinable value in resea!·c!-.. Moreover, ln the course of 
hi~ directorship, Sargent prc,l.uceii scorcw of articles and scve!'al 
:;,onumental <mrks. His Silva of ;·Jort1: Amer·lc.:c stands as hie naste::-­
piec~. Thls work, issued in fourteen volumes, describes and 
illustrates every species and vsriety of tree kno1m to exist in 
'lorth ALerica r.orth of !.;exico. 

Despite the value of 
1~ the Arnold Arboretu.':l. 
h"-s conti:mcd to grov a.nd 
scientific dedication. 

his p'.lblications, Sar15enc' s real r:-.onumen"O 
And since his death in 1922, the arboreturr 
serve, reflecting Snreen"O's drive and 

rresent Condition 

The Arnold Arboretum nov occupies 265 acres of hill~· land in 
Jw.aica Plain. Gver six thousan<.1 different l:inds of shrub~ and 
orees cover the ground, "ith each plant bcarine a label that gives 
its c=.mon and scienti:fic mmm, age and oricin, Pnths run throUGi:­
out the arboretum, and visitors e.re lrelcCJT.e to waJJ;: in the arbGreti,O..<. 
Automobiles JmY be used only by obtaininG n special permit at the 
adninistration building. 

Arboretum," (n.J'.' 
1951); 

) ; 

- ------------------
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ASA GI!AY HOUSE, l-!ASSJI.CHUSETJ'S 

Location: Middlesex County, 88 Garden Street, Cambridge 

0\.mershiu: Mr. Gardner Cox, 88 Carden Street, Car.bridgc 

Asa Gray, >1ho was largely self-taugh-<;, survival'! torpedoe~ 
exploded by hi~ pupils in his classes at Harvard, brought inter­
national lust<;r to American botany, and stoutly defended Charles 
Iurwin's in the United States, deservedly ranks 
as one scientists. 

;
:,•:••;'::'::',;":,;of :parents of English and Scotch-Irish background in 

:lev York, in 1810, Gray acquired an interest in botany 
a ~~all meQical college, he 
lengthy arcicle on botany during 

greatly stimulate<'. his 
botanical interest; especially as iO said that much needed to be 
done in North American botany. Gro.y' s medical studies furthered 
J:,ls appreciati~n of botany, and b<>for.; hiz graduation in 1831 ha 
had already begun to collect plants. A.•; established botanist, 
John Torrey, of New York, learned of the y-oun{l doctor's botanical 
work and asl<ed Gray if he would like to be his assistant. Gray 
assented, and rnedicine loct a pc=ising a<.lherent, 

Grey made rapid progress in his new profession. lar[;ely in­
fluenced by recent European develop:r:ents in botany, there nat even 
beinr; an Alnarican <lork on this Country's flora, Gray boldly adortce'. 
tl:e natural system of classlfical:'ion. Briefly, this syste111 sought 
to establish the relationship of r.Lants accoz·dlnr; to the similarit;' 
of their various part~. ffe thus Gpuroed the long-usee Linr.acan 
system, 'lhich identified plants by the mmber of stamens and stylco~ 
that each had. In 1836, he published his first bcok, Elements of 
:aotany. '!".ro yeo.rs later, in conjunction with Torrey, Gray publishe( 
the first 1""-rt of the Flora of North il.!!lerica. This volume, plus 
the succeeding vol:;,t::cs, g;:we Aloerica its ,;ost notable compendiw:: 
of l;nolm plants in the travelled areas of the contincmt. In t~ 
sar.e year that the first .. ,ol=.c of the Flora appeared, 18313, Gray 
accepted a teaching position at the University of Michigan. For­
tunately for him, the univer51ty sent him abroad for a year, where 
ha visited botanis';s and bot,.nical collections. While in England 
he met Darwin, but discerned no greataess in the British botanist 
at that til:le. 
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·rhree years after his return to Arl:erica in 1839, Gray 
ass~ed a ~rofessorship of botany at Harvard University. He 
held that position for forty.five years. In 1842, Gray vas only 
thirty-two. Very slender, he veighed but 135 pounds, had a 
nervous enerey, and alwn;rs seemed to be nmni~ rather tr.an walking. 
He uas not an inspiring teacher. Indeed, each pupil knew his 
routine, even to the point of knowing when and for what Gray would 
call upon him, It vas in Gray's early days at Harvard that some 
of his students enlivened affairs by setting off firecrackers in 
his classroom, 

A J;li"Odigious >mrker, Gray's years at Harvard witnessed his 
rise to eminence in botany. As expedition after expedition sent 
new specimens to Cambrid£>e, Gray and his assistants poum:ed on 
thea, classified th~ and gave the:L names, at the sw:e tine; 
produced Eany books, his two volum~ 
of the Unite~ States, in 1849 
The ~<'Ork contained plates of by 
models of effective plant those 
plants by Gray. In 1858, 
that sent ~ny a child into 
addition to the prec~ding, Gray established an acquaintance, by 
correspondence if by no other means, vith as !i'-"1:;' American and 
Euro:>ean coll~agues ss possible. Never one to hide his findings, 
Gray, in an unusunlly cooperative nanner, readily shered his know­
led(le 'olith others. 

Perhaps Gray's most original contribution to the science of 
botany vas his discoverY of the between the flor<~ of 
eastern North 1\J::terica and east Asia. of his 

in 1856 
America. 

Gray, in addition to his notable botanical work, ably served 
science in general vhen he led the defense in America of Darwin's 
bitterly attacked Origin of Species. Admirably equipped to do so 
because of his scientific standing, his ~ersonal leadership in his 

and his well-known religious feeling, Gray, who admired 
s willingness to acknowledge questions about his vork, spoke 

in behalf of truth in science, Reviewins Darwin's 
book in in March, 1860, Gray 

s sake. He wrote as 
science and religio:1. h5d no relation to e:.c>, other. Perso,.lly 

ccr.-.mitted to most of Darwin's viewo, Gray really pled for scientific 
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freedorr .. The Britisher valued Gray's efforts highly, and after 
Gray had begun a series of articles in the Atlantic Nonthly in 
July, 1860, in support of :r:ar.Jin, the evolutionist praised Gray's 
defense of the OriRin of Species. 

Because of his defense of Darwin, as well as because of his 
own vork in botany, Gray remains one of America's notable ~cientists. 
His death on January 30, 1888, ended a cha:pter in our Country's 
scientific history that was rich in accomplichroent and humanity. 

Present Condition of the Site 

Gray's house is a commodious, tuo~story, clapboard building, 
which was built in 1810. The structure has been moved fr~ its 
original site on Garden Street to its present location. A white 
~ilaster at either end of the ~rant of the building, plus a white 
balustrade on the roof, add a striking note to the brown house. 

The interior of the main section of the house has been ap· 
parently little changed ~inca Gray's day. The main stairway, 
1/oodwork in the rooms, and fireplaces all seem original. il. large 
room on the right as one enters the house wes apparently Gray's 
study. This room still contains dark bro~ floor to ceiling cup. 
boards, 

The house is only in fair condition. Sor:te of the exterior 
ocood·.•ork has a.ecayed and the b-uilding needs to be painted. It is 
not known if a studio to the rear of the house is an original 
section of the building. 

Hnnter 

Trelease, 
N3tional Academy 
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HARVAilD COLLEGE OBSERVATORY, MASSACHUSE;TTS 

Location: Middlesex Cou11.ty, Cambridc;e 38, ~'assachusetts 

0\mershi-p: Dr. lL M. Pusey, President, Harvard University 

Sir;nificance 

President John Quincy Adams lamented in hi3 annual message 
to ConGress in 1825 that Att.erica possessed no observatories, no 
"lighthou$es of the skies." Eut before the passage o£ too =ny 
years, several observatories •;rere erected. Of ther; all, the 
Havel Observatory in \.'ashington and the Harvard Collece Observatory 
in Cambridge >rere the outatanding one~, 'Jith the Harvard "light­
house" playinc a prinlary role in the rise of American astronomy. 

Many at Harvard Collece had always exhibited an interest in 
estrone~, and the desir~ to build a college observatory probably 
arose near the end of the eighteer..th century. Subsequently, a 
r.~eshift observatory was ectablished, but it proved unsati~factory. 
Its inadequacy became clear in 1843, when a I'aucity of' instrunents 
prevented the observation of the treck of' a comet. This failure 
was salutary, however, as it stinulated citizens in Boston, Salem, 
New Bedford and Nantucket to contribute ,~20,000 :for a new obser­
vatory, This colledion follmred a donation o:r $5,COO by David 
Sears for the construction of a tower to house a great telescope. 

1·.'illiam Crouch Bond, who became the ne" observatory's first 
director, supervised the building of the installation. An astronomer, 
and "ell-travelled, Bond relied upon his own experience and lmcw­
ledce in supervising the observatory as it rose on a hill in 
Cambridge, A tower for the telescope occupied the center of the 
observatory. WhGn the domed to·•er •ras ccmpleted, it had a heiGht 
of thirty-three feet, but the base for the telescope, ~de of great 
eranite blocks, extended twenty-six feet beneath the ground's 
surface. ?he pier's top carried a granite pedestal, veighing a~ost 
elevan tons, for the "O".ounting of the telescope. On either side of 
the tower, knovn as the Sears 'l'"""'l"' sat two vings when the obser­
vatory had been fully campleted in 1851. 

\·lhile vorkl:",en in C<m"t>ridge erected the observatory, skilled 
artisans in Munich labored over a lens for the observatory's tele­
scope. The croup behind Harvard's observatory had decided upon a 
refractinG rather than a reflecting telescope, and had placed an 
order for n fifteen inc:h lens "ith the sar.te Ge=an :fim that had 
built the refractor for Tsar Nicholas' observatory near St.Petersburg. 
In Nay, 1846, the English a~ents :ror Harvard visited Munich and 
cho~e one of the two lenses ?reduced. Ao ~vc'lts ~rovc,l, the aeents 
)·cul ~"'"-" "'' c:< .. -:llo:lt chc·l~~, for til~ 1,-_~s ''"s c~ ,,. -~u'::><---;-ccl quulity. 

13'( 
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!-;hen the lens reached Car.b:r~dge ir. June, 134"( and was mcuntGd, the 
rublic eXJlressed creat interes~ a:Jd enthusiasm, hopine :for ne•• 
discoveries in the heavens. 

Bond, extremely proud of the nm.· instrum~n~, did not dis­
appoint the new legions of amateur astron~o:rs. In 1848, he dic­
oover~d a "atellite cJ Saturn and in 1850 an inner dark rine of 
t!1e surne planet, no·u kncwn rw ''Bc;,d's ::line." As a rcslJ.lt oi the 
foregoing, plus his study of stars, c~ets and other heavenly 
bodies, llond won a:l i:lternaticnal reputation for the observatcry, 
Early reco(lnition of :r.is work had ccc.e in 1849, 'Ohen the Royal 
.;strcnornica! Society of Great Ergain had elected hir.; its first 
A~.erican Associate. 

\!hen Bond died in 1859, it "IW.s rei:Iarkablc that he had a~com­
;oli~hed what he had. Al"tho'lgl'. -~ealo'->s in his work, he had never 
been free of finan~ial difficultiec because of the meager bud6et 
the observatory had received fror. the university. A major result 
of the college's parsimo~ was thnt capable assisCcnts seldom 
remained for lons at the observatory. 

Bond's succe~sors rnaint<l.ined and enhanced tile fame of the 
observatory, 3:dward C, PickerinG assur.ted the directorship in 
1876, and he recognized the pocs:lbilitJes of J'hotogrnphy in ast:cn:1c'­
rr.icnl work, some early efforts in thao direction having already 
been made at Harvard. Thus he initiated a photographic study of 
the heaven:>. Under Pickerinff' s direction, the observatory ulso 
beg"n to create a library of celestial photoe;raphs, which TIO'" 
inclu<'.es 200,000 oriainal negatives, a unique collection. 

At the present time, the observatory's orerations are world 
'Nide, \-lith stations in various Jlarts of t:be world outside of the 
United States, the observatory continues to probe the heavens in 
order to add to oon's knowledge of the universe, l!,cdern instrumentc, 
and o"ther develop:r.ents have greatly decreased the value of the 
observatory's original telescope, but the refractor in the Sears 
Tower is a tangible link to the foundlng and early days o~ one of 
the world's notable observatories. 

Present Condit-ion 

Sears Tower is all tbat remains of tl'.e original observator-.;r. 
'.i'he towcr is in excellent condition, however, as is the tele~cope 
in the dc~rc. Indeed, the roorn in the dome is rmch :Like it was wl,en 
Bond first began to peer at the h<'av~ns throue;h the ne·,; refractor. 
Gi' subsidn:ry intereso to the -,:,ele3~ope is the o"bcervut-:on chair, 
"hich Bond t.esigned, The plush red chair, attac-hed to the :fra>C_c~ 

work so that it could be reoveo., :rro·-·5•'"s a ~tart:O.;nc no"c. in C:'l 

l]8 
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othc:r"Jise sociber room, An additionally interesting object is 
the cannonball that is on dis~lay, one of many which ware u0ed 
as ball bearinas in the mechanism for the moveable doKe. 

Bailey, The History and ','o::-k of !'.anard 
(Ne" Yorl,, 1931); ZHarvard COlleGe 

Understanding of the Universe," 
Pannekoek, A History of Astroncrr,y­

Sto)cley, Stars and"Telescopes (lfew York, 
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"ETH!ffi IXJME," JIASSACHUSE'ITS GENERAL HOSPITAL, MASSAChlJSE'I·J'S 

L-ocation: ltid.dlcscx County General Hospital, 45 !·!ilk 
Street, Boston, Massachusetts 

Olmership: Nr. Francis C. Grey, Chairman, Massachusetts 
General Hospital 

Sip;nificance 

About 10:15 A.N., October 16, 1846, a surgeon in the operatinc 
<io:ne o-r the Massachusetts General Hospital deftly began to re.'l'.ove 
a tumor fram the neck of a patient. As the sure hands of the 
surgeon excised the crrowth, the ~le patient neither sl~ieked in 
agony, nor moaned in a pain-induced delirium. ~zed observers, 
doctors and students, watched. Two battered EGYPtian mummies were 
~ilent witnesses. Pain, from before the time of the mummies and 
since, had always accompanied operations, but this operation opened 
a nm; era in medical history. As a result of havinG inhaled ether 
before the o~eration, the patient ~lept while the surceon worked. 
Little wonder that the hospital's record of the operation says: 
"This case is re,..arkable in the annals of surger-,1. "l 

l~en had long searched for a oeans to alleviate pain while 
patients were under sur~e~;. Opium, hashish and alcohol had all 
been used, but without notable success. lbctors and patients 
continued to ilread operations. Strangely enough, hO'-'ever, by the 
1820's many pGOple knew that both nitrous oxide and ether could 
cause unconsciousness; and as early as 1792 Sir Hump~~ey Davey 
had proposed using nitrous o:d.de in operO-tions. Davey's sug£;estJcn 
v~nt unheeded; instead, nitrous o:<ide (lau,ghing gas) encl. ether 
became popular as a means of inducing jacrs. Ironically, it was 
the frivolous use of ether that caused Dr. Cravford \f. Long, of 
GeorGia, to notice that one felt no pain -.>hen "drunk" frDili ether. 
Struck by the observation Lon« "ondcred if ether could be used 
durincr surgery, and in 1842 he successfUlly operated on a patient 
who had been pu.t to sleep by ether. Long publicized neither this 
o:pcratior. nor others of a sin-.ilar nature, perhaps because talk of 
biG discovery aroused fear in his nei~bors. On the other hand, 
Dr. Horace Hells, of Hartford, Connecticd, soucrht to exploit his 
o;m success in 184~ in pt:.llir.r; a Jlatient' s tooth \fhile he sle:rt 

' Q•;oted in F'·ancis R. Faclmrd, "'\-:~ history o.,. J.'mE~inc in the: 
t1nit<ed St.atcs (Ph: lndelphia, 1901)7'1i'f . 
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un(Ce::- tlle effect of :-Jitrous oxide. \Jells' attempt to arouse 
interest in his innovation failed, But a former partner of 
Hells' ;rna to acc=plish what neither Long nor \!ells did, to 
prove to the world that pain could be ended in the operating 
room. 

'lilliam ThO!I'.a~ Green l-1or·ton, o:llo ended a partnerDhip with 
1-le:ls ir: 1843, established for all time the efficacy of ether 
durint; OI'erations. !lorn in 1819 in Charhon, Massachusettn, 
J-:orton attended a dental college in Baltimore in 1840 and upon 
being e;raduated jobed Hells in conducting a dem.al parlor. 
'i'he =dertaking failed to be :>JTOfitable, so in 1843 Norton 
opened a dental office of his own in Bo5ton and soon enjoyed a 
large practice. He also married Elizabeth Whit~n in the sarne 
year. Lespite his success as a dentist, he pro~ised his bride's 
parents that l:.e '.muld r::ive up dentistry f'or 12ledicin<O and thus 
cnterdl the Harvard Medical College. 

l<hil<O attending !lledical school, l~orton continued his dental 
~ork. HavinG devised a new way of' inserting fal~e ~ecth, Morton 
sought to discover a painless means of' FUlling dead teeth. He 
experimented with v!lrious rain killing agents, but finally S!lttled 
upon ether as the most effective one. On September 30, 1846, 
he not only put himself to sleep with ether, but also pulled a 
tcoth frvm a patient put to sleep ·oith gas. E."<cited by vhat he 
thoueht was an original discovery, Norton asked for an owortunity 
to use what he called his "preparation" at the Massachusetts 
G~neral Hospital. Dr. John Collins l<arren, the hospital's chief 
surr::eon, acceded to Horton's reQuest, and Morton ""as invited to 
:r;articiyute 1n a.r. operation a~ 10:00 .A,t·1., Friday, October 16. 

·:rh" domed ch2mber atop the central sect1Gn of the hospital 
was fillea with doctor~ and stuaents by ten o'clock on Friday. 
Doubt about Morton's claims for his "preparation" played on the 
faces of most of those present, especially as at 10:10 ~~rton had 
still not arrived. Delayed by last~ninute adjustments to his 
!lpparatus, Morton entered the room about 10:15, just as Harren 
had begun to proceed with the operation. Morton quickly moved 
to the patient, Gilbert .Abbott, grasped one of his hands and assured 
Abbott that he would feel no pain. Seated in a chair, Abbott 
then began to inhale ethar from a glass tube with a globe at its 
end and he fell asleep in about five minutes. Harren then OJ:erated, 
Visibly impressed upon the conclusion of the operation, and at th~ 
-patient's statement that he had felt no pain, \.'arren said: 
"Gentlenen, this is no humbug." 
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Since -che Jliemorable OJ'eration in the "ether dc:ne," rnan 
!ms been released from an illle-ol<:l feer of operation, Or as 
Oliwr l-lendell Hol.Jltes said of Norton's use of ether, 

fierce extremitJ' of suffering has been steeped in 
w<ter of forgctfulnes~ and the deepest furrov in 
knotted brow of a sony has "been mwothed forever, 2 

Althoug"h the world rejoiced in the llSe of ether, J.lorton 
derived small practical benefit fro.1 his >mrk, 'dhen forced to 
an.110unce what his "prep~rrati~n" was, the dentist became involved 
in a trar;ic \).uarrel involving himself and '>lellB, and to a lesser 
dq;ree, L:mc. But Morton's reel nemesis was Dr. C.~- Jackson, 
an erra-cic but brilliant scienti~t, who claimed he had tcld 
Norton about ether when Horton ho.d attended his u,edical classes 
and whose vlruJ.ent attacks helped cause Horton's death on 
,Tuly 15, -~868. Today, Long is credited ;;it:r. tl:e first use of 
~ther in an operation and Morton with provina to the world its 
\"alue in surGery; but when a. IDOnurnent was Given to Bo~ton in 
::.868 cGilliDel:lorating the operation in the "ether dorr.e," controversy 
swirlin(l about Morton was still so violent that the donor thoucht 
it ''ltise to mention no n=es except the lllll!lC of the Lord--the 
only safe one ... 3 

Present Condition 

The "ether dcme" has hardly been chan.:>ed since October 16, 
1846. Located at the top of the central section of the hospital's 
orir:inal building (desiened by Charles Buliinch) ani':. beneath a 
dooe, the ro=. ls still used. It is hoped, hoh·ever, that cv-en­
tually the famouo room will become a mu~eum. 

The room has a bare and utilitarian look, ~~ Egyptian 
r:m=ies, the same that stood in the room in 1846, present the most 
unexpected note. A lar~e part of the room is occupied br sharply 
rising tiers of seats, "here students and others sit during lectures. 
CaJllllll{l the room i£ the dOJJ.e, through a section of which daylight 
can be admitted. 

' !;.uoted in Joseph E. Carland, Every Han Our lleii\hbor (Boston, 
1961), 11+. 

3 
Dirk J. 3truik, Yankee Sder.cc in the Kal,inrr (;'le" York, 1?62), 
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BE!l'.J.AMilf THOMPSON 3I~THF1ACE, l<'!ASSAGHUSETTS 

lccat;on: J.liddle~ax County, 80 EJ.r, Street, ',(oburn 

Ovnershiu: }~. Cecil R. Porter, President, R~ord 
Historical Association, 2 Poole Street, Hoburn 

Amcri~a can cl,.im f:e>( scienti$tS wl>-0 have rivaled Eenj=in 
Thol:'pson' ~ anaJ.ytj_cal and creative ability. Even thouah be 
fled the Country during the ~erican Revolution, this remarkable 
r::an is 'ddely rerrarded as an .Americar. scientist. l·!oreover, 
Thonpson's directness, dete~nation and practicality ctamp him 
"-S being much more American than Ew:-o}>ean. Like a transplanted 
tree, he retained the inheritance of his birthplace. 

The future Count numford of the Holy namun Empire "'as born 
in }/ob=n, l'.assachusetts, on March 26, 1753. Upon the death of 
his father, about eiehteen months after Thompson's birth, Th~pson 
acquired a step-father, whew he ~espised. Poverty and hatred of 
his step-father hardened the youth, who bec~e an apprentice to 
a Boston !Lerchant in 1769. He lost that job in 17'{0, because of 
bad business condltions, and :returned to Hoburn. There, Thompsor. 
lived away from h~e, evidently did ow.e teachine;, and (ttteml~d 
some cla5ses at Harvard Collese. Several years later he ~oved 
to Concord (then Rulrlord), Ne•,; Har:Jpshire, to teach, where he meo 
Sarah RoUe, a wealthy wido•t, ,.hOP he married in Noven"ber 1772. 
Two years after their rnarriasc, the couple had a baby girl. 

The American Revolution, a" it did for so r.,any others, 
chaneed Thompson's destiny. In Rurniord, Thoppson had won the 
favor of one of his wife's relatives, the pro-Dritish (';Overnar 
of the coloTJY, John 1-lentworth, o·ho a:ppointed Thcmpson as a major 
in a Nev H2mpshire reaiment. SubsequentiJ·, the youll(;; l!lajOr fully 
cc=itted himself to the King's cause, as by the sunmer of 177~ 
he had sent infonnaoion to the British, had been tried f'or the sarc.c 
(which he had denied) and had decided to join the Enalish. In 
October, 1775, he visited his wife for what proved to be a final 
time, and shortly thereafter sailed -co England. '.>hen he returned 
to il!llerica in 17/Jl, it wa~ as a lieutenant-colonel in the 
British Army. In hig new status, he conducted ~ilitary operations 
in South Carolina and on Long Island, New Yorl\. After En&land 
acknowledged l'ur.erica's independence, the King kni(lhted Thompson 
in 1784. 
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Until the tine of' his kni~hthood, Th~pscn eprarently had 
allowed ffnbition to dor.~nate him, rather the~ his love for 
science. But frcrr. his youth }Je had been fascinated by the 
natcral •,ro:rld. l·rhen only fourteen, he had requested an older 
friend to explain the nature of light, what happened to clay 
when fired, and how winds aro5e. 

A keen scientific curiosity in Thompson acccppanied a talent 
to devise and carry out carefully controlled experi.:::ents. Moreovt•l", 
o;-Jce Thompson discovered answers to scientific :.oroblems, he""" 
to turn the discaveries to pructical uses. This characteristic 
mmi:fested itself when tile a,.,_bitious knight becrur.e an employee 
of the Elector of Bavaria. 

Thor:tpson so impressed the Elector of Eavaria ••hen the two 
met in 178k, that the Elector invited thG younG officer to enter 
his service. Mter an initial hesitation, Thotr.pson accepted the 
offer, and he spent the next fifteen years in l-!unich. His success 
in servinn the elector is indicated by the fact that in 1788 he 
became the l·!inister of Har, Minister of Police, e Major-General, 
a C:hmr.berlin of the Court and a State Counselor. The Elector 
made hi!J en ilnperial count in 1792, and four years later gave 
Thcr:1pson the virtual rule of Bo.varie when the Fre:~ch threateneii 
ic. 1-lhile the Elector and his wi:fe enjoyed safety in Saxony, 
Count Ru:rnford saved Bavaria frcm its ancient :toG. 

Thcmpson's success in Eavaria st~~ed :tram his scientific 
end administrative abilities. H~ end~d beeeerJ in much of 
Bavaria by feeding beggars and putting the"' to work. He proved 
the food value of the potato as a sta:ple, and after r<:<sistance 
against it, the potato became ~basic food, in Europe< as uell as 
in Bavaria. He devised a pressure cooker, a fuelless cooker and 
" GUS ranne to improve the lot of the corr.mon men. He created 
Munich'~ fanous Ell[llish GardC<n out of a swarn:p. 1-!oreover, he es­
tablished a military acade~zy, a veterinary academy, and other 
educational institutions. 

Hhile devi~inr;; ~cientific ansvers to so<:ial problems, 
Thompson also applied himself to pure science, investigating 
the nature of hes.t. His conten:.Jlor,.ries held that heat was some­
thi"!': called "caloric," a fluid that could be forcad out of bodias 
in the nature of heat. But Thompson, in conducting eXyer~ents. 
involvinG the borinG of carman, prove<l that heat was a forlli of 
energy. The scientist thus established the princiJllC or the con­
vertibility of energy, the ap!Jlication of wh~ch unde!'lies lnOdern 
industry. '?hompscn ~ent a pa~cr on h~s cxper~ments ·.rith cannon 
tc the Royal Sociaty in London in 1790, and that reJlorL remains 
"r.:"jor scicntj.t'i<: lamlinark. 
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In cb-o s=1e year that :i:tcq>GCn s.,nt his parer on bea,; co 
London, he ,;r·,wele<J to EnGland hir:lself. He a:crivc-d in Gre::t'• 
Britain as l:he Ele~tor's ambassailor but En£::le.nQ refu&Gd to 
RcCept one of her own citizen" as another sta-ce's mi11lsoer. 
l·<evertheless, Thompson r=.eined in Gr.,at Britair. as a poivatc 
citizen for four years. His energy ·undiminished, the scientist 
foc>nded the Royal In:;titution, probaOly the "orlO:'~ ci'irst re­
search cen~er, in l8CO, invented the ''Iluri'ord" stove, and l:cl,eC: 
to organize hO<Jpi tals and workhouses in Enc;land and Ireland. 

Th<m'.pscn left England iii 1802 and spent his la~t twelve 
year~ on the continent. In 1803, r.e Jtoved fran IILmich to Pnris, 
where in 1805 he narried the vide" of a f=ous l'rench scientist, 
Anne Lavohier. llithin four ye!lrs they \<ere divorced, she havinc 
been unable to abide his constant experi~entinB and he having con­
cluded that she I<SS a harridan. On August 2l, 181!.., !7hrnnp~on, 
quite alone, died. 

Present Condition ol the Site 

Thompson's birthplECe was built i::! the early 17CO'o. It i' 
a tuo-,;tor,i, clspboard building that has withstood "the ravages of 
time very well and is no<> excellently maintained. 

n,e inter1or or the house is o(pp:o.r<i'ntly little chan[3cd frC<o 
Thcmpon's ~. The fl.oori~c, paneling and fireplaces arc 
oup;csed to be oricinal, a3 1~ the hardware. Thomp~on's cradle 
is in the srrall kitchen, and a room on the second f.Loor containG 
additional. Thc..npson me:-.orabiUa. 

:Eleferences: C. Ra;rrncnd Ada=.~, "Benjamin Thom>'son, Count fu-TI'ord," 
Scientific Arner lean, LXX:I (Dec., 1950), 380-386; 1·.'illiem Bragg, 
"The Contributions of Count Rumf'ord and Faraday to the 
Modern o:f LXXII 1930), 19-23; 
Bernard 1958); Econ 

J. Gtruik, 
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JOSEPH :tfr"J'IRY HOUSE, f.!E\-1 JERSEY 

Location; Mercer County, Princeton University, Princeton 

O'lmership: D:r. R.F.Goheen, President, Princeton Univercity 

Significanc" 

Today's electrical industry, ns well as the CO"~unication 
industry, ovos a vast debt to Joseph Henry and his inventions 
in the electrical field. Everytime we use an electric ~otor, 
or place a telephone call, "" benefit f'r= the genius of one of 
America's leading scientists and inventors. 

Henry's scientific ability only manifested itself ~uite long 
arter his birth in Albany, New York, on December 17, 1197. 01' 
Scotch ancestry, the youne Henry exhibited a keen interest in 
the stase when about sixteen. So attracted was he by the theater, 
that he became the leader of some local amateur thespians and 
vrote two plays. Fate, in the £orro of an accident, forced him 
to renain heme £or s~ time, however, and it was then that he 

dramo., the 
he became a professor 

and natural the school in 1826. 
Harriet L. Alexander became his four years later, by 
whom Henry mts to have six children. 

\·/hen he bocane a tcoacher at the Albany .Acader.'.y, Heni'j' under­
took the investi~ation of elec~ro-marrnetism, His inde~endence of 
thought is shown by this step, for almost nothinG had been done 
in electricity since the era of Benjamin Franklin. The mysteries 
of maenetism clab.ed his attention for same tii::e, when one night 
he abruptly announced to a friend, "Tcmorrow I shall make a f!!IIlous 
Gxperiroent. "2 True to his word, Heni'j' the next day devise~ the 
alectromagnct til!lt is so widely used today. An elactr=.agnct con­
tains a core of soft metal, around which are wrapped numerous coils 
of insulated wire. Henry's contribution to the magnet, the 
insulated wire and more than a ~in(lle coil of wire, so i!l!proved 
the maGnot that it could lift 600 pounds with the current of 
only one cell. In 1830, Henry ~reduced an induced curreno by 

' Quote<l in Dernard Jaffe, l·2n of Science, (New York, 1958), 186. 

2 
Q~oted in ibid., 188. 
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-.:tsinc; his magnet, almost a year before Michael Faradey' s famcu~ 
e<.:]'eriment. 

The importance of Henry's electro~~gnet was recocnizcd by 
the inventor, but he did not purnue its application. He did build 
an electric motor, the world's first, which incorporated his 
ma~:net, but he looked upon that invention as only a toy. Sir.ilar}s, 
he develo~ed an electric telegraph, both at Albany and later nt 
Princeton, but he also failed to exploit its co=ercial :POSsi­
bilities. Samuel F. B. !Oorse, >.'ith Henry's help, made the 
telegraph a practical thinrr, ns Henry admitted in later years. 

Henry's failure to capitalize on his invention~, both wt.ilc 
et Al'oany and. sub5equently, confon;:,ed to his general character. 
l!e never regarded anything in science or invention as his o,m, 
A much broader view governed him; and as be said at one time: 

I have sought, , • , , no patent for inventions, 
end solicited no re~uneretion for my labors, but 
have freely Given their results to the world; 
expecting only in return to enjoy the consciousness 
of having added by m,y investicutions to the sum 
of human knowledge.3 

F~ be also 1gnored. A tireless exper~£nter, with a simplicity 
of ~anner, a receptiveness to new ideas, and a genuine desire to 
coopera~e with other scientists, Henry in his unique way contri­
buted more to the world's knowledge of electricity than any 
other Alllcrican. 

This unusual AI::JericM ves called to Princecon University, 
then the College of Ne>: Jersey, in 1332. Henry taucht tt:ere 
for the next fourteen years, he being a popular teacher. At 
the ~= time, he coni;inued his o>m work, as one author says, 
without collaborators and without generous support frcm a 
foundation. The lack of assistants and foundation support did 
not ~pede his work, for whi~e at Princeton he produced the 
olect:n:ll!legnetic relay (which really rnade the electric telegraph 
possible), paved the way for the development of the electrical 
trans:fo=er and discovered the self-induced current. Electricity 
only took part of his tirr.e, for he also studied probl=s con­
cerning solar p.'tysics, the sun, metal5 end the velodty of 
projectiles, In the sunmer of 1844, for exemple, he spent most 
of his t~e blowing soap bubbles in an attempt to unlock the 
secrets of fihls e.'l.d curface tension. 
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~esyitc Henry's concentration on his investieations, 
his fane syread in "both /,l'"'rica and Eurq:e. It was no 
surprise ther. whe11 he waz chosen as the first secretary of 
the nev S!:::ithsonian Institution on December 3, 1846. In ac­
ceptinG the job, Henry kr.ev his mm work would sui'fcr, but he 
felt the call of duty and the desire to stimulate AILericar. 
scientific effort. For the next thirty-t•c~o years he headed 
the SDithsonian, ~nking ito scientifi~ institution of the first 
ranlo. He not only concerned himself "ith the institution's 
develofment in ~erica, but sought to nnke it an active force 
in the internutional scene. As leader Of the Smithsonian, 
for example, he urged scientific bofrieJ to catalog their papers. 
Thus, when the Royal Society of London produced its first 
catalog in 186!1, the Society attribute(). the work to Henry's 
ureinG of the Dublication or such catalogs. 

~/hen Henry died on Hay 13, 1878, he r.a<l put tho &ttithsonian 
In~titution on a sound ba.Gis. Eecause of that accomplis~ent 
and his host of inventions, Henry rightfully occupies a le(ldin(l 
~osition in the ranks of famous American scientists. 

Present Condition of' the Site 

:The dear. of rr.en, Princeton University, now occupies the 
Henry house. The two-story, brick and ijablcd roof building has 
b<len ::.ovcd three tl.IDcs from its original site. 'I·he house is 
pa1nted yellow. 
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CHARLES MA_"lTIN !'.ALL liOUSE, O!UO 

Location: Lorain County, 64 Eest Colle~e Street, Oberlin 

OWnership: ~lr . .r. A. ~1cGrann 

Sif(nificance 

"Yes," Charles ~lartin lrall vrote his beloved sister, 
Julia, on July 27, 1882, "1 really think I shall be a rich 
inventor SOI!le day. "1 ',·,'hen Hell died in 1914, he left an estate 
of sOIIle $30,000,CCO, the fruit of' his discovery of an inexpensive, 
efficient method of producing aluminum. Hall had succeeded 
better than he had dre~ed; it is doubtful if any other single 
invention has produced a comparable financial reward. 

Hord work hel:red Hall to win his :fabulous fortune. Born 
on December 6, 1863, 1n Thompson, Ohio, Hall developed an interest 
in chemistry as a stripling, His parents had to endure numerous 
experiments that he perlormed at home. And his youthful zest 
for ~her,istry broueht him his first knowledge of elmninun, which 
he read about in an old chemistry textbook of his father's. 
\1'hen Hall entered Oberlin College in 1880, t.hcn, he possec~ed 
more Lhan a hazy lmO'l<ledge of cherni~try and alUDlinUIII. His 
graduation in 1885 found him 5till devoted to chemistry, and 
dete~ined to discover a cheap, effective neans of manufacturinG 
altminU!Il. 

Perhaps the most amazint; aspect of Hell's life is that by 
1885 he bud deten.~ined to bec=.e rich and that aluminuro would 
be his means to wealth. About five feet eight inches tall, 
slender, and vith blue eyes and br~on hair, his passion for 
"ealth had led hi!:'. to read about innUJll"rable inventors. 'I'his 
readinG had not only ll\.'lde Geore;e Hestinehouse Hall's hero, but 
had also alarmed him at how many inventors had lost the profits 
earned by inventions because of their failure to ssfecuard theic 
rights. Hall had thus q:ent hours studying the patent s:mtcm 
and, like a herrr~t vho hides tho location of his cave, he becam~ 
cxtrer.rely secretive. Moreover, he had bersun oo keep any notes 
or other :paper~ related to any of his idees for inventions, 
and as early as 1882 he had instructed Julia to preserve some 
letters in which he had discussed possible inventions, for 

' Quoted in Junius Eduard:;, The ~,.,,;orb . .l ",~o,:;~~h~_:_(N~' York, 
195S), 30·· 31. 
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"They m:~y be useful in a ~"'Uture lavsuit or scmethir.g, "2 

Indeed, Hall already had become so wedded to his goal that 
apparently he could only spare ti,.c for ll'·Usic !lnd reading. 
lie played the piano, and read the E:lc'.!E_lopoo<'iia iirita:mica 
endlessly, simply V'-'llbg dO'Iln a vOlwne eild'StUrting-"i.f,e'iever 
he opened tr~ book. As a friend later said, the 
"was his {j,.all'i/l·\urk 'IVain, detective stories, 
thing all put together, "3 Hall never l~drTied. 

>~en Hall had begun to e~periment ~th al~inum in 1681, 
r.ot !'any .ru,ericans "knew of the metal. Euro_p2an sciel'tists had 
worked with the metal for a long tir..e, however, but had not 
been able to perfect a cheaJl means of producing it. Hall's 
able and stimulating chemistry professor at Oberlin College 
had ccnmented on the need for a satisfactory cornmerci~l process 
concerning aluminum, remarki~ that the i;wentor 1<0Uld "lay UJl 
for h:llllself a great fortune." PerhaJlS further insJlired by his 
teacher's re~nrks, Hall persisted in his work; and after gradua­
tion i'rom college, he establi~hed a laboratory in the YOOdshed 
behind his n?.rents' home and conducted endless exJleritnents. 
Success eluded him for months, but on February 23, 1886 he 
finally produced a few small dl·ol'S of aluminum. His Jlrocess 
involved the electrolysis of cryolite, which served as a 
catalyst for molten alumna, the ra-w material of aluminum. Once 
certain of his Ciscovery, Hall apJllied for patents, five of 
\<hich he gained on Apnl 2, 1889. 

After the young inventor had initiated patent action, he 
sourrht to develop his process for c~mercial production. 
Several attempts to gain backers between 1886 and 1888 gave 
Hall little satisfaction. But in the latter year, Hall found 
sotr.e men in Pittsburgh who were willing to support a major 
effort to produce aluminum, which led to the formation of the 
Pittsburgh Alumin~ ComJlany. A :plant was built, and although 

2 
Quoted in ibid., 21. 

3 
({uoted in~· 1 165. 

4 
Quoted in ibii., 34-35. 

1')1 
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sotJe difficulty vras had in :peri'ec"Oing the or.eraolon, Uy June, 
1839, the p:,ant was producing an ever gro>dnG e.I::onnt Df 
aluminum. Ther.o was no more dedicated •,•Nker in the factory 
than Hall, uho concerned hinself with every asre-ot cf t'.'e :;ll"-nt' ~ 
oreration. :!'he ''mP"ct of th" new me"Ohod is sho"n by the fact 
that the company's price i'or a pound of al\!JilinUJn had fallen to 
$1.)0 by the fall ot l889, whereas its criginal price had been 
$5 a pound. !iy lo'.e.rch, 1891, this plant h;;.d J;•7c<luced a total of 
87,739 p~unds of aluminum. 

The quick success of the concern soon led to its expanEion. 
In 1891, Hall and his rnrtners moved to a new plant in New 
!rensin.gton, which factory by 1893 could produce a thousand pou.t1.dc. 
of aluminum a~- So great was the demand for the light metal, 
however, that in 1895 the concern opened a h"<'e nev factory "t 
Niag,.ra Falls, where chea~ electric power was available. By 
1907, when the cO!IlpanJ became the hlUJT.inum Company of Al!lerica, 
the concern was rraking 15,000,000 ~ounds of alU"-inum a year. 

When the concern had moved to Niagara Falls, so had Hall, 
He erected a large house there, but ill health after l9o8 curtailed 
his enjoyment of it and his POW vast wealth. Death overtook him 
on De~ember 27, 1914. 

Present Condition of the Site 

The house in which Hall lived with his parents until he moved 
to Pittsburgh in 1888 io over a ~entury old, but its exact date of 
construction is not known. It is a t;;o-story, painted brick 
structure, with a large ~orch in front and a cupola on the roof. 
At the moment, the building contains apartments, with rooms divide~ 
by ~lasterboard partitions. But there h.e.s been no fU.'ldar..ental 
change in the interior arrangement. Moreover, the floors, ~oodwo~k 

ar.d fireplaces are apparently the sal:le es when He.ll lived there. 
The woodshed behlnd the house has been destroyed. A cindcrblock 
add~tion stands in the ~odshed's place. 

Alfred Cowle~, 
Edwerds, 

Kaiser Altl1'linum Com~,.ny, 
~ (Jan.-Feb., 1961), 14~15. 
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JAiillS LOGAN HOI·IE, "STENTOli," PEJ..'NSYLVANIA 

Location: Philadelphi~ County, 18th and Courland Streets, 
Germantown 

Owner: James H. J. Tate, l·Ayor of Fnila.delphi!l 

Significance 

JB::.es Logan, one of the :founcters of the American scientific 
school, is relatively unknovn today. ~rhaps because he wrote little, 
perhaps because Denjamin Franklin's imaee is so dominant, the Nation 
has shovn little interest in a man whose erudition and work almost 
equalled the sagacity and achieveRPents of Franklin. Logao """-s a 
kind o:f universal :r.an in the Renaissance tradition~~states=n, "''iter, 
scientist, .Philoaol)her,"l says a recent biographer; and as a scientist 
he de~ds consideration in any study of ~erican science. 

Born in the north of Ireland in 1674, Logan arrived in FhiladEiljohia 
in 1699 as ',/illia.n Penn's secretary. 1o(le.n, during therext :fifty years, 
occupied a key position in the ~ffnirs of Pennsylvania, contributin~ 
::-•_lch to the rapid and successi"Ul develo:pment of the colony. His seat 
~n t;he colony's council =deJ;'Scored his political influence, and 
bct".·leer: 1731~39 he acted as the ch:i.ef justice of Pennsy+ve.nia's coc:rt 
s;Istem. Noreo...,r, throu~hout Log!lD's career he \laS the colony's best 
and =st respected nee;otiator with the Indians. llis public life dj_d 
not pr<lvent him from ar.mssin6 a forlUlle from th<O fur tn<d.e, ho>mvcr, 
\thich enabled him to retil;e to his country estate, "Stenton," in 1730. 
Even so, when Pennsylvania faced a crisis in 1736, Logan did not hesi~ 
tate to re-enter public service, and became acting governor, 

Logan's sorenuous public career did not prevent him from pursuinJ 
his interest in ~cience. Even as a youth, his fascination with mB.tll~ 
mcatics and botany had been great, ana as an aault ha studied both 
intensively, Ile assembled the outstanctlng scienhfie library in the 
Imr;lish colonies, his near 400 scientific and IIJ3,thematical wor:cs even 
surpassing llarvard College's library in 1735. Logan is reputed1n 
have importe~ Pennsylvania's first copy of Sir lsaac Newton's 

;,<ore importantly, he read and understood that 
only seli·taught in mathewatics. 

1Frederick B. Tolles, "Philad.eli>hia's First Scientist, Jan:es Logan," 
:_J:si~, !17 (1956), 20. 
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hi 1;h such e libJ:acy "t his cororl'.and, Loga!'- a:pplied h~m.self to 
vc.:·ious scientific :problems, Numerous published papers resulted, 
one of which ~ealt with the ~tion of the moon, another of which 
suggested imp:rove~r.er.ts in the quaclrant, and a third of l<lhich outline!l 
iqpro~P"..ents in lenses, Ironically, althoug..'l Logan's e;ro;at I>Cientif'ic 
love was ~r.athema.tics, he realized his greatest accomplishment in botany. 

Through a carefully thou(;ht out and controlled experiment, Logan 
pro,_.,.d the Yital role of the male element, pollen, in the fertilizatio':'. 
of corn. The theory of ' " that the wind carried the male 
clen:ent to the ferJale ele,;ent in first stimulated 
i::t 1726 he read ~lillia:r. L/ '~~ 
J<e-;clitional reading convinced him :=': 
to plants as the fel'l'.ale seed, and in the s=::er 
lo:'J?othesis on corn. Logan remved the tassels :from son:e stalks a.lld 
O>le f'il.aments f'rom others, anti then he >.'atched the developiOent of' the 
::cl"nGlS, The results clearly showed. "that the pollen >ISS the l!l£1le 
cle~r.ent nnd thnt it was necessary for the production of' viable seed,"2 
;:e repeated the experiment in 1728, but delayed n:al<ing his findinga 
>;mi>lic untn 1735-36. 

The announce'""nt of Logan's experiment excited many in Europe. 
!lot the members o:r the Royal Society o:f London at f'irst, it is true, 
for >~hen 'Logan's report was read roost o:f those present paid. small 
attention as they concentrnted. on dissecting a German cabbage and 
nn Indi8Il turnip, Elseuher<l, scientists hailed. Logan, the great Dutch 
i:Jot=ist, Lirwaeus, ,·rriting 'Logan in 1'T38 that he should be placed 
"among the demigods of scicnce."3 Subeeq_uently, the Dutch!r.an used 
!'he results of lc(!an's investieation in a paper on the sexuality of' 
plants that received a prize from the Imperial Academy of' Sciences 
st St. Petersburg in 176o. And 'Logan's botanical discovery remained 
influential for several decades after 1800. 

Even if Logan had not succeeded in his experiment '>lith corn, he 
would still be l'ememhered. in the h:istory of lllnerican science, It 
'.las 'Logan •.<ho did so much to stimulate the botaniclll career of' 
John Bartram. The f'irst bDOkS on botany that Bartrwn read., for 
example, cama from 'Logan's library. In addition, when IDe;an died 
on October 31, 1751, he lef't his library to the City of Philadelphia, 
a scientific treasure of immense value for such a youns city. 

' Tolles, "Philadelphia's First Scientist," 28, 

3~., 29. 
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?resent Conditlon of the Site 

',ihen fifiy-thrsc, Loc= decided to build a country sent. He 
chose a site in -t;Je rolC.in.:; hills just west of Philadelphia, and 
vor!~ on his new house Oegan in 1727, Comple-ted in 1730, the ree.nsion 
was call<;d "Stenton," after :Gogan's father's b:<.rthplace in Scotland, 

The house cost trDre then Logan had expected, but it w~ll repaid 
Loo;an 1 s investment, The building 'Oes a three-story, bricl~ structure, 
with a not too-cteeply pitched roof that ws hiP»ed and flat-tOI':l'od. 
Two greet, tell chimney steck.s rose above the roof'. Inside, on the 
first floor, a parlor and a fo:nM.l dining_ -room end bedroom behind 
them. Additional bedrooms :for II:em!::ers of the family e.nd for servan·.;s 
1:ere on the second floor and in the garret. A specious room, runnin;; 
across the full front of the house, served as ~ogan's library, 

!Qday, the house is in excellent condition. 
i"o welcomes visitors a.s graciously in our era a.s 

Beautirully uaintcin3d, 
it did in the builde:r;r;, 

Logan," 

James Logan and t.he Culturo of Provincial 
A.':".eri~ (Boston, 1957). 

l~S 
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AM;:IllCA!l P!liLOSOEHICAL SGCn::t:"f HAIL, PE!'I:llsYL\'ANIA 

Location: Philadel~hia Couuty, Inde~endence S~uare, Philadelpflia 

a-mership: Dr. lienl'Y r:oe, Pre::liderrt. 

Si~i:ficance 

There is no more ancient and honorable learned and scientific 
society in the United States than the American Philosophical. Society 
held at Philadelphia f'or Pro;notia,o; Useful Kllowlcd{;e. 'liith its bend­
quarters located in the hand.some :building in Independence S<J.llll.re 
thet was c~lcted in 1789, the Society, like so ~ch else in 
Philadelphia, tnces its birth b~l: to the initiative Of that 
unc011'Jlnn Philadelphian, Benjamin Fre.nl<lin. 

Franklin, in his loog BD.d varied career, rounded a number of' 
societies and org~izations, tvo of which loou large in the history 
of the ~~rican Philosophical Society. In 1743, Philadelphia's 
sage urged the creat~on of a society to stiQUl~te interest in learning. 
Certain citizens then forme~ the Philosophical Society, and it is 
f'rc'~ this society thnt today's orge.niz~tion cl~ims direct descent. 
But the uew society did not flourish bec~use its rrembers neglected 
it, and it is not clear if the members even ~£t between 1744-1767, 
D'-lt in 1768 the activity of~ group claiming descent from Franklin's 
~~to, founded in 1727, st1r~~ ~he do~nt Philo~o~hical Society 
into life, especie..ll:: as the l;'ive.l gro~, no'li grWJ.d.J.y called "The 
P11:erican Society, held at Philallelphia for Prorr.oting Useful !(nowlcdge," 
consisted larg<oly o.f people opposed to the proprietary clique in 
Pennsylvania. To n:eet the challenge, the Philosophical Society 
suddenly chose eighteen new members in 1768, mostly from supporters 
of the proprietors, the Penn fam.il;)'. Apparently, the two societies 
frcced a fut·.u-e of le~rnerl and political coey'ltition. But vl.Ser counsel 
prevailed. Instead of opposiug each other in bitter ri~alry, the two 
,,rou:ps merged on December 20, 1768, 1'orming the organization that 
Cou..--:tshes today. And, fittingly enough, the founder of the noll de­
funct grou:ps, Franklin, became president o1' the new society. 

The newly fomed American Philosophical Society had high ambition. 
Sign:tficantly, the society desired. to becorr.e ~ t:ruJ.y .American society, 
to become more than just a Philadelphia or ~nnsylvania organization. 
Kem r..ember~, consequently, c=-. largely :rrom outsille o:f Philadelphia 
C.uring the re!:lB.:!.nder of the colonial era. Moreover, the society elected 
correspon<ting me<r.bers in Europe. These members contributed little 
to the society's vork, but they heightened its reputation and sent 
books and other gifts to the soci.ety. Successful in hetterill{!; its 
l'.C:Jbc::ship, the society failed ho~rever to collect dues, even when 
it hired a collector at one time. 
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:;:-, Hs early days, the sodety devoted Hs efforts to bot)-, pure 
a:ld a:;rpliecl. scier:ce. Even though strapped for funds, the society, 
led by an interested minority, lt!Sd.e preparations to observe the transi"C 
of Venus in 1769, Fortunately, t:l:te Pennsylvania asselllbly !l.];lpropriated 
~;50 to hel:p in the vork, which eno.bled the society to erect an ob­
servatory in !Ddependence Squa1~. The society also helped to stimulate 
g~nerel interest in the passsse of Venus, 1rith the result that a nots<>le 
series of accouots about the planet's path ~ere collecte~. On the 
practical side, the society und.ertook surveys of canal routes, experi­
rr.ented \iith the rB.ising of silk YOrma and sup:ported agricultural and 
medical study. DBSpite the fact that there was no coordination of the 
society's endeavors, its early projects remain roost impressive. 

Even mth various undertakings, the society lost 
lofhat is now the oldest scholarly jourr:uil 

A committee vas appointed in June, 
scientific papers, but the first volume 

1771, The society deliberately distributed the 
book as as possible in order to bolstel:" its re:putation, and in 
this plan the society lii!.S more than success:ruJ., Volume number 1 con­
tained, among other papers, the Jl'Eitertal gathered nnder the aegis of 
the society from the transit of Venus, which astonished Europeans. 
That a new and. coloni!ll society could. prod.uce such a W'tlrk ws ams.~ing, 
especia.]J_y as many older Euro:pean organizations ha.d never publish~d a 
c·!.::-..ila.r volUll:.e. And fro!! 1771 to this day, the ha-ve 
cont:l.nued to merit the :reputation. gained. frO!Il 

The Alnerican Revolution interrupted the work of the society, but 
since then the organization has continued to play a leading role in 
:promoting knowledge, Now with a:rmm bership of near 6oo, incluiing 
both American and foreign members, the Alnerican Philosophical Society's 
vir~or benefits the entil~ \IOrld. 

Present Condition 

The society's headquarters in Independence Square were completed 
in 1789. Twenty years prior to 1789, when the organization had no 
home of its awn, the society had petitioned the colonial assembly for 
s lot near the Pennsylvania State House, now Independence Hall. But 
~r.e assembly withheld permission to erect a building there until 1785. 
Once the lot ha~ been granted, the society opened a drive to raise 
e building fund an~ authorized a start on the project. Samuel Vaughan 
designed the two-story brick edifice, but progress on it nearly 
foundered when funds ran lO"or. Only the generosity of Franklin ma~e 
i" possible to cam:plete the building in 1789. 

lJT 
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Because of the need for more rociT. near the end of the nine­
teenth century, the society added a third story in 1890. This 
add.i tion completely ruined the building's beauty. In 1949, the 
third-story was rerr.oved, and the building vas restored to ~ts 
eighteenth-century appearance, At the sarr.e time, it was fireproofed. 

P.e?'erences: Gilbe!'t h 
cnd the Horld of Science 
Yn:Llosophical 87 
of the American 

"The 

Society, 

Philcsorhical Society 
American 

Erief 
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.TOSEPS Plllt;STt~ l!OUS3 PZN?iSYLVA.IUA - -~--

Location: Northumberla-~d County, Fries"ley Avenue, 
Northuniberland 

Q\,"nership: Governor Hilliam H. Scran~.c-n, furrishurg 

Significance 

/c:nerica' s historic pol~cy of welcoming persecuted fareignero 
has benefited the United States imu.easurably. The American develop­
ment of the at~ bomb testifies to that. In an earlier period, 
the Country's reception of Joseph Priestley, the brilliant Enclish 
chertist, af"';er he ·•as driven £ran; Great Britain not only testified 
to the democratic spirit of the young ~ation, but also stimulated 
her $Cientific develo>"'!ent. 

Priestley was born in leeds, England, on !Oarch 13, 1733 
(cld sty~e). Reared in a Calvinist environment, he decided to 
be a minister, and finished his theological training when 22. 
He ~ossessed very liberal views and became a dissenting minister. 
In 1761, Priestley- becrune a teacher at the Warrington Acaderrr.r, 
'HLe:e-e he stayed until 1767. I-t was during this :reriod that b~ 
1'ir~t became interested in che:,-,istry. Ferha:ps his friendship 
'•ith B~njamin fi!lnklin ~rurr~d his scienti!'ic interests, for 

<'ollo;,in,; year, 
Leeds, where his 

stimulated Priestle7 to write a History and 
Royal Society of London 

because of that book. In U.e 
scientist moved to ~lill' s Hill Cl'.apel, 

allowed Tiore time for scientific study. 

Untrained in s<>ience as he ;,as, P:t·iestley chose a field 
that offered great opportunity for new 1mrk, pne=A~ic chemistry. 
The study of gasco had attracted attention prior to Prlestley's 
till:e, but it ""-S h"' who became the "Columbus" of the caseous 
•,mrld. And it we.s the brewin13 of beer tha-t. Ca'.lsed this keen 
ob5erver to investigate gases. 

The s~oke that hovered over beer as it ..as breved in a 
brewery near Priestley's residence in Leeds intrigued the minister. 
He set out to study the gas, and in 1772 he published his initial 
:raper on pneUI!llltic chemistry, In it he described his experU,.,nts 
•·ith carbon dioxide; the Jlaper won him the Copley medal in 1773. 
H:mpered by a la<>k of im:plell".ents, Priestley devised his O'll!l eq_uip­
~er.t, most o~ whlch has been ~ittle modified and is still used. 
Fascinated with his investigations, Priestley pursued his study 
ar.d in 1TI6 discovered one of the key elements, oxycen. It ·.ras 
un astounding discovery for an individual who had been untrained 
in scie01ce a"d w!w had only initiated his •·ork a few years earlier. 

1)9 
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Fr1estley continued ~i~ scientific investi~etions after 1774, 
althou,sh OX)'gen :rema.ined his great discovery, and "by 1786 l".e 
had published six volumes of scientific writine;s. 

Pr~e~tley's work in science had not cor~pletely doninated hill. 
He continued to be active in relieious affairs, as «ell as 
ass=.ing a positive rol€ in :political matters. The liberal 
religious and political views he espoused ~addened many. In 
1780, the fearless crusader became the leader of a dissenting 
group in Birmingham1 which city ex~res~ed small love for a new 
book of Priestley's, 9orruptions of Christi~ity. Moreover, he 
gained additional enemies, some of them in poverful positions, 
·•hen on January l, 1791, he published a strong defense of the 
French ftevolution. The prur;phlet f'earlessly denounced Edmund 
Burke's castigation of the revolution across the English Channel. 

Priestley's courage soon brought personal disaster. A mob 
howled throush Bimingham f'or three days in July, 1791, and it 
~ectroyed the scientist's meeting·house and home. Priestley, 
personally uninjured, then moved to London, where he lived for 
~hrec years. Already unpQTUlar, Priestley's stock did not rise 
when France honored hilll >~ith French c1ti?.enship. In these 
circ•Jl!ls-.;ances, it is not strange that he turned to America. 

Priestley's sons had already migrated to the United States, 
and on April 8, 1794, the scientist boarded for the 
trip to America. The emigre, who was se,.~sick voyage, 
landed in !le\1" York on June 4. On the follol'ing day, the Alr.erica" 
Daily Advertiser welc<%1ed Priestley and his \dfe, saying that 
An-.erica h"s bec=e the asylwn of' the BI"eatest characters of the 
present age. "1 The nell" :i=ig.rant went to Philadelp..':tia on June 
18, where he was welcomed by the American Philosophical Society. 
Perhaps the Society's members >~auld have been a little piqued 
if they had learned that Priestley wrote a friend, sring 
"I never saw a tmm I liked less than Philadelphitl.." 1ly the 
end o:f August, Priestley had "bought land in North=berland, 
where he built a house. 

' (iuoted in .Edgar F. Slnith, Priestley in America, 179"--1804 
(Philadelphia, 1920), 20. 

' ~oted in ibid., )5. 
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Tlle scientist continu"d his investigations in his new 
ilc;oe. ~is most important discovery between 1794 and 1804, "h"" 
he died, was carbon monoxide. He also became a rr.emher of the 
American Philosophical Society and contributed several papers 
to it. 

At his death, on February 6, 1804, America lost a nev son 
and the world an eminent scientist. 

Present Condition of" the Site 

Priestley's spacious end attractive house stands on a rise 
above the North Eranch o~ the Susquehanna River. The central 
section is two stories high and has a gabled roof. On its west 
side is a kitchen wing, and on the east side is a wing which 
housed Priestley's laboratory. The clapboard for the entire 
structure vas kiln-dried on the grounds when the house was built. 

The house has been restored a~ter having fallen into dis· 
repair many years a~er the scientist's death. It has also been 
partially re~urnished; the library contains objects awned by 
Priestley. 

Edgar 
~!!us on 

•• in Ed\lard Farber 
Smith, Priestley 

Stillman, The Story 
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2. 

3· 

4. 

j, 

C"'e~:U-J.e,-:o o:S: 13 s;w;, al:.-esdy 
Clc.sn.:-i,)~ <:G""'UI;;I"ole ·,::or P.e~~-s'C~·:·~J. ::a+:"ic"d B.i.Tcori" 
- ·---- -----·---"'·~---------------- ------

lFn-il . .arlo S"oa•.l'S <..nd also .·ela<oeu to c:li3 tt'~·'-'": -- --------
Classii'ied ur.der 

and garden of tlm 

John Euir Hc.roe, California. Class1He<l under 'fheme XIX, 
of Natm:al nc~ourccs and 'l:'hen>e XX, Subther..e, Litcnature, 
hor.e of the naturalist, 

Conservo::tl.on 
1890-1<)1!, 

of the cable car in 1873-

Classified under The~e XVIII, 
Andrew S. i!allidie' 5 invention 

Classil'ied \mder Theme XVIIa, Ao:iculturc. 
steel plow, 1837, 

Classified under Therre XIX, 
Home of the father oi Jur.ericnn 

ClassH'icd under 'l':::~e,-.e XVIIa, Agriculture. 
plow, 181). 

7- SS!nuel "'· 3. dor~e :£oo:e, Hev YorL Classi.fied undel· ·rheme XVIII, 
Travel e.r.d. CoJJraunication. Perfector c.- ·,;he first commercial 
telep'a!Jl:, 

8 • .fohn Bar1..rar.1 House, Pennsylvania. Classified. under Tl1err.e IX, 
Developrr.ent of the English Colonies, l?C0-1775. Hol:le of the 
great naturali~L. 

9· Classified under Theme 
of the stewnboat, 

10, Classified under 'I'hmoo Xll, Political and. 
l!ou.e of Thomas J"'fferson. 

_ll. llount Vernon, Virr,inia. Classif'ied under 'I'herr.e XII, Political and 
;.jilito.ry llffairs, 1783-1830. Home of George Washington. 

12. Classified under 
r.-.echanical rea. per, 

Classified under Therr.e XVlJn., 
coosGrvation, 
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Si-.:cs in the National Pa~·J; Syste~ 

Related. to this T.1er.-.e 

Streets, contains 
hcc.e, l765-1790• 

' former site of 
.'lis house \ias rt~zed 

3. Edi~on llaticn"l H:ls-.;oric Site, Wesc Orange Nm; Jcr5ey. 
1887-1931 laboratory and home of the e;reat inventor, 
Thorr.a.s ,nva Edison. 

4. 

and the Civil '>lar, 
Har~ers Fer17 National P~storical Park also contains 
the island in the Shenandoah River on 'o'hich John ff, Hall's 
Rifle Fnctory ~as located, It was here that the inventor 
yerfected tLe &ystem of mass production by the use of 
in~<=rchan[\eable parts, l819-184l. In the 1840s and -50s, 
howev<=r, the United States eovernment demolished Hall's 
nifle Fac~ory and replaced it on the s~ site with a 
hu~e ~~dern plant known as the U. G. Rifle Factory, 
ArcheoloGical exploration has revenled that the foundn~ 
'tions of the lj. S. Rifle Factory have survived largely 
intact. But in view of the fact that both plants 
occupied tlle sa.oe site, it is very doubtful if any 
re::a.ins are left of the Hall Factory. 
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CTi!ER SITES COliSl;:!f:&D 

CALIFOR."UA 

California AcE-deny of Sc~ences 

Location. Scm !Crancisco County, in Golden Gate Par::, City of 
SB.ll F;,::;;;ncisco. 

Tne California i<cademy of Science, established nt San Francisco in 
18)3, ~s the first scientific society on the Pacific Coas~. 

Its original 1mildings ,;ere destro:•ed by the great earthquat:.e and 
fire of l;JCG. The academy >las -.;hen reconstructed at its present site 
in Golden Gate ?ark, These large, rr.odern buildings include the 
Na-.;ural History J.'iuse=, Si)!LSOll African !:!all, and the Steinhart Aqua:ciurn, 
All of these structures, \<ith thei:r =Y exhibits, &r<l open to the 
public. 

California Institute of Technology 

Location. Las Angeles Co\ltlty, City of Pa1>01dena. 

Opened on liovember 2, 1891 under the nall'.e of Throop University o:r the 
Pacific, the California Institute of' TechnolOGY was a >Jioneer scientific 
and teclmical school in the Far l-/est, Ily the 1930s this school had 
gro•n to become one of the leading technical schools of the nation, 
but during the period here u.~dcr coasideration (prior to 1914), it 
had reached only high school level in ita teaching. 

l\rl'.os G. Throop established Thraop Univer~ity of the Pacific in 1891 
and 11'-"-de the r..a.nue.l training depart"ent its ,-.,_in feature. In 1893 
it was remur,ed -:rnroop Polytechnic Institute. The early instit1..<te 
included a colleGe, a no~l school, an academy, and for a ti~, an 
elementary school and a comrr.ercial school. In 1908 the trustees 
decide(! to separate the elementary departJT.e:rt., the normal school, 
and the acade~y, leaVing only the college of technology which con~erred 
Bachelor o~ Sc~ence degrees in electrical, mechanical, and civil 
engineering. In 1910 the n!l.lr.e './as chanr:;ed to Throop College o"f T<:>cl:­
nolc~y, and the school moved from its crooUcd ~uarters in the center 
o~ Pasadena to a new cawpus o~ 22 acres on the southern edge o~ toon, 
The institute then had a faculty o:f 13 and a student body of 34. In 
1921 the institute chnnged its narne to California Institute of 
Technology and b~gan to e~rge as an important scientific school, 
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D''· C-eorc;e Ellec·;· Hele (1068-1938), H>\> :!..!.cv:!.OJgni~hc~- :·,o·vrc:-:~·.c>-.j; 
and fi_rct director of Hount \·:ilscr. Obs'3rVE.tory, -,;t;,; one o:: tl1c 
1908 Goard of trustees. I>ale bee;an to build up tl'-" Instioute's 
scientific Gtnff. 

In 1913; Ilobert {Ultirc'\'IS J;illil~'J..:l'bq;an .>:o; Cl'el:ii ll. f,_;1>· Jr.onths a 
year at T.lrcop as DirQctor of' Physical Re~carch. In 1)21, 'o•he:J. 
Dr. Honnan 3ri<lge a.(lrccd to J;ncnlide a resc,n-ch lnOol'atory in pbysics, 
Dr. 1-lillii;en resiGned frol!l the University of Cbca:;o anii became 
adr.ini~tra;;ive head of the Inctitute 11c -,,ell as director of tile 
Norrmr. IL·idr;e laboratory. i,.iillikan 1:ac credited with bein;:; the 
fir::;t i,c isolate the electron and ;oeasun' its charge, and in 1923 
lm received tl'e l:obel Prize in Physics, t;,e second /L'Cerica.n to be 
uo honored sinee Albert A. J.::ichelson in 19)7. Anothor of' •=Y 
o-ther eble scie:Jtists a.ttra.c"Ced ;ms Tl:omas Eun"t J•:Ore;an, the em::.r.ent 
.k::ericel, zoolo;:;ist, who ld't ColUJ'1bia. Universi-,;y in 1923 to beccm'> 
the d~:rec-r.oL' of t1:e Hilliem Q, Kerd±off La"ooratories of Biologica:c 
Scienccu at tlH'J California Institute of 'I'echnology. Hor,;an dis­
covc:·cd !Ce~ny of the roeche.nisrn~ involved i:-1 heredity. He experi­
:r.cnt.ed in the :1ew field of gene-,;ics, demonstratine that physical 
ch<Uactor~stics .rere tre.nsm:ittcd by ":;eneg," His research brought 
about <.odificetions in the theory of' evolution, and he was ""ardBG. 
the J:iobel irize ir. ;:hysiolog;-:r and medicine in 1933. 

The first Ph. D. desrees 1 nine in t1U.'l)ber, ;;ere <Warded in 192!;., 
Ey 19;10 there were 13G graduate students, 510 v.ndBrgra.duates, and 
a faculty o:f 18o. Toda.y there a.I'€ about 700 =dergraduates, ::;~o 

e;raduate stude:1ts, a.cl a :facu.lty o:f abo,;.t 450. 

Of tho 47 buildings located on the 30-acre campus, only one, 
Tl:!roop Eell, erected in 1910, ralls >~ithin tr.e limits oi' this 
survey. This st~ucture ~o~ serve5 ns the adninistration build~n0 
of the Institute. 

1-Jontgolllf>ry ).;emorial State Park 

Location. San Dieeo County, 11 miles soutt: of San Diego via 
U, s. ~~~Ghway 101. 

ilere at. Otay l·lesa, in lll/33, John Joseph i!ontcomery made the first 
heavier-tlle.n-a.L'craft flight, 

One of the Ar.crican pioneer~ in aeronau-:.ics uas John Jc3eph l·~ontGO,..ery., 
As a c-tudent. a.t St. Ignatiu~ Collee;e (noli the University of Sar. 
F.t:'m::ciGco), ;.:c.ntt;omery first studied the p1·o"olems of fligJ;-,; ar.d 
earned ;liG "0aci;elor and ::Jaster of science degrees, In 1333 he 
studied tile ;u;;ht of f:Ulls in tile San Diego area and built his 
first [.li<ler, I:l AuGus;., 1M3, he ""'de the first co:1trolled winged 
fli~nt at o-,ay j.)esa, l:Ontcornery's reporc. at tl:e Chicac;o con:ference 
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o:f 1D93 imprese<'d Cctave Char.ute, u::tothc:: 1\:::er:c"'-n pionce:r in 
aeronaacics uho \laS ohen also ·~e(;inning to cxperir:~ent with gliders 
near Sllll Dieco. In 1898 l·!ontgor.:eJ:y became a physics pro:fcosor at 
Santa Clara College and continued his experimEnts ;,1. th gliders 
until his :fnoal crash on October 31, 1911, near Evergreen in the 
Santa Clara Valley. 

V.ontgornery Me:-.col'ial State Park include~ 29 acres of the hilltop of 
ota.y ~:COsa, from 11here Montgomery launched ilis firs-.; [;lider, A 
modernistic monu:c.ent in the form o:f a huge glider wing co.~l'..orates 
l{ontgomero·'s nch.i.everr.ent. The area an1und this park iS beine nenvily 
built up with residences. 

1,1ount Hilson Obcervatorv 

Location. Los Angeles County, /Jaunt Hilson, 20 "J.les B!l.Gt o:f 
Los An~clcs via State Highway 2, 

l•l:llll".t 1lilso::t Solar Observatory, placed in operation in 1904, \raG 

the seconJ. of Che great research a3oronoo:Ucal ol.>servatol'ies to 
be estaC>lishe". in the Far 11est. 

Tlle decision of the Car01egie Institution of Was~inc;to::1, D. C., to 
build the llount \lilson Solar Qbser-·atory in the San Gabriel J.JOilllt,.~n3 
near Lo3 AnGeles was !<;a<k 1.lpon a oeco•::mcmlJ>tion of S(l)llUCl P. lmlgley 
in 1902. Dr. Gccl·ge JI:llery llale {1868-1935), the organizer and 
directm." ol the University of Cb~cago's Yerkes Observatory at 
Hilliacns .':ay, ·,:i~con~in, •oas e.p:pointed directo:r of the Bmmt Hilson 
Solar Ol.>ncrvaGory in 1S{)4. The IJrinci:pa.l instrtlllli!nt of the l·:oum; 
:·/ilson Observatory at first was a C<J-inch re:flectinr: telescope, 
The observato>'y staff concentrated UIJOE the study of the :;un. 
Their coJil:<!rehensi ve studios of sunspots resulted in the announcC'­
:~nt cf a r;onaral ~heory of su.'lspots. 

In 1906 J'olm D, ::looker of Los Angeles gave the :-;aunt ':iilson 
observatory tl'.e ltQne:· to acquire a telescope mirror of 100-inch 
apertu1·e. By l9lcl Dr. Hale had this hur;e ref'lectine; telesco:pe in 
o:Peration, and until 1937 this was the world's larGest telescope. 

Hale resir;ned as director of the J.!ount \'iilson Cbservatory in 1923. 
In 1928 he induced the Rockefellel· Foundation to donate .·;;6,ooo,cco 
for a 200-inch refractm: teleGeope, The site chosen for this new 
glass •-as on Zoilllt Palo~r.ar in San Diego Co=ty, The partly completed 
mirror 'H!l.S rccei'roj_ in 1936, but it was not until l945 that the giant 
te)_esco:pe liaS conpleted and inStlllled at gaunt Palomar. 

w:mnt 11ilson Obsol'VatOl'Y, ),710 feet altitude, is located in Anr;eles 
National Forest on a 1,050-acre plateau at the summit of the mountain. 
TIW orieinal buildings, and 60-inch and lCO-inch tele~ColJcS are still 
in i.l6e, tagether vith the six more recent instl·wnents. The observa­
tory is open "o the JUblic. 
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Location. Santa Clara County, golf course of" Stanford University 
at Palo tuto. 

Among the :Pioneers in motion picture photo;;raphy \laS Ead.,.,ard 1-~u)'bridge 
(1830-19011) ·•ho photographed anirr.als in reotion as early ns 1U72 :for 
klaz1d Stanford, "'or king largely on Stanford's Palo Alto Farm. 

Ewl.weard Muybrldge was bo:rn in 1830 in Kingston-Upon-Thrnnes, Surr<ly, 
En&land. In 1850 he Callll! to the United States and between 1856 
P>nd 1860 astablished an antiquarian boo;:store in Suu Francisco. "iJy 
1867 he had beco,-.e known as a master 9hotographer of ;reste:m scenes. 
In 1872 he was commissioned by Leland Stanford, one of the Central 
Pacific Railroad's "Big Four," to photograph the millionaire 'a 
trotter, the racehorse Occident, in rapid motion. Stanford h~ 
a theory that a running horse has all four feet o£f the ground at 
one phase of his stride. l'r.;ybrid.ge conilucted this work at Sacramento 
bet;,een late .April end the beginning of Nay 1872. Despite the 
technical limitations of "instantaneous photography" at that "time, 
he su.,.,eeded well enough to prove Staoi"ord's point >lith the carrera. 
On the strength of l·luybridge's first efforts Stll.ll:ford invested 
during the next decade many thousands of dollars in the Photo&raphic 
investi(l;ation of' anin:al locornotion. 

In the early spring of 1B73 Nuybrid/::e madfl a second attempt to 
photograph the ra"ehorse Occident. This time he devised a fast 
shutter, used new chero.ica.ls for .faster e::".ulsions, and :for great 
contrast hnd the racetrack at Sacramento spread with white bed 
sheets. This second exp.,rlment was a i.'eri"ect likeness of the 
celebrated ftorse. Muybridge calculated his eX1>0Sure time at 
l/500th of a second, the most nearly inS"ti'lr.taneoo.<s photograph 
taken to that time. 

In July 1(\77, with Stanf'ord's encouracement and patronage, Muyh·idge 
gave up landscal"'' photography for good and devoted hi-mself' f'or the 
rest of his life to the gigantic project of recording every aspect 
of tc.otion in h\JMUlS and. anir..a.ls, until at la&t the whole •.rorld 
knc.w about the "»ictures that lllQVed." 

He conducted his scientific work \lith motion at Leland Stanfo1·d's 
Palo Alto Farn from 1B77 to 1881, then at the University of Pennsylvania 
from 1BB3 to 1892, end f'inally as a lecourer and writer until his 
death at Kingston-Upon-Th~~es in 1904. 

l.eland Stanford bega.n acg_uiring his :i'alo Alto Fam in 1876, and. by 
1891 it conOained more than 8,8oo acres. The portion of the farm 
il.evot"d to the breeding and tre_ining of racehorses ws called the 
Palo Alto Stock Farm and was located about one mile west of' the 
present Uni ·•ersity q_ua.drang.le. 
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Here, l'acins "L~.~ t=~k of ol1e Stock F:.:.r:n, g ln:ooratcqy or studio 
.:as erected for J .. :uybridg<> in July 1877, Startine; w:i:tt five car..oras, 
l·\uybridge then increased the number to 12 Wld f'inally 24, each plac~d 
at intervals of 12 inches, ~'ith their shutters controlled by means 
of an elech·ical device. '&esc preparations >;ere CODJilleted in 1378, 
and during that year and the next, l·~uyb.·icJee r.a.de a vast collection 
of photographs of animals in motion. 

In July 13'{8, the photogmpber publi~hed and co:pyrightell in hi~ O'Wll 
name the first of the views of these analytic photographs. Utilising 
an existing lnst;ru_<:ent kno'Wll. as the zoetrope, J.~uybridge devised a 
projectins machine which he ~alled a zoBpraxiscope, for throwing the 
pictures on the screen, thus successfully synthetically reproducing 
the Wlimal's movement. He demonstrated his new projector in the 
fall of 1tl79. 

J,1uybridf;e co'"l'lcted his camera work in l.879 and then applied himself' 
to the task of collating and printing the ~ultitude of negatives. 
It "'-l.S not until May 1851 that he delivered to Stanford a complete 
set of all the pictures he h~d taken. 

Stanford published these studies as The ilorse in ¥.otion in January 1882. 

The Palo Alto Stock Farm and Racetrack, where Nuybridge Ulade his 
experiments from 1878 to 1851, is now occupied by the Stan:ford 
University golf course. '.['here are no origiJlll.l buildings lei't, 

Lester A. Pelton l~onument 

Yuba Couoty, in the village of Camptonville, State Route 

'!he Pelton water wheel, perlected in 1878~1880, >ro.S a basic invention 
that permitted the rapid development o:f the hydroelectric industry 
in the United States. 

Lester Allen Pelton came to California in 1850, at the age of 20, 
e.nd o.;orked as a millwriB)lt in the gold F..inine; lt.other Lode Country 
of Northern California. llt CamptonvillC>, high in the ll:Ountains o:f 
Yuba County he bv1lt hom?~, ~ll$, ~d wat~r wheels. These water 
·wheels, r::.uch in Oamand in the mines, attracted his particular 
interest, and he bega.n to study the force that 1r.ade them revolve, 
in an effort to find a ""Y to increase the speed and power o:f the 
hurdy~o;urdy llhcC>l. 

These efforts led the inventor to the disco..,.,cy o:f the "spl1tter" 
principle o:f the Pelton vheel design in 1878. By splitoing the 
stream of vater from the nozzle into tvo po.rts and changing the angle 
o:f the impact against che buckets attached to the wheel, Pelton 
f'ouncl he coulrl ,.,ultiply its speed, power, and efficiency. He also 
introduced the use of' twin buckets on the ,;heel instead o:f the single 
line of cups forn:crly t\scd., 
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:Oc:ton c;::rc~F~c,l ,-_;_';~his ex:o~r~m:,_t3, :.!~ <;tr .. ,·~c"- i:,str,c.<O,I;s 
to r<.easure the efficiency o:f tl::c wheel, After tryinG 4o or LOOr<' 
<lifferen~ char.es of lmckeos, he pai;ented hi5 invention on October 26, 
1/J[lO, He began making wheels of the new dcsiiY-, at i'Jcva<ls. City, 
California, for quartz stamp mills and for other "P<Wer uses in 
the mill~. 'The Pelton wheel ~<as q_uickly ndop~ed by tne gold r..iners. 

Pelton them moved to San Francisco and in partnerGhi:p wit:h A. P. Brayton 
organized the Pelton ].later ;,!heel CompBlly in 188/J. The Pelton '</heel, 
in its perfected form, was manufactured for a "'ide diversity of" uses. 
1r/heels >~ere f'l!ld" -~p to 20 :feet in die!T.eter to produce l:lBny thou~ands 
of horsepo,er, They uere also lf-Ude as srr.all as four inche~ in 
dJ.a""'ter, ·.mlt;''ing only 2C po'-lnds, for the orers.ticn of sewinc; 
oc.s.chines c.n<l U:ental and other s:oall a).lpliances. 

Production or a water H!1eel U.esi[!ned to :orod·Jce maxi;r,um drivinG 
po•·er u,lde:r the high static !leads c!mracte:ristic oi' Northern 
Califarnia Miter sources was tilllely. It came JUSt ac the hydro­
electric enc;ince:rs werclayinc; plan~ for the fireo.. 'ffl.t~rpowered 
gcnerutinr; plant~. The FBlton wheel at once becarr.e a vital pan 
of thro developine; hydroelect.rl~ indust<·:;-, Pelton wheels toJay 
drive the r:;er.el·ators in 10any a hydrD-!lO\<erhouse in the \{est end 
else"""'''" in the "orld. 

The ~ito of Le~te:r A. Pelton's >'Drksho}) in c,.mptonville is mo.J.·'md 
by o. gr<mite sl>aft, erected in 1929. On top of i..he monument i~ 
mounoed a mo,:el of one of Pelton's earliest S!llitter ~:heels, There 
are no r<>rc.ei~:o of the invcntor'G shop. 
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Other Sit~s Conoidered 

The Hill Duil~ing, Infirmary of Dr. "· Marion Sirrs 

Locetion: 21 S. Perry Street, Montgomery 

Dr, Jrunos l.<arion Sirr:s was the founder of or-erative gynecolO{;;y, a branch 
of su.rsm"J the-.:. be(lSJI in the South ar.d was developed alluost entirely by 
Southern surgeons, Vesicova~inal fistula hnd resulted in enorrr~us suffer~ 
ing in child-bearins women and had baffled ~ureeons for centuries. In 
1845 Dl-. Sims received several ca5e~ of tbis kind, which <Jere concidered 
hopeless, at hi5 crmll hospital for ilcgroes in Nontgomery. An accider.t 
occurred during the exanination o£ hie first fistula patient which re­
vealed a new approach and prompted hi~ to begin a lons-oerm series of 
operations. These became a heavy lnrr<len on Si,-_s and his fan-J:ly, but he wac 
determined to carry thee throuch. Success finally carr.e in the thirteenth 
operation; two veeks later t:r.e other two ratients >•ere alLO c=ed. 

Shortly after oucccss cmz:e in this lcnr, series of operations, Dr. Sin~· 
health !'ailed as a recu.lt of an old ailn:ent. LUrinG a lone illncsG of 
rreveral years duration, l'e wrote the of vesicovae;inal fistula 
O_l:eration1 which appenred in the for 
January 1852 and was rerrint~d 

Sinu; rooved to Nffi; York in 1853 and soon prompted the e~tnblishment of the 
1tlor:cen' ~ Hospital of the State of l!eu York. He next spent a decade in 
Europe {1862-1872) which 1fas an uninterrupted series of tri=phs. He re­
turned to H.ov York and the l?ome,•s bo~:pital in 11372; in 1876, he wac 
president of the American Medical Association; in 1880, he headed the Amer­
ican Gynecological Society, On Noveniber 13, 1883, Dr. Sims died. 

A remarknble school of Southern fYneCologistG follm:ed Dr, Sima' lead. 
This branch of surgery throuchout the world >~as especially active durir.g 
the 19th century. 'i:cduy operative c-Jnecolocy is often rr.erged into r;enerul 
surgicnl practice. 

The bra-story, red-brick Hill Buildin(l at 21 S. Perry Street in Bontccn-.er:r 
»·as tl:e early infin:ary of Dr • .J. l-£!riou Sit;;n. In tlJ<O mid-twentieth century 
the buildinr, became the offices of another surgical pioneer, Dr. L. L. Hill, 
w'lO 'las the first ~ul:'geon to opel:'ate cuccesnfully on the ht:man heart. The 
Hill Building is still r..uch as it \las originally. The l·!ontgocery County 
Medical Association has placed o. rr.nrkcr cur.r:cemorating Dr. Sim~' work to the 
left of the entrance. 
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COI-IT'ffiCTICLT 

J~es Gates Percival House 

Lccation: 331 Percival Avenue, j~ensington, HartforC County 

Jm:-.es Gates Percival, "ho conducted one of the earliest and most thorough 
geolor;ical curveys in No.1 ""e;land, was "born on Septe,.ber 15, 1795, As a 
younc: Ji'.an he attendee! Yale University, ••here he otudicd ~re<".icine, althougll 
he also Cabbled in botany and geoloes. He also wrote poetry. Yale con­
fcrrod an M, D, decree in lil2l, lmt Fercival soon "-bandor.ed oedicine. 

ThiG slender, dark-eyed, stoo}'ed, and brilliant individual, ·•ho uni'ail­
:!.ngly \.•ore the same suit tl::e year round, never persisted in any under­
taking for very long. Perciv"l had a pcevi5h, sour temper, and he so 
frequently thought 1.e detected nniJLus in otl-.ers that he :found it difficult 
to work with :o:ecrple. Aside frcm h:iG devotion to poetr;t, ho 11andcred from 
onG :projec-t to another; at one t:Erne be served a~ a :proofreo.der t'or Noah 
Hebctor, In 1835, the state of Connecticut appointed hitr: as u state 
surveyor, vhich led to Percival' s outstanding geological survey 01' the 
liutto.ee; 3to.te. 

'I·he ctory is told that 11hile rr.aOdr.e che survey, Pe:r-cival •·ac accosted 
one d~y by a fanne:r-. -Ihe fnrrne:r-~ stating tl'at he was a tax-payer, askeil 
Percival "hat he wa~ doing, Percival Gurprised, and probably irritated, 
gazed aC his que~tioner for a mc~ent, then took a few pennies frcm hi" 
pocl:ct and eave ther.I to the farmer, ~u.ying: 

Eere is the arrou~t of your con:!;ribut:!.on. I would rat(Je~· 
re~:Ut tt.an atte<:'.pt to explain._]_ 

The report Percival produced a!'ter his survey astounded everyone. l:hen 
it appeared in 1242, after the author had been hounded about it by tlw 
lecislatura, the work contC~ined ;co F•Ges of undigested :fects and details. 
Hhercas those responsible for the ~urvey lmd expected a Grief report, they 
rccei·1ed a tDme that no one wichecl. to !"ead. Sub:oequently, hNtever, Jame~ 

Dlli[l2lt Lena, en outstandinr; Alr.erican geologist, stu<Jied Percival'c work 
and 1'ound :c.uch of value in it. In ?<>rticular, Percival ~.ad succested 
a hypothesis of tr•o~.;nto.in io=at.:or_ thC~t later hecarr_e accepted. C:rushed 
at the depreciation of his ·.wrk, ani unpaid fo:r hb labors, Fo:rcival soon 
retired to t:t:e He"' fbven State Hospital. 

l·t tho very end of his life, he :r-em.;med bb geoloGical >mrk. fie bocnr.e 
C!Je ~<:t~te (leOlOGi~t of ~-.'iscondn, but his deatll on 1-:ey 2, 1()~6, llr.itcd 
hi~ accc"!plishrr.entc in that position. 

1 (;uoted in Georce D. !!crrill -I'te First One Hund,.ecl. Years of Alr.erican 
Geolcl'~r, (!'"" H<W~::t, 192L), 169. 
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Pm·cival's home in KensinGton >rns builo aro1..<nd 176). It is a tHo-story 
building, whose orir;inal clapboards !-.ave been covered with rod painted 
shingles. Cutsidc of that, plus tho C!ddition of a ~u:1rocn-., a JlOTch and 
a dorr.;e:r windO>.' in back, t1.e hcu~c bas not been changed. The original 
interior paneling is extant, and the house's corner cupboards and fire~ 
plnces are orir;inal. The !llOCt inte,•es"'Oir.t; room ir. tl:c bour.e is Percival's 
study on the second floor, which contains an attn1ctive fireplace and band­
cc:re rancling. 

Ben.irur.in .Silliman liow;e !leH lfave-n County 

Locution: 37 'i'rurnbull Street, Nev Have"-

'C'Ile k:erica."l JourMl of Science is one of ~be llation' s outGtandlnc 
scienti,'ic .rerio<lica~s, having served /.r:-.erican science Gir.~e Benji'<!l1ir. 
Silliman four_6ed it '-"- 1818. ~t is probably Sillimsn' s most ~astir.g 
contribution to Gcicnce in the Unitccl Dtatcs, b:.tt tllis notac::_c teacher 
and J:Opulari~er of science still ranAs a~ one of th" leadin,.; sdcntistu of 
the ante~bell=, era. 

Silli!rlln'n develo:pr.ent as a s~icr:tist prObClbJy m:rprised hi::-. as l:luch as 
his friends, J~orn on August tl, 1779, in 'rru::;b•~ll, Connecticut, he er.tercd 
Yale 11hcn but thirteen. Known there a3 "Sober nen,'' he exhibited sot:<.e 
interc~t ir. science, but after bebc cmduated ir. 179G he £ubseq_uently be~ 
gan to ,;tudy lD.w. He ;:a5scd his la11 c;:=s in 1802, but hG never practiced. 
Totally unex;:.,cte<l1y, Yale's president, Til:lotr.y D.->-igl:t, np:!JOinted Sillio:an 
ns tJ-.c college's first _p'ofesso:r of ch~Di~try on ~epteml.Jer 7, 1802, Un·.•:'_1l· 
ir:G to sY·i~l<. this <'hal1cnr;c, ~;illirrnn accepted the appoir.cxnen'C and spent Lh 
n8xt t''o '<inters studyint; ch~mistry in Philad<Olphla and. P.r-incctcn. T'ne 08F 
and ycl!n,_';' proi'essor i'aced his first class at Yale on April 1;, 1301,, ln a 
short 1:hi1e, Yale provided a leberatory for Sillii'an in the baserr_ent of a 
nelf C!.:ildinr;, and Sillirrar. vryl.y cot:"mented D.t a later timo on J-.i3 sub~ 

terrancan q_uar"ters, saying 

lim: did it hap:pen. l suppose throt •.. the al.>lc civil architect 
. , . had received only scrne vacue imr·ression~ of cLecictry~­
l•erlmps a coni'uscd ar.d terri.i"ic drenm of alci-'er.<y, llith its black 
art"-, ih explosions, ar:d its -..,oird~like :eystcric~. J!c appears, 
t:wrei'orc, to have itcngined tlw_t the deerer down ir. rrothcr eo.rtb 

1 U.c dangerous cheni£ts coulU be l::'lried, so !ll'--'CI: tl:.e l;etter ... " 

-iilliman srent IiHecr: damp, dm!l< yean in tl:!is cell. 

Cillirr.ar_' s base>rr.ent laborato:ry did not di~courar;e him, and he tuugh~ at 
Yale until his ratirerr.ent in .Tuly, 18~2. l'TaGr"atic, :per~ist,nt and r"~ 
ceptlve to new idcac, Sillirran IOadE> Yale a leader in chemistry and r;eolory. 
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A b:"ip to Europe i'l 1805 both broadened his cbemical background and stim­
ulated a e;eneral interest in gcoloty, just as he did ·,,.her. he orga'"!ized 
the !Tation's first geolor;ical society, the An:erican Geological Society, 
in 1319. The dynar.:ic professor also C!elped to create the Yale ;/edical 
:.ichool in 1513; and in 184G-47 he led tloe movement to establish a prece<':em­
breakinrr graduate faculty at Yale. Of course, trJoughout his years at Yale 
Silliman t<tu(lht, aml numerous "len moved fret:". his cla:>ces "';o positions of 
let>denhip in the t.nerican scientif'ic ca.munity. One Gtudent, Jac.es Th;ight 
DanG, bc<:m:.e one of the l<arld's leadinG geologists. 

Silli,...an's teaching ou.tside of Yale""~ also of rrajor significance. In 
1834, he began to give public lec"turcs on e:eolor;y, which he continued until 
1!3~7, and throuch tis platform ap:pean:mcec :r.e did more ,. to spread a knW· 
ledge '""- s~iencc and to ~timulete !Jeople to study cciencc than any other 
teacher of his ;s<meration. " 2 It rmst have been a rni,;sionary' c zeal that 
took hit1 to the people, for in tbat day, >Ihen travel vas so difficult, 
J-.e sroke in m.:ch llidely se;rurated cities as Pittsburch, J:e;: Orlean~, J.~obile, 
an<i C:t. Louis, as "ell as in nuterous lesser ta'lms. 

A n:ar. of rc~·;"1"1"~ofo~>~o~~~~; Silli=r. tnd found tie-.e to e~ts.bli~L t)le 
in lfl:'.8. It tool< ulmost i'D'Jr years of endless 

a succeso;, but ever since it l.os enjoyed nn 
er.via-;,le p<lsition mr.OllG scientific pe,-iodicals. 'I·he !'".acazine, also knmm 
as "'SilliF.an' s Journal" in its e~>rly reriod, exerciued a profoundly benefi· 
da1 influence uron science in tl1e \Jr:lted Stntes, ct.pednlly n~ " fort:m for 
tb> monouncet;,cnt of the late3t scicm~if:ic discoveries. It continues to 
stim'.llaoB the Gountry'c ~cientictc, juct or it roo!l'ain3 a unique 
torr r,rcnt r..::m lcr.t; a:'ter hi(", death on l\oVel:".ber 2!:, 186!,. 

. ' mcrr.or~a~ 

n:e ililli,..an hou~e b<>ars littlG re~ombl,mce to the b..:ildint:; cccupi~d 1ly 
"';he o~ientist. ii\oilt bet"·een 180[·C9 by Ja::-.es Hillhouse, the bcuse stood 
on Hillhouse Avenue >rb:on Silliman rurch~s~d it in l!J1L for :?4,5CO, 
Silliman soor. rrade scme cbanGe£, arcd in lil}6 o.cldod.., ••inc. A!'ter "his death, 
the house "'a3 1:1oved aroun<l to face on 1'rl1r.lbull Stre"t ir. lll71; also, a 
room over the front rorch vnc added at this tir>e. t·'or,over, the ~tone Hnll~ 
·,rerc rc::ovc<l in favor of clapboarci. Scme years late>·, b!"ic~: ;;inc;£ wore 
added to the house. 

1 ruo'Led in Ed>mrd Forber {ed.), G!:ent C?,ed~ (1'1"''' Ycrk, 1961), l;o8. 
2Fnrber, Gr~nt C}.emict~ 1,14. 
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GEORGIA 

The Crawi'ord \·1, Inng ~!emorial 

Incation: Jefferson, Georgia 

Sir HUlO\!lhi"Y Davy took a long step to>ntrd r:odern enaesthcsia in hit 
e>.:perime;rts •lith laughing gas. In 1799, he wrot" that nitrous oxide 
seemed capable of destroyinG physi~al pain and sugae~t~d tf.at 1t might 
be used with advnntoce in surgical operations, .SurprisinGlY, no one 
acted on this suggestion for another 43 years. 

In the early 181.0' s the effects of laughing c;a<, wore videly discussed. 
\,'andering charlatans gave de~e.onstration~, and "nitrous oxide frolics" 
were sotletime3 held. It"'"' in tLi~ wxy that Dr. Cra;~ord \1', Lone of 
Jeffernon, Georgia, began hie experiments l."ith anaes"C.hesie, 1-il:en no -
laughiqz (las was evailnble for a plenr.ed frolic, Lon(; substituted sul­
p.~uric ether, Ether proved to produce the s~~ sort o~ in~oxicetion, 
Dr. Long dtrewily observed. that his gUests c"etled obliviou'; to bruises 
that lmuld orilinarily have been quite paini'ul, :Fror:: this, l::e be{l"an to 
:r-on<!cr Geriou~ly the u~e o:t: ether to l"''''""'t pain, und .finally d~ci6.ed ->;a 
"'8-ke the test. Cn the 30th of Harch, 1..81~2, Dr. Long ret::oved u sltlllll 
turr.or frcm the neck o:t: one of hi& friends while he inholeC ether. The 
pationt cave no evidence of sufferinrr during the operation and indicated, 
after it Wts over, that he had e:-.perienceC: no pain, 

If Lor.g had irr...mediately reported this eo,:periment in a med:ical journal, 
there could have "been no dou"bt that he Has the discoverer. Th<> a:r;-cat 
ether ""r l<'Oul<l never have lleen wnc;cd, However, I.ong '-'M cnutiouG end: 
deter"'ined to test the rezults throucrh otloer oreratlons. The fir~t pub­
lichcd account oi Dr. Long's operations did not appear until 1849, in 
the Publication see.,ed to have 
been oi' the Easton dentist, 

had not puUlished his results, 
others redi~covered his techniques 

C'1:"alrford II. Lon[l, Horace Hells, Charles T, Jackson, and \·:illie.r:: !·lorton 
all share in the discovery oi' surcricul anaesthesia. Yet it was Eorton' s 
\ol'Ork that vas first announceil on Novo=nber 18, 18!J6 in the 
and Surr;ical JClurnal. Morton had acted inde;rcndently- and 
itoents ldth Gther on his rnm initiative. Re i:a<! assw:led the entir~ res­
~onsibility for the outcc~e ol his lirst public dEmonstrations on humans, 
anti he tlms, bEfore anyone else, convinced the surgical uorld oi' the 
volue of tloe discovery. 

Although Crawford 1!, Long wo.s the :first to CXJ:'eriment '-"ith end use <>ther 
successfUlly in surgery, most r::edical authorities vould er;ree that he lcces 
the lar{l"e:!' honor o:f acquaintinc; the medical world Hith its llene:fits beclluse 
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he Jeleye<! ]JUblication of cxperir.ent~ "ith <Other rmtil several years a:fter 
the universal acceptance of surcical ennesthesie. 

J:'lle Cra>;"ford H. Long nemoriel in Jef'ferson, Gecrcia, vas reccn~tructcd 
on thc> four::detion of D:r. !.ong' s office "before 1860 by the phycician who 
bought his practice. This buildine has recently been restored and l:ouscs 
a t:N.seun 11l:ich >~as dedicated and opened to the public in l9JT. 'the r.-.emcria.::_ 
is etr.inistercd by the Georgia Historical Commission. 

~avid ll::>.le •':11en lebora-tory-

Location: Pose~· County, Clmrch Stre~t, ::ew lbnnony 

Avid Dale Gl>en occupied an i,-_portant -p<Jsition in the ra!lks of A.,.,ericar. 
(3QOlogists beh1ee" 1820-1860. liis thoroug~ an<i efficiently conducted 
r,eological surveys ir. western America not only retain aigdficence in 
,;he history of I.I:'.erican gteology, but elGO nre rcrJembGr~d as havint~ holpGd 
to develop that area, 

'il,"en 1?as born in Scotland on June 24, l30T, th" third son of Robert O>:~n, 
the fm:ndcr of He" Harmcny, InJiana. He received hi~ e"rly educati•)n in 
Europe, ~nd he returned to London for ctudy in geolo~ in 1831 after h~ving 
been in :Jew l'armony sin<::e 18213. Upon his return to J<::crlca, l)l.;~r. ettend<Od 
tl1e 0'110 l•'edic"l College ln Gincim1eti and received an ll. D. degree in 1R3S. 
ln the fcllm;inr; year he marriecl. c,rolinc C, llcef', \;hem he had met in 
J·Jw.r Horr..or:y. 

C.'en b<war. his r;eolorricel <::sroer in tJ-.e sarr.e year he rrarried, 1837. For· 
some re~-~on :he bad turned I'ro10 r:-.c.dicinc, ecce:rtcd a position ~.s the ~tate 
geologist n:(" Indiana. He completed a report :Cor the State w~ohin a yea>e, 
ar.d tl:en he resiened, Hithin a short time, ho".rever, he beGan to lWrl< i'or 
the Vni"cd States. 

0\.."en acc01~pli~hcd r.is greate~t ceolo~ical \1ork while wo>eldng for t],e Federal 
Goverr.rrer_t, Although reticent and :·or,c;etful, CP,·en had a pleasant rersonal· 
ity and sint;;ular adr.inid.rativc ability. '.'l:el< the Goverr.mcnt corrmiGdone'l 
him or. August lT, 1839, to survey an eleven thousand squ,.re ~ile "rca in 
Hiscon3in acd Iol:a, Ollar: for>ecd a brigode of 139 "S$i~tar,ts, 'orained thee-. 
and set them to work. On ;·:ovember 1·'~, 1339, G•"~n d~livercd a completed re­
:ro:rt on the survey. f.side from describinr; for the first time the r:.ine'·"l 
riches of' the urea, the report stands as a r:-cnt.~.."lent to "a .feet of generel­
sllip wt.icl> has never been e(lualecl. in Alr.crie~.n r;eolocical history, "1 

lGeoree D. Herrill, 
Haven, 192!;), 199, 

·~t,e Firct One Hundrecl. Years of Arr.ericen Geo1 Cf.Y 

H5 
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SUbc:equently, 0wen carried out a ceolc(l;ical atudy o"f the Cllip-pm~c. Lund 
District for the United States. He covered all of \liscor.sin, Io1.•a and 
NinneGota, and his report of over 6CO pagc,s apreo.red in 18';>2. <?.•en """" 
a talented artist, and his geolc6~cal drawings in his Chi~vewa report have 
hardly been equaled. 

An incredible wDrker, G\>'cn served as the statC> geologist of: Kentucky ap~ 
A:rkanc;as in his last ~cars. He had also becmr.e the ctate ;::eologist of 
lndi1'-r.a for the second time ••hen death struck hire on l~ovember 13, 1860. 
~'hen he died, Cl<'cn was at work on a rerort. Shortly before his demise, 
a doctor had warned Oven that his illnc~s, plus hi~ constant writing, mieht 
cause hie death within a wee!<, but the. {leoloeist had lgnorcd the

2
prediction, 

ceying "I or.ly want thirteen days to finich • • /Jt:c re:porg," and rad 
continue<l workinc;. 

Owen built his laboratory in He"' F.arr.-.ony for $lO,CCO. Still little ch~nged 
frcm lhe tin:e it was erected, the building's towers, pitched roofs and at­
tractive e~terior decoration give it an exceedingly interesting appearance. 
There is only one flcor to the building, und aside from the living room, the 
roons are not too large. CMen de::;igned the building hin-.selL 

Thcrt'aG Say :lesidence 

locatio::t: "Posey Cou:;ty, Southeact corner '.lest ancl. Church Streets, 
lfew Harnony 

Tt.or:-.Bs Say, the father of cl.escriptivc er.tcmolcgy in J\!l".erica; was born in 
Philadelphia in 1787. Of Huguenot descent, t'r:e young ~ay developed an 
interest in ~cience, which subsequent1y led to member~hip in the PhiluQ(,~ph! 
1\cad.trny of Natural Sciences shortly ai"tcr its establisl:;n;ent in 1312. [;-cy 
nlso becar.c the cur,.tor or tt.e J\cademy, but at no salary. \lith almogt no 
inco~c, the young ~an for months spent about twelve cents a day for food, 
eatinr; little else than br~nd and milk. lle lived in the Academy's head­
quarters, finding resting at night bcr.eath the sk,letor:: of a hors"'· 

2ny'~ participation in several expeditions 
greatly stiMulated his vork. A trip to 

son-.e yearc in the Acacle"y 
>rhich area he consldered 

Say's initial lJaper or. a superb place for bugs (as smr.e dill 

cntorr.clof!.Y, ;1hich appeared in the ':;:':~:; :,,\-" 
1823, Sey accocopanied the "Jestern : 
Slender and tall, Sa.y' s 'llhite beaver a1>:u~ed a:Jd 

In 1819 and again in 
tCajor Stephen H. LonG. 

intrigued tlle Indians 

lquotod in~·, fn:. lfl, l99-2CO. 
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as reuch as his bua collectinc. And durinG tl!e lonG, exhausting treks, 
2ey r-uanaged to build notable collec:"tion;, of ~recireens l<"hile traversi!:'g 
n liotle know~ area of America. 

ilhen the second Long ex-pedition had ended, Say returned to Philaclolphio. 

and the Academy of Natural Scienc,:e::'1:·,;;;';''~;!;;l;lj;;iiii;;~i':S;(: torial duties, but continued his 
published tl-.e initial vol'-'!:1e of his 
of the Insects of North kr.erica, A 
later a third volur::e, but poor public reception of the work ,,,.,,,; 
printinc; of additional vol=es. This ~tork c:onctitutes Say's major scientifi 
achievelf.(mt, as ""ell as rcprecenti;,c; the first great A!ne:cican contribution 
in entornoloi!Y. Say, in his American 2ntcrnolor:v, dcc.<orlhed the g~ner" and 
species of All>erican insectt, plus illustrating the insects by colored en­
gravingc. There was no core artistic work of its kind in Amcricn wl.e" 
2-ay produced these volw:es. 

ilot too lcng after the appeanmce of the second volur.-.e of che 
';Jilliam Maclure, an oli! benefactor of Say' c, per~uaded Say to 
Ne~ F~rmony, Indiana. There he could teach and pursue hie ~ork. Say 
arrived a10 Rob~rt socinliutic CG!l.l:lllnity in January, 1826. A year 
later lle l:'.lirried Lucy who proved to be an idcnl ccmrenion :for him. 
Travel, tcachine, and very buny. In 1828, he J'Ublishcd the 
third vol=e of his for ex...,.ple. I'uo years lator, Say 
publhhcd his for <rhich hie vife had largely 
pre:rared. death cut short hin 
career, denyinc; f>'uits of perceptive, energetic 
BCi~ntid. 

At s=.e time, &~d :for nn undetr'noined period durinG his years in liev Harmony_. 
Say lived in the Fauntleroy House. Built in the early 1820's, t~e stur~v, 
clapboor"- buildinc; l::as housed many families, of which the Say far:-_ily was 
the most excejltional. 1'he house ic nO'l< a museutrJ, ccn.men:orating variou:o 
a5pects of the history of Hew Ht<rcony. 

Jo'ASSA-CBIJ3tTIS 

Nathaniel Bowditch HouGe 

Location: i':nsex C<Junty, North Street., Sala;-, 

!!atl.aniel Bowditch probably set a record for di:;cove:rinc e;•rors in a :pub-
lished vo:rk uhen he uncovered in a 1r.anual of navjgation. 
Arnone the :c.os t gricvoun ~~oore hn<l made ir: conpilinG 
his boolc, Ti;e Prnctical Navi((e.tor_. ·oas tl\e citation G1' the yesr l8CO as 
a leap year--several sea disastm·s :resulted. lt i~ obvious t"en >lhY one 
of the most remarkable scientific books ever published i:1 hr.crica, 
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Boll ditch's 
earlier 

rapidly supplanted the 

llowditch developeO. his inheren~ly l<een, analytical mind larcrely 
through his o>m efforts, Born on Harch 26, 1773, of n lamily 'fho had 
foll~red the ~ea for Generation~, the young Bowditch received GO~c school­
ine; in Selero, lo!as~acl'.usetts. But whan twelve he becar::e an apprentice to 
a ship chandler. Althougt he could study only after work, the youth did 
not forsake his interest in tr.athenatics. 'r!ithin a year, for example, he 
had compiled a notebook on navigation. Hith borrowed books and ,-,ezing 
dedication, Dowditch continued to stu(ly as cm;rgetically as rr.ost boys of 
his age played. Co hopressed were two of his older friend~ witl1 his zeal 
and ability, that in 1791 they secured ~ercission for him to use the vol­
un:es in Sal~m's Fililosophical Library C'mpany. Dm-·ditch devoured the 
treasures he found there. Indicative of his intellect'-"-·1 discipline is che 
fact thac when only eighteen he copied all of the mathercatical papers he 
found ±n che Transacclons of the Royal Scciety of London. By tl-.c ae;c of 

he had read, after teecl-.ing hlnself Latin, fir IsM1c lle'Wton's 
even discovering ar. error in it. l~oreover, ;:ith a ?'rench 
in one hand and a Bible in ar.other, he had learned Fl·ench. 

In 1795, the slictt, cheerful, brigl-.t-eyed an<l already grfly-haired youth 
turned to the sea. Fo:r- the ne>.:o nine years, witb smr.c time of.f ashore, 
BQI.Iditch sailed over the globe. s:'h:roughout his travels he kept n journal, 
filled it largely with notes on the weether, or on ~otters of nevi~etion. 
Eut when he visited tbe Isle of" Bourbon in th" lndian Ocee.n in !·lay, 1795, 
his ~urprisc a-c the easy 'Way~ of -che 1'airer sex prciiuced this e!Ctro•: 

Ot, ey councry, how much dearer to me is the U.etiieanor of" 
Uy dauj3hters than that of tr.e wcrncn of this country .l 

During these voyae"s, Eowdi tch continued his studies, esrecially those 
concerned wit"h navigation. ::Ven >:hen he mnde his last voyage, as the 
captain of the lutnafil, which he and th:ree others owned, te-tween November, 
1802 a~d December, liJ03, he pur~\led his ~tudie~. He 1ndeeii altwst let 
the Putnel:l sail itself". 

It we~ in tC<e IJeriod between 1795 and l802 ttat Bowditch pr-oiiuced his 
Practical tiav~·gator. By July, 1799, he had already published t\.•o revisionc 
of I·!Oore"s error laden Navigator~ but then decid"d to produce n new book. 
Tb·ee yenr3 la\.er, in June, 1802, :!lowlitch'~ erudition and genius ap:peered 
before tlce WOl'l<l in his bcok for Beamon. Son:e 271, pag-es, "'ohe manual con­
tained navigational aiii~, tide t"bles, nntronornicBl tables, the duties of 
of.("iccr~ and a textbook on naviention. The r.tntorlnl for tencltlns navi­
gation ~on~ticuted n rema:rkablc innovation, and it prot-ably stemrneii f:rol'l 
Bo\Jditcb's attcr..:pts to t.each e;cometry to sailors uhile on his various 

1(uoted in ~obert Elcon Ee:r-ry, Ynnko~ Stargazer, The Life 
Bom".Itch (Ne•: Yor);, 1941), '/). 

ns 

of Nathaniel -- --
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voyaces. Inn short tiL"C, lt.e "book achieved o~.>.cstandi.'JG popuh:tri~y. 
And as a sea Captain later \<Tote, one after 11)02 went to se~ with a 
"Testaf:lent, n Bowd11(ch, a (!Ulldr:mt, a chest of r.ea clothcos, and a 
mothc,r's blescint;." Subsequen'o editionc "I'PCarcd E<l'.<ditch's 
with the author kept busy by revisions, and tte 
thou[J:h sotccvhat changed, remains th<O Geatran' s 

life, ,,_ 

Despite the fact that the >;as Eovditch's great 'mrk, 
he aCCOQ)llishcd in science. His study 
of li.e " .. 'eston, CormacLicut, n:eteor 186; rec<lived a:pplause here and in 
Euroye. Aside from ttl.CIC investi[J_ation ami r.=crous other scientific !OCJ?ers 
Bowditch's translation of laFlEtce'n ~·1ecanicue Celeste is of especial in­
te!'est. From at least the time of his last voyar;e, between :8G2-l803 unti 1 
hir death, the scientist labored over translating the Frenchr..en's great 
work on n:athor:a.ticc an<l theoretical astronccy. ln working on LaPlace, 
Bowdi~ch said tbat "!1enever lle can;e upon one of laPla~e·~ ''''l'hus it plainl~ 
appears,·" that he< then ha.<l 

ho"rs of hard Gtudy before 
anQ find out and show how it 

. . /hi~7 to fil~ up tho chasm 
p::.ail1ly-1rppears. 

The .iob WI!$ a stupenC!ous one,, ar::C:. ••hen the firs~ four volu"'e~ of the 
translation appeared, each contcineG. over a tl10u~and par,es. Death cu~ chor' 
IJ0111litcl1'5 l<OTI; or. bFlllcc'$ ~Q~t •·olurne (i-r. is still unt.ranslated). Cur 
e.drriratlon for this sdcntil'ic contribution, wl::ich 1>roue;ht continental 
mathetU:ltics to JlJ:mrica, is increased by a realization tl<.at Eovdi1..ch spent 
a third of his savin(ls, :;-,l2,DCO, to publi>h his translation. 

B011dikh enjoyed more than just succe~" in science. Although hiG first 
wife, ;;:1;.2abeth Doard.vm, died in the sa;::-.e year they "ere l!".arried, 1796, 
ho anO: his second ¥i.fe, Nary Ingcrro 11, 'n"hcrc he carried i1: Occober, l3CO, 
had a happy It"arria[lc. She bore hirr1 elc:,ht childrerl. After retiring frcm 
the sea in 11303, Tlowditch had joi"ed a li~e insurance C<'<':rar.y in Sale:::. 
In 1823, a1ter acceptin13 a J,lOSition vi;,h " Tloston insurance firm, he moved 
to Boston. Do«ditch's sharp ey~ for ficures annoyed the firm's clerks, 
but ur.<ler his <lire~tion the coopony prospered. Death came tc hir:'. or. the 
afternoon of !·!arc!: 16, 15)13, 

:rr.e hO\lfe that Bouditch live<l in at Gtlleo between l81l-l82c', ho ~iving 
he!"e lonc;er thon in any other of his nUI!lerous :Sulem !"esi<knces, "as l:lO"Jed 
frcm its original location at 312 Essex 0treet to its precent site or. 
No;·tl' Street around eiGl't years ur;o. It is an early nineteenth-century 
building and hes been reccnt1y il'lproved by th,; City of 3Dlem !'or usc by 
the Sa!em Fark :D<l)Xlrtu;ent. ln 1wrl<in[; on t'1e house, the Sole~. Park Dep~rt­
roent removed posc-D011ditch l'arti-:.:ions, reeairing the valls and floors, unC. 
the small lights in the «indoTis. On tho exterior, che olrl. balustrade ato_p 
the house has disappoar('.d, as ru:.-,c the shutters. 

l,:_uotcd in Dit·l: .J. St!"uik, Yankee Science ~r. t.r.e l·kk'nr; (1-1~>< York, 
196?) 1C9. 

'79 
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),W,.SSACIIU<:E'J:TS ( cont' il) 

Oliver 1:ondcll Holr.tes Hou~. "Holmesdale,' 

Location: Derkshirc County, llollne:. Road, Pittsfield 

~iost of' us r=cn;ber Gliver l.'endell Holtc.es becaus<e of two of" his poe10s, 
··old Ironsi:lcc" and' 1'he Deacor.'s Hasterpiece, or the ·,ror:de:cful 'One­
Hess Shay. ' " Homes was more than jus~ an author, heM ever, for he was 
e noteil doctor of his day and a creat medical_ teac!ler. C-:01·eovcr, his 
Daper on puerperal fever is a minor lan~rk in the history of ~ericen 
lf.ed:icinc. 

l:!olmes WlS born on Aurwst 29, 1809, and l:is fa~her, a minis~er, hoped 
that his son vould also assUDe the cloth. :t:ut the young Holme~ rejected 
that :rath, and af~er beinG craduatcd from Harvard Ur.ive:rsity in 1829, s(';.iled 
oo GuroFe in 1833 to study medicine. In Par!m, he benefited from the latest 
~.edieal advnnces; ar.d upon his ret=n heme received his M. D. decree from 
Harvard in 1836. 

I'_olrccs eubseq_uen"'cly bccal:'.e " mer.iber of the s~af:f ol' the ;!t<rverd t-~edic.~l 
Sd1ool, >lhicr. he helped to make one of the "beet in the cour,try. Be sf:one 
aG a teacher, ecpec:lally of arnto~:.y, enl:Lveninc; his classes with wit and 
l.wror. Never of narrow intere~ts, l!oll::;es also ><Tote on medicine, n~ -well as 
other s>,;;bjects. ',lhe;, Dr. 1!, T. G. !-!or-con proved the value of ether in 
nurge.-y, it was !!olEos wf:o s~<egesteU that -the tern ''nnaesthesia' be used. 
!Ne:~ more i,_portantly, it Vns Holmes "ho f'irst explained the en-use of 
puerperal fever. 

Cnce S!rrr,ical rr.ethods had been developed to aid in childbirth, pueT}Jcral 
i'evcor, w),icb caused rrnm· lllDthers to die, i!Uilediately broke out. ~ctors, 
vho h~d been unable to determine the faver' s ca;_,se, '\-.•er~ astounded wr.en 
in 1243 Holines' -,:aper, "'!'he Contauiousnes~ of FUerpcrnl <'ev~r· assnrtocd 
thut tte doctors ther;selves wore resronsible. I3y means of' statistical 
evidence, l!olmes sho,cd that ic vus just not an "unlucky" cnse "hen a moth~r 
died, but tl;at those in attendance must have transmitted the r:;er"' to the 
victim. :rhe author !Jroved that chance ••as not responcihle wher> his statist­
~cal analysis rr.aile it plain that on" doctor <o•ho had lost sixteen motr_ers 
in one rc.onth was more than onl:r uni'ort'-'nate. ::!olmes also pled for anti­
t,eptic practices, and urr;ed doctor" to avoid bandlinr, a delivery if they 
hod ha<l, a recer:t cnse of tl>e r~vc.r. 

Althooe;h "C l'nm,• Eoli!-.es >ms rirrht, hiG colleagues ridiculed his con­
clusions. As a remllc, '"others co"tinued -co die frorr. ruerperal fcvw. 
It was not =til the 1880's tha~ Holn:es paper "as fully accepteC., of-cer 
other ct1<dies of the i'evc::: l'oarl giv-en tloc sane answer. \!!len Holr..es died on 
O~tob~r 7, 1894, he di~il in the kr.-m•ledge that tragedy in childbirth was 
far less frequent ttat it i:ad beer. ir. his youth. 
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llolr.:c:; tuilt :; :;uo1ccc· rc:ridcncc on rcrt of thc ·:Gm:ic'.l c'a .. il;;- lands near 
Fittsfield in 181:9. !low knmm a:; "Hol.'!:esdale," tbo sc;acious, twc-stor:r 
buildir:(!: afforded Holmes seven of his most en,joyable surr.recrs, foe S!Jendlng 
his vacations there until 1356. It; was here t~at 'he \:rote ''The :Geecon'~ 
/Asterpiece." liiss Hall's School fer Girls ncm m;r.s the house an<:: uses 
it as a residence for teachers. 

Charles 1'. J2c"'son Eo:!se, 'l'aYflo"cr .Society House," 

Locction: Plymoutll County, ~linslow 3treet at rlorth Street, PlJ'l'louth 

Charles T. Jackson rosS8ssed a brilli~n~ and o:·ic;Lnal mind, wl,ich ""rried 
him to a con:.mandin[J :posioicn in /<~r.crlca:-~ scier:tce before 1861. But he also 
JX>Sscssed a su~r>iclou:;, self-centered l'Crsonality, vl<ich helped to ~loud 
hi a reputation and lead him to t~c ir.Gane asylum late in life. 

:r?orn in Ply!::outh, ).'_assaehuset~s on June 21, 180;,, Jackson was orphaned 
".Jhen twelve. I< @Uardian aided him, hm:ever, and Jac:<5on >~as able to 
complete bs P•Cdleal studies at the liarvard :-Ici!ical ~-chcol in 1829. Ec 
jowneyed to DJrope ir. t~c smr.e year and stayed until 1832. Tr.ere, ~c 
~ontinued his m"dical work in ~ario ao 'Nell a~ studying geolocr. Jack~on 

also t.raveled tl:rocc;hcm~ the ~ont:Ln"nt, avail.ine ~ieweli' o:- every owortunit. 
for fu:rther tr.edical al'.d g.eological study. l!e alec becer.e very interasted 
in elect1·icity, and collected sme electri~al equipF.ent to take back to 
A!l'erica. Hhen he boarded the S1<lly in the fall of 1832, JackGon probably 
llad a dearer lm0>1ledge o::: ccntemporary science than any o~her M.erican. 

Cn boerd the fiullv, Jackson n:d C<>r·ucl ?. B. l•lorse, a meetlnG that cv~nt­
ually led to -;;;;eor Jackwn' s eT'ic q1;arrels. The Gde,-,tis-:. and lhe artisc 
discussed clectrJ.c:ity one ever.ing, including tto !lOSSibility of sending 
!".osCCi;es electrically. Horse, stimulated hy the conversation, drew a s:~etcJ-. 
of an electric lelcr,raph upon returning to Li~ cabin. flncl when tte .Sully 
reached hncrica, J.!orse, after lonG nnd difficult years, finally po:cfected 
hi3 inct:-cr:~ent. l~r~e·s succcs~ caused Jackson to claim lhat he reo.lly 
•·as ~he inventor of the electric telegraph, cmd he t:eca<".o involved ln a 
violer.t fight llith :·~orse. Ihe quarrel. did nothing for Jacl<son, except to 
<liver:; hin frcm' his ~cicntific work ani\ to sap his ener5ics. 

Jaclccon' s ccrocentricit:y .s.l~o iropelled i::io into an even more violeot 
<lisrute "ith ',!. 1'. G. !-lo!'tcu. i·-:orton, a one-tirr.e pupil of Jackson's in 
no~ to:?., proved to the •·orld the anaesthetic value of ctl.cr during an 
operation at tho V'a~sachuGetto Gcroral EospJtal on Oc-tober 16, 1'31,6. :SulJ­
f;eo_uently, Ja<:kson claimed that r.e tad told J.lorton about ether, and tha~ he, 
not i-~orton, should be regarded as the benefacoor of rr.ar.l,ind. The frenzied 
quarrol so ceared Uo":h '[larticipont,s t~lat it helped to kill !-~orton and _rut.ll­
ed Jacl:~on inLo an insane a~:rllun :!.n 1873. 
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Despite his tmpleesantness [l!ld his tragic end, Jacl\son's beneficial 
inpect on American science cannot be denied. He not op..ly cor.tributeil 
inn~erablc idees, but also stimulated ~any individuals along the path 
of scientific endcc.vor, 

Edward Hinslov built the Jackson house in 1754. The builcl.ing has been 
greatly altered cince its construction, especially because of a large er.d 
fairly recent rear addition. 1he oricinal section of the buildin:;, ho\f• 
ever, contains paneling dating frcm 1754. 

C?alem Athenae\llll 

Location: Essex Cm.>.l'!ty, 337 E:ssex Street, Setlem 

The ::alem J\thenaeUIII mms an extremazy interesting eighteenth century 
collection of scientific works. J\dde<l signiricru:ce attaches itself to 
those vol\dllcs because in all likelihood the Athenaeum ,;auld never hnve 
acquired them if i:O had. not Ceen for the lll:lerican Revolution. 

In Februury, 1781, an PJllerican vessel cru~ of Caler.: attacked and captured 
the l·1ars, a Bri-cish ship, 'Ihe captor rnust have been surprised to find 
aboard their prize a notnble collection of scientific worl:s, the scientifi' 
library of Sir Richtord Kir"in, of :CUblin. Kirwin l:ad intended the books 
for an institution in (uebec, but fate decreed othenrise. Hhen the 
Pilrrim, Che Anerican ship, returned to Sal err_, the vessel' B cromers placed 
the bool'o on ~nle. 

A n~w cultural organizntion in ::laler.1, the Philosophicn.l Library, irurr.ediatel 
exhibited great interast in the books. And on April 12, 1701, the P!lilo--­
zophical Libl'ary paid ::.6)8:10:CO :.'or tl,e collection, thus ncqillrinc em in­
valuable library. Included in the collection were lr.O~t of tl'e tl"anz­
actions of: the French Academy, o; tllP Royal Society of London, end of tl::e 
Society of Berlin. n,e K1nlin collection also coWltcd tho >IOrlm of Sir 
Ro'tero Boyle and Sir lseec ?lewton. Throl>gh the Thiloeophical Library's 
forosie;ht 

1 
Salem Cru:Je to possess a ll:agnificent intellectunl teal, and tr.e 

volumes, for exanple, helped to school Salem's :fsmouo scientist, llathaniel 
Emlditch. Scrr.e years n.f-ter 1781, the ?tilosophical Libra:zy merced Hith 
the Social Library in Salem to :fortJ. the 8al"t:1 Atl:enaeUI7.. Tl-'.e ?,.ocial 
Library ilad been organhed ir. Harch, 17GO, enU over the years had acquired 
a respectable number of books. By 1810, ~ost o~ tho nombors of the Social 
Library also belonced to the T'hilo~opbic,U Library, which situated l~d to 
the mercer of' the t"lw croups on l·!arcJ-, 12, 1810. 

Since 1S10, the Jl.thenacum hss occupied several buildinGu. Its present 
heme ""~ buil~ in 190T, and io lnodelled after "llc1:1e<:ood," the Baltimore 
residence o-f cr.arles Carroll. 'l'bc attractive structure now houses over 
1,~,000 vohunes. 
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!!Dr H!'l :FSI!llill 

S!!.muel J·.'on!Y House, 

~~: Grafton County, Orlord 

The antecedents of the internal combustion engine are much older than 
is co!Imonly assumed. One of the first such engines 1•as patented in 
182G by So.l!\uel }',orey, an early la:lerican inventor, 

gorey was born in Hebron, Connecticut, on October 23, 1762. In 1766, 
~!orey's fatlmr rr.ovea hi~ family to Oxford, Ne" Hampshire, where Norey 
lived until he rr.oved to l"airlee, Vernont, a short time before his death. 
t\lring his youth, ~~orey mBIJifested an aptitude for machinery, vhich aiCed 
his subsequent lumb<er business. i'Nen when well launched on his business 
career, Morey also studied the prOfertie~ of heat and light, and over the 
year~ added to his kno;dedee of those l'orces. 

Eecause of his investir;ations, Morey became particularly interested in 
the a!lplication or steam pO\rer to rrnchines. lly 1793, he had n_ade a 
stenm operated spit, J:"or whic~' he received his first patent. Norey de­
veloped additional stem~~ driven =chines, receiving u£ter 1793 patents for 
a rota:ry stt'lllrl-Cn[Jinc and a stearJ pll.l:lp. Moreover, he visualize<) the 
:possibilities of a cteen driven boat, unil hail cor.t>tn:ctcd ~evcral of them 
by 1797, when he built and demonst1·ated a steDrtboat in New Jersey. \lhen 
I-!orey learned of liobert Fulton's plan !'or stear.iboats, he vidted Fulton 
and seuc;ht to lurve Fu.lten' s :plan 1"or stean;toak, l:e visited Fulton and 
soul!ht to have Fulton adopt his developments. FI.U.ton rejected Horny's 
of"fer, 'but ~ubsequently claimed F'JHon had used his ideao. 

lt was in conjun~tion -,ith his efforts to produce 1>ater gas, that ~iorey 
conceived his gas or vapor enGinG<. After lone experimentation, Morey 
:Produced a ·:Preparing box," or carburator, in o"hich a mixture m' air and 
a gas could be made end carrieil to the er:r;ine. I'he solution of the fuel 
problem paved tl:-~ way for Norcy' s internal co.,_bustion enr;;ine, for "hi~h 
he received a :ptttent en April 1, 1826. P.e car>'i~d his engine to New York 
and exhibited it, but failed to arona interest in his invention. Morey 
in spite of public apathy, realized the siGnificance of his engine, and' 
correctly predicted that it -.·oul~ one Gay revolu-tionize transportation. 
The accuracy of his prophecy was tmderlined wl1en he const:ructcd a boat 
in 1829 and installed a gas encine, 1>'hic~ enabled the vessel to rr.ove 
alone at seven or ei(J:l:t miles an hotlT. However, Morey "Gain !'ailed to 
~ecure financial backing. 

Morey ilied on llpril 17, 18h3. 
deserves Greater attention for 

Ur.~Lng in hie own 
his contributions '""• than 

the inventor still 
he l:as yet received. 

The ~!orey house is a handsome, "'''a-story clapboaril structure. Built in 
l773 by Obadiah lloble, the house -was purchased by Morey in 1799, who maile 
sevex·al ir.~provenmnts in i~. }lmme them -were the handsome iloorway ani! 
Palladian Hir.do\.' that Gtill G:Caee the house's fl·ont. 
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NEW YO!lK 

Sanmel Guthrie House Ne>r York 

location: Jefferson County, Sackets Harbor 

The discoverer of chloroform, Samuel Guthrie, was born in BriMfield, 
Massachusetts, iu 1702, His education included little formal schoolinG, 
Indeed, his father apparently taught him medicine. Guthrie did attend two 
courses of lectures on ~edicine, one of which was preseoted at the Universi 
of Pennsylvania in 1815. But even before 1815, he had beGUn to practice. 
By the ti!".e he !:loved from Sherburne, New York, w Saclwts !l.'lrbor, moreover, 
he had a wife, the former Sybil Sexton, and three children. 

'.,'hen Guthrie moved in 1817 to Ca<'k<=ts H..rbor, whic!l was to '::le Ills heme 
for the next thirty years, he found that isolated section of;~""' York 
virtually a wilderness, Undauntea, however, he acquired a farn, built a 
house and started his 'W'Ork in cher:oistry, The taciturn, independent and 
inventive Guthrie built a la~oratory behind his house for his experiments. 
His neighbors highly !'lpproved of his investications, os:rodally >"hen 
Cuthrio produced an excellent viner;ar and fine alcohol. lie -..:on even >.rider­
applause when he invented the percu~sion cap and a '"punch loc!:" for explod· 
inr; the cap, The flintlock muskeo beccr.;e a thing of the pa~t as a result 
of this invention, 

G:<thrie <li~playcil an ai!'o.zicg versatility in his work. ln he notified 
Benjamin Gillirnnn, ohe great Yale chemist, that he had a method 
of creatin13 reolasses out oi' potato starch. Guthrie sent 
Silliman some c:hloroform, >'hich he had produced 
of lime wi"'h alcohol in a still made o:f 
discovery of chloroform appeared in the 
was edited by Sill~n. Not until so~e 
the value of' cbloroi'orc as an anodyne generally recogni7,ed. 
about that titr.e, Guthrie died on -october 19, l81,S_ 

which 

The Guthrie hoUBe is a two~story, bricl< structure. lt haG nn attradive 
front door, a (!ahled roof" and a rear ex~ension. rhe main section of the 
house has undergone little chnnge, which contrasts with tlw :wch altered 
\'ing behinO. tbe house. Gutill:"ie' s laboratory stood far back ot" the house, 
and todcy only -,;he laboratory' a :foundn.tions are extont, 

Sylvanus 'I·hayer 8uperintendent'5 uarters, ;!ew York 

location: Orange County, Uni-ced States Military Acadepy, llest Point 

Sylvanus l'hayer, the "Father of tlle l·alitary Acadccy," was born on June 9, 
lT!J). ln 1803, he entered Jl{!rtrwuth College, \,•here he rur<>ued the 
classical course, but in 1807 transferred to ' . .'eat i oint. He rec.,iv~d his 
d"gree froro tr.e /1cad<>my in l80S, :plus a cmmlssion eG a se-cond licutenr,nt 
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in the engineers, Until the Har of 1812, Thayer worked on coastal 
fortifications. During the second war ;lith England, Thayer served 
with the ar~ on the Canadian border and in Norfolk, Virginia. Follow­
ing the Treaty of Ghent, he sailed to 2urope in order to study military 
engineering. He had the good fortune to study at the Ecole Polytechnique, 
"hich he enjoyed immensely. Horeover, his work at the Ecole l'olytechnig_tte 
impressed upon him tl:e need for similar training in ,lmerica. 

Jo:rter returnill[; to the United States, Thayer becrune the SUperintendent 
of Hest Point in 1817. He retained this position until 1833, and during 
his tenure maU.e \lest !'oint an outstandinG military school. Aside :from 
ending the laxity ~eryYhere evident at the Acade~, the French-trained 
3u;rerintendcnt laid heavy £t:ress on ilT.pru<ting the aced~mie prOjJran. lie 
nor:roved freely from his experience in France; moreover, be placed a 
French engineer in charge of the eneineering deportment. leA~ books of 
~rencb origin, either in French or in translation, also bec~e standard 
at ':iest Point. Thayer's concern for thorough..'less ar:d. :proficiency stio­
ul,.ted the developr.:ent of an excellent engineerinG deiOartment at Hest 
Feint, and from it appeared many capable engineers. Indeed, '.!est Point 
graduates planned lll!d "built DI03t of the early railroads in /F..erica. 

Thayer left the Acad~ in 1a33, at r.is om1 requ~st. In the ~allowinG 
ye,.rs, he supervised the construction of coastal fortifications on th~ 
::ev llngland Coaot. Of especiel importance vere the fortifi~ations bs 
built in Dosto'l llarbor. He retired from the a:rny in ;rune, Jll63, having 
attained the rmlk of bri(lndier (leneral. Defore his death on Septe!llber 7, 
1872, he had endmmd the Thayer sc:nool of Engineerii113 at Dartmouth and had 
established a free library in Braintree, Mas~achuaett•. 

The superintendent's quarters, the oldest build'ing at West Faint, vaa 
largely ccrr.pleoeO. in 1820. Numerous additions and chanc:es vere nmde in 
the followinc years, one of the n:ost notable additior.s being the ironwork 
that ''"s added to the porch during tr_e Civil ~:ar. 'l'hayer's office as 
superintendent vas in the ba~err.ent nf the house. It is nmr planned to 
res"\:ore the office as a r:nemorial to Thnyer. 

r:mo 

Thomas A, ~dison Birchplace 

Lccation' Ilrie Coun~y, Nilan 

';!hen Thomas A. Edison •ras born on Febi'n!n''Y 11, 18iq, in 1-!ilcm, Ohio, 
:-~ilan was a bustling, pro~perous cra;n center, ChDncin~ condiCions 
5hort.ly :>Jlell~d the tovr.' s economic <1o-.-nfall, however, ani! toilay the 
village is roost retnerobere<l becauso of the attractive brick cotta!Oe in 
"'hich :Cdison, one of flnl<•rica's great inventors, uas born. ~di~on lived 
in the l>ous<'! until he 11as six, 111-":en his father sold it ar.d noove.:l to Port 
Huron, ;.;ichiGan. 
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Edison's amazinG career is well knovn to most forericans. A poor 
student, he larr;ely educated himself, and by sixteen bad already made 
several inventiar:s in telegraphy, By 1869, a:rter much travel, a variety 
of jobs, and constant experimenting, Edison had secured a lubrative 
:position in New York, In the .following yeVI, tbou[lh, Edison established 
a manufacturing concern of his ovn, having received a goodly sum for 
sever"l of his inventions. Edison gathered around. himself many excellent 
men, Md his concern has been la'belled the first "invention factory," 
And he and his cohorts did produce numerous new products, especially for 
the telegraph and telephone. 

The ncope of Edison's activities created the need for ~ore space, so in 
1877 he moved from New York, He first built a laboratory at ~&nlo Park, 
~ev Jersey, ~here be remained ~or a decade, but in 1887 he built an evell 
larger :factory in 1·iest Orange. .In the meonti!!>.e, a f:lood o:f di~coveries 
or developments came :froD Edison and his colleagues~-the incandescent lamp 
in 1879, the Pearl Street power plant in New York in 11382, and the "Edison 
e:f:fec~" in 1283. After he had moved to \Vest Orall{le, Edison continued to 
startle Nne rica rlth tom~" things. His pioneer vork IIi th motion pictures 
during the 1890's alone is o:f the utmost significance. 

ln addition to his inventive ability, Edison possessed an unusual orgeni~ 
zational talent. l'umorous companies were ore;anized by him to produce his 
inventionc, as he :felt there was little profit in devising nev products 
i:f they were not put to use. T!:lday's 1;igo.ntic General Electric ColTipnny, 
:for exru;Iple, is in large part derived from concerns begun by Edi~on. 

Edison :ret!ained an insatiable •m-rker, even in his last years. Tte tre~ 
~endous benefit ctm:ming froo his =nmittinG toil was unrecogni>,erl by 
the Nation in 1928, vhen Congress aworded him a gold t'le<lal :for his contri­
butions to mankind. About throe ycnrs later, on Cctober 18, 1931, Milan's 
~o~t fattous son died. 

Tte nou~e Edison lived in until ~e was six vas built around 1841. The 
gabled brick buildinr, has a basei:Lent, ground floor, and attic. A living 
room occupies most of the first floor, but off of it is tbe room in wr.ich 
~dison was born. There are additional bedrooms on the second :floor. 

,";:fter the ~disons n:oved frol'::l ],]ilan in 18)3, the bouse 'I.'SS owned by others 
illltill894, 1?hen it vas purchased by a sister of Edison's. In 19c6, 
Edison beceoe the hol.lse' s <Nner, and ni'ter his deatl: the Ei!ison Dirth~ 
place A~sociation, Inc., assumed control of the house. Tl",e Association 
:restored the house in 1947. Unfortunately, only n fe" items af tl:e 
original furnishings of tr.e house are new in ·:he building. 

The house does not :possc.ss exceptional value beca'We :::dison lived th"'rn 
for only about six years and because tLe buil,ling contains feu of its 
original furnishi~.c~. 
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John James Audubon Hol!lc, "~·fill Grove," 

Location: J.'ontg[)Jl]cry County, l'lorricto1m 

John Junes Audubon's brief residence nt Mill Grove reminds us of a hiGhly 
dcnificant period or his li!'e. \lhile living in tto ccm:fortable, two~ 
story, ~abled roof stone house that overlooks Pcrkic~en Creek, Audubon 
be5an his study of Aoerican birds anJ ~et his future wife. Bis subsequent 
career, therefore, largely sterrned fro~ his doys at !·Jill Grove. 

Born a naturnl son to Jean Audubon in Santa Pc~ingo on April 26, 1785, 
Audubon ru-rived at Nill Grove in the «inter of 18C4. His father mmeli the 
house end ~ace important nearby ~neral deposits, end he had ~ent his son 
to supervise his properLy. The yoUIJG Audubon '"a~ only nineteen when I:e 
first saw V~ll Grove and was poorly prepared, ~oth in training and tem~era­
ment, to ~anage his father'5 interest~. Indeed, shortly after settling 
dO>rn, he began hunting for both food and sport, ro~ng the surroundins 
country~ide. 

Be~ore ccming to America, Audubon h~d intere~tcd himself in bird~. Shortly 
after reachinG Mill Grove, his enthusiasm. i'or studying birds reappeared, 
anrl in April, 1804, sor..e younG I'Cvees in a cave or. the Perkior..en attracted 
his attention, Intrigued~ the fledelings, Audubon placed a bit of silver 
colored thread around some of the birds' legs. About a year later, f,u.dubon 
ob~erved two of the "bended Jlewces sOIOC distance up the creek f"rom the c"v"· 
'lhis, as far aa is knmm, we~ the first bird handing "xperiment in Nneri<'a, 

Audubon's fa5cination "With birds vas soon equalled by his interest in Lucy 
Bakewell, the daughter of a nearby neiGhbor. 'I·he young nQturalist did not 
forget her when he move<J from !>fill Grove in the s:prinr; o.r 1805, and a"bout 
three yunr<:. later, on April 8, 180'3, they were !Ilarried. 

A~dubon's rerrarkablG ~ubsequent career has been presented el~ewhero in thic 
study. But as short as his stay nt !·:ill Grove was, it is understunda"ble 
why a leading bioera:phcr of Audubo:m s,ys "it 01as dm:btless U.e happiest 
year of hi~ life." 

Mill Grove has been restored and is nrnr a:pen as a rrusellt:l, 

~avid Rittenhouse Birthplace 

Location: :007 Lincoln Drive, Pl".iJadel:phia, Philadelphia County 

David llittenhcuse, one of <dghtocnth-centu:ry 1\v.erica's galruoy of sinr.u­
larly talen"':;cd individuals, Has born on April 5, 1732 (old style), in 
the r.ouse built in 1707 by his great [Jro.r.dfathcr, tr.e t"ir~t colonial 
:paper 

187 
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paper !l'.&~ui'acturcr. 'Ihe paper mill, just upstream on Paper Hill Run· 
fro~ the young Riotcnhouse's hc~e, Gtill stood in 17}2, ~ut David ex~ 
bibitcd a greater interest in rmtbell\1\tics as a boy ohan in paper malling. 
llhcn he ><as twelve, ll1l uncle left tbe bright youth a chest of toolG anll. 
some books, Cne of the Coo\<s in the especially fascinated Bitten· 
houne, IGaac Newton's and his study of it further-
whetted t:i5 interost · Entranced by Nevton, Ritten-
house ebsorLed all tl:e ncientific "orl<s he could, thus leruely educating 
hiiiLSelf in the .gloriec of eighteent:r,-centtu;' science. Skilled witb his 
t~nds, tim future nstroncmer oleo learned clock making, and "hen only 
nineteen opened a shop in ~orrioon. About nineteen years later, in 1770, 
Rittenhou~e moved to Philadelphia, 

,\lthough Rittenhouse excelled in v.oking clocks and alof.ough his clocks 
arc prized today, it is as a scientist that he i~ bes-:o r~m~ered. 'L'hrouch 
his OWli brilliance and unending study, Ritter~ouse early made his mark 
in pre~llevolutionnry ~cience, and he r~mair.ed active in tlle i'ield until 
hie d~ath on June 26, 1796. He accepted without reservntion the lle....ton~ 
ian l".eritage, stroncly believine tb.at science >JaS r::an's best means for 
achieving happineos, and thus Rittenhouse rejected Christianity. 

The scope and diversity of thi~ notable Al!terican' s "orks is ru::azing. 
DurinG his life he made mur.erous bound~ry surveys, the reliability of 
bis surveyhog caucing bit:J to be Clllployed by Pennsylvania, illlawarc, 
~larybnil, Virginia, New York, Ne•.;r Jeney, and ~la5sachucctts. As his 
reputation (lrc>~, he received co=issions to invesoigate any r.\llllber of 
scientii'ic 1"atters; and he entered into scientific exchMges >~itn :rhc~r.a.s 
Jcffer5on, Benjamin ?ranklin, and Georec ·.rashir.gton. l!e himself probably 
enjoyed his astronomical work ~ore than anything else, and he made and 
perfected" teleGCop<Os as he ea(lerly studied tbe nirrbt sky year after year. 

To.·o of Rittenhouse's most important achievements were astrono!llical in 
cl::aracter. In order to observe the transit of Venus in 1769, Rittenhouse 
cor.structeu the first telescope to be I."'.ade in America. '.l'lroueh it he 
traclced Venus froo his observatory in Norriton, co,.,piling accurate obser~ 
vations ":f the planet's course. 'I"o years before 1769, i'iittenhouse had 
begun 1-.'0rk on Lis famous orrery, or "mecl">Unical pl.onetariur:1." !ly 1771 
he had produced two orreries, Out only one survives, and it "belongs to t:r.a 
University of l'ennsylvania. 'i'hic :!'c>rvelous ir:.stru.J::;ent simulates the !T.Otion 
ot· tr.e planets that were knmm in Rittenhouse'~ era, 1Uld by using knobs 
an individual can determine the location of a planet on any day within 
2,500 yearc before or 2,)CO years after 1767. 

Fsr fro~ being just a thaoretical scientist, Rittenhouse never hesitated 
in applying his abilities in a practical mo:nner. LurinG the American 
Revolution, he supervised the cssting of cannon and in numerous other 
ways atte~pted to further fl~eriea's fieht for freedom. After independence, 
he helped to organize a national "bank and in 1'{92 becrur.c the first di~ 
rector of the Un~tcd States mint. For many years he played a vital role 
in fl.rr.orica's :preetninent ~cientific society, the Aioeriean Philosophical 
3cco1ety, and he became its pre:<id-ent u:ro" Frankli.n'c Ceath in 1791. 
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Shortly before his death in 1796, the Royal Sociecy o£ Lonllon toade 
Ritter.bouse a forcicn r.:ember in bonor of his work. Iloth that societ:r 
ar.cl his r>.ntive land continue to hold Rittenhouse in high esteem. 

Paper N±ll iitreall'. still flows rast the Rittenhouse birthplace, Today, 
the two~story, gabled roof and stone buildin(l is whitewashed, >rith its 
doors, shutters, and trim painted r:;reen. The roDf is steeply pitched, 
and a sincle chimney protrudes from it near the center af the house. 
The f'ront of the house faces Lincoln Drive, tbe back the stream. FrcJ:> 
the back, one enters the ground floor, 1ehi<:h contains the kitcl:>cn and 
t"~<o other ZJoJall rooms. There ere three roc!:IS on the first floor and tlJO 
on the floor above it. There are EO Rittenhouse furnishir.cs in the 
building, 

This hous~ does not pcsse~s exceptional v2lue because Rittenhouse liven 
there only ,s a youth and because it is bare of original fu:michir.g~. 

Ben.ia!'li"- ;lush Blrthplace, Pennsylvania 

Location; PhiladelphirJ. County, A mile east of tbe ,jundj on n;: 
Acade~ and Red Lion Roads, FrarJ<rord 

Benjar.:in Rush l!aS born or. ~ecer.:ber 21,, 1745 (old style), in Bayberry, 
Pennsylvania. He received hin A. B. deGree rro~ the C:>lleGG of Nctr 
Jersey, r.c;> Princeton University, in 1760, and begar. his study of 
:cedicine in 1761. He studied under Dr, John Redman until 1766, whcm 
he wmt to Ldinburcl::, [0cotland, to i'inish his "!edical training. By- the 
time be bad ;wn his M, D. decree in 17&l, he had. become a friend nnrl fol~ 
lower of" Dr. \{illirurt Cull"''l, a noted EritiGh doctor. Rusl: ended bis for­
eir,:n medical eclucation by wor:tinc at 0't. Tho.,ns' l!os;>ita.l in London for 
a while before retUTiling to America. 

Upon his arrival in Philodelphia in 17C9, ?.usC, rapidly rone to an 
eminent pOsition in tbc I'hiladelphia medical world. •,:ithiu fivo years 
he bad built n thriving practice, ns ~rell ac having served. as f.Jr.erica's 
first professor of: cher:list:»y at the College of Philadelphia. After the 
outbreak o·f the llrr.erican revolution, Bush become the ~ure;aon-r,ener~l 
of the !!iddle Dcptort.ment of the Continental h~ in April, 1777. He 
had assumed his ne1.' duties for only a short time, when he ccr1plalned 
strongly about the apralling state of the army's hospitals, When his 
conrplaints rer.-.ained unans-,•ered, he re~igned fror:1 the army, lmving b~­
coroe disillusioned llith George 1.iashinctcn. Indeed, by 1778, pernonel 
relntions bet11een F.ush ar.d T,lashington had been ended, they forr.torly 
havinc been goo~ friendc. 
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Once out of the army, Otush resw:-.ed hio mcdl.cal career in Philadelpl::ia. 
P.e began to lecture on medicine at the ne•• University of the State of 
Pennsylvania in 1780 and becEme a staff member of the Pennsylvania 
Hospital in 1783, During these years, as Yell as subseQuently, he also 
develope<l " controversiEll theory of medicine, Heavily influenced by 
his old mentor, CuJ.lcn, Rush attacked the use ai' natural healin<; methods, 
offerinG instead ret;~edies for eacl:> illness. l·~oreover, Rush scur;ht to 
trace every sickness to one cause~ tl::e unhealthy state of the blood. ~o 

correct that situation, -Ilusl". "bled l'S.ticmts. He wos villing, for cx~le, 
to remove at least four-fifths of an individual's blood in tr,atinc hit" .• 
\rnen the yellow fever epidemic in 1793 overwhelned Fhiladelpl:iu, RIWI:! 
held that bleeding saved rtany. llut \111li= Cobbett, a rmnphletccr, 1rrote 
thut Rush 1 s treatnent acted as "the caus" of death in rtany instances. 
Furious, Rush vehemently defended his t::-eatment, 1mt with gre('.ter pas~ion 
than reason. 

Aside fr= practicinG, Bush engn(led in many other medical activities. 1/hen 
the University of Pennsylvaniu ;m,s created out of the Colle(';e of Pl1iladelph; 
and the University of the ','tate of Pennsylvania, Rush becru:~e a leadine; r.tem­
bGr of the :w,; institution'~ 1:1edical staff. He becarr.e e great teacher, and 
by the end of his li:fo he had taueht over th!"ee thou~and students. Rush 
also did revolutionary work ,;H.t: the i:mane at the Penncylvania llospioal, 
publishinc; in 1812 his l·~ecli<:al Ir.quirlec and Observations uron the Diseasee 
of the 1·:ind, a pioneer study in ttle field of psyehiatr'.{. 

Rush, ,;ho had ~arrie~ Julia 3tockton in January, 1776, engaged in n~erous 
other activities during "hie lire. He bad thirteen children, nine of whotn 
survived youth. I'olitics hod attracted hh' in his younger days, and. as a 
member of the Second Continental Congress, he had signed the Declaration 
of Indcpendenca on July 4, 1776. ~ubsequently, he supported the move~ent 
to abolish 5.lavery, a car.~:raigr. for te::perance, and a drive to i..":prove 
education in PeJL"lsylvania. ~·/her. !"Je ~ied on April 19, 1313, Rush h(l.d many 
detractors, but the brilliar.ce and diversity ot" his life remained illl"'une 
to thair attacks . 

.Rush's birt!".plnce, l<hich he apparently live.:! in until he was about five, 
in a two and a hal:f ~tory stone buildinG. The oril!inal. section o:f the 
house, erected in the seventeenth c0ntury, probably w's a one story, square 
building; the second story had been added by the time m' Iiusl!' s birt!1. 
I'he ~tone l<all~ are eiL:hteer. in~btG tll:'.~:,, and there ia a ch:i.rr.ney at either 
end of tl'e stcne section of the pre~e!lt re~idence. '' tl".ree etory frame 
addition stanlls on the right end of tl:c house as you face tf:c buildir.g, 
,;hich addition wes constructed in the nineteenth century. 

'[·he house appears to be in very p<.mr conditior. today. 1.'hen tl".e l<riter 
visited the house, he was refused a<lmittence, but it was obvious tt:at 
the birthplace hea deteriorated greatly in the past fm, years. l1oreover, 
a residential <leve1orment comrnny 01ms the dructure 1mc1 the house rr.ay be 
demolished in the near future. 
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SCU"'TR CAROLINA 

Doctor John Lining House 

Loc~tion: 1C6 Broad Street, Ch~rl~c~on 

'I·h\l recently restored house nt leG Dread Street in Charlecton was the 
home of Dr. John Lining, physician, pioneer phy~iologist, and expcri­
tr.enter in electricity for a number of years. Uning l'SS the firot 
( 1730) o.[' a group of ScottiEh d<Jctors in Cho.rleston to do important 
scier.t11"1c •ork. 

Lining firnt turned his attention to the epidemic disease:; vhich struck 
Charleston so reguJ_arly. In 17~8, especi,.lly, he made a thoro~h study 
of yello;; fever, and sent to Europe the earliest account from ..l.nerica, 
of ite Sjlll'.pto111s and patr.olo(lY. Thi~ account was subsequently published 
in an LdinburcP l!lcdical journal in 1753. 

Dr. Lining tarned to meteorolory in an attanpt to relate ;msther to 
di~ecse. Over a period of ,_ year r,e conducted ,_ celebrated ~tathtical 
e:qle:dru>nt in which he ncasured the intul'e and out co of his body. Eacl-. 
day he notecl tbe t<>operature, r"'eorded the humidity, the extent of 
cloudiness, the a."'ount of rainfall, and the force of tr.e wind. He thus 
noted the effects of climatic conditions upon his own !:ietaboli~m. The~e 
observations ;1ere, incidentally, che first publi3hed recordo or the 
weather in ·""'crica. 

Lining continued his ;reather st~tiscic~ for seve,.al years, and hiG 
accounts of Charlecton weo.cher vere published in corununic~tiocs to the 
Cecretary o:f tl:e Iloyal Society in 17~~~. Linin~; a1;,o em·respor:ded ',litfl 
DenjSil1in Franklin on scientific quections, y.articularly elGctricity. 

'I'houcr. not a major irn:eric[lll scientist, Lining hnlds a secure position 
in the history of science as a distinguished me"'ber of that c;roup oi' -
intellectual Ameri~ans who played a leadinr, part in the early d~elop­
ment of scienca and medidne in this country. 

Charl('ston Jliusew. 

Location: Charleston, ~outt Carolina 

TJ1e Charle~ton 1-:u~= :!.5 the olde~t in the UnitGd States. In 1773, the 
Charles 'J'mm Library Society began its collectiono by t'lppoidinG a qedal 
""''""'ittec for collecting materi-als and fo,. prorotinr; s natural hiGtory 
of the province. In 1852, tructcos of the ~ollege of Charleston revived 
th<O museur:1 end located it in the college building. After several trancfer 
and reoq;anbat1ons, -o;l:e museut:L '"'W e~tublislled in its present torr.e o:f 
Ilutlcd~e Avenue, bec;reen G,~lhoun ar.d Bennett Streets, ir. 1907. 

,,, 
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The n-.useum has endeavored. to build up a collection representative "Jf 
local culture, and its galleries are devoted almost entirely to ~uth 
Carolina materials. 

There is continuity in the rnuseum's collections; it still has some of 
the SJ'eCill!ens from its earliest period. The Jlresent museum building 
is, however, relatively modern and not related to the original site. 

VIRGDIIA 

Dr. Willirun Brown House 

location: 212 South Fairfax Street, Alexandria 

Soon after he had received his medical degree (1770) from the University 
of Edinburgh, 11illial!l Brown returned to A<Lerica and established l'.is practic· 
in Alexandria, Virginia, At the outbreak of the Revolution, Brovn began 
service as "refl;imental surgeon. \iithin about "year, Congress appointed 
l'.im surgeon general to the middle department of the Revolutionary Army. 
He wn~ next :promoted to the office o~ physician-general to superintend the 
:practice in Alexandria. 

~bile serving in the army, in 1778, Brown brought 
:pharmacopeia designed to serve the military 
a compilation based largely u:pon the 
highly selective and the first to be 
:publication served the author's :purpose of 
throughout the several hospitals, 

out a thirty-t•·o :page 
It was admittedly 

, hut it was 
States. Its 

a degree of uniformit 

The Williaro Brown House at 212 South Fairfax Street i~ a beautiful two­
story, •·hit" clapboard house in the old sm:tion of Alexandria. This frame 
over brick house was erected in 1775. 

Eelroi llalter Reed Birthplace 

Location: Five miles west of 11hite Marsh, Va., on State 614 at its 
junction wit!: Rout~ 616. 

Yalter Reed rec.-ived medical degreer, from t:r.e t:nivorsity of Virginia and 
Rellevue Hospital ~edical College (1670) and began t:r.c practice of medicine 
in Brooklyn, In 18[4, Reed deci<led. to seel< a.n appointment in the Army 
Medical Co:r:ps and llee;a.'l this new career as an assistant surgeon, wihll the 
rank of lieutenant, Eleven years of frontier garrison life followed. 

In 1890, Dr. Reed eave a new direction to this army career when he re­
turned to graduate studies at the Johns Hopkins Univ~rsity HoGpiOal while 
'he >ms stationed in Ealtip:ore. ~£ter CO!Lpleting a brief course in clinical 
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medicine, be ~as attached to the ~ethological laboratory, where he 
specialized in the comparatively n~ science of bacteriology. Three 
years later, be vas promoted to major and detailed as Curator of the 
IU-my Medice.l Museum in H'ashington, and as Pr•fessor ru: Bacteriology and 
Clinical Microscopy at the nevl.y organized United States A:rmy Med:1cal 
School. Here, several years later, he began his practical interest in 
yellow fe'lrer. 

When, in 1900, yellow fever became especially severe amoog American 
troops in Cuba, Reed vas made chairman of a committee to investigate its 
cause and method of' transmission. Observation led him to discount tho:> 
then prevalent idee ttat the disease vas transmitted by fomites in the 
beddir.g and clothiDg of yellow :fever l'atients. He decided to turn from 
the search for the specific cause and pursue the method of transmission. 
Thus he revived the discarded notion o£ Gr. Carlos Finley that the yellov 
fever parasite was carried only by mo5quitoes, ~ a thorough set of ex­
~er~ents, in which some of Reed's co-workers sacrificed their lives, he 
proved to a skeptical world that the mos~uito transmission theory ~as 
correct, With this knowledge, American sanitary engineers eradicated yellov 
fever from Cuha. The success of tt,e sanitary measures in HaVl'l.DS in con­
trolline mosquitoes subsequently made the completion of the Partame CanHl 
possible, Yellow fever has cinco been largely eliminated from the civ­
ilized ~ortions of the ~orld, 

The birth of tr.e father of modern public heal~h at Belroi plantation vns 
entirely fortuitous. In the fall of 1851, the Rev. Lemuel Sutton Reed 
~oved ~th his fwmtly fro~ North Carolina to serve Gloucester County, 
Virgini~'s Methodist congreGation, Just before they ~ere to arrive, the 
p~rson~ge burned, J.lrs. Reed ~as e:qlecting llrmlinently, The ocmer of 
Belroi plant~tion had his overseer ~ove to a t~rary shelter and turned 
his small frame house over to the minister and his family. In that ~ay 
it ha:.pened that 1ialter Reed >~as borr. in a borrO'oled cabin consisting of 
tvo rooms and a garret, The house, about five miles ~est of l.'hite Marsh, 
Virginia, on State 614 at its J~ction ~ith 616, has been restored and is 
well kept, The Virginia Medical Society ovns the birthplace end maintains 
it as a memorial to '>/alter Reed. 

Matthe~ Fontaine l-!aurY H:'>use 

Location: Virginia Military lnstitute, Lexington, Va. 

Ma.tthe'o' Fontaine Maury, the m()st distinguished scientist ()f the South, 
>roll before the Civil \lar had earned the title, "Fathfinder of the Seas." 
His charting of" the winds and currents o:f the oceans had single-handedly 
revolutionized ocean ravigation. 

In 1842, t-~ury "aS !Lade Superintendent of tile Depot of Charts and 
Instrur.ents in ''lashington, which he developed into the United states NeVHl 



r 
I 
I 
I 
I 
I 
I 
I 
I 

' 

I I 
' 

I 
I 
' 
' I 

I 
I I ' ' I 

I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Observatory ru1d Hydrographicel Office, It 'lias her~ that 14nury beg..n his 

study of winds and cur~•';":"~·:';:'::•:.!:"·::;:;"~ in l84T his "Wind end Current 
Charts of the North A " Even nora significant was his book, 'l'he 

ll'hich "'as published in 1855. This ce'i=eer, 

:;::~::::j::::::•~his leadership in the mariti~e 
i by the Civil W~. 

In the fall o-r 1868, after three years of e>~:ile abroad, Nau:ry acceyted a 
professorship at the Virginia Military Institute in Lexington. \lith his 
grentcst contributions already behind him, Maury worked, taught, and ~ote 
at the V. !-!, I. until 1871. In ad.dition to his teaching duties, he under­
took a physical survey of the natural resources of Virginia. He also pub­
lished six or seven volumes, dealing mostly vith geography. He lectured­
all over the country, more i'requently after his resignation in 1871, urg­
ing the establishment of the Felieral lll!a.th<Jr buroau which he hali recomz:endef 
before the war. He died at his home in Lexington in 1873. 

'I·he hot:te in "hich Maury lived while teachill£.1 at the V, M, I. still serves 
as a faculty residence, However, Jl..o.ury occupied this house for only a fe-..· 
of his final years. It was not associated ><L th the great stw:lies throuGh 
which he pioneered the science of oceanography. 
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DISTBICT Cf L'OlWBIA 

l. AH!'! j,2IJICAL l·TISZUl•l .~l'JD IJ:BRARY 

lccat'on: );orth•rc3: Corr.cr, "(t.l: !eve,, 
S. ~.'., 1·!uGioinr;~o,.,, D. 

C.·.;:>crd·.lr U. ~3. Gcvernr.<-nt, .'-.:rtc-'"' I'crcc£ Inctitatc cf p,tholory, 
-~J::')- ~Su. Gto·eet, 1 '., 1-iad:ingtcn, D. C. 

Sc.:n;..,Jr. G<e:l~r:ll ',.'illiar. A. l'.a.~Mcn·l establ.io;heC: ti1c i~>·my I-icdlcctL 
:-:u~r,c·tc in l36?. 71\c intenticr. wn: ~o n.ir,iCli:c ohc .l_e.-n nf lh00 .~nU 
1::''"" ~roro -.ro~ndc ~lO:CQugh the '""'tr~ ric.ed t,tltdy of ,,·~rcic6l anD. medical 
scccic-.c"'·· 'i'hu:;, tt-:c "t:e~n,-.e r.r.e or ;::,e f·;rot oru.LiccC. mediccmilitnry 
resenr·cj-_ r-r()::;:m.r.~ :in Ilrcer.L."'· !-rn1o"ll'y 1.~;::, ;·~:c~t tJP.occl'i~r'~"'lJh~ 1-''"0-
'iu,_oeC. iu l;ro,'rl~a co.I.".C :('rem tl'" '.'8' N' :;urrevr. Joce;'ll J:mvicr t:uods.:trd, 
•;l-_o ~ct. m: t!".c rhctoe;ru;'i'i~ dc:uri.rr,~•ot i" ·r__.<J:i3. ':'he ccll.e~u~": of tb~· 
muocor:. e-re,; :;o qe<ici:ly t~·uc ~uar<-crc fnr ~!:c o:Clr.y C':.ld!it.i•••: •.r~re ll~r<1 t,-, 
fOnd. ?u,,c:y, th" preGe:rc :mseur- h'-<i~rL::c "tts hui:t iJ: l'S36. 7hc i~u"eurr. 
unc} LliJral')' sbued thif> buiLllrc; i"or a.il'·'"'" TO ~·ear<-. ;•o•:, ,,:t·cr r-cvcrCll 
yer;.r~ in other quarter$ ,,,tiLe i;hc c-:-:ic~e:;c~ c:l" tlocc• ctT'JC'vurc <~a~ jcornrd­
izc"C., -.;,._, !•rr:zy llcc!ic&l ii<>.scw. is ccc•1]7irr, its 0''" :,c•i'-dil1C o:Kc audn. 

'i'l".~ i.rn,y ~-:e1icc~ ::useurr. ar.a. Lilorm·J· .io a brick c,t.r·xturc c;f 3 storlco 
C:l -~ l'Clic<:><l Caoc,-.ent, ~'he bricl":"cr,orC; i~ ':ell <?Xc,cutC<cl, ani. :!;ere i~ '"' 
ah;nC.~ll~~ cC terrrr ecc<-Ca "''!1S[!!e•o~ecinn, l'hf' <>xce~lant ,,•crk,-~n3l::lp aml 
f'-'~-~·.;:_~,,c._ dc:sir," cO: tkc otruct·~N' .oakc ~t a G<'O·l e>xaf:'rlc of late JC)th 
cen'-l>rJ' fl<,v•-rm,enLClJ ardlltcctm·c. 

Gl'"'·rd.~r: Ctn·n•·u·Le ItJ,·•cit;;o;w "' ~.'oov!iinctctJ, 
i·.'a~hi"L'"'"' D. G. 

' .. ' 

C:lnc·e iL esta;-,li:;l:m<:>r.t ir. 1')02, che Ca::-ne,;i<" ln~tit·~tioE of \·:etsl".­
lngVm b~ dire<:tcd ir.s >enerccics to o.cvcro.J ficlC:s 01· fu.!ldmLcn<;al ocicn~ili•.: 

re~carc<1. The> lngtitutiotJ ce.rly ,1cd<.kd tc Or>Cro.<.<O i:.~ O"l' :rec,eat·cJ, en;:·' i­
"'-t,i~ro:,, and ll aera,-l!Y.ent.~ "'cr2 ceO up. Three of these dernrtr,cnor :·e,--o 
l>etse(\ .il' ·.;n:,hirwton, =rr·"'Y t.h' ::ecrrrnr.cr.t c·f Terro%rhl i-in,;;r::ctism, tbe 





Geophysical '-"bcrucc-ry, or;od oLe i'e_n:rt,·cn~ of Ebtoricu. :k~earcL. Lhe 
rrecc!,t dx researd-, centers include the l·:vu::t "ilscn Qnd Fni<J:ar Obscrv­
atorieG. I01 addition to the ,;cr): oi' U:C3C branche~, the In~cltaoin:J aJ~o 
Le~ ''""''dized L.hc w;rl•. o: itr; rcs2:»·-:l• ac~ccia-oc~ at o~.Lcr in:;tiLu~icns. 
:cari:>-- \lorlil \lnr I, tLc ir.tcrc3t of U''- I:>~tltutior. in r";-~!:ec-~r.c JclcnJ.ifjc 
YGoenr<.:h l·cd it to hel;' to cndo" the :rn~ior.ol Acudcr.Jy or ~.:ci2.cccs oro<!. it~ 

ofr'si.0o•-, tLe ;-:ationP.l Rc~c~rdJ Ccur.::ll. 

j'rcsenC. Conditi.on 

I:• 1)10, t'><o In~titutic:> ccr.-:rlc-te<l tLi~ Indiana llroc::;tc-nc 2h",;,oi_t:rc, 
decir;~.cd 't:r -::1-.e "-r~hitectural fir~. c1' Carr2re ana Ha5ti~r;r-. 'Il:e clnsc<•.·t>-' 
dc:;lc"l lc ·~crivcc'. fnw. the atcl.itec-!.urc m' tl:e F're"c'' f<c,~icsan<-c. ,1 b>-cail 
fli(.'b~ c;': ~·cairc '!.oudco !'N'~c lri-::h :::trc<,:, tl·rn•t'' ~ lC<r('<c bro!J'''' c!c;or "HldC"r 
tlcc Ion~:; r<-·r\ico. 1.1itl,ir: is a 2-c~m·y ''cCun:'s, a c.::--alJ acteb';; r<Jc_,-, fer 
C~tor,-,c·c,ccc n••·i ]_,,~o;•tr~s, awl cxcc,."oi.-,•c ofc'icc~ en th•' c.,'~"'·" i'!C•Cl, .. 

·j. HUBBJ'-.RD MEEORlAL UI\IZ. 

South·.,c.>t Cor:J~r, 
'-'~Ghir,z-::o", D. ~-

Si rnir; ·cancc 

' ... ' 

!iu'oi-.":·d :-~~ ... o,·.al lbC1 ~hr:d'; +I 1,.;,,_, ,-.e~·O!Y of Gc.rcl'lnc•r Greene RuUbard, 
~·L- :-•-·:,, 1-c"t OJ' ',:,c );o_--,;c"-,l Gc-_[;l'C".;1i~ Sccicty. ;;:-':e CYcculivc cCficc 
co~-,._,, ::coc·!.~oy "~~uo !cd -o!lC~ eor'~"'·"--~ n·oo: 19')~ 'JJ:!LJ_ :!.')l_•,. P.o.~~<l or. n 
Jarc-c :·'--;''''' ::-C>mb~,-d:ip, tl-.co lhL1"'-"l r:co(-r":'C1i~ So~ic.ty ere': from o oJr.ul1 
~c;c",'-~:~ ~~~"c:'c:,· "oc the v··r·uJC<c ::,--t;:·Jcinr. c.!d ,-,a,;c:· ~"cr.2or o<:' ~<'~cntific 

<>x;oedltinn3 it. i~ todGy. Gcic,ti,·;~ rccc:cr~]-, SD()~_c.orcQ by +.;1c So<'icty bet~ 
noncu' c'rc- the :;eo;:;•·<>rLy .of tlcc J'(-lnr rcg~cc,3 o.o the arcl:c;·'hcy of j:idd.lc 
,:~,rjcc, froo_ l''e ,_::cn<lioior.c (•!' r.'<~ c~ra·:oc;pLerc co tl:e etl_,-w::_c~;y of l'rjm­
L'i•·e FG!lco. D.crint; -,;h~ t..imc lh~'c ilubOmrd rcr-r .. Q,-.~~1- l:CLll ,_.,_~ tm::cr -con­
~;'cr;K~icr,, ,He:-:cmC,er Crai'nc-. ~"L ,;vcceGC:ed )·j~ iuttcr-~n-LD.•.r as prG;,·Her•t 
of tic~ .;cc~el-)'· I: ' .. CLs ho ''"" ~a"n~:, _ _-: the ~:cc.OG;,.y "" i<;" ~c·.pkto2<; oJ' t:>c 
T'··~ularC ·.a:;,on of .:_:N(,'l'!>j,'::,' in orcb;· cu (;'Oln a '-'ide }'c.;:.ular ''":OJ•O>·: lor 
i·cr~l·cr ~·;le••tlil~ rcs~nr~L 'Il-.c )"-l1Jlir reo<Jcn:;e cau.:e~~ tt;: ~C'lciet,y v, QJ'c­
Gr<.M ~.·,~~ ctr'-lctl1rc ,,lcilir. -~ U<:c~Jc ,.; itc ~"''·f-'lcticn. l'Le c•:l'lrJeLon c,1· 
Eu0.-bcrd :b ~ l , .. ,,_ C"~~ 1;~,1 to• ~ ''c<:i c•~;; o'o 2GC0 mo,-.'tcn.; r cr-.bc' ';hit• ''"" I';JV.''• 
ClCO' 1,(1 C•."('Y ; "-j~l_lV>l f~0f]~. 

;l.,l•l•C.l'l i·'.'<",-nrJ:ol ilroll is a :•-c~•:?y, ]~C~y ol;r;L·-·:·J:!'C' r:hid.- roc:,:. lCt!< 
.•;~>c•ct. J0Gc"h ~- !l~rdol0':c,· :T·,l ,;-. fm,;); i•fDrd-"J.L, et·cc-hitc.:t.c. c•· '.·;c,sbhtiotJ, 
C. t:., cleo ;;r,;;cJ '·bL 'bu;'aLn[;, -co >o ; ''i!.t m_' buc·;· lwi<:/. ,;Cth li,---,cct'm~ t:!'ir:-_ 
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the h1ildi:lg, the j'irst floor o~l basCLlCnt being :1sc<l for office sp>ee 
as ori[!;it:ally in~en:led. Thl' librnry rocm, '"hie!". also sorvcJ for Dm.rd 
meetings mel lee-cure~, hJ,t, at tr.e ~cc:th end a copy of tt.c larGe stone 
fireplace in the City Hall of Bru~es, Del[!;ium. I~ the s-cair hall arc 
) lorgc oil painlir.us en explGration, by the J."ar;ous illuztrator, N. C. 
~·.'yeth, paiw.:ed in 1927. 

4. OLD r;~.VAL OBSER'IATOP.Y 

lc~alo!on: 23rd and 8 Stree\.s, N. '.i., '.ln~hil'.,eter., D. C. 

G"nerchiD: U. C. Govcrrunont, :laV'J Departroent. 

Significance 

~'itt tr.e estnbii~hlwnC of t:lC ;·laval Obuervatory, the federal govern~ 
rr.cnt QLccrud into scienoific '"':<oarch in'"' irr.rcrtaat ''"-Y· !JG>:e, during 
tno flrst years of its life, ~:attbe" FontaiNe Va'-'.ry nndertcok hi~ ''"rk 
>~hie'. t:".~de L~;:-, ramo""· Under ~-'nury, the Naval ObservatGry ac'bic~ved wide 
acclaim .fer advance in aotroncmy, r.avi(l:>\.ion, und oceanocrophy. The ~hart~ 
of tLe linvy'c Oce,.noe;raphic Office ~till ment:i.on thelr debt to thie t:Jen. 
In u,e po~c-Civil ';.'ar period, di,.t~ncui~hed en1 tn~ented naval o:ffice>·s 
~n":.udln,3 ~c.o:J.r Adr.lrals Charles Henry tavi£ and Jcl.n Rod{lers ably followed 
l·;o.U!'"y o.n Superintcndon·~ 0!' tile Claval Ob~erva<:o:ry. LeadinG ma:thell'aticiar,~ 
sn<'c astn,ncmers at tl.e place, such as Ciimor. ;re\Jccmb, George '.Iilli~!'!'. Hill, 
and /,sarlo !'all, ·,10n >lcrl,l estee:o. Early ir. -che 1080"3, tho facilities no 
longe-r suitable, th2 o~,;.crwnory beo>n th<: :plsns ,;flich moved it to its 
pre~en1. :;::ce :"etr out Macsachu~ctt:; ;,venue. 

Preseric Ccnditicn 

T:1e dc·rr,-od, "hri~k strc:ctu,.e 1?hlch hw~e:i the Naval Observatory bet•.tecr. 
lil~3 and H.l93 ic still .h usc by the U. c:. Navy. The center section o; the 
nort:1 siCc cc.ntain~ ~he encrar.ce to the buililine; and is part of the crieinal 
structure. ·J':1c dcme, no" or.tpty, once h)USed a 9.6-inch :refractor telescope. 
1"''e <rin(IG to the eatt, "est, ar.d sC'Uth :~ere sdded on ~t varirn~ tir..es aG 
needed by suece~sive ccct.r-ants or the building. In 157:!, the cyl.inc1r1cal 
building aC: the end of the om,th •Jing W\5 built tv house anot!•er rel'ractcr 
telescope. 111th the <-xco~ticn of tha center sectien nerJ.r the entrance, the 
sccc:ort L!.oo:c£ ·.;o ell tlle uin(ls de1tc siace the tiroe of -cte Ob~ervat0ry'~ 
'""':•:. '~1e lmJ . .ldine; and its 'Ol're rc~ent appendagos no-,, is oecupiecl by t'te 
ro~ct'.~" .l;r,c;; 'lf the llurt>au o!" l:ediGine ana Surgery • 
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5, OLD PATEJ\'1' OFFICE 

Lccot:on: F Street, be-.;;reen 7~lc an<l 9th Streets, 
!!. ·.r., \Tn5t.:wgvon, D. C, 

O'me1·~!:in: Srr.ithsonian In~tio•;tior., './e3hingto:o., D. C. 

Sir,nificar:ce 

ThL acn.ctc;rc contained ~he 1.-'niteil St"tes Pater.t OfL'ice frcn 1840 
until 19~"· fll',ide I, S<Oction 3 of the Conf,titution gjve~ Cor.cresc che 
pO>.'cr' • , , oo prcr::ote tim p;cgrCS3 ol' science ani u~e'ful arto 1-.Y sccc;ring 
for limioed tirr.es tc, authors and in•-'en~o,-s the exclu~ive t·i~,;hts to t:10:':r 
reG I·'"' ti •:e wri tir.gn Gnd di scoverieG. " 1- res", dcn-c 1.;ashinctor. rec crm~endcd 
p~te1:\. lctlislation, and 'the ~lrst J.-..n'tent act ·.:ow afpr"ved on April 10, ~790. 

Tl.c ct:.z·re~t". patent syc",;en-. ori;;inated lr. lS:G, civinr; indh-i:luals l7 year~ 
to ma::c, uc.e, and sell invention~ of tb'il "'"'· The !JYCOth in the n•r.bcr 
or ruteBtc issu,,-~ by the Oi1'1cc ov-er the year~ attests to t!'e encou,-agetne'lt 
th~c ~ycte::-. ha3 ::;iven to :lnventcrs, :.'he!" tte Fa-::cnt Offi~e ClOVed UJ Ls 
nc·.: building in 1840, it h:td be:;= -chc ~oll<>ctinn or cccria and sc~ectlfic 
im'rorr:!sclcr. on agriculh::rc ,,hiclo "oulQ lertd :o tte forrr.at~on of the repart­
r.ent of Acri~uJ.t~<re durir.g the Civil >lar. In the struct.ure, romcs o.' rnc<J.el~ 

of rntcnto,l Uevices sti'"•Ul:ot-ed Ac.:eri~ar. inwmtlve:lcGo. Horecv.,r, the 
library of the Jntcn'o otfice ;-._..n '..1-.c c~"\plete re]'ort~ 01° beth th"- Fr<enc!-, 
u%. t<1e Eir~ti~[, J;atent offices. 

"I-I<e •·ec-t.rained Grecl< D<Jric deoi(3n ~f the Old Potent Office i•_. the 
'-1or:: ;;f ' .. 'ilE~l~ P. Elliot. Il:Jbort l·i1.1ls surervised the exccoc\dor: ol' 
SJ.'.i,,-1;• '- <k~~r;n, ccrr.;l~t.;n,; tLc (.Gucth 11inr: i" ::.CJ.':G, 1-;121s ~lso bq;an 
c!1<:' ceco -.·i"<G, QU~horjzed_ i!l J.3L], but hen's replaced On lil~l by Ed'lar:l 
;c)ar!, rhe er~ccion of the "e510 an:'_ ncrtl'. -,,jngs cc,-.pleted tLe _hlrecent 
s:oro.~t,:re ty ::36'7. •'.lt!.Ol;;:_::l'. l<lills Lo,l tried ·.o rral<e tll~ criginal builll­
inc; i'irep·c.of, a tire" r:utteC: ~be lm.e,·.\or on S=1>tu.•\;.,r ~·!., lilTT. Elaborate 
pla"c •Jere C".OiLc to enlarge ':;l.c bu:ili!inr;, bu~ they '"'ere n~·<"er curried out. 
lr. 193·~, ~l::e lc:-~g f~lr.ht o:r otc:n-~ en 'tile G<:utJ, Gidc ,;as '""'cved tc acccm­
"'Odr:"-<! t:co ,,;:,·,eninG ofF Sb:e"~-

I!l3l'1e tl·.e o~utll •ri":l, ''lsclwrs ente.cccJ one cf 3ever"l orna~c bO<:!.ls 
<ll"plo.;.'ins ratent o-.odclo, 'I!;e sout.h. !1~11. tlteuc.ured 26C !'ee't 10'1{;, 63 feet 
"id.o, and it.s hir;'o, <n·~bca ~eilin& ,·est>c:l u1 several ro,.-s of coluron~. 
liu~,; or t!.ic is bcil"g rectorc'l. 
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6. S~!ITHSCNI!IJ·: '!lUILDU!C 

~oco.tlon: Jefferson Drive, .s. 1·i., './ss'lingtor., D. C. 

Gwc,er~hi": Ci:~ithscnian lnstl.CC!ticn, v•.~sllinc;ton, D. C. 

Sir;nl.ficnnce 

T:1e ~'·i':.i•ooO!"!ian Buil<linc has housed the """"ini3tratian of the 
Sr.;.t!.~c,nit:n lns~ltucion ::>racticdly ~ince i.ts inceJ.cion. Tl",e lnsticution, 
~:"2c::. !n" r..~<Je "-''IllY iUlpc•rten~ contrlbutionc to science, originaced in the 
r .. ::..O o·~·"' L~1.'.e-~n0lm Eng! ish ro<!ier,t~s<, Js~'ec SR1tl>50n. Snould Us heirs 
'l:.e c'.'..ldl~~~, he left his entir~ f"rtune, hie libre;y, G.nd his scie,;tific 
ccllcc olm>~ ., • . co the U'ni ted StG.tcs of !>r.lerica, tc fou.YJd at \iaci::ington 
under ·.ne n~c.£ <:d tho Sm~thsonian Institution, an establishment for the Jn­
~re,.~e ami d~fiu~J.Oll of knOirledze n::vrw men.,. In 1\U[,US"t l3LG, ten yeC\rc 
after t~.c ''NJUect beca:c.c avai:ab~e, t~le Ccngre% finaJ.C.:t dectded on tl>c 
fc,r:;: e-i' t,,~ In~ti-.;1;.tin:1, e]o_!;Ointeo1 tlce re~ .. nts, anl ~utbcriZ£(1 the con­
so.oruc :;; or_ o:· a lmililinr;. 

J'h~ firoc Secretary ef' t!w Ins-citution ·oao Jose]J: Eenry, who share,; 
' ... ith C'G.ra:ic:;' tl'.e credit .Lo,- th" iJesic resl:larch in ele~tro•'l'.tlg:letic irr­
duct;.on ttl"ich n:ede the invcmtion of the telq;rarh ;oo~s1ble. lncer secr~tar­
lCC have aLe bl:len cho~""' free:· th<e ranlc5 of eL"linent. scientict3. 'I'Le Eureat­
c::: .'~:.~ri<·c.,-. ~:.L:"J.oor is a cGnter for e'olmolcr;ical re3eG.rch en tl:e k.ericu:: 
lnd;:en. :rl'~ Alcerican -~~cccict~on fer the .~dvanC<e!:".cnt cf 8Glcnte, founded 
~n lti~G, '.one t"nde •,he Insti~ution itG llaEcr.al hcad.'C.uart.c>rs. In J0Tl, 
.1.arc<e~;; ';io.ro·~cL i.he e:"fcrts of S!;en~<:>r Baird, tl'.en Sec.·etnry of the 
In~'·-·o,·c!nr., th~ [lvvermr.<e::t establiuhd. ~l:" F;:sh Cor~,.issian to stmly end 
C''"S"''"'"' t!,i" vduable r,at<,rnl rC"r>aurC"c. S.i.nce :l;s inccptic~, tb~ Smit"·· 
~onia;, I~cdoitutia,-, has cor.tribuocd ,~l"o~cJ.y ~o ~clcnti.'"~~ !<no·.,ledt;e, ~s "·ell 
"" :~ ··.c ,-~lor ed·~~aaon. 

;:c•i.cc Rcnw~~;<'s Norrr.a,-, Revi'-'al ~"Cyle ent:ry ·.w~. Ch~ Q~oign c.,,pecltion 
:r ,,,;,. lJC\J:.Jirg. Erccl.e.l O<O a de,· on the i{Jll c;e.!.Gdhi e~rly in 1347, 

jt,· ~";·:,ci:',~t''-' m:.s lG.iQ l-'a:r l, 181:",'. I·he bc:1;1y ror.ar."tic b:.lildir.e of 
:·e<:: ~;,.,,.,~a on11dst.cna gre"' 3lcuiy as i'u11d~ Here nvailuble, oeinr, ,·lnally 
CJ''"-~:ec~'l in }.')';). Among its unkne featu1·os are its finely C"a;·ved 
C'rnn::,,.:.t,n~ct> ancl ~arer•tl ov(e!"aU ude;>'-<.,tl<e11 of style to f·m~tior.. Tl".e 
l;J:;. i .1~ ·c- -''~c:o.lnoo Jo.rre"L) ""cl'""!:"d oince its ccl'.~c:·"~tion, ~ul serve~ its 
c,~,~;r.:·~ :··,r,c~ion. 
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O!I!ER SITES NO"CED 

California 

l. Site of International Latitude Observatory (1898), 1-!sndocino 
County, at Ukiah. 

2, ~~ucyhys (site of" Boyhood Home, 1856-1865, of Albert Abraham 
!1ichel.!lcn (1852-1931) 1 Calaveras County, 

Conneooicut 

3, The Peabody !.:Use= of Natural Histary, New Haven, 

~lassachusetts 

4. Massachusetts Institute of Technol~gy, Boston. 

5. Gray Herbsri~, Cambridge. 

6. Haria Nitchell Observatr>ry, Nantucket. 

7, James B. Francis FlRodaate, L~well, 

8. George Y.'histler Hcuse, LO\o'ell. 

t!ew York 

9. Rensselaer Polytechnic Institute, Troy. 

Pennsylvania 

10. Edward Drinker C~pe House, Philadelphia 

11, Franklin Institute, ~.iladelphin. 

12. 'I·he Academy of Natural Sciences, Philadelphia 

Ve:nnont 

13. 1,,', A, Bentley H!luse, Jericho 

'.-lest Vir~<inia 

14, James Runsey Me~orial, Shepherdstc~. 

J.95 
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CRITERIA FOR THE EVAWATION OF 
RISTORIC SITES AND BUILDINGS 

1. Structures or sites at which events occurre~ that 
have made an outstandins contribution to, an~ are i~entifie~ pro­
minently with, or which best represent, the broad cultural, 
political, economic, military, or social history of the Nation, 
and frOIIl which the visitor may grasp the larger patterns of our 
American heritage. 

2. Structures or sites associated ~ortantly with 
the lives of outstanding historic personages, 

3. Structures or sites associated significantly with 
an important e~nt that best represents some great ides or ideal 
of the American people. 

4. Structures that embody the distinguishing characteris­
tics of an architectural type specimen, exceptionally valuable for 
a study of a period style or method of construction; or a notable 
structure representing the work of a master builder, designer, or 
architect, 

5, Archeological sites that heve produce~ information 
of major scientific importance by re~aling new cultures, or by 
shedding light upon periods of occupation over large areas of the 
Unite~ States, Such sites are those ~hich have produced, or which 
may reasonably be expected to produce, data affecting theories, 
concepts, and ideas to a major degree. 

G. Every historic ana archeological site and structure 
ahoula have intesrity--that is, there shoula not be doubt as to 
whether it is the original site or structure, and in the case of 
a structure, that it represents or~ginal materials and workmanship. 
Intangible elements of feeling and association, although difficult 
to describe, may be factors in ~ighing the integrity af a site 
or structure. 

T. Structures or sites which are primarily of signi­
ficance in the field of religion or to religious bodies but ~e not 
of national ~portance in other fields of the history of the United 
States, such as, political, military, or architectural history, 
vill not be eligible far consideration, 

8, Structures or sites of recent historicaJ. ilnportance, 
relating to events or persons within 50 yeara, will not, as a rule, 
be eligible for consideration. 

- - - ' 
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