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he history of the buman e can concefvably be
wallerd the story ol innovatinn, Sance time imsmemarial,
tventions have servsd ds 2 demarcation of ot
wwaner A hiomems heve evnlbved, s, ti, have the producs
I‘1|1.Ei.rﬁ'#ﬂ.l.i‘|_'_l: From one o the firg {fe! toseseral of
the batest {the [ntemer, the fuel cell, penetic engineening],
this hook exemines the inventions tut bive chanped
the wnel
The creation of revodstsnnay procducts or practes
hers mo temetabie, Girest misids pve birth o enovasiods os
b b s, ety EvfuiEees, o happenstance woukd
v it | berwever, there hawe been o umber of specifically
fruitful perinds of iovention throughour Bistore The
Renaissanee, for instance, was & pecod of preat intelectul
exploration, n era of innovation in the arts, phsoqiy,
medscing, engincering, and sicnce, Invenbions of the
Renaissence inchide v peinting priss and movabile type.
Tt s sl e rhis vimes thae Lecsuarido da Wines (Lgga-a5a)
tbrew the fiest plars for a flving machize, s precenor o
planies aned g6 chat would be devised and deveboped cen
turies Bieg
The Inubust izl Kevodation, which dates (rom the [
rith ceniury throtigh the cary 1eth contury, was the preat
age uf mechanisiting, charsctenaied by the vention o
meachices fir milomating prooeses m Eefacraring,
mminiegy, &l gericulture. Astomation made possible the
création of fctocies o mass-prodece ponds. Sech goods
could be sdd ot lower prices, which dowed andisacy
[l:u#xm'ln [r:'ul'h:l:l:l r]rlu'prrru.-.lfml.drlmtﬂ'ﬁrd.
Adbances in tremsportation also slowed merchanis to
iffer theie poods and services ever et diseanide
lowentivne withis thn tmefiame inckede the pouer
Icasm, the comhine harvester, and the weam turhine, which
powered ibe pambosts and train eapioes that deliversd
merchamdise acrms countries and siound the plobe.
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The Infurmation Age, lepun s ihe 2oth ceniury aml
hirisling mio the zust, has changed the way people process
informsnion, conducs busines, ind communicets i e
In boay Beaad tw shewre o bmpictent isventons as woll The
rqum,thrl:tlﬂlme,.udrhr Interzet bave ezl
the “Inframation Superhighway” where informmaticon on
unything is ovailahle instantanengsly, and it & possibie m
bie im contact with amvude ot ey time, anywhere o the
warhl Am argement can be made thar the Information
Apt coddd be exmended o inchide inventions sech as the
Telephvane, the telepraph, the mdio, and televiica —all
af which made the disemination of miormtion mae
ethcicnt and effective

This bk detads all of these inventions and mare
What sets the lncluded innevarions apart aod makes them
noteworthy are the implicatings of ther creation on
cultures thonphout the workl. These are oo fash in the
fuans, Fatl ivema. Earhi prediled bmvenics has hail 4 powen
anil lep-lasting impact an the way people lve, work, al
pilay—even their Fery seravel.

Emerpy s eefquires] oo creare prodocts, hest homes,
et eijuipment, amd fuel 3 vast aray of human activ-
s The cardicst form of eserpy that changed the wodil
was [ of, muie s curaiedy the alality o conimol the b
of fie. With vhis skill, pevple gined the powes 10 coank
fioed, harcken formes] chay into vessels, and jlleminate the
night, smong uther things. Evidence has been found for
the possdhile use of bae nearly 15 million vedrs apn.

[h:rﬂrmﬁu‘b,_fhﬂhli'hﬂmnu'lglﬂh:rhrml
al poorgy were ivented. Water was hamessed o power
nills e Eacteitles vid waterwhivels: it o e fomm of
wteasn, i whiuld Be nied v perder inchesial equipment and
wehicles such a5 ships and traios. Wind was used i prowice
power 4y well, vis old-Gichénnied wimdmills,
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In the voth century, elecoicity changed the work]
gimont a3 radically as the discovery of fire. Electriciy
paiided poaple wich the sbiliry o have enlimed lght at
the timich of @ switoh, v ook ool withise the ssed for
fureswnod or coal, snil g power st Bctories that sprang
up veryehere denng the [ndusitial Hevlitinn. It con-
tribtied o the dovelopment of techaolapies such as the
racdin, television, refilgsration unirs, eleciric batteies il
mcstoms, amid, af course. the lightbulh,

Thre search for new forms of energy continues, ded
the need for inventhons cthat capture the power of natare
parcreds apace. Today, wiestity and ecolagits are work-
g t1r evuive new, cleaner, mon: Eards-friendly soeres
i emeepy using wind nubdines, solar colis and fiel colls,
whiich use a chemical rpaction to produce ensepry

Like: energy; fond 1 o busic requirement for survival,
For much of human history, Food has been ditheult to
Biridl i€ gronw in siofhelent dusntivg Therefire, sdvinces i
sgricattute that allew people to prodece and harvest
more fiod are orebical. The development of automaced
equipsment fut harvestng crops bn the sineteenth century
maile it gssible oo plast and hanest more coops in a
shorter perind of ime. Cloe sampde i the combine har-
vester, Agniculture s sill umsderpiniog magor chiasges asa
resull of andvances in penetic enpineerng, which has made
peoeshle the prosdurtion of genetivilly modifed crops that
can prow b dnhospitable eress, fast bonpes and resist
et

{kher mentions pu |:|r_|l||n|:| Dasic humap neeihs in
enhance bman interaction. Theee are two basic types of
it B . P e oo i S LA IS 0LE COMEENL
v lisvesens o viewen, bt the communic stian Sy only
e vy The earbest, end possshly Bargest, leap in passe
COmemuication wis the inveetion of writing. The ealiest
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wmaape of the welttes word, daved chrea yooo o jooo BCE,
appears tn bave developed from 2 need o keep frade
and accoanting records. The frst paperse materil
be dimclopel was papyrus, maide Fom the palp of the
|:.1.F|:|1-11|.l.|1l: ndmpﬂlhrlh'&npnmzml
ihe 2nel millenndum BC

Handwritten wmti'llm time-conswming and very
expienaive b produce. Therefore, writlen womks could nis
be widely distributerd untd the emventios of the printing
press and movalide type, which made @ possilde m make

mulsiple copies of wities documents. The printing
prews was imvented by Johannes Guteaher (e, vigh-zgof)
in Ceermuay mroesnid 1450,

Active, or interactive, Commesnication Baws. fwn waps,
allinsleg peiple o ex-hage Infnnmation La die mid-Xoos,
ihe daal imventioes of the telegmph and the telephooe
mide i possible For people 1 nstanty copnect (o otbers
arviiined w00 across b country, dhrisg news anid
mmmﬂim.mﬂﬂdrd'rﬂ}mﬁmtln:r-umnfm
municEticm s o the mail

However, i wrvention that bis pedhops hail e
greatest efbect o the e of sotive commanication b
e Teternet, @ giobal sysem of inferooone bod computes
systemi, Started m the mid 2oth centusy by the U5
Departmeat of Defense ai 3 mesns tn mabnizin coms
mumication (f « malitary sttack destroyed comventional
means of comenunication, it was loer cefined and made
n‘alHﬂ-rlulJup:Hn:l] PIHJE.'.

The Interpet has |.|-l'1l|.|n.'ln:||.|.i:ﬂ'!|I I.'j'lﬂmll the way
that wo conifuct Dusiness, eotertain ourschies, promabe
grailintizal olyjsetves, aml leain B oow possible us Al
infurination 6 - very iopkt imapiedle makiog che
Internet an invahihle reference mod 1t is also possdhle
By every sort af prodect fiom oaline stores and sactioos,
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creating the whale oew Beld of e commerce uslng oaline
cannectivity. The Intermet allows people to view movies
enit episodes of TV shiows, download music, and splosd
viileos, Miost impartanaly, people can commainic: with
ithers throughoue the warkl,

Invemiians @ transporation Bave  oeatinuoisly
tecreased the distances thar people cam travel and the
safery with which they can make their vovapes. Ll
tramgnr fagion has evolved from borse-tmaem camiages. i
[rasoding-powered sutomobiles o fudl-chiceat elecrc
cars. Topsther, the ventions of the automobile, paved
rchs, and smpesséon. bridpes have allowed penple to
irved in hevars distame s that prevaisly ok days. Viehacles
such as the bicycle, the steamboat, the: mibumy system,
and the ji1 plang lave menle il more convesient for
the commaon persoa, while space lminchers have heen
clibdem By m selicy few bt have benchred Bumankeand e 4
sl ihuroisph the explorarion of space

Thee fiekels o construction and architerture abo have
their share of mivancement. The wch, whose sidespresd
use chies back to thie anclent Romans, allowed buiding
pectterialy & gpan an open suce. The Romam pioneered
many citkaer archipectural adfances, in lodeng, squodicrs—
itend ctanibits phat carry water From distant soumes i
rowis amid eitfes—and paved roads that alliwed eardy
wheeled vehicles, such as the chariot, to travel eesily

Dot of the wees in which the effect of |oventions i
ot immedistely apparent b medicing. Life expectancy
hmrrlﬂdllmnﬂu:lffmumrtmmﬂtpm-
enk. Cine ok the mainroasoss for this isimproved sanitston,
Lewhisiie prlumbsiiip scvoants or o lsige pary of th impeeed
sanitatinn b, Lot s does the abdity pocoateol (s
casimg tacteria. A major discovery in the itter area way
pastenraion, doveloped by the Freoch chemast Louly
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Pusteur (pBez-sBosh. Pasterivmtbon b o me thod of tearisg
I with heat to kill bacferi, making i ssée b cat

The second way in which Eventices Eave noressed
e igamlivy anid lenpth uf Rife lovalves the devidopmest of
mrﬂ'hu..ﬂ.ﬂ.ﬂ!.iﬂnmhmpmh‘iﬂh:nﬂrtdmsﬂ:h
s the ome foe palin, which bas mved vast numbers of
FOuBSLeDs finen paralysds and death. are just o frw of the
pharmaciesiical and medeal advances thar buve dllmweil
s B e e comienl the sprptoms of diseases that woull
Buave oece beon Faral

Ao {erventinos help bomen bedags to better observe
il unederstand how the wold works; for emple, the tele-
snpe, From the frsr wlescopes, developed in the
Mptberlands in the poh coomey, o the Habble Space
Teescipe, placed in ookt Tn g, elecopes buve given
wi the ability 1o observe omi lesm sbout the unprerse
Sumilurky, the mecruscope, wheek was alus uventod n the
Metheglands ar che end of che 16y contury, bas pivisn u
inviluaile mformanion about materials for small o see
with the mked oFe. The microscope has sllowed s
fearn how el wark sl sheven o the inisreal structore
oif the materials thal make up our wockl, This knowlislg
s heiped s cresse new tresmments foe disease aod newr
types af materls for wse menany induanss,

Pt all inverstions save of somels bentee Dves. Mo
mibvances in military techastopy rembee sround the deved-
opment of weaponry, of defense apanst the weapons of
sxbversaries. Feom the crocbow in the Midile Apes, which
||'r|:|,'.|'n'rt-:|t ke aliseance and [uEr ot the oomrentinmal
borw il o o the 16th-teniury messket and the zoth
cetiury stomie bomb, weapins have becime s mone
efhcient and pisverful. Military invensiios have bad sime
pearetul ramidicatines, howeser: Technolagy develnped
o bk e delivery of misslles o bad to i dscovery
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of pocket boosers that lfied spaceceaft, mannsd sed
aremanmned, min orbif

Aswo o throuph the pest century, thers s no’ doubt
that new mventiods L COEMMuecETHIT, [EETEPOCTn,
mﬂg.lnlﬂu;,mﬂli:’ﬂt,lﬂinﬂrthﬂmlimim
and messpremenz, apd aprculiuee will ootinue i he
eveloped. Some of these mrentioes will builbd oo discer.
eries of the past. Others will be basid on enirely new
rancepts. Kepardless, there mlitte doubs that mnovaticny
of the future, like those coversd in this book, will change
the wodhll i wavs thet we cannot bepin to imagine.

W






Emprer I:

Inmﬂ (e rrvanected widil commanicattos - that
it the tramsmissiza of information .I’urlhrm.qm ol
creating undersianding —can be seen as the prodect of 3
series af iventiony sl sl s the besss of all further
leveniion. Thinks to the ovisilde acton of electiong
worrking over the media of telovison, the tefephone, and
the Internet. car means of Commmnication wday have 5o
emtended our reach, brdened our vision, and expandoed
ot kmenwledpe that we are often sid o e in the Age of
Infoamarive. That sge actsally hegan thousnds of years
&, with the Gest markings on clay tabdets and sbeets of
PRpyL
LUNEIFORM
Cuneriorm was the most widespread and historically
sipnificant wiiting svstem in the sncieor Middle Enst, its
wctive history compesing the kst jooo veans bisfure e
Cavrmmun Fra, The rime amelrm, 3 cobmige from 1atm
inid Midifie French ronts meaning “weipe-shaped,” has
[eien the myisdlienn desspeatiim For the wiiling sysi2m since
the sy skt centing

Chaac s (8 SUMEs

The nnlpi.ul ol canelform muy b wraced as far hack as
the end of 1he yth milleanium BCE. Af that time the
Sumeridiis, 3 pedfile of anknown stbali anl loguiste
affinities, inbabéed wethern Meopotamis sd the cegion
west of the mouth nf the Euphaates known as Chaldea,
VWhile it dioes not folhow that they were ehe sardiest inboly
iranty of the fepios vf the tree ocigiatom of their srtem
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of witbng, (1l 0o tlsem thar the Bt stseed traces of
cunetfnrm writing are concusively assipned. The carliest
writtens records in the Sumerian lnpusge ane plotopaphs:
taitilpts Frown Urak (Erechl, evidently lsts o ldpes of
comummnie @lenuifmi |.'1? |h|i"mp af the ohjstts aml
arcompaniod by numersds ard prosonat nemes. Such wond
writing wusi ahle 1o express oaly the bas idess of oo
et bgects. Mumerical potions weie susily resdeied Ly
the repetitional we of stiries o cirdes. | lowever, the
represEatat on Of proper names, fo exemple, necessitsted
an early rooousse 10 the b principle - we, the use of
pictographic shapes | evke in the wader's mind an
uniertyisg sound form racher than the basic notion of the
dlrawn object. This brought sbout 2 transition from pars
wurre] wtlting o 3 purtil phonetie sorign. Thus, for example,
ihe picture od 2 hand ceme i stand oot aly for Sumenman
S {"hanid™) Dot gl for che phaneve syllable f o sy
required contexy. Sumerian wondy were Lingely meno
wyllabiic, s the sipen peperally denated wilfables, sl the
mumugmm umwdlmﬂmhm: scripe. The
invenauey of phoeetic syl hencefurth ecabled the
Sanerians b0 ddenute grammaticall elements by phonetis
cormplements added to the word sipns Gopogmms or sl
pramil. Because Seemenan bl many idenrical soanding
thomaphonous} wardy, wevenl lopoprans frequestly
meklel ilentical phonetic yelees aml e detimgeeshed in
muodacn transliceracion—(as, for example, &, 8 ke, bl
Perawse o bopopram often represenied  sveral relsted
natios with dilierens -mﬂr,ﬂ.,*nml"d.l.r,' I11riﬁ!1l"|',
it was capable of essaming mode than one phonetic valer
This Fesruire s caillid polyyrhoas

Dttty the i millennimmn BCE the wisting lesne
sscoessively more cursive, and the picographs develnped
mbo conveptonalired loear dorwings. Doe 1o the prevs
lenit v of clay tubilets 25 wiiting material (suone, metal, W



—  UnMErsCTRs —

woll aleo were empdoved oceasineallyl, dbe linear surokes
worurerd & wedge-shapesd appearance by being pressed
bty thi st clay wich the shinted edpe of a sovlus. Curving
e, ilissppearel from waiting, snd the nomasl grder of
ﬁ];mn:.ﬁmdur-.uluﬂimlnhi 1nrﬂ!'r.'l'|'r|:l:-'=.:r_r
worrhdncker. This changs from carlier calameas running
desrmward entailed furning the sgpes oa coe side.

AREATEAN CUNTITORM

Before these devidopments bad been complessd, the
Surmerian writing system was adopted by the Akkadians,
Seminte isvdens who estabished themesehves im Mesopos
tzmia ahut the middie of the sd millennsm BCE. [n
exhipting the soript o thefr whally differenr laapuape. the
Akkmbinns retaimed the Sumenan lgopremy and coebi-
wations of lopopriss for more comples potons bt

thiem & the correspunding Akdeadian warndi
They aba kept the phonetic values bt extended them fur
heevond the onginil Semerisn invensory of simple rypes
iepen e clered sylbaliles like b or o8 Mamy mone coin.
plex spilabic vilues of Sumerian Inpograms fof the type
bam, mul, pue) werr trapsiemmed (o the phanetic leved, imd
potyphony lietame an moreasingly seneus complication
i Abkadisn cuneifirm {eg., the coggamal pictograph i
*sun” ey be rearf pheanetacally as wd, o, o, par, S, T,
The Akkadien readings of the kopeerams added pew com
picated values Thus the sipa for *nd® or "mountsin
w'mammdlhrfmuﬂhnﬂr
phonetic walve far oo the hess of Sumenen but also sy
sl e Al s (™Rl and Lol Mot
Mo edffart was imade until veey L to allsviae the el
g comlusire, gnd equreadent *praphies” ke - o fom
contimesed it side by dde throughou the loag his
by ol Ak cunetianm,

xy
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The saiestiy peofSemdil cuneiform o i
s calles] the Udd Akkadian, seen for example in the iecrip-
tions of the ruler Sarpon of Akitsd Glied ¢ 2279 BCEL
Same, the seaithernmost gan GF the ey, contineed
i b 3 loome :_thrhen.l'i.l:l: i h:&'mduq CilF-states
sintil it was united by Carles of Lapash Glied © o2g HCE
in & le=t boef manibestation of speciiscally Sumeriin cd
e, Thie puditical he pemoiny then psel deckivaly o the
Alkadsans, and Kang | Tammuraba of labrlon idsed rrgo
BCE unified e of southern Mesoporams. Babylonis this
brecame the prest snil infueniil cemre of Mesopotamin
culture. The Code of Hammurahi & written in Ol
Batrrlonin coneifooms, which devdoped thiosghout the
shfvanp and less brilliant Leter eras of Balndonien history
inte Midlle and Mew Radvdonian svpes. Fasther ponk in
Mescpatamis the beginnings of Assur were hambler
Specibeulty Tl Assvrean cunelform b seested mostly i
thie pocoids of Assprian tradieg cobunises in cenirsd A
Minar i 1ggn BCE; the so-called Capgadocian tabiets)
and Middie Assyrin in e extensive Law Code and odfer
docaments. The Neo-Assyran pers was the grest em
of Assyrim power, sl (e writing colminated s the
extensie reonnds from the Bhroury of Ashurbanipal ar
Sineveh G 070 BEEL

The expansion of cuneiform witing culside Meso
potammis hegan in the: grod millennium, when the counry of
Elam in southwestern lren was in conmecr with Mioso
potamisn culture dnd adopied the spaem of weitiog. The
Flamite sicleline of ruseitorm rontinue:d far o the iy
millennsum BCE, when it presamabdy provided the Indo
Emrogiesin Periians with the external moded for ereiting 3
new abinplified quasi-lphebetie cuseifurm writing fot the
L if Persian language. The [lurrians in northern Mesopo.
tamid 4 aroumd the upper soreiches of the Euphsates
mdeapvel Ol Akkailian cunebiorm amend gooo BCE

By
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el peaised it on bw the Tndo- European Flhivtites, who hud
et central Asia Minor st ghaut that fime.

In the 20 mallemninm the Akksdizn of Babvdania,
frecpotatdy in womestar distorted s Barbarous vanedes,
luum:ﬁwnl’nnuilnmﬂnﬂ.l:lm in the
entire Middle East, and cunelform writeng thes becsne a
ursvoral enodium of written commurdcatinn. The polit-
cil eorrespumience of the e was ondecisd almast
exchsively in that langsape and writing, Cunniborm was
soanetimes oiapred, as in the consomantsl script of the
Cansanite oty of Upaat on the Synan coast (e tyoo BCEL
Soenetime if was simpéy taken over, as i the inscription
o the kingrom of Urertu or Haldi in the Armenian moun:
tains. from the gth e sthicenturies BCE; the langape s
pemoeely related to Hardan, snd the soripn is 2 bormoed
varicty of Meo-Awyran ciuneiform. Fven after the full of
the Assvriae snil Babwlontsn kinpdoms i the 7th aed sth
ceaturies HCE, when Aramaic bad bectose the peneral
popiiler bmpunge, rather decodent varietios of Late
Hobwvionian od Asgyrien strvreod o written lagapes in
cutiediogm dlmet dewn b e tire of Chrise,

THE PAPYRUS SCROLL

The papyrus scioll of ancient Fgyp is mare sealy the
ifirect ancestor of the modemn book than s the clay fabler

uset] un cunelform writieg. Papyrus g5 @ wiiting matectal
ievermbiles paper. It wis mode from o seedy plant of the

mmlhﬂ&uﬂdﬁmlhh’h'ﬁ'ﬂh’

In Ancient Ecyrr

Plimy thie Elifier, the Roman svant snil author from the et
ceaiary CE, gave s accoust of the mesufacnare of paper
vt fragryrus. The blwrous yeis wetkon U stem of the plant

5
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wete Teinoved, snd s purmber of these ooy sl sirips wene
placed side by side and then cooased ot right sngles with
anodhe st of strins. The rwo bayers forme d 2 sheer, which
was then dampenisd anid pressed. Upoa drying, the e
wﬂﬂrrﬂ.ﬂthﬂumum:ﬂlmﬂlhm
ingpether, Thie shoes was Anally hammered anid dried im the
saafl. T prapesr tkras fiormsed was puse white in coliour and.
if well-mmle, was fiee of spots, stio, of other difecs,
Although the sheets vaned m see, ordinary ones measued
bt § 0o & doches {0y b0 15 centEmetresy whle. A numbser
of these shizers were then jpinid topeber with paste
fierm & wetvill, with wsually not more than 20 sheets o 4
scrll, T make 0 bk, the sonbe-coplod o tenon the side
f thi shwers where the strips of plih mm honsroorally, and
the fanished proddoer was plled upowith the e insde

The e of papyrus aiffected the style of wniting just as
clay tabders had affecusd conedfirm Scribes wrote on it
with 4 reed e oo bl dsd dedos oof differesn codoars. The
result eould be very decorative, especially when ilooe in
the monumental Bivrogyphic style of writing, a style best
adapted i arane inscriptices The Egyptians ceednel two
cursive haniks, the hieratic (priestl) anil the dematic i3
smmplefied i o hieranc suited to popular wsel, which
were Dt ailapied wpagyns

Camipared with talbde s, japyies s feapile. et an examgle
i extant from p500 BCE; and stone inscriptions that are
eves older portray scribes withorolls, This amazing servival
i parily the resule of the dey climate of Egypd, in which
RAME P [FyTUs woreolls survived u.u.Fm;lnr.Il,-ll frar reoimrses
while buried in the deson sapds. The practice e cermin
Epypuian funesry tontiem dlso cosdsilbnited i prees
watinn of sny Fgypiian books. Obvesed by 4 concern
with fide after death, theywrote magiral inemules nnenifing
und an the walls of tombs 10 praicle the dead souly o the
pates af the Egyprian underwarkl, When the space thus

LY
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pacided became bsufhcient, they enbombed papyrus
scrolls contmining the tevix. Thess mostuary bevts are now
deseribed collectively a5 The Basl of s Dead, althiongh
the Epvprises never stmadandeeed 5 uniform collisction.
Such bonks, when imsfookal hrp:mni:iﬂt,uﬁvﬂ
im pood conditian m the mmb. Besides mortuary pets,
Epvpuisn tews included sceptific writings and a lurpe
iesmilier ool mpths, stodbes, amd iads

I A%CIRNT GUEECE

The Greeics adapeed the pagyros scrofland passed it on to
the Romans. Althouph both Greecks and Homaes sed
thier writey materials twaned wooden tiblets, for emamplel,
the Trreek 2 Broman wonds fir *kok" sheow ideniifics-
b wath the Fgypaun model. Greek At Chook”) can
bt e with Syl Mpaprros™y, while e Lavin sl
e bk ™) aipnified o scroll. It hes been peppested har
papyrus was custanoously in ise in Greece from the sth
oemtary WOE. onid evidence has been cited fo midicare it
use 2% ealy s poo BCE Objeces called books are men-
piomed by amcient Creek writeri an harang biess inowe in
the sth century BUE. The oldest exvamt Greck ralls, how
evier, ilate from the 4ih cesdury BCE.

The 0,000 extint Crieek gl perni a genetilizi
feseription of the CGreok book, Rilled up, ot stood sbout
panig of 1 Lockes hiph and was an inch o aninch and a balf
e dimetes. When the beok was uncolled it diglaped o
text written im the Erreek alphabet in columas shout thiee
imsc s widde soparated by chewide marpine. In spioy of
the Geeek profisescy in decursiive s, fow weviving
Itk are hetrated Soch hmirationg 26 lave el
were o the practicsd soat fund in [wter sientifie hooks

Pracuicefity wm 4 mark of the Cueek boole The alpha
et st ot invessted by the Greeks, wis arkapied aeed

xy
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THE PAPYRUS PLANT

The apyrim plant (ypenwe ppy-
vier) wm Inng eoltivarrd im e Mile
delra prgam ml Fgyyit. The plast s
{orme] inbn o smonth 1hia wne
ing mislme that bl kivwive =
papyrus It oo pashbs sguarie
s i pugrp sl | Anpular atems ami grows up o
Autnan 'mpeme almmst o5 fort 144 metrsd high in
ipatly fimwring watee up to 3 kece
{gezcm) e, The triangubsr shem o prne o s wikkh of
much = 25 iackes it cmb Even now; S pamyros plant i
ool e an i rosd cormecintal [ wmrm sy o in e
venres. The dwat paprnins (. dockedr, dbn pives o ©
Jsiirpram P}, s o 2 oot G emiiall, in oo s -
ted and prows induos.

Mthough writng matsitl way b mml impian
peoduct of the papyrus plant, the-ascient Epvprins sho
vt Ehe st o rmaor s, kgl i, sl ourds, [nisd,
Spnlis o Ty shiven mi the thine wihen e givs g mai-
ﬁ'mﬂpqn’ﬁtmuhﬂphtﬂlnulhr&tmtqm
rewmurics U peniboonl papenes onnevesay Ty the ol
ey CE, pagyras B already Begun ocbe nplaced m
Funpe by ple les-copins e selum, o parcdimen, lut the
e ool puapayrum i bolon annad desoamient persiated gonadenlly
il oo vhie et erury

stabilived by them 38 a0 imstrament af vechsd communication
mther than of decorative purpese. Unlike the monimental
Epypuian: servivels (5 4 decorative hand that sometmes
exvenlad o feet ()0 metie) in length, Gresk molly seldom



—  UnMErsCTRs —

esceerbed §5 et (o m) b leagpch aned fatured lide gl
lishment. Such a scroll was ahowt o5 birge a5 conld be
covereedly edd in the bands oo read, and i wis big enouph
b it o ook of Thucydides or ane of the leoger New
Tkt ammien th:dl.'!hmgﬁm-khﬂknlimﬂ&
"t books there dhepating & sebediyision of a text) of Homer
wretien in & leter smll kand Groed 25~ foat fo-m) scroll

THE GREEE AND LATIN ALPHABETS

The invesitinn of the alpbalwet 15 a major schésvement of
Wessern culture, It Is abo wnigue; the alphabet win
tervented caly once, thoegh it has been borrmevd by many
culrares, It bs g el of analyti: thisking, breaking down
peerceptile qualities ke splladiles ot o bk constii-
uents, The alphabet requires ltle of the mader heyond
Earmedlizriy wath ibs orthopraphy (that ks, the written sym.
bsoks-oof thie spoken sounds thar meke up @ Bopusgel. It
aflerars the vewrder tm decipher worls newly eacomntered
eni permics the imvention of spellings for new pattecns of
it inclnfing peopse comes (2 probilem. thar & farmi.
ik le for noml phaletic ssieod

Thae: word sfpfuter, from the frst rwn keriems of the
(areek alphmlbr - afsbe and bea - ww Gt wsed, in o
Latin fnem, albafomum, by Termulian (md-ind century
CEL a Latin ecokssassical wnter aml church father, amd
by 5. Jegome. The chassical Greeks customarily used the
fleral uf oo jrawemias Frhe kertee™); the larer fanm apbhabens
Wil |1.|'rH|J:f :||]-n|;|1.|:1|: unider Latin influsnce,

Tie GREEK ALFIARET

As i s mamy other things. the importance of the ancient
Cieevdes in the kistary of the alphslie & parsmount All of

the alpbubets in we in Foojien hagmpes ooy e

T
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divecily ot iadirectly colabed w0 the Greek. The Greek
alphabet was ol roars the cdmination of 3 Insg historical
evnlutioge: the mam achievement of the Greeks was
provide representations for wowel spands. Consoogmre
phnﬁ.ﬁmhjidd@.sﬂmdmm!lﬁmnd
col and unambbgeons The true alphabetic sysiem s
remained for 3000 vears, Wik only slipht modiScations.
i uripacallelsil velicle of exprecsnn asd commuotion
in and among the most o deens moooalibes  aml
Bunjugges.

The Gieekt alphubet derprd from the MNorh Semis:
script i the Bth century BCE The drection of writiog
in the okless sk inscrptions —ms m the Semetc
scripds - b foom night to Jeft, & style that wes supereded
by the bosrrapbedin (meaning, in Crreek, "as the
dlraws the plow™, in which lises run abiemately from
right to Jefi il left 1o right. This chungs ooommed
appiimately in th & cemury BCE. Thite are, how
ever, somne purly Coeek inscriptines wntien from ke
nght, ond wfter so0 BCE Cereck wnting imvarisbly pro
eeeded Erom keft 1o djia

The letters for b, g, & =, &, 8w, m, p, 7, anil F—soonids
eormmi o Fhe Sematc and Uiroek lmgsapes —were tken
aver without change. The prancijad Geeek chanpe aroes
in applying 2 scripn develisped i repeesear 2 Semitic las
grapes, in which vmeel sounds are of minar impartance e
the dentity of & word, to s bogusze in which ssch vowel
ehifferemces are crocial to the ideatity of 3 word. In Greek,
.|‘h1.I'| Kit!, aml Moot are :ph.rd}' ﬂilllmm 'IT.I'I,'.|'I.| while
in Semitic laogimpes they would be the same word im dif
forent prammatically (e ted furme The Cereck aidivion
af virwels i the dlphabi oo make it an ancilogue of the
sound pettern produced o writing syseem that was both
menapeable and gocursie.



—  UnMErsCTRs —

The eastern anl western subdivision wers the mwa
princiqal banches of the early (ireck phabet. The fonic
giphahet was the most impodmant of the esstem variety,
which alye incladed the Greek alphabers of Asm M
sl the ailjacent isheck, of the Cyebules and Asica, of
ficyon and Argns, and of Mogars, Cosnth, and the fonian
calonkes of Mapma Grecn, A seconcary brunch of the
eastern subslivision wis mude ap of the sphabets wsid
ne the Dormn isdands of Them, Moy, and Crete, The
phabets of Euboea{Chalosdias), Boootia, Phocis, Locis,
Theszaly, he Pekoponsnens (encept its nontbeasteos part),
el o the non-fontan colaniesof Magna Gaecia helonped
i the-western subdivision:

The differtoces bepween ol chese local alphbabets
lereulvedd varkit i in deiad rather chan sssesial o,
unid geacdunlfy the Cireek bocal atphabets heeame mare and
tmcare smilar En gy BCE b Toasuie alphieshior of Milleviss wis
el by ai bt i Anbes e s Lagier ale in che ocher stapes.
Iy the michile of the jth century BCE dmost all the focal
alpihabots had boen replaced by the lonic, which bocome
the cosmmin, clossica Coreek alpbabet of 24 letten

Contless imcriptiom bave been discovensd all over
the Hellenic and 1ielensstc workd and bevond. They
(et offictal técores, annals, coddes oF Lo Bts of cirbaens,
civic ralls, emple scominty, witive aerings, pairca (frag
mepds of potteryl, wpukchnal inscriptiom, coins, Iettering
o6 vases, ko 50 fonf These, along with many thoosaeds
iof Cereek manuscripls, otk socieat aned medievl seve
s saurres for the stodies known as Lireek w‘l‘[ﬁh:ﬂ.ld
Gireck paleopraphy sod are of wntold importance for all
bwatichis of ancient hiskury, philolegy, philusophy sl

|I-Ih!dl|d|ﬂ{-|.
The marst darect offshoots from the Goeek alphaber
were those sdipied o the knpaages of the non Elellenic
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of westerm Asia Mlinor i the i millennbem BCE:
the scripts of the [ycians, Phrygions, Pamphlizs, [ydians,
anid Cerems. More spnificanr, however were the Esropean
offthoots. Te Baly, tww siphsbew degveid dieseely Bom
1he [eeee: IJIHEu.qm.rl [.I'I.mqril.'] anad the Firmsan.

Tue Lamis Aveaser

The araptaton of the Finscan alphabet io the Larn be-
puape probably took plece some tme i the 7ih cestury
BCE From this century there i 4 palil brooch kooes as
the Pracnests Fbula (presecved in the Musen Freistigion
Etnoprafice Luigl Fiporinl s Fomed The insrption,
written dn an wacly form of Latin, reos from rght to left
anil cleady feade *MANIOS MED FHEFHAKEL
INUMEAS O™ il Listim: ® larerice e focre Meomeras,
mizining “Mankes mode me for Nemess™). Daced not
misch Lster than chis 48 8 vervicul i ripdion od 3 famos
cipgpus (small pilark i the Roman Forum, aed the Dienis
inscrgption on @ vase found ooar the Quinnal (2 hedl in
Rame} prolably tetes i ibe fth cemtury BCE. I s also
written frim right 16 left.

“The caygimal Emmascan alphabet oomasted of o6 ketten,
af whech the Roimins sdoprid oaly 1. They did net rewin
b thaee ek aspirae letiers (b, pb, sl obv) In the
alphabet bevawse there were ne comesponding, Latin
sotindy but @ employ them to represent the numbers
to, Bty il §ou E0 the eheee Frruscan o soosds, ghe
Hamans kept what had been the Creck ugma The symbol
thut represented the axpirete kter necoeved the shape 1as
it elidd én Ervrusisn Jws the sign both of the vowed § and
the consiant §, X was ddded biter 10 eepeesest the seund
¥ antl was placed af the snd ol the siphabet. At s later
stape. after 3go BCE, (he seventh Jeiee, the Greek s,
was dlpoppeil becmse Lavin did sol rguire if, amd o niew

3
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lerter; €7, meade by schling o bat b the lowe end of C) was
placedd in iis positicn

Adeer the ooniguest of Cereese in che 15t century BCE. a
largy mmber of Greek winls wers hoarowed by the Latin
lmgu.agr..'u that tirme the 'l}'l"ﬂlTlle.?. I:HE.I:MFHJ.
Frvm the comtemporery Sreck alphabet, bt oniy in trans-
literare Cevck words; beace, they do not sppear in armal
Latin inscriptivas. They were placed at the eml of the
giphahet, and the Latin snpe thn became ome of 3
symbot

A hew permanens sdditioes o, rather, differentiagions
fray existing letters vocwered durimg the Middie Agey,
when the sgns for o and v, and # and §, previnusly smitten
imterchangeibdy for either the vowdd oo the consogant
smpee, Buesc mimee copvwesnt izl il as m anl o for viswels
v and j for consomants. W was imtmdaced by Marman
scibios i represent the Enplish sound o (3 semivowel
et 1o clifFeremtiane in o (B o soutd.

The conmection of the capital letiers of moderm writing
with the ancient Semitic-Ceneck: Etruscan- Latin bectens i
eviddent sven bo 3 lyman. ladeed, the Roman capaal le
bers, a fonm af wiriting that wes used under the empice
with copemllcled efioctivesess for monemental purposes,
It a tyvwuiil for precishin aeel prassar The connee
tiom af the minusceles (e the small leecem) with the
ancient Latin letters is net as evedent, but i inct hoth
the majuscules (e, the brpe, or capimal, letters) and the
iminuscubes descended From e wme ancient Latin alpba.
|ﬁ.'|hrHEnﬂﬁaFlglﬂ1:mﬂ|eﬂ:nnl:h=mult
od & transformation of the enckent kerbers by the ol iméns-
Liisit 4 part of the betee - o, for insesnce, B faom H o
# from B — ot by lengthening & pan of it—Ffor instence, o
fram 1), Mnreower, the change of the |atm writing mm
the modern soript was indmoed by the sacure of e writ
b el el b ematerial ol wwiting. [t was the pen, with its

i
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prefercoce for curves, tha eliminated cthe anpalar focms;
i wand the pagnrus, and still more the parchosend o wellum
faned, 1o modern s, papesd that maie chese curves

paskildi.

Paichment and wellum are suverialy prepaseil from che
skcina ol animals. Strictiy speakmg, vellum s o fier quality
of parchenest propaoel from calf skins, bet the termy have
been wed inrerchangeably since the Midde Ages. The
fusrrunser of parchenent o writing matesial was leather.
SIEES feher 10 documenss wriren on lesther s
early == ag70 BCE, and o frapmentary Epvptian lestber
scrnll of the 2pth century BCE subvives, Howeves, leathes
wis niredy used because pagnnes was pleatifal, and onlya
new, mode thorough methed of prepacieg parchment
macke posudlde the supplantieg of the papyrus seroll. The
skeins of varioms animabs—cattle, sheep, and poats being
most comamnn —were weshid snd dvesoed ot hair srwnael.
Thon the skin was seretched tight ona ifame, sempedthin
iy e ra b traces of bair dnd dish, whitensd with
chalk, and smoathed with pumice. Lepemd has it thar
jarchmens was invemed 4 the result of a book collecting
sivalry betwesn Prilemy Voo Egype amd Enmenes 1T of
Prgarmum (madern Berpama, Torkey) stmout 190 BCE
Fearing the Ubracy ab Pesgamum might outstrip the ool
lections 4t Alesandria, Prolemy pleced an embampo on
PapTus o preyen bt rival froun nuimga.l:rnm sk,
wherespon FEamencs made parrhment. The fact thae both
ifie Cepeik andl Latin woods for purdhiment e *stuff
feoim Petpamuim” offers wsme spport for the raditiog.
Alrhough parchment was wseil i produce boak mifs,
unid althowsgh exany early codices were made from pagyrs,
the new writing materal fcilitaed the sucves of the

H
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coddes. A shest of purchanent coadd b cut in a sdee g
than s sheet of papyrus; i was Bexible s durable, snd it
coiild bettor recetwe writing oo bodh sides. These quealities
wery impnine. In meking @ parchos or vellum codes,
lherﬂ!“ﬁle.u:fmliﬂh.rdlwm,l
muaterndn iquartal of o, or even an octavo of eipht.
GGatherings were made from @ smmber of these folded
ihewrs, which were then stitched tipether b fnem 2 book,
Hecmise papyrus was maone brttle s could not be made
i lawrpe enouph sheets, the folio collected i quires {Le.,
lanse: shvpes) was chie Umsit of 08 wsefulnese AL che same
time, because of the vertical alignment of the fiwes on
e i, papyruswas oot well sdapsed inrwriting oo both
sides in 4 hooostal script

Fise goree years the sernll anid the codes edaed side by
side. There we contempanry eferences o the codex
Lok dating from dee 150 cennery BCE; srveil survivals
ikare feom the snd conrury CE, however. Lo the 4tb cea
rur:riflirrlummpurhnﬂﬂuimfmhhm
@ 4 form become domdnant, lthouph there ane lator
eramgles af rills, and papyin wis cccwsonally e for
v fal decumsits until the ioib ooty The wllum o
macst cary manuscrpts, throuph the &b ceneary CF, was
6 pood qualivy Adtes this, a8 demand inereased, o preat
et of isferior materlsl came on the maker, b by
the rath century, whea lamge numbers of manuscripts weee
being produced m western Europe, o soft, pliant vellum
waas in vopue. I Condtantinaple, s sumsproous furm was
|'q1::|.|.l:u]'l mﬂd}'rhhrhjld:rd:lﬁlhmhﬂidq rich
pasple and letterimg it i sibver and pold, a practice con-
iemnned 45 5 uselets husury i 3 well known passape of
St Jervase. The purjili dve was sobsequently shandaned,
best thee practice of “illeminating” porchment manuscnpty
b o, sehvor, and sther tegs Aosmished cheowphout che
Fuergpenn Middle Apes.
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THE CODEX

The coulen was the car-
i gt the fowiin ol &
ocdiesn ook {le, acod
Tt tisin nl wikien s
unched mpether along
ome el e onde
form hal several afvan
Tagrs avver the papyrs
aoroll 2 ooebd beopenst
at o Fur e ot in
the vexs, crated e 0
wiite o fweh wides of
trastoes o thie Thriad Muusam the lead, and could con
T min ong tests Thes
tificrence com be llétrrred with copie of the Bibie
Whilr 1he (hgee] Acoesiling i Mazthew ssirly somlinl
the practical Emit of 3 somil, & commyon codex nchuded ol
four Cioapels el the Book ol Acts ks mgribos, sl
mmplets libles were oot
The eveniual uspremacy of vhe sodes fioem over sl
md ashlss wa relivel o cubunl snd techoodogical
thangrs— s, the give ol Chririaniog with ins domassd for
mon: and Lrper bk, snd the wadshiley of firr panchmens
anilthes paper The chilesi extam (reevk codes, wlil i daie
frum the yth penrury i the Codex Sinaiticos, 3 hiblical
manie: P e i Greel Al jnpesrand b (e Coafes
Alexanitrime, a Gavek text of the Bible that pmbably ws
piesduced in the qh ceanry g iy e presened in the
Bntish Library, Londos.
T & csnplderely sepamate developmen, omlices: sha
wire made b the pro-Colnmbaan peoples of Meosamerics
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wtter it oo €S W Bomik onimtame] jrctographe
i ilevpramn mather thas wrires sript. They desh wiik
the sival calenidar, divination, rercmonio, sl sprodatinm
the Vienma Cndex, the Codes Colnmbina, asd the Cadex

.ﬂhd.h-lmin!hmputnlh:ﬁn
the Spamizh coagnest of the ropEm

PAPER

Papet, which for more thas oo vears bas been che basic
immaterial s do welensn commmnicagion and ik dissem)-
ratting o information, iv sctuslly 8 metted or feted sheet
i celldose Rhaes fonmied Erom water suspethi 66 3 Wire
icreen. The wond peper is derived fros the word *pagy
rus” |lrwever, 1'n|11-plrrt defibring. an indispersahle
element in modern papermaking. did got occur in the
pepsration of prapyous sheets.

Moderns paper is frequently traced 1o shout 105 CE,
when (Cai Lun, aaofficisd aftsched 1o the Impeeial court
i China, i saiil o have coebed a shist of paper wing
remlbeeary vl cthser beast fkres aling with isbinets, obd aps,
wf bep waste, The sew matenal followsd the carsan
routes of Cemtral Aty o the markers at Samarksnd, fiom
whene It wa divtifuiad ova commedivy wervss the entlee
Arab widd. In i) the fara praper wan maile H-'l#ll‘lﬂ
during the time of Hiirtn ar-Rashid, with the pobdea age
i Ribamili: cuiltuiee chat brovght papsmaking o the fron
viers of Eutipe,

Thee tramsmission af the techmiques of papermaking
eppedn 10 have followed the sanee roate; Chinese taken
paivaner o e Hatde of Talas, near Samarkand, in 750 pave

o
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the secret b the Arabs. Paper mills proliferated rom ehe
enid af the Kth cenbury to the 1ih century, from Baghdad
anif thien on to Speim, then undee Arsh domination. Papes
firat pengtiated Europe & o commudity from the jach
eentury snwand through lafisn ports that had active com-
mesreisl relstsons with the Arah wnrkd end also, doatitess,
by the overlses] route from Spein to Prance. Papermaking
techinigees apparestly wede mediscoversd by Faropeans
through an exsmination of the material from which the
imported coenmodity was made; possibly the seort wa
et Lieachk im b eovied- 1t e vy By petsrmang cruiaden
or merchunts in the Fastern trale. Fapermaking centres
grew up in faly after e275 and in Frence and Germeny dur-
ing the Leth century

The isvention of printing in che 1gos broph avealy
increased demand foepaper. Theough the 8k century the
papermalving process reoined esseomelly uncianped with
Enen snd eotron raps furnishing che basic rew materils
Pagaes nuifls were increasingly plapuesd by shortapes, i the
13th ummqmﬂmﬁﬂmmlm pabdicly
fior raga I weas evident that 3 fieoces fur utilifing 2 mare
dlumslarnl piciberil e needs]

Tm 180 a book was pubdished thet Bunched develop
ment uf practscal method for manufacisnng papen Gom
vt ey ciied ooty vepetalle pulps. Several mujor julp
mp processes were pracaally developes] chat reliered she

paper indhestry of depesdency upoa cotton sod linen rags
ani made modeen larpe.se de production posiiile. Thee

:h-lrl:pul:nql. iolkrweel twen distinet |ut|ﬂ'.|1": o e,
fiberes aned fibre Fragmsents wem separated from the wood
sariad: s by i bl s, [n el enbier, e wood was
expised 1o chemical sluties that dissobed snil remened
figmin and other wiod components, kg relllos: fibre
behind. Made by mechunics! methids, proundweocd pulp
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containg il the composents of wood and s b sol sait
ghle for papers m which high whiteness snd permanence
rerenuirel Chemered wiodd pulps sech ae s and sulfe
pedp are wseedd wheen hiph hoipheoess, srength, sod peoms
m.umf'jniii;muuhquujj:u}‘lr.nﬁrﬂ'ma:
Crermany A &, bt the process did not s eneinto pxten-
sivrriise unfil @t 1870, Socda pulp was st massfactured
From wosd @ 1852 bn Eogland, and is a867 & pates was
wsaed in the | insted States far the sulfite pulpmg prooes.
A Sheeet of paper oomposed oaly of celislosic fbacs
(“wuzerleal™) i water abeocbent, Henve, water based (o
el nehes aqueos liguids will peaetrate and sprear in it,
Impregnation of the puper with various sohstances that
rebard sechwetnng and peneration i called steing. Befoee
1800, paper sheets wers sived by imprepnation with ani-
rmal gloe o vegetable pems, an expensive and bedsous
s I iBeo Movite Friedrich Tig in Cormsy dis
povered that paper could be sired in vais with rosin ied
wham. Although [llig patilished his discovery in 1ho, the
msethosd did not come emo wide ese for sbout 25 vesrs
Pricr bis el invendion of e pager machine, pagr was
pecaile canie skt db 2 time by dipping 1 i o mold with
i scrcened hofbom ivto @ var of stock. Lifting e makd
kel e waier v dralm, Jeaving the sheet oo the sereen.
Thie shseet wias theen pressed ani delel. The skee of 2 single
sheet was limites] 1o the size of framme and mald thet 2 man
coul it froma vet of stock. Inirel Micoles Louts Robert
i France eominected o mving screen belt thar would
receive o contirmens Bow of wock amd deliver an unhes
ken sheot of wet paper to o par of squeese mofls. The
Feench povermment retopiiisd Roben's woek by the
jiranaing of 4 patent. The paper machine did oot becomea

practical reafity, howeses, until two enginecrs in Enpland,
both fumilisr with Bobest's: jdess bullt an mmprosesd



VU BT ANNEC GITDE T ENVENTIONS
THET 0 il T NS WL

version for thesr emplovers, Henry aned Seelv Fowdrinier.
in 1hog, The Founlripses brothers oblained a patest also
T pears Laber o cvlinder paper machine was devised by
Jobn D kingon, an Enplish papormakes. From thess enude

lemlmpqui:g-dilﬂ emlved]
JHEPEINTING PEESS

Few sngle inventions have had woch fs-reachang conse-
quzsces i the rith-century invention of printisg with
mipvabée metal type. Thee details of this epochul investion
are disappointmgly obacure, but there is genenal agme-
ment that the first larpe-scale printing wokshop was
established at Manr, Ger, by johmnes Gatenberp, anif
was producing 2 sufficieat gquantiey of accurase fype
print & Vidgate Bilde shout 1455 Printers foueed an enos-
muiis demand fog their producy, o it dee echniges
spreal] expiidly and the prineed word became an essestial
mechiiim of pofitical, socual, relipious, snd scientife eom-
municetion @5 well g5 o comeniens moans for che
dlissenination of eews aml information. By 500 almes
oo renarched edition of hiooks il lises primted iniy
Ewsrcpean cosmires, with Csermany anid Ftaly socounting
for e think

Omacows 1% Ciniwa

iy the end of the 2o censury CE, the Chinese apparesdly
b dliscovers| P'mﬂ.uﬂ; ru'l-.n]g' Ihqr then had ai theis
disposal the three clements pecessary For printing: {g
prapeet, the techinicees for the abeferure of which diy
had kncwn for sevecal decules; (2) ink, whine baske (e
miily they hal known fre 15 centeies; aml (51 surfares
bearieg texes carved in selief Some of the texts were
i of Burdvise thosghat inscribed] an marble pillas,

40
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to which pilprims applied sbeers of damp paper, dadhing
the surface with ink = that the parts that sivod out m
relief showod up: soee were relipous seabi used to orans-
P plcttires S Gears of prevers i paper.

& sl wtitade far fhese ten kinds of surfaies, the marble
pelllars amel the seals, appeared perhaps by the Sth ceaniry
i the wood block. Forst, the o was written in ink ona
shewt of hine paper. The wiitten side of the sheet was then
ppplied o the smooth serisee of @ Block of wnod ad
coaied with 3 noe peste thet recaised the ik of the text
An enpraver then out away the aninked ares so thar the
vext sbond out in neled and in reverse, To make a peine,
thi wnod block was inked with a peinthrush, 2 sheet of
paper spread on it and the back of the sheet rubbsed wi
o baush. Cindy e side of the sheet coubil e poiniesd

Thae nldest knowm printed works were made by thus
b bmiaguaie: b Japuin abonit 6. 770, Bodisist sncantations
oidered by Empivess Shoitok; o Ching b 888, the frst
known book, the [iamond 5otre; and, begioning ingyz, 8
cotlectson of Chinese classics mn jo volumes, ar the ini-
riative al Foeg T, 3 Climess miniier

At sagi-4 2 Chinese abchermiv namisd B Shang
Eppedrs o heve comceived of movable type made of an
anaizam af clay asd plue hardened by baking. Tn wouli]
phuss spapesan thun P Sheng b Found am overall sadution o
the many probilems of typogmphe: the mansiscture, the
mssembliog, and the recovery of isdefinitely rewsable pypo.
Io about 1jey 3 suplstee aumed Wing Chea seems 1o
have bad a craltsman carre moee than foooo chamcien
i mavihle wooden hlocks so that e treatise on the his-
buiey af echeeilogy toeld b poblishid. He b v izdioed
with the Evention of hodtoatal compartmened cises
that revnlven] shout d vertical axis ¢ permat asier handling
o thwe tppe, Bt Wing. Chegls ingwovation, like tha af Py
Shenyp, was gl followsd upy s Chim

41
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Bewvinrion is Eviore

There is & meterial explanation for the fct thet prinving
devidoped in Furope it it centery ratber than in
Fast Asz, even dhthhrpqiqdrkuuh'hiﬁhhhﬂ:d
fuard boen knerem in the Exst long hefore. Furapeanwriting
wis hased on am alphabet composed of 3 limited numbses
uif almersct symibds This simpifed the piroliems invoabed
in developimg technques bor the e of movable type
masmifactared in senes. Chinese handwriting, wich i
vkl umber of idenprams requinag same 0,000 5§
baby, et tself anly poocly o the mequinsments of o
typography.

Klupraphy the art of printing from wood carving, the
existence ag importance of which (o Ching was never
saspecied by Maroo Podo, appeared i Borope no casfier
b rha Esst quarte of the Lgth venrury, sponrasscssly
and presumabdy 35 a resuly of the use of paper. I the frs
half of the: y5th century small, pennine books of several
papes, relipious worios or compendiims of Latin promemar
by Aslivm Doty andl callend domarn, were pulilished by 2
el dilentical ta that of the Cliness

Cyven thee Western alphabet, if wosdr] seem reascmabie
Tt thee nesn siep calien esight have besa 1o canve blocks
of wiiting thar would semply comiais 3 Grpe momber of
fetters af the ulphabet; such bocks could then be out up
inpo wype, usable wnd reusabde. Dt s possible chat expens
mienty weee in fact mde shang these lnes, pechaps bn 1421
ar |+_;'Ir|'l:|'.1 | et bsemam froem H.n.|:|.|111I Luuﬁq_hm.‘um
known &5 Coster The encouraging fesults obtained with
birge vype demenstrines] the valility of the like of typo
graphic composivion. | bowever, cuting the wnall leten
of tht Eneman alphahet from wood was 1 delicste opers-
ties. The type made (o thés way was frapile, and since the
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lerters were Endividually carved, no iwe coples of the same
letter were ideatacal The process, thus, represented o
Eedvance i esse of production, derahiliny, of gelicy

Mevanee Tres ino Tae Pristise Porcis

The associarinn of die, marmis, and kead in the production
o elurable Typefaces in lrpe sumbers and with sach levine
sepictly hlentical was ome oF the w necesary elements in
the imventinn of typographic printing in Europe. The
secomil necessary element wes the coocept of te panting
paress (sl wm ides thar bod sever been coacenved e the
Far Fast

Johinnts Catenberp b penemlly ensdited with the
simuitanecys discovery of both these clements, thoogh
there s some uncectainny abent i, and disputes arnse sacly
i choud the hoeour. Apart [rom chronicles, all pubdished
wfeer his death, e artrlived the evention of pranting
vat hism, probshly the most convineing argament i Gvnr
i Lutenherg comes from - his chiel detracton, fohsen
Schidber, the son of calliprapher Peter Schiffer wed
pranchon of busipessman Johann Fest, two men with
whom (zitenbitnp bad fnrmed an seociition ab Main,
Cier. Thoogh Schédfes chirsed. from 500 on that the
vt was soledy his Ghiers and prandiadher’s, be i,
b 850, wiiELen ina predace o ansdition of Livy char *the
glmirable st af trpoprap by was smvensed by the mpersous
Johan Gutesberp at Manz in 150,

The fitst: pheces of type appest 10 have bevn made in
!h:ﬁﬁ'm‘naurpqilruudkm:pmtmq wiit metal
such as bress or hronge; lead was pooaned around th dee to
Fuurrm o it ple a8 ol e whieh oo sl which sy
vl Fobm the tppe dself, was poused. i was pralabdy Petes
fichfffer wha, armmd 17 theaght of replaciog the soft-
e dies with steel dies, i order to prodhce copper loer
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THE GUTENRERG
BIBLE

Thhe: St compleis: hoolk: gtk iy
thit Weat aiul the pailics sl
irom- mershle pe & a Vil
Mk (hai 1, o Wible i Letin
sransintira} numed after ity prages
Juhannes Garenbieg, whi dom- -
pleted it abont oy wadking o
Milng, Gre The thireseliiine
wurk was primed in-ga-line ool
ummne anil, o iy L) sspes ol
pendectinn,. wan warked m by o

rrspepusi tmirs simveltumonindy. [t iy smctimes edeeenl in
is the Sararin Hikle bocanse the first oopy descrihed by
hibfrgragdsery wan ksaivd im the Fars library of Caordinal

13 g dowe Crapentory ey pyvvd e o L, 0 g e

thorks ated Mame=criz ivicns, the Bew beek 'abic Libirary.
Anoe Lenire, s Tikien Foendsmiom
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Likr vty comtermgeanry wowks, the Crtcnbog Wil
hadnlutplg:.m”m-dmlmm
ifiwtionginh 1t from the woilk of & rersipl o, This
areaminic in i we of space. displays o echoicd e
viercy ot sutrrmstially spemend upon befoee the reth
trmury, The Geothic tvpe I myesic noappemse, medi-
:ﬂuhﬁ.ﬂ;:ﬂd%humﬂnﬂh]ﬁﬂnﬁ

The eripinad wembeey of cepics of thimweck i ik,
srme g am voll in cxpdence. TRe e wrperiect vellum oope
beviim the L4 Litwssy of Cormgres, che Froods Bisfiothome
PMatreale, the Birmsh Libmerg and che (aétampen Soane md
Eniermity Lilisary im Ciermany [a e Unibed] Staers aimos-
omplete texty are h'lhlkﬂ'lmnqu"hi
Public, Haraed Usivenity, asd Yale Lnmenity librano,

ricririres that wuided be reliahly idestieal. Uniil the mbldle
o the sath century, type penerally continuisd to be maile
byp credts maen in this way

Dhescuatmesiuis wif thee period, inclodang thise relatng wa
i.4 ¥ lowsuil im comnection with Guoenbedz's dcuhvitks at
Strassbwrg, |eave fittle dout that the press hay been sed
since the bepinndng of princing, Peshaps the printing press
waas fiest ust @ dlmple ackiptation of the hinding peess, with
B |'i.'|::'|:|I lewel lovwer surtace (the bedd and a rl|-:r|r.|].|.|-|.-I leered
upper surface {the plarend, moved vertically by means of a
ibil] brir i & woens sereve The comperssd type, afier buing
licked by ligatures o bcrevwed dpht im0 4 dghe metal
frame {the fram, was inked, coveved wich g sheet of paper
e b printed, smb ihen the whole pressed m e vise
frmisl by the twissurfaces.

]
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This process ws superion 1o the brushing technigee
wmsedd inwond-black printing in Furope aod Chisa beessme
it way pogsdhle to-obiain o sharp npressson and to pring
Booih siihess of g sheet. Meverthelss, there wore deficien
tluflﬁ::ﬁlirdtMm!hludlﬂFnrlmdhhﬂq
bietween the plsten and the foem; and, senace severl turne
of I sCrew Wene DoCissary (o exert the rdguired pressare,
e iar Biad 13 D removed snil peplaceil several times to
raise: the pladen sificiontly i ansert the sheet of paper,

Iris penerally chosgh chat the printing pres & quenel
its pnueecipral fus vicaol charsceenstics very ey, probaby
bedoee 7o, The fiest of these may e been the molsle
bed, either on nenners o on 4 slidmng mechanism, thas
peomirted the form o be withdezem and inkied sitereach
shiert was pirinted. Mest, the shagle theead of the worm
screw ws e plicod with theee o mir pariel thremlswith
4 sharply nchined plich sa tha che platen could be mised
by sliglt mosesment of he bar This rested in a decregss
in the prsare exented by the platen, which was romected
by beeaking ap the pmtiop operation wo that the form
w sberd onder the press by the msovahle bed o thas
st ane hali and then the acher hald of the oo was ot
firedl, Thes was the principle of prénting “in oo fums,”
which wisdd remaln (n use for thiree cenmmies.

PHOTOGRAPHY

Phtography has spdy been called the ot impartan
inventing sine dhe Flrﬂn:gﬁm,ﬁmrﬂnd\\:-;ﬁﬂnﬂ:"*
can disscminate nformation shout humansty and netare.
seranid che vistile woahil, and ixtend buimsn kocrelecdss anid
whderitaniling. One charscrenti s ehique o photogs
phy and sets of apart fme otherways of picture making the
essential components of the imape e uslly estsblished

o
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lermesliately at the tme of exposore v the lghe sepshive
elements of the camera, This seemingly autnmatic prened-
i o an image by photography hes piven the process o
sense o suthenticity shaced by oo other pionen: meking
techique. The phutopraph possses, in the puptic
miini, sich apparent acouracy that the-sdipe “the camen
thoes ok lle™ Bets beceme o widely socoptod ohicheé.

ANTECEDTNTS

The forerumnes of the comera was the comers obseura, a
dark chamber or mom with a hole et @ lens) in one wall,
thimeph which Emages of objects cetside the mom weee
pejecsed on che oprposien wall. The princeple was probably
knwm 1 ke Chiness: aml w ancient {resks such as
Aristotle mare than 3,000 year apo, Late in the 1ith
pemtmry the Irlsn scientier and writer Gismbatiss dells
Papta dlemosarnted amd deceribied in denail the use of o
camsers phvcors with 3 lems. While srtists in subsequent
Cemeies commanby used varagonson the came ra obscem
bo crete imapss they could trace, the resalis From these
ibevioes depended on the artist’s drawing skills, and 5o
sricmtists coaminued to-search for a methsd m reproduce
g cimglerely mechaniclly

In 72y ke Crerman professi of aeiomy fohsn
I ieimrichs Schul ez proved that the darkening of silversales,
8 phemomenon koo simoe che 16th ceatery aed possibly
earliier, was caused by light sod oot heat, He demonseraged
!h:i'ﬂ'ryu.ﬁ.gﬂm]iﬁlﬂ ﬂlrmrlmrlhmlheuh‘l‘hur
hot madde no gttemgpt to preserve the imapes permasentdy
His discwwwry s combaitation with thie camesa olivcata,
poided the baske recheckigy aeteisiy for photopraphy
Irwas nof until the esedy ryth century, hrsever, that phis-

Enpraphy actuslly came intobeing.
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Hevioonarin

Miréphore Migpce, an smabesr investor lvinp near
Chelnn sir- Salne, 5 clty 8y mibes (g kmd southessy of
Patis, wa intenssted in li.h.p'np-lrr. § ey in which
drawings & copled or domen by hand on brbopraphie
s and then poicted @ ink Mot erttstscally tmined.
Misspe desiisisd o metheod by which Hght could drsw che
pictueres he needed, | be oiled an engraving to make it trams-
parent, placed i ona plate coabed with a bght seasitive
sobirtinn af bivemen of fedi (2 type of asplal) sod lives
der o, and exposed the setup fo wslight. After o few
hours, the salutiog under the lght arcas of the engraving
hardened, while thar under the dack arcss remained soft
anil coubd be washied away, keaviag 4 pecmanent, acoerate
eopy of the engraving, Calling the prooess helingraphy
sun drewing™), Midpee sicceedid from 1822 omwvand in
enping oled enpravings oo lnbipraphic sone, phiis,
anf wine, amf from réan anto pewter plates

Trnbih--27, usieg a cemend cheown Boed wich 2 pewtes
ikane, Migpce peodiaced the first soccwaful phosogtaph from
makiire, & view ol the courtyard of his cowntiy sstate, (s,
formian upper winadow of the hosse. The exposine rime was
abirat g s, dueing wich the sun maved from esom
el s bl it appean 1o dhine on bk sidis of the Dmiiding.

Matpre produrend his moesd specesshed copy ol an
enpravice, & portoalt of Cardisal d'Ambofee, in sl Tt
wis ephsed] b aliow thiee hies, and |8 Febawary 1817
he had the pewter plate siched o form s privtog plate
anif had e prmty palled. Papee prists weee the final mm
af Miepee's bellograhie prodes, yel allbis othee semps,
whethier aide by using 3 camera of Iy meam of engrav
ings, were underrspased and too weak B he piched
Mrvertebess, Mitpoe's discoveries showsd tho path thar
ixthiesiy were £ folkne with muce success,

4



Dacuenreoivee

Lo Jaeques-Mandé Dapucrre was & professionsd scene
patnger for the thetre Berwsen 180 and 191 he way
CofirupaiEtie ufl the Dincima in Pai, an sslitoriom @
which he sl hs partmer Charkes-Aane Bostea dis-
plaved immense paintings, 435 by 715 fook (14 by 22 mj in
sk, oof Eamous places amcd hiswcicdl evesis. The partners
painted the scenes on iransbecent paper or msdin and,
by che carefal use of chasgsng liphting effers, wone able
i poesenn vividly pealistic tehleaus. The views providod
prand, illusineistic entertainment, anl thy asmzing
trompe Foeil effect was purposcly beighoened by the
sccompansment of spproprate muske dod the positicaing
iof real phijerts, anbmals, o people in frons of the painsed
EERY.

Like muany other arvists of bus vime, Diapuierre mide
preliminery skeches by waing che mages produced by
berth the camera ohwsoen and the cimers facida, 8 prism-
fitted instrument that was iovenbed inader. His attemypt
to fetain the doplicatie of nitere he perceived in the
ramsera citiscn's grouni pliss led in thag fo 3 panteerhap
with Micpoe, with whom e wocked e persoa and hy
correspanilence fir the nem four years Howeves,
Dapuerme's lngeoest was in shisreniog the eqwsane ime
necessary bo obifain an image of the resl workd, while
Mipce remained incoeested (o peoducing roproducible
plavss I appeary ehot by 185, three years after Migpee’s
|hh]hgmrhﬂﬁmrdhtqhﬁtmﬁﬁl
e 4 plate of iodized sitver and that it can be “devedoped”
il made visilile by expokiie o merciry vapour, which
serthes o the sxposeil pans of the e, Fapenisfe times
vl if absass he pesdnved from eight bowrs @ 30 minutes. The
resul i were g permednent, Biwever; when the developed
pic ture was expese v Bight, the unexposed srees of siher

44
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GEORGE EASTMAN

Ametican cotpeprenir s (eeasin Dienegr Fasamam vas
frors e Julyas, skgy, in Watersille, N A bis eebacation
i e ol swcbucuids ol Riwchenter, MY, Fakinin wankil
hiefty fior am imeecnce company and 8 bank. In‘1880 he
petrsied i primrss of making alry placs G plasgeaply
anid urpanized the Fasman Ty Plate and Film Compary
ot manibcturr. e fiek Kk €2 mame he cmineif}
ramera wan plsced. on the market i 0B85 §r wan o smple,
hamlhelil bvry camrez copsaining a rrspoae will ol Am
Hn:nudnermﬂmm:hrm cam-
i hack bo Ehe matmi facthmer S developesg, printmg, sol
relnadingwhen the Smowas used op: the compasy's thogan
i *Yise) [rimes thee [natbon, we don the pest. In 188 Fastman
Introduced ol Bm oo & mnspEen base. which has
rrmatned the sdamlainl b fdm, Ds afyg e moganiasd the
Irusimes gt the Fasman Kedak Company Eipght pran bster
b fintrmbec] he Meeminis caireera, which wan lniended f
use by children and sobd for $e. By ooy Fasteas Kodak hast
# wirnwal memly of the phomgraphie indoery i e
United Statew. and # hay comeimed tn be noeof the lerpes
Amertian conijianivs i s hekl

Tiswtmun pave away bali his foctune in vy His pris,
whiels pialed muwe lan 825 adlion, weat i sich besch-
et @ the Lneenity of Bochemer fof which the Estman
Schyesenl il Musie 1a @ i) ani ilie Massschuieing bast s
uFlschinclogy ia Boamn. Fle wanabao cac-of che fire mwvmen
o il pred slisdng @ oan enplinte i
Eastmes mnk his seen life at home on Alarch ey gz, at ape
77 leaning o yeose what s, My ol 1a doae. Why wait®™
His tome in Bochester, suw knows & Georpr Eaerman
Hiwse, his lievome: o rescemed wnbive sl meseom of
interrational photography aswell o s popalar towsisr e,
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tarkened uetll alse imipe wis oo longer visdile By iy
aguerre was shie to fix the mmage permanent by by using 8
stluting of bl sl o dssalve the wsespossd diver iodide,
Thar veur e prodiced d photopraph ofhis studieo os s sil
muﬂtw:lﬂalr.ll:ﬁﬂup:phlhtmr:m.ﬂﬁﬁu
jirs Frlediry amid detndl. Al that yrar, Miepoe's son Esidoee
Hp:dmtgm_mrntwui!mgmﬂﬂﬂu;mpﬂmu
the investinr of 3 new pirocess, “the dapusmeitype.”

In 143 Neépor's son and [aguerne sokl full mghts m
the dapuerceaiype and the befograph s the French pov
MM, & feturs foo onnusties for [ On At r-of
that year, full wocking detaibs were pabilished. Daguere
winhe 1 booklet deacribang; the process, Ag Hliverk! md
Dhescripuis Avcomnr sy Berions Processs ofvde Dugserroone
and e [Mnramss, which at once became 4 bes) seller 24
paliticas anid transtatinns appearcd before the oo af tiza,

JTHETELEGRAP

The word witgragh & deroed fmm the Gredk woeds s,
mseaniing “tstant,” amud grapbein, meinics "o wrine.” 1L cams
e tise towward the end ol the i8th century io desonte an
ptical steaphare sysnem developed in France, but the
beerem B mmbeast Lo unckerstood 10 sefir o che elecone e
praph, which was developed in the mid sgh eenbury amd
i e than oo years was the principal means of frns-
mutnng printed iformation by wioe of fadio wave,

PrEtecTRIC TELEGRAPH SYSTEMS

Beknte thi develogiment of the elecrie ehegraph, wisil
il were used L convey missipes oves distisces by
means of warizbile displays, (hne of the most sacesadul of
the visual felegraphs was the semaphore developed
France by the Chappe leothers, Chuide and |prace, inime,

T
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This wystem consduted of pain of movalile e mosoed
at the ends of a crossheam o hillbop brwers, Fack arm of
the senaphore coub] assume seven atgelar posibons f
apart anif the hogiznnesl beam eguld wlr 457 dockuss w0
eoumden jnckwie. [n this manner # was pnall:klnrrp.rr-
=t mimber s ke lemers of fhe alphabet. Chass of
these owers were built i pereit transenission over-lneg
ilistances The towess werd spaced at itervals of § wé
milesds tn 1o komi, andd @ signalmg rate of three srmbols per
minte could be achieved. The ten- fag semaphoce sysem
vk widledy used welll kvto the soth century, partioukardy by
thewnld s s
Ancherwidely used visual rdepraph was developedin
1705 by George Murray in Eagland. In Mereay's device,
characien were seoe by opening aed closing vasions eom-
binatians of s shutters. This system mpicky cught on in
and in thi Unived Somes, whicre & mombier of 4bes
bearing the eame Telepraph Hill oo Sipnsl THE can seill b
frwpeed, particedardy in coastal repions. Visul telegraphs
weie complotely replaced by the dectnc colepraph by the
nihls af the tath century

Tue Monse SvsTen

The dectrse telepraph dil oot burst sulienly upos the
scene bt rather residled drom o srientific evnlutios that
had been caking plice since che 18th century in che Skl of
elecuticite Oee of the key developments wis the inves
tan ol the voltuc :rﬂmllnuh‘l' .H.h:.w:i.rn"i'nltﬂﬁlld}'
This made i prassthle to power dectnic devioes im a mane
effecive manier osing celaively low volispe aod high
currets. Previoes metheds of produding elecericity
erpbived iriciional peneratiog of siate secmcity, which
ked w hiph voluspes end low ceneoes. Many devices
inconparatiog bigh-voltape stithe dectricity imd varos

s
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tetecbors such o pith balls wnd sparks weee propesel i
st in kelegraphic wstens, Al were ansuccessiul, b
iver, bucge the sovere losses i thir transmissiog wires,
pertecedudy i Dol weather, Bmdved relighle operstion
to relatively short distances. Application of the battery o
trefepraphy was mack possible by several further develap-
meends i the pew science of electromapnetism In k2o
Hags Cheistian Opsted of Denmark discowesed thet o
magmeth neede ould be defiected by a wene commang
un elecine carnent. Tn edzy in Bricain Willam Sturpeon
discovered the multiturn elctromagnet, and in 185
Michar Furaibay sf Hritan and Jaseph ey of the Unised
fitwtes refined the seience of electrmapgnetism seffcientdy
b make it possibie 1o deslpn practical dectromagietc
IE&T!.

Thee first bwo practical decinie iclegraphs appeored at
dimosr the syme tme In 85 e Briclsh ewenmes Si
Vidliamn Foherpill Cooke and Sir Chetled Whetstone
isbitained o patent an o telepraph spstem that emploved six
wares and actuied five pecdle pointess mnched m Gve
jrabvancsciges il the receives, Hrorrestswens sent thromgh
rhe pircper wires, the nesilies ciuld be maile tn pout o
speerific ketbom wmil numbers na their mousting plate

In r¥z Samsed F . Muotse,  professos of painging
iculpiture at the Universty of the Clry of New Yark (ke
Pew York Uneversityl, became inberested in the possibil-
ity of electric tebepraphy sed made shetches of ideas for
auch o svitem In o83y he devised o spstem of dots sed
ikahes i reqEaEnl fettrn amd mumbers, In |I-]-,'h:-rq|
franged 1 patent oo en clecEromagnede: tefegraph. Marse’s
il transemitter incarpoedied @ devive cillsl s pana
ule, which emgkived molded rype wick hili-in dods aoel
shes, The type rould be meved through o mechanism im
such o manoer chat the does sl dashes womld meske e
sk the cimtict betwesn the bastery amd the wise (o the
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receiver, The rotelver, of fepister, emlnsied the dits and
dashes iin.am onwindmp sitip of paper that paesed under 3
stylus. The srplus was actusted by an eleouromagnet tumed
i :ined ooff by the sigrehi from the transemitter.

Mo haxl dormeil a p:irl'nﬂﬁp-'li!h A Vil who
wass 3 clever mechanic gnd i eredinod with meny coctne
butions to the. Mogse spstem. Amosg them e the
ieplacement of the poctirde transmitter by 2 simple
make-and-berak key, the refmement of the Mone rode w
tha the shortest codo sequences wore assipned o che
most frequently oocumes lemen, sl the improvemen
al the mechanical desipn af o the spstem ¢omponests
The kst demosstmtinn of the ssiem by More wns con-
durved for his friends 2t bis worigplace dn el In iy
Marse pbtained heancial support feim the LS povers
ment t2 huikd o deenonstration trepraph spsem 35 mees
(B k) ey bevween Washinpioa, [DUC, und Baltimore,
Il "Wiges were avtached by pliss insulston o poles dong
sche o raibeaid, The sostess wes completed and poblic me
iniciated an May 14, 1844, with transmassion of the mes
sjee, “What hath Crod wroughn™ This lineguraed il
telegraph e in the United Stares, which was ol mars
thaam po Vears.

The worl sispdene, from the Greek moows s, “fan” and
g, "strune] " was applicd as eurdy as the lite peh century
it ke sEring Lr.h-l:hm: {amdiar b |':|'|]hh=ﬂ.| andl iF was
bater wsed v oler to the megaphone and the speaking
tigbse, bt s inedern ieap it refery sibely o elcariial
chvices dlersial o the invemstaons ol Alemler {(+riham
Pell ansd others, Within 2o vears of the 1876 Bell patent,
ke telephnoe lestnement, 15 modifed by Thosas Wason,
Emil Befmet, Thomay Fefison, amd others soquired 2

H
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Funciionsl desipn chat ha oot chanped fundamintally i
mare than a cenbiery Since the invention of the fransistor
i 1947, meetd wiring and other hesvy hardwary have been
replaced by Ughosvipght snd compact micridruiry.
hﬁmmiﬂdﬂuﬂthﬂiﬂpﬂﬂrﬂhp[m
o the havic desge, and they also have allowed the inm
v i of 0 peamber of “sman” festees nach is datnmatic
vedialisg, call mumber identibeation, wirekss [ransmshason,
wntl vseal dlata dhisplay Such ardvasces sapplement, but do
ot replace, the base telepbonn desipn cosceved by Bell
i the Bos

Eamiy Soumn THRANSMITTERS

Heginning in the early sgth century, ssveral inventoes male
o nurmiber of stempds o fransmit sommd by electne means.
The first inveni o suggest that sound could be s
mitted elecerically was & Frenchiman, Chafes. Boorsel,
whit indicatesd that s thaphrapm making and bresking oon-
tact with an elecerode maght be wsed For this purpose. By
1861 Jolann Philipp Reisof Geemany hod desipine] ssveml
iestrumesty for the tansmiabon of wml. The tons-
matter Heis erpleved commsted of 0 membhrse with a
metallic serip that woadd imermatently contact a metallic
pusinl cansechad o an ebsirical deuis As swminil e
fepirgesl o0 the membrane, making the membmne
vibrge, the chrcuin would be conpected and interrupred at
the simse cise s the freguency of the seand The Bucnar.
q:lﬂnurm:ﬂll‘nﬂ#r!ﬂlﬂ]ﬂmﬂl:lnmnilbd
by wire 1 @ pecetver, which consisted of an oo neodle
that was surrininided by the coil of dn slectmacpnet soed
vanfected th g sending b The fuctusting eleceric
current wudd prenemte waryng magnetic feldsin the cail,
il these in ucn winild farce the loa nesde o produce
wilreatmuy in the soundeng box les's syitem coull thus

4]
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transmdt o simple toee, but it could not ieproducs the
emepley wavefarms Hhat make up speech,

Coray aso Brwa: Tue Teasssssion of SpEecH

Tur Fimsy Divicas

In the skyod ren Amssticas invesions, Fisha Gray aml
Alexander Comham Bell, sach independently designeil
devives thet ookl wansout speech dhectrically Gray's hose
devioe made use of o barmonic ielegnaph, the trnsmites
and reredery af which consisted of 2 set of metallic reeds
tamied 10 difforens frequencies. An eloctromapnetic coll
wis locasnd near each of the meds. When a8 meed @ the
iransmif¥er was vibrated by sound wives of its resonans
Irvuemey— o exmmple, oo hertr—i indeced m elecme

Alrrsaer (iabam Kol demenviestieg dhe afaliey af dhr elppbowt 1w
AT ke Py lﬁ:l'nﬂ,h.'il.huﬂ.lm Ml 528 Lilsrary of
Lll.pu.'ﬁﬁ.luﬂm N

o



curend uf cormesponding frequency in s matchbiog coll
This ol wars comnecteed o alll the codds im the recesver, bt
iy e rend naeed to the trassmicting reed's frequency
werithl] vibirate i respoaee o the eleceric curvent This,
linplzru-u.umltllrmmﬂllnl Iul]ul.pth;nFrH',L.
Ciray realized that & reoever comsisting af 8 sngle steel
diapbrmpm in froot of en dectromapset could npeoduce
any of the iranumitid tones. Gray, hiweser, was ioiglly
uzahle to conceper of a transmetter that wauld tranamit
complex spoech vibeations and iestead chose to demon
sirade thie ITEnEmEsn of 1omes via b telepraphic device
im the wummes of 17y

B, meumwhile, alsa had considered the trensmissmn
i speech usinp the hermonsc telegraph concept, agd in
the sumomes of 187y he coeceved of 2 inembrane peoeiver
simmiler o Gray's. However; since Bell, foo, had 0o trins-
mitter. the memdinne devics wis meved cogstrpoied,
Fullrwing some eatber experiments, Ball pestolired ehar,
if twer membiwane receivers were coneenieil electricaly o
soueed] wawve that coused ono membrese 1o whrty woukl
iechuce 3 valtape in the elecinomag netic ool thar woukd] in
fuen cause the niher membicane bo vilicate, Working witha
yaing mechanist, Thomas Augustus Watson, Rell had rwa
such insorumenss coostrectad (m fune (595, The device was
rested o June §, 0875, and, sthongh oo wtellibie wands
were Fraesmitted, “speechivke” soanils were beard at the

el

An applicativs for o U5 patent on Hells work was
i.Hlnhh.H,ﬂ;'ﬁ.ﬁnerﬂfmnlnuihumqhﬁ
Gy fded 2 coveat an $he coacept of 2 telephoss trans-
ey sl recewir A cove was 3 confulentlal fomal
ey daraticn by an wentor bo thie 15 Paenr Offoe of @n
bevtent i fale @ patent on an des vet o be perfrcted; iws
imteoded o prevent the ides from bemg med by other
feventoe. A this point neither Gy nor Hell ol yet

o



Almrowdor ke Dt shesch o irlgbone. Flr e v pavems jir e
daleibanr i i 115, Flvewt 3y om Fel r o876 - i Beers byl 0
rrvsat, eni Sy, il o dbvlovascwser vy by v Wil v o & o
dnwre © Fhotdscren/|aprenmepes

ropstructsd o working telephone that coold comsey
speech. On the basis of its earier Ming time, Bell's patear
applicating wid allevwsd over Gray's covear. On March 7,
A7, Bl was awarched 115 pagent 74,404, This fatentis
aften referred boas the most valuable over issuid by the
LS Parent Crffice, a4 (¢ desceibed oot anly the welephone
instrument hut abe the coecept of s eephone sptem

Tor SeancH pon A Srecesemn Toasssorre

Grray bl earlier come op with an idea for 2 teansmitee
in which 3 moving nsemhrane was attached to s dlectn-
calby eoeckective mod imme rsed @ an scidic sohition Another
ot bve pud v immeesed e sobitben, s, o sl
wres impingeid on the membrane, the te rods wouhl
miwe wich respect o each other, Varistons in the distanre
begween the fun mds wiuhd prodece vanations indecine
weslsemnce anid, hence, yemations o the slectric currest. In

(2]
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comtrast bo the mupnetic coll type of tansmirves, the
varighle-resistance frassmitter could sctually amplify
the transmuvied soend, perminiog e of boager cables
Berween the transmitter and the raceiver.

Again, el abse venrkml on o similas 'E'l]1.|.i|'.l1 -
miter desig; it wes this desipn char pecmatiod the fins
transmessian of specch, an Masch 1o, 18, by Bell
Watsian: “Me Wiatsan, comie Bete. | want v The has
pubilic demonstrations of the felephone [olowed shartiy

Alrrsader Vb Sall mnvawr wie poonnd By selbons i 2578,
devaarwrgar Sakvss, Ao rﬁuﬂ-ﬁ:ﬂ v i gl et (mcroem Bvmomal

i 1 i TP -l:phu. 4, 1 ]I:.llu.i.un-'[qlln.ruupu

B0
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ufteewanl, featuing o desdpn similar o the palier mapnetic
roil membrane units descrfied above, Cne of the caliest
demonstratioes socamed n June 76 ot the Centennial
Exposgtian o Philsdelphia. Furthor ety and sebnement
o enquipment fallowed shooly sfierwant. O Oy, 1876
fell conducted 8 ten-way test 0 his telephone mver a

THEATETDESK PHONE

The eatliest eelephons inmrresent o ste common use
s it hitrd by (hodes Wiliane [r i e Dedigml
for wull moesting, this mmramest conusesd of @ oaper; 1
ham-c rankoed magmetn G proceating o tinging vubiagr in
& tiseat metremestt, o boad recrvver, 2 neitch book, ad
rmmaittee Varimin wersms of this yirpbene mstmmens
remunrd in use throephent the United St as [zbe o the
e Tekephwins dhial wrigmatol wirth antcenatic elepluine
reriching mysbema in (fod.

ek matumrass wem Gt comtimaed o iy
Patteroed sfter the wall-mounted todephooe, they wually
imialstral i & wepanes ereclier il tranemsiee e me,
(ATETY istrhived the Fid bambaed, whicl eonplenl &
vmibiscd tressmeierroosver wranpomnt, T35 onger el
iy i ahe aripbar o icrmiol i spants
|, on wihach the tmnemater meosver haadle wea comldlesd
il ol bs use, The fimt ecleplaone s soaipiraee ol the
mompare nrs of the wasion appacmu ints o0e EIrrmens
i e sscalliad onimh el st o 19z Saane ay il ol
thess inmrumems wrre producel et they were ssper
sribnd I o new dlesign I g The gy selipluioe wis
totlly new, inmrpeanng sipmificn speotrments in
snilin iy, mrchanice e, snd phopscl conemic e
Pamh-botnin versone of the et brcame mvailshie in 1ndL

L1
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2omife fg kem) distunce berween Bosion and Cambicidpe
part, Mess, In May 1877 the first commerial applscation
af the telephooe took place with dee mstallation of tele
phoess inoffices uf custnmes of the ET, Hilmes burgsder
alarm ciungany

The poor performance of eary telephane tansmitters
prompied 4 mmber of e atoes to pursus fntherwork in
thiby ares. Amung them was Thines Alva Edison, whose
1480 chesgs bor @ voice frEsmitter ronsisted of @ ooty
hilled with granubes of carbeaized amhracite coal. The
carban prasmks were confned herween o electmdes
thrugh whiich o constant electric curnest wa pavied, (e
of the electeodes was artached fo 3 thin eon daphmpm,
and, a5 sound wves forced the disphragm to nbwite, the
cathun pranules were altesately comprresied and relessl
As the destance- acroms the grmmukes fluctuited, fesistance
1 the elecule curment abio Sectusted, and che resulting
vaitalinne 1o cuifend were tamaemitied o the feceer
Febisems carhon transmister was so simple, effective, cheap,
mnaf chitrable that it became the besis for sandard telephone:
ransmatter desipm throagh the g

THE PHONOGRAPIL

O July 18, 1577, the American Iventor Thaimas Fdison
was warking i his Menle Park, M ], [sborainey, trpng i
improve wpon the telephone of Adexander Groham Bell.
Thinking he might fnd 5 way 1o fecond redephone mes
ugn.l-m: r:l.n-:;rr:rl-rrglhﬂ;n.rﬂ, he sitacked a hard Il'||
i & telephone dapheagm and spoke the words “Hallod!
Halkesti!” intei the mowtbpiore while peing 5 sukp of
wanel iaped theoosh ihe device, Whea the paper strip
win pedlad back over the daphrapm, he was amaesd m
bz thee wods played back oo him. Thas day can be sail

i mark the bepinming ol practical soumd eeconfing.

ax
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Epson's Fuosoorarn

Twenty yoars vartier the French pringer Fidousead Edon
St de Maniieville had made 1 *phosisstoprph” thar
trare] sounel waves |:n|.|"r.||'|li:upqn',.-:l:|-ud:__r= e
manths prevsoushy, in Apel 1377, the French poet {Chardes
Cros bad described & process for recording sound waves
e 3 glass ilse, Yer despite such progress, oobxdy had
man a woekahle soand-revariding apparats unail Fiison.
Editson feiiownd his midal dscovery by desipneng aed
patemting a device with o vibrsting membrase wtached @
u rigid stylus that indeated the tinkoil varfsee of a hand-
cranked groovied cylinder. Upon being retraced by 2 Bghier
stvias, the mchontatioes were sufficient to reprodece the

peipleal vilwations. The phonepraph, o Edkeon callal it
was the lirst practical machine to recosd and play back
speech and mest. The press immediavely pratsed che
b o revorded somnil

The phonopraph worked, but it dsd not sell. Alibaugh
Edison considered it one of his most origing mventions,
e wat amabile ax st to improve its podor soedid quality ot
pass-fioderce the recardings, The cylindess, which he
called “phanoprams,” were standamied af g inches (1o
et loeg amed o inchis (6 o) o demeter with o
procves ped inch, bur they plived for only shoue ane
mminute and wore ost quickly The Bdison Speaking Phe-
popraph Company sold approximately zooo machines
Lefare chsing down productionin (g,

THE CHAPHOPHONE AND GRAMOPIIONE

Dearinig this pedoil two impeoved reconling siachines
were introwhiced by other imentors, Firstwas the graphi.

phone, patested in 836 by Charles Samper Tainser,
Chichester lell, and Aleearler (aaham Rell of the Volita

By
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Laburstory in Wishiogron, D The prapbophons used o
pmaller-dismeter cpfinder roated with wex rather than
ienfisil, The scfter recording surface made i posséile
cuf smalles *hill- and dafe” vertical prooves i the oplinder
im |:H:||.I.HI. o the indentsiony made by the Fidiman
maching), allmwing o lonper plaving time of few mines
Thi secoed machine was she 1358 pramophose of Emil
Betliger, aCrerman imamiprant she woek ing in Washinpron.
Pertiner's ipstrument reconded sound on a far s-inch
iy cml) was coabed ainc dise rather than cylisders. The
reconding stydus merved Literally whea cotting into the
thin wax layer, tracing 4 rigrag proove that procuced
bouder volume euring plavhack. The plapback disc iself

wizk produscid by presseeg 2 suitable molding materal sach
s hand pubsheer o celluloid againa the sine prastee

Tue Race 10 MARKET

The mvemtors were pet anaware of the commencal
pateatial of their iventicas. By che teme chey ohdained
their portents, Fainger and che Befl had slready foumnded
ihe Vrdta {=raphaphone Company, amd Herliner estabs
tished the LLS, Gramaophone Company (8 1893, As carly
an (%% Berlingr predicusl tat dea wiadd bevame the
misdiiim of chogce for coavamens; neever, 1L wis oplla
chers that enjoved the first secress

Eideson retumed to his phonopraph i 1546 and pro
dhured 3 pew model with 8 sapphice Soating svlus cutting
ql:.lll—a.:lﬂ-lﬂcnru“ nnlr‘.'n.-i:l:h{n.n:ﬁnuﬂ.;l:ﬁ:fpma
evimder of sofid whto wa. EHs s548 Improsed Phonopraph
repebatesil thee hesd crank of i for mechins with in deéc
Anie enebar thid fan ab i 24 fotatives per misets. New f-inch
frs-cmi cyinidiers prlayed for almost bwe minuges,

Ien 183K the patent repis of the Edisoa and Goply

aphne compunies were porchosesd by estiepreness Jese
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i, whi foiiubed vhe North Americin

Coampany o leasy dictuting machines o local distribeton
However, stenipraphiss refused o sse the meshines, anif
Lippimec sty compuoy Bkl by 18y Megmebile ane of
1he I:I'FII E;n.pﬁn#nn.! invesin, Frbwend [} Fastnn
dechned to sl his enteresis 1o Lippéaccet and instesl
started the Columbi Phonograph Company Esston spe
cidlied i popslir miske reconling, fatuniog sach
atiractans as fobm Philip Sowsa's Manne Hand. But no
nuciodal market i recorded mesdc had yer developad.

Cony Suors avn HoMr PHOKOGRAPHS

It was in che woeld of pubic envorminment that scumd
secoeling found its farst widespevad dcceprance. s 155y,
Liosts Lilwss of San Francisco invended a mechasism i
start the msowos of e iectric phosopraph whea 3 sidkel
wis deposited inco @ dor. Wichin a yer, he joened Felix
{rattachall in creste the Autranatic Mhosograph Company,
which placed phonopraphs in all rypes of eotertsinment
estabilishmests, from sloom 10 e cosm purdon, The
talkiog machine thes pined the Ameican mas leesre
cufture that emerped i the 18e0s, aloag with Coney
Teband, profesiosal lasehald vesdeville, aml pene
heilien

The coin-sdot bisiness coerpized the marslscmring
comguaks. Exson’s Cokemiia acquiced dhe Thinoer Bell
putents feom Lippincou’s falled compasy and s 8oy
ntroiluced @ low-rowt #:pl'rrrhunr with & SR M
devedopod by Thomas H. Macdooakl For the Bt time.
thee prapliophone coikl pliy Edlsen standaed cylinders anid
wa peiced fue the sdses. The sulsequent competition
herween Fdison and Macdonald for the new emerping
bome markst was intense. Columbiy ficssed i seles
et an big cities, while Erlivon appealsd mone oo rral
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Ieryers. Edlison recove red his patend vighis from Lippincoc
wnil organized the National Phooograph Company in that
to sell 1 £40. Home Phonogragh, tated 15 che *machine
e ehae e ™ W B b P ool 08 poice o 825,
Fifieaan I.-F'I:I'I'E'llhlllhm mlH':.\Prin;gm-utu in 17
i phiy sm cylinders with one wandisg amf lewered his
price i 0.

Meanwhile, Berliner fnally developed 1 metind 1o
mass-produce his fat discs, stamping rubber copies fmm
i hardened eleceroplated master thar did noswear ost like
the wax masters. Berlanes then hired Eldridpe [ohnson m
tigh tn make 4 wprng moins for his 75 lmpeoeed
Cymmophone and 1o imgprowe the duplication process. The
residlt was 2 sound of clearly impsoved qualice. Juboson
usest] his pratents and theese of Beciner o agon o create a
pew pompany, the Yictor Talking Machine Comgpany,
which shared the fmows Nippa dop undomark bt
geiuired by the Brivish Gramegihoss Congraen: Within o
vear Victor estahilished o natinnal network of 5000 sales
rutlets; fohason also eenched an adversing cempaigs o
the mies nsedia 1o promiie the gramopione 4 afiadalile
b #ErTIng.

Theas fry the beganning of the mew cenfury, socod
pecoading hae groen inio 5 mmass midiun owing o Ew
kev factors; viilnoary investods sach as Pl Tohmson
sl Emile Herfiner, the coan-siot business, the ow-cost
spaay motor plaves; the dectroplite duplication method,
undd appressive murketing technigques. The war between
L]ﬁ:dﬂndndahqjl::lrd II-:|' Herliner i (885 was E_JJ;.-
wem by the disc 25 voars faber The Bar disc wes easier to
uset antif sbore, snd Fhiridpe fohnson, besd of the Victos
Talking Machine Crimpeny, wat o sapériod promies [n
rgot Victnr and Colambin agreed i share patents
Columsbis began oo produce disc phipers smme distely after;
and i wod the conguey stopped making cylinders

L
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altopeeher. Edivon fally conceded thar dhe disc had wan
und introduced the [Hamond Dise flat record snd plaver
inEr

MOTION PICTURES

Motion-picture photography is based oo the phenomenon
At the husrn brain will peeceive an Swiin of continuous

mivement (rom 8 suroesson of sill imagss exposed at a
rabe abave 15 Framaes per seoomd. Althouph posed sequential
fuicteres bad bevn token 15 early mwdﬁ,mmﬁm:pm
topraphy of sctial movement way oot achievedd uaeil i,
whin Eadweint Mirbodge ssed 12 oqually spaced mmeras
i demmonstrace that ar some time ll four hooves of a pal
kapring hissé left the proend st once. ln 78 an asociate
of Mupbnidpe devised 3 system of magnetic refeases b
rgper an expanded beuery of 14 cumerss.

The Muiybicdpe picvires were whilily pobilished in sll
fim. They were sho made up s strips for the popular
paclour wy the oetrope “wheel of lfe,” & rotating dram
bt indeesl an (hedon of movemses fom o o
patted pictares, Meamuhdle, Emile Reynaud in France
WS propciing sequenoes of drawn pectwret anbo § screcn
sk bty Pramiwiscope, o which revolving mireors and an
ail-Eamp “midgic lanes” were applied o 2 ietrope-bie
drum. By adbe Murhodee wes similady projecting
enlarped, llumenated views of his motion
wming the Podariviscope, sn ailaplation of the rorinope.

SEQUENTIAL PIOTOGRAPHS

Altheagh 3 contemparary observer of Moylieldp's dem
anstrating ¢|simed o have seen *lving. movng anisals,”
sach devices bicked sevesal esseptials of Troe motics pic

bwes. The fme way & mechanim o ensble seijuence
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tor e ealben within o sleply camers an repular,
rapisd intervaks, and the secoed was 3 medism capabile of
storing images for moce than the second o 30 of move:
et possdhile from dneme, whisdds, o disks
A matin-pictoe cunets mst be shle fo shance the
medinm mpidly enouph w permit 5t least 16 separse
exposures pos secotd & well a5 bring esch frame oo 2 Fll
scop b recied o sburp bmage. The principal technoiogy
that crestes this inermistent movement v the Gieneva
watch movemeat, i which 2 Four-sloted ster wheel, o
“Malvese cooss,” oonvests the tension of the munspsg @
the ticking of toathed geans. 1m 182 Frienne- jubes Marey
empdaredl & simaar “cleckwork min® intermictens mve
ment in o photopraphic *pan” deed to *shoot” birds o
Hight Teehe shots per secind cookd be pecorded uneo 2
circudar plass plate. Marey sehsequently increased the
frame rate, shbouph for o0 more ten about jo Bmages,
sl emploved serips of sensitised paper (887} and paper
barked cebhaloid (18850 insteail ol the fragile, bulky ghass.
The transparent matenal trade nemed cellsbold wis first
e tuiisd comsercially inoafy2 13w decivisd foom
rolhiutcn, that i, nitrcelluloss (gun cottand dissobved in
ol amd dricid Jobin Carbett mamsfectured t5e first
commerciadly suocessil cellubsil photosraphic fila in
asE Bl ip was 1o e fof comvenient wse, Wy ks the
Lierapr Eastom company had developed a moll film of el
lalcdd coaved with photographic emulsios for use in it
Kinlal seill camera. This study, flesibile medinm couldl
!nqw:nqmlmrs:lmdmmu;ulnini
evennally sdapted for motion pictures.

Emson's Kiverocries asn Kiseroscors

Thomas Edisen is often credsed with the iventios of the
it pacture in 188 The claim i disputable, however,

)
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specitically hecunse Edison’s motion plolue speations
were entmested o on assistant, W K. |- Diclkson, snd
grenerally becase chere are severad pliusible pre- Edison
claimants in Esglani and France. Indeed, s U Suprems
Comart devivion ol tgoz toachulal that Fdiscn hal noe
imvenerd the mation pecture bur Bad only combined the
disporeries of others. His srstems are importaat, oever
ibseleis, becnese they prevalled commercially The heart of
Fewn's patent claim was the inbormittent menemend
providid by o Maltese eross synchironized winks a sheitter
The Cesnbser 18y2 version of Edison’s Kisstopraph cim
era emphoyed the [onmar eventially still in wse today The
film, made by Exstman accoedg o Edison’s specifos
wions, was 35 milimerres {mm) Ao widihe Two rows of
£ Rurless, eachy with four Bolis per frame, s the
length of the film and were werd to advnee it The image
wias § inch (x5 o widi by ¥, inch (5 oo high
An fuse Billisoils enotion pletupes weps ool propected.
{Ineviewer at atime could watch a film by Inoking theough
ke eepiece of o pecp-shivs cabancs known as the Kinem
scuipet. This device was mechanically dervel from e
soetriipe im itk the il sibanced by cinkinoom moe
mesat, andd action was “siopped” by s very briel exposure. In
ihee sretroee, 2 alat opposite the pictune produced 1 soobao
scrpnc et i che Kinetoscinie the Glm e annhe re ol
4 Frames per seroil, aned ashit imano-mch (25 cmdliame ey
otating shutter wheel affonded an exposuce of 6,000 sec
aatche THumination e prusickd by an slectele bally positioeed
|].i|rr||:r|'u-n:l'|1. the h.lh"mﬂﬂlm"lﬂlﬁ Tes endn
wert spliced bopether o foem 8 contiersous loop, which was
ntinially 2 b g Bet {7 16 i i loog bt biber was kengibesed
1 dlrmst §o mettel A dbeotcuirent motor poweel by
an Felsnn stmeage battery mierd the fm ot @ uniorm rate
The Kinetoscope lancked the motion-plcise indss
try, bast its technical fimitations made it uoirabde for

b ]
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pcjection. Fikms may rus cootiuously when o great deal
of light is not crucial, but a bright, enlaped picturs rquines
that esch Frame be arresend and exposed mtermatentlyas
i the eamerd The sibspration of the amers mechanem
Mt projection wpms nhvimus in retoapct Rt weam s
tratrad in the Einited Simtes by Dickson's estabhishment nf
& [rame rate %ol abowe that secessary for the peroepton
i i mehon,

Tk CINEMATOG RAPHE

Alees the K ineto e was mbicdaerlin P, Auguste sud
Laniis Lumitre provieced o combinstson camemiproecior,
st demonstirsted poblicly in 185 and mlled cha e
maagraphe, The device wsed o brisnpebsr *eccemric”
[Entermittent} mivement connected fo g s o engage the
speocher bules, As e Blonwas stationary o the gpenion
Bur ewn thinds of ech eyele, the speed of 16 fiames por
secoan] allowes) an expenaime of Y sevond AL this skower
raen maddiences cotld acteally see the shutter hlade crossing
thes reen, prodocing 3 *ficker” that b been alwent fom
Fefiann’s pictunes, D the ather hand, the haad-cranked omd.
el weighed Iess than 20 pounids {g kyl (Edeson’s
camera wishied 1oo timesas mach]). The Lumiéne units coulkl
thisrefoate cerved thee wiatk] b shioos anil screen thesir focdage.
T first American profecinn emploviog inbermittent move-
e wore tevised by Thoemas Armar in 1805 witha Pioman
i cr “beatier ™ inoseement tadees from g Frese b came s of
|H|,||.'|.'|:|.-I|:I.hr'n15:r|:|.: ﬁ;mrq.gmdl.nﬁrr!ﬁhm (]
peraxduce ithe progectars i quantrty and 1o market them g
Eifiwan Viesstopes. In ik Anmar patented die Brst pieo.
esc b il fooesduliok otar iomd i G n e Feliiun cameesh
e Bimnitatnn o ey motion-pacten: Glming way the
traring of sprocket holes, The eventual sobwion to this
b was. thee acklition to b il path of 3 dack-famming

™
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koup that resurained che inervs of e talee ap reel. When
ihuts so-callied] [ athams loop was applicd to comeras and pro-
poctods with intermistent movement, e prowth ami
sitirinkayse of the loogs an either sideskibe shatter sl
T the ill.l-puﬂq hietween 1he 1r|:|:|1-:|.r|.rl-nc| mwikinin ai the
aperiure al the continecan mowvement of the moels,

W hen the arm of prejection was establisbed, the impsor-
tgce of & bright sorees picere was appoecizil
[humuration was provided by carsan arc lamps, athough
ks of echer and sticks of unsbiked cabeam Cimeliga ™
were e or beef runs.

RALILO

Farly o vhe sych century, Michael Faraday an English
phvsicist, demonstrated that s dectme current can- pro-
dluire o bowcanl et feeld o e the enerpy in dhis feld
will werinm 1o the cliceit when che cirrent |5 opged o
chanpesd, lames Clerk Mazwell, professor of expenmental
physics ot Cambnicge, in 8ag proved mathemasically thar
any ebecirical dinatance coold peodoce an effs @
nesiclerahle distance frans the poing o which it oooereed
and predhtod that elecmmagnetic cocpy codld ravel
W Er & Sierce 3 waves moviog 3 the speed of
light. The scientife emminticn of the reliooship
between Bight waves anid electromagnetic waves ths
pevealed the possibilicy of mraasmicting clectromagnetic
sdpraly betwees widely sepirated paints, peepering ihewsy
o Bl |:|.|'|.?'|.||.'j|l l'.'h.lﬁﬁtlmn Magconl o transmit the
first wirchiess messape across the Atlesbic on Dec 1z, 1901,

Hewrz: Bamo- Wave Exrermmesss

A b ploze of Muowells prediction there were oo koown
mieans of pryupsting of detecting the presenve of

=y
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ehetromapnetic wives I space. Tt was not wntll shout
1858 that Maxwell's theooy was tested by [letnnich | leriz,
who demaonatrated het Mawwells paedictions were T
ot bost e shont distanes by installing s spark gy fowa
conductors separated by o shoee gaph at the cestre of o
parzbalic metal mamor, A wie g connecied o another
spark pap was phiced shout 5 feet (1,5 m) oy af the focus
o another parabebic collector o line with the first. A spark
jumping srvoss the fimd gap cawsed a smaller spark to jump
wcross ke pap inothe nnp § Gl away, Heroe showed that
the waves travellod in stz lisss and than they could be
reflected ya metal dbieet just as light waves are reflicied
by 2 mirres

Marcosn's Winernss TrLEcRarE

Murcosil, whise musn peedus wis (6 his perseveraade o
refusal to areept eapert opindon, repeaed Hen's experi-
ments and eventually succeeded in gefting sevoncdary
sparks over o distance of jo feet (o mk In his expemment
b arrachisl cee side of the primary spark gp 1o 20 ele-
wabe] wire (o elfect, = antennal and the othes b Earh,
with a samilar srrangemeat For the secondary pap et the
ceiving podnr. The distasce berween framsmitter
recelver was pradoally increasid first 16 joo yan ()5 m),
then te 2 miles (3 kml, then acros the Eaglod Channel,
Finally, in pgor; Marcond beideed the Aslantic when the
lerter & i Marse cotle travelsd trom Peddbu, Comwall, 1
ht, John's, Mewfoundlapd, & distance of nesdy 2,000
miles {4,200 km). For this distance, Marconi repliced
the sbeonching sk detseciie with 3 dedes kniswn 25 3
vahierss, udich had been invented by the Freach decivical
enpineer Edoerd Branky i 1890, Hrasdy's deteetor oon-
siseed of 2 tube Alfed with foa Slings chat coaesced, ot
*ruderedl.” when a rade-frequency voltae was spplisd o

n
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the ends of the tube. The cobesdan of the iion flings
allowed the passape of curnent from an saniry power
sappdy to-operate  celay that repeoduced the Morse sip
mils. The voherer had to be repulady pped o syenate
'Ihrﬂ.l.ugl:rﬁprq:ntﬂ:ml‘nmlcl o the seat rafin-
frequency signal.

Tas Furmmwe Dions aso De Forest Avoios

The new metfor event wis the discovery that sn elemmnde
opedating a8 3 posicive volcag: inside the evaoained cove
kope of & hested filament lamp would carry & curren
Thomas Edizon bad noted that the hulb of sech g lsmp
Blickened near the posivive electrode, bui i was Sir Jobn
Aphiuse Flemlog, professee of electrical engineering at
Emperial Collepe, Landon, who explored the phenomesnon
aind i Loy dbsrovened e oo dirscional et efficy
berween 4 positively bised elecimde, which he called the
anodde, and the beated fdament; the dectrans ilowed fram
filement (o asode ool Flemisg celied the device o diods
Bevame It coitained tuo elecirodes, e anode and e
heated flament. He notel that when an aliemmating cus
et was applied i the diode, ooy the positive kabves off
1l wares wiere pussedl - iban s the wave was fectied
pebueped fnam alesmanieg o direee corendh The disde
el alsn be wsend 1o cesect relin-frenuency sipnads sines
it suppressed hatf the cedic- frequency wave and peoduced
apulsed direct cusrent correspunding oo the on amd off of
the Mone colle transmtied speals. Flenungs discovery
wies the first siop o the amplifier tube that revolutinaaeed
it commitication (6 the saly pin of the soih
egiilufy

Fleming failed 10 appreciate the possibilities be hait
apesd up and it we the Amestean invenror Bee De Forest
wh in s oniicsive] the jdes af mterpoming an opes-

H
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sl grid betwnien ihe heared Bliment snd poitively
hases] anocke, or plate, fo contral the fow of electmes. De
Foresr culled bis invention 3o Audon. With & be condd
isbotatien  bapee wolvsge chacgy o the plane For 4 small vl
lF-I:i:IFﬂIIhF:MEhLﬂIh.TEII‘H:Im o
et EmporEnce becisse i made it possihle to amplily

the mdin-freqeeecy sipnal picked up by the antenns
Iefiire application v the teceiver ditecio the, muth

weaker signak could be wtiled than had previoesdy been
proath e

TRANSMIRSTON OF SPEECH

The first commenciol comgaay to be mcorporaced fec the
icartafar b oof eadinapparatus was the Wireless Telepraph
und Sapmal Company Lk (England) in July t8o7 {later
changed to Marconi's Wirdess Telepraph Compeny, Ludk;
ellhief vrianit e s dhaiied am ineegest in che commencial
expbnitation of padin,

Amoog the major developments of the first e
decnbes of the 20th century was De Forests discoviry n
i 3 o 1w i il batbng propenies of his Autinn fule, 1 1is-
carveny that bed to the Feplacement of the spack transmatier
I am elertninic fubee oscillatod chat coshd pene e much
peaer rmclii waves of redatively sanble feguency By iqin,
racdi: messapes between land stations and ships had
become commonpleoe, and m thar vear the first alr i
grotnd o contsct was estabdished from an alserafi. A
|amalmark frammssaon came m 1k, when 1 rlinkee
fraph messape from the Marcons long-wave station at
Caprnarven, in Wik, was seveipid in Ausrralss s g
dEctanee if 11,000 miles {11300 km)

Thauph early experiments had shown that speech
could be oramemicred by ralio, the frst sipnificant desman
stpathon was mit made wnidl g whes the Amsicm

k2]
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Teepbane & Telepraph Company (AT&T) successhully
transmatied speech signals fmm west to east arms the
Athaemie berween Arbington, Vieginia, s Paris. A year

bitee, 4 ruilonilephene messaps was comveved i an die
cradt ﬂll':ln_g neal Hmui:h:l:hi]’iqjlnﬂl.ﬁﬁdi lm tgaga
Marroni enpineer spokn acros the Atlentic in the reverse
directing from Hallvbsanioa, lrelasd, o the Unised States
Frosm 10 owand cadio made phenomenal pripress
researchactivitiesin Ewrope, Morth Amenca, anid

Asia. The mvention of the electron bebse amd lster che tran

sestod (1548 made prssible remarkable devedopmens.

TELEVISION

“:dmuinf:rﬂglﬂ:tm F‘tﬂl‘lnlﬂﬂ thie dusnsan
imagination. Mriests in ancient Greece studied the entmils
of bk, crying bo sée in them whar the birds had seen
when they few over the hivizan. They believed tha theis
gk, sitting in comicrt on Mount Cvenpus, wese pifted
with the ahility-to watch hamen sctivicy all over the wodid
And ibe opening svene of Willium Shabespesees play
Fdewry IV Par ¢ intrehuces the charicter Rimos, gpan
whom the other characters rely for news of what is hap
peming in the Ear commers of Egganl

MECHANICAL SYETEMS

For apes (8 remaieed o deem, and then elevislon e
ﬁipﬂ,]r@.mnﬂui‘h marrllbutll&rmm1n1h,'l‘ﬂ:

materials for use i the mransstlantic cabie
Enghish telegrapils weurker Jisejh Moy realived a3 ssde
s wire wak varving in i elecoeical condecivitg Fatf
imvestigation showed that the chanpe orcurred when o
bream of sendish foll ow the wiee, which by chance bud been

jlave] cnca pable near thiewinckme Albsough s imganiance

s
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wets it fealiond at che Hme, chis happendiance provided
the hasss for changing light intoan dectne signal

In 188 1 Freoch enpineer numed Misnice LeBiane
peablishedd sn anticle in the joarmal La Lamiine dlaorrige
!hﬂiuhn.ﬂllhh.ﬁﬂ‘m]mﬂl&rhim]:ﬁ:ﬂ
prepead @ scamning meshanism that woulid takn advan-
txge of the rotma’s teeporary bt finie Fetainement of o
wisual imape He emisaped o phouselsctric cell that wouk
Inok wpom mnly ane portion at @ time of the pictare to be
irasemixted. Starting at che wpper Jift comer of the pic
ture; the cell would proceed o the right hand side e
then jusp hack 1 the left-band side, ooty ooe foe lower,
Irwenuld comtinte (o thisway, transmirtisg informaetion on
Beow meschs lipht was seen at each portion; watd the entice
poic tuare s seanoesd, in 3 niasner dmibar o the eye realing
o pape of bext. A recesver would be synchronized with the
trasEmirTes, necofstrecting thi origial imspe line by line.

Thee conceps of s ening, which eoablished the possi
ity ol ummp cinty 3 simplewire ar change| for trammission
of an cntire smage, becime and remalss o chis day che
basis of dll television, LeBlane e, wan never able tn
ranstruct 3 working machine. Mo wm the man who took
Febevision i the nexn stage: Poul Nipkow, a Grerman engi-
e w herinvenned the scamming disk. Nipkow's i85y pacent
fur an Rislbsrrioher Tabsop was based oo 3 simple rotating
sk perforated with an inward-spinling souence of
feobes. It would be placed so that i€ blocked reflectod light
Ermim the sulysre. Aa the disk sotansd the outermon hole
wontled mave acrom the woene, lecting through bhe frm
thee ferst “line™ o the picture, The near hode voadd dlo the
icame thisgr aliphdy liwes, aised wion. One cimplste revili
tive of the chisk wuuld peovide o complete pictore, of
*sean,” ol the subject

This cocept was eveanually esed by fobin Logie Bard
o Heitmin amd Chales Francis ki in the United Seates

kX
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s Brualhd thee workl's st seccessful iefevistons. The ques.
taan of prinsty depends on noe's definition (f televsion
[ty poa Jenkens sent & sl plotsre by radio waves, bat the
first wree televissin secoess, the trememissien of 3 live
buman face, 'n-.u.::h':m.lhrﬁainlinlqd; {1 he el mie-
iy sl had been coined by 3 Frenchman, Constantin
Prorsicyi, it the 1600 Pants Exhéhition)

The sl ol fenkins and Malod werne peseradly presed
with ridwcule or apathy. As far back as 180 0 artick in
tise Bricish journsl Mawre hail spocalsted thet welevesian
wa possdhle bt oot worthwhile: the cost of bakling a
wpvtem waulid not be wepaicd, for chere was oo way o make
maoney out ofit. Adaserarticke imSciwecAmenicas thoughs
there might be some wses for Elevision, butestertain
ment was put ane of them, Mos people ihought the
copcept was lunacy

Nveruelins, the work wet on end began to produce
esailtn sl commpetinirg. Tn eox; the Amepican Telshome
and Telegraph Company (NTET) pave w public demnestra-
tion of the new tochoology, aod by g2k the General
Blectric Company (GE}F had begun repulic televidon
broadcaste (3F owsil o spstem desipned by Emae W
Mexanderson thar ndflered “the amarrur, provided with
sasch receivers a8 b may desipn o acqulse, an oppo sty
i prock: - the sials.” which were penemally of smoke rs-
ng; freima chimmey or ather such subjects, That same pear
Jenkine bepan tosell beleviston kies by mail and escablished
his own television station, shiding canoon pantmise
pragrams. Insgag Haind comvineed the Hritisk leoadcasting
Crrporatioe (RECH to sllow him o produce hall-hour
sbicrws 30 midedib cheee times 3 week, The followisg yean
o L st *televishon bovim ™ with ihonsasds of viewen
bupeng or constructing paimitive sets fo watch primitive

proprans.
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Mot evervone wis entranced. O, B Soon, editor of che
Mawchvoier {raamdiom, wamed: “Televisios® The wind iy
bl Crreek 4nd BaliLatin. No good will come of it” Moce
impartant, the lure of 2 tew techoodogy soon pled. The
#turqhn:diuﬂrjniﬂrqﬂﬂ.ﬂgwmﬂmmd_!
iz temes per second, flckered badly e dim recerver
screens oaly 3 fow inches hiph. Proprams were sample,
vepetitive, snd ultimutely buting, Nevertheles, even while
the honem collapsed 3 competing developenent wax tabing
pice in the edm of the electron

ErecTmowic SysTEMs

The final, msurmpentable problems wish any form of
mﬁuh:]n-.nuigmlh:hmllnlmuﬂ:ﬂ: nI:.r_unpur
secomnl, which produced a Bickering bmape, e the el
tively lagpe site of sach holo dn the disk, wheeh resalied i
pusot pesoduion. In pgol @ Scowih decirical enginee,
A A [:Il'“ﬁll.'l Swintom, wimie that the F!hhm- “an
prohably be solved by e employment of rew beams of
kathode ray” instesd of spinnisg ks Cabiode ray e
by ol el tiiones penecatrd i a vacunm fubie. Sterned iy
magnotic hekls or cectne fickls, Swinbon anpeed, they
pould “paint” 4 Beeting plomre oo the phiss soréen af 3
Fubwe crated i the lessde with a phospharescont matesial.
Hevause the rays move o nesrly the speed of lipht, they
wonaded avoud the fickering problem, and cheir tiny size woukd
alkow excellent pesilution. Seimton pever bullt 2 =2 (i,
nh:nlﬂﬂh]'mﬂrﬁm‘rdﬂmﬂuﬂﬂnq e
enciph to make it wortiehile), but enknown to him such
weirk Buiel alressily begnin i Masta. Tn ggo7 Botls Rising, 3
lecuurer 4i the 5 Petendiorg Fastirate of Techaodagy, put

tprtber pquipment cnesasting of 8 mechanarsl stunner
onil g cathode-ray tebe reocver There & oo tepord of
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Rosing actully demorstsating o working television, but
he had an inderested student named Viadimir Kosma
Twnrykin, who sooe immigrated o Amenca.

Ini 1oy, whide warking for the Wistinghogss Elsctie
l".:l:q'l.:"r'l: I’H'I'l.l:lnp;l'i, ]'h!l.l'l'l}"lmh, Imﬁinﬁ.l.rr.’la
purent spplication for an sll-electronss televizinn svstem,
tlthouph he wis i vet unsbie to build 1nd demsonstrace o
I e he comimes) David Sariedl, viee president and
general manager of Westmghouse's parent compuaey, the
Radio Corpucation of Amenca (RCA), © seppot his
mesearch by precictimg that in o vears, with $1oo,000 of
funang, he could produce & workable electronic iekevision
sysiem. Meamwhile, the first demnnsteation of 1 primitve
elecuroair sysiem bad boen made m San Foncisco o ey
by Ameticaninvemt Philo Fansworth, s woumg man wich
anly o high-wchnol education. Fermmeorih hard parnesed
resparch funds by convincing ks nvestors diathe could
magket an ecanmmically visbde velevison spstem oo
mnnshs o am investment of only $5.000, In actuality, it
1ok thee eHores of both men and more than $50 milion
bediee anyons mads 2 peodil

With his firit $00,000 of RUA research maney,
fwondin devedoped § woriable cathode-ray Toceives
that he cafled the Elseicups. Al the mme Dims,
Farnawairth was pecfecting his Tmige Dissectar camera
abse, [ vgge Swarpkin visited Farnsworth’s Bhormtoey
and was pven & demonstrarion of the Image Dissector,
Ar that poiet & bealthy cooperition mipht have acisen
bstween lemarurnrr:,h:l n'uq:ﬂli:n. Tuutdh}'
b Wzson of cogporate profits, kept them apart. Sarnnf
affersd Farniseirth $tod oo for s patents bl wis
saarruintaarfly o s down. Fapnoiosth inaesd scoepte=d sn
affer e join BUAs rival Philoo, but e soon left o set up
his owm S Then s sgu Aworvkin’s RCA beam, after
learning much from the stsdy of Famswoitls [nage

L
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PHILO FARNSWORTH

Philo Tidor Farmsworth wan barn into a family of
Memmnon frmers oo Aag. re; 1906, in Hewver, Ltah
While 01l im high school, Farnswornd concesed the
b rcpurare ments dor television, sketching out the bavic
ibesipn of an electromic image scanner for-the benefi
o by chemisiry wecher. After two years ot Brigham
Youny Universivy, Prowo, Utah, he legan fesearch s
the peocess of pictwre transmission, In meon e
cofounded Crocker Research Lshoratories, which
Wi entganiiziad 25 Farnmwtn Television, Tac. (iyan),
il fared a3 Farnswarth Raddio sl Televinann Cipo-
retion (ra il

I a7, b his ewnsasal lsboratoey in San Frencien,
Farnsworth successfully tranaerit e ao e (4 dollae
upni composed af 6o honzootal lines and submitted
b st edevision patent, for @ cemera tube he clled
the Teape Dissectoe. The patent was pranded o 1y
Farnsworth - subsequesstly imvenied numerios offser
devsces, inchding amplifiers; cothode-ray tubes, vac-
ety Viibes, ebectrical scanneds, elecoron mulripdiees.
and phustcelectric matetials. e held some 65 patents
ot the time of his death in Sale Lake Cory; Lrsh, on
Marchan, 171

Dissector, came wpwith the loonoscape cemera behe_ umd
with it absey finally il 3 working el satim.

I Esplanil the Gramaphoes Cimapasy, Ll 2 the
London hrach of the Columbia Phosapraph Company
joizsed d 1y £0 Farm Electnic and Musical Indwsuries, Lid.
(EMTY. Theouyph the Canimophmee Compaey’s ted with
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RCAN Cle, EMT was privy to Zworvkin’s research, and
s @ feam inder Iaac Shnenherg produced a complete
and - practical dectronic syseem, reproducing movieg
imapes o 8 cathode ray wbe @ fof ks per pictsre and
2 i heres pes ser el Hlaind exerwiged this inenesinon of a
“nan-English™ system, but e relactaatly hegan research
on b own system of Lpo-lme pictures by ioviting & ool
Laliwmidin with Fanswanth, Ca Mod 2, o, e BEC
instituted an checirone TV competibon berween Taint
and EM1, bevadcasting theowosysoeamsdrom the Abexandra
Pabire {ealled for the oocasion the “workl's Brst, public,
regular, high-definition televison station”). Several weeks
barer 3 fire destromed Bainds Ghomones. EMI wa
dheclered the wicbor and wenr oot monopeliee tbe BRI
integest. Haind never feally reconered; he died several yeans
later, penriy forptien and destifube

By g e conflict berwoen RCA s Farnswonh bl
mived i the oo, both sides claieming the imventice of
electromic television, Years later the suit way fually nded
in favour of Famsworth, and i 1 RCA spned 2 pstent-
iy apreviment with Faewarth Televadon aml
Ralic, Inc, This was the fist time RUA sver apresd o
pay royaitees fo anndher company: But BEA, wich ifs prear
productin capabibity and stmshle peblic relaans
Eruilper, waas able by eske tle Lion's share of the oredia i
crriting eelevivinm, At the teie Worlds Fairim New York
Ciry, Sareof inaupursted America's frst repar electmns
brosdasting, snd 1o divs barer, st the afficial openicg
ceremanies, Frankln 1L Roosevelt became the fing U5
presdent tn be tedevised.

THETRANSISTOR

The transistor &5 1 semiconduceor device for amplifyieg
vufitring, aml preseraring sectrical sigamle b imented
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e 1pg7-48 by three Amecican physicise, folin Birdebn,
Walter 1. Hewttain, and Willam B, Shockley at the Amer-
icas Telephone snd Telegriph Company's Bell Laboratormes.
The eranstsen o o be 1 vehile aternsgie o the dee
I!r'|.|-|1.l'ﬂ:-u;m].,ll:.I the lze BG4EIN, u.lﬂ:ﬂ.l.lnl the birter m
muany apphications. Tes small site, brw heat peneration. bigh
rilabidlity, s low poeeer conssmipooa made possdhile a
Ireakrtbarouph n the miniurization of complex Groubtry.
Ianing the vehos and ‘7o, tramsivhars were mooapa s
it ineegrabed circuits, in which 4 multioade of compie
et {eg diodes, reststons, snd capaciiis} are fonmied
o 4 simgde “chip” of semironductor material Deeply
embedided o almosi erenthing clecimonic, tmnsistors
beave becoame the nerve cells of the Enformasion Ape.

Maorvwrros asn Exnvy Raman RESEARCH

Elecarna pubes are badey sl frapile 2o conseme lape
pmourts of power b beat their cathnele Blaments aned
penirate streams of clectrons, They afso often burn out
ufied weveral thinaml Boun of opertios. Elecios
mechanlil switihes, of relavs, are slow sml can berume
sinck in the o or off positinn. For applicetans reoainng
thoesainds of tubes o switcdhs weh = the mtinewide
refephane wwstems developing arousd the workl in the
1o el the e electmnde dygetal compters, thismeant
constent vipilance was needed to minimio the ingvitble
Ikl

A aliermaihe was found insemicomluctons, maieraly
such a5 silicon or permeniim whose decrical coadectivity
s wmibibway letween ihot of insulaos soch a pliss dnd
v tors woch odalusinum The conductive propeties
rd semicondsctors can be contenlled by “doping” them
with sedect impunities, and a9 Few visdonarsss bad seen the
patential af such devices for tebcommunications el

By
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computers. However, it wa military fusding for rucla
developmend in the 140 that opened the doar to their
reslipntion. The “sdperbeterndvne” electronke cicuits
oedd 1 ditort pechir weaves redutred & Bode fectified - 4
ilevics that allns curizst fo i in s ooe dirsction—
ihart rovld nperin sacesshully at elirahiph fequencies o
1 pipahiree: Electron mbes did not seffice, and solid- state
dlies bused on existing copper-trhle semibcosducion
werre als mech too slow For this purpose.

Crystal rectifSens based om silloon el permassam
came 1o the Fescue, Tn thise devices o tungsten wire was
jbberd enbn the surface of the semicooductos material,
which was doped with timy smounis of impanies, sach as
baron or phosplorus, The imparity apoms assumed poss
tians i the material's crpstal larice, displacing sillcon dos
pErmanium) afnos mdﬂmh'rﬂmm'rlgmvauh-
tons of charpe camers (such a8 eecuons) cipahle of
enochicting usabile elecirical curvent. Depending o the
nmature o the charpe camiers and the applied voltage, o
current could Bow from the wwe foto the sarface o vice
s, but mol | both direceione This, these devirss
servic an the moch-oesded rectifiers operating At the
pigebeee irequencees reqaned For detecting neboamding
miendnine mdiation i mditary ik syseme. By the el
of Wikl War 11, millicms of crystal reciiben wese belng
prevlured annulty by sch Amenioin manutacturess 2
Srhvania and Western Elecnc,

IxsovaTion a1 B Lazs

Expeuittes o Bell Labw el revcognived that semiisecor e
mighi el po solid-state alvesmatives i the electson ke
amplifiers and  electrmechanical switches @ mployped

ibmuphoul the nationstde Bell ceephone sysrm. In g6
il new direcior of research @ llell Lals, Mervin Kedly

iy
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Iepas fecrulbing solidseate physdeiin, Amoeg his frst
reerwits was Williom 1L Shockley, who proposed a few
emplefior desggns based on copper-nuide semicondector
mcevely then wed to make S, With the bolp of
Waleer 1. Brastain, sn etperimental phesicis already
worrking at Hell Labs, b even rried to fhricate @ penan-
ovpederceinagg, but it Fatded complerci Semicondector
thetry coubl oo et explain exactly what was happening
io ehertromy gnmide these devices, especially at the inter-
face hetwesa copper and ity oole. Compounding the
diffculsy of sy iheoretical wadenmombiog wes the ool
lem of comtrodling the exact compenition of these ealy
semizanifucior materiss, which werne bingry cominatcns
i cdhdferent chemical ekments Geach a5 copper and cxppesh.

Withtbe chose of Winchl War 11, Kelly peirgantced Bell
Lakw and created s new salid-state resgarch group headod
b Bhunicitley, The postowar sesrel fior o solid sesto smpliher
Lo i A puri] pg.qq winhs Shockley’s supyemion that silicon
it prermumium semiraducivo could be wed @ mee 5
fielid-eifocr amplifier Gar incopreted ciroutt: Feeld-offect
erasndston). | e reavonesd that an elecric feld fom a thdid
electriile okl iecrese the comluctivity of & diver i
semicindec tor matcrial just beoeath it and therehy allow
usafile cutrent w Sow thoagh the sbver. Bul dctempis 1o
Ealsricane sunch a devic e by Rrairain amd cthess in Shockleyy
gromip mgain fadend. The following March, John Bardeen, o
theoretical physicisr whom Shockiey bail hired for bis
proup, offered a pengible ecplanation. Pedeps electrons
il Illlhzmmﬂdnhrthpwm fhite]
wert blockeng the penetration of this held into the bk
mciterkl, thedely preventing it from infuescing the
cebiib vty

Bardeen’s congerhare ypurned 2 hasic nesearch prosgram
it Bell Lakes inco the behaviowr of these “susface stage”

electrons. Whike stedvong this phesrsmennon in Nevember

B
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147, Brattais stumbled wpon o wuy 1o oestraliee theis
hlacking eifect and permit the applied feld io penctrate
deop oo the semdronductor materisl Working cosdy
inpether over the nest mooth, Bardeen snd Bretmin
imengml the first socresafl semiconidoe e l.rnﬁﬁﬂ,
elllesl thee peoint-comtot transistr, on e 16, 1997 Smilir
i the Work] War IT orystal rectifiers, this weird iooking
device buil mat ane but v closely spaced metal wires
b hanp enbo the surtace of 3 semicondector—m e cese,
germanium. The inpet sipned o8 one of these wires (the
egnirtert boosted the conductivey of the prmmsim
bemeath hoth of them, thes modulating the oatput sgral
an the other wire (e collecmon, Dhsorvers present 51 4
demonstratton of this device the following week could
hear amgilified valces fn the earphoses thar s prwesel
Shockley. bty cilledd this inveobion s “magnificent
Chawsimes prusent” for the farsipghted company, which
had supported the research poograem thur mece chis
hreukthroaph.

Mot 0o be oudooe by members of his own proup,
Shoclsy conceived yer shother way 1o b 1 semi
enocutior amglifer the very nei monih, on Jan 13, 148
His pumction rransistor wes hasicaliy & thirec-loyer sand-
wich of permaiinn or silicon inwhich the sdpscen biven
wuulil be doped with differenr impurities o indece e
tt electrical chamcteristics, Am imput signal entering
ihe midi@e leyer—the “mem™ of the semscondscior
wincdwich —determined how much current Bowed Fram
aneend of the device ta the ather under the mileence of
an mpplied vodtape. Shockbey’s device & often called the
bilpolar mncidon trshsisior bt il apeciiog reguliey
tbuit the negarively chusped electron sod their positivey
charged coanierparts. e holes eomespondmg o an
abeence of elecerons dn the crystal Birtice) coextst beiefly
in ke presence of ore ascthe,
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The name srawiiror, o comblaaion of mawfer iod
resivanr, s coinee] for these devices in May ro 48 by liell
Labs plectrical engimeer Joha Robinson Plerce, whi was
gl g scienie- heting sathar i his spare dine. A& mogth
llurﬂdlL:l-mnmll.hm:HimqimEMinl
press coslerence hekl st s Mew York City hesdquanters,
hecalding’ Basdeen, Bratrmin, end Shockey o the three
piineenton of the traositorn The thiee weie eventomlly
wweackd the Mobel Proee for Peysics for their inventsan

Altbuph il poist-coatact transsstor was the first
travtar invented, (@ fBoed & defBouln pestation pesod
ek wa eventually wserd onky in 2 veitch made for the Bell
tedephone system. Mansfacturing them relishly e with
usiform upersting  charicterstics proved 3 danting
peclilem, brpely because of band-soontiol variations in
the metal- o-semicopductne poimt contect.

Shockley had fogeseen these difouties i che process
o cimcetvieg the juncton ranistor, which be pured
wintk] be moch easer to ounsdscrure, Bt it sl reequired
more tham three yeas, sntil mid-aest, oo resolve its own
development prohlems. Bell il w et engineers,
anil technicians first hail 1o imcd ways o make aliapuee
peeremarsum s silicon, foem Erge orpsoels of these o
ey, dope them with aomm |syes of te reguled
bemrurities, sl aach delicare wiges e these layers 1@
serve av clectrioddes, In July vest Bell Laby snnnunced the

successiu invention and devolopment of the panction
tragritepa, this time wich onky Shockler in the spoight.

¥ 5 5 ¥ L | ¥
£l

The iched of actios transmsivsiin thivoph Space i at kast a
roded s the space novel Bt 12y ga4 (g, by the American
sclence Brthan proneer Hupo Germshiack. Vet the idea of
o radiy pepeater bocated in space wis skow 1o dlevelip, n

L
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tpd the Heitish umbor med scisnilst Ardher © Clake
propesed the ese of peostationary satellites for station-
o sttic and beoadescr radso comamunicaticn. Clarke
auytimed that these spaceorf winlil need (oake che farm
ol manned yace stations with Bring quarters fur cres tha
waralid be bust in space of matenials Aesn ap by rockes
und provided with recevmng and tranzmditing cqupment
inid directicmal anrennas. Clicke sappeail the we of sl
power, either 3 steam engime operted by solar hear or
phoselcioic devices.

I a papsr published in April 195, the Americom eng
neer anel sientist Jahs Robimson Pieme analyeed varion
concpts for anmanood commumnicacioes satelnes. These
incheded passee devices, such a5 metallized balioons,
plane reflecton, and cornes refectans, thar wondd merey
reffert back io Earth part of the enepy directed o them
Acvwve satellives, inconporetieg radio recevers dnd s
mintess, were s conslibernd Mence discwmeed sanellives
at sycheonous dtitdes, satellites at lower sbtimodes, and
ihe use o Earth's pravity to control the attitude of ories
tatiin of 3 citediie,

The terst wabedlite to relay messages betwein Farth
matins war the U5 povemments Progect SCORE,
buinched D, 14, 1558 Circling Earh ina low ellipricl
orbie, it fusctioned fod o) den wndl s batenies. @n
chrwm, Che of the bess-rwm ey satelivies was Echao,a
ballcon made of hMviar plastic coaned with a this iy of
alumsinum, which was lunched Aup. 12, igoe. Succeaful
commamicatiogs tevte carmed ol ||r ;:H:r.rjrg rachin
sigmuals from Fcho o's surfece eocouraped further cxpent
mettabivn Telitey o lesticled July (o, s, was i 5live
seiredfire e was dhe Feidt bo franinis live velevision sigaabs
anid telephine comvrsatioes uemens the Atlintic (eran
Syncom x, launched July 26, 1963, was the first peostation
ary commumicgimny sabelite, and Syncom §, bonched
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Aug i, 1y, celaved the Rrst sustsined brunspacihc e
Fisicn purio,

Experimentsl peograms sech o those described shove
represened the conjusction of 1 numbser of wobnoliplcal
mlvanees that l.rehumrfrlmlhun:i’l.ldll&mﬂ-
municetEon 0 begin, These inchided the development of
relighly lumch vehicles. solid-state elocirom: devices.
sprin atabuilizarion fior sttinsde control, efficlest solir cells
ior pawer generation, ad Earth-to-satellise telemetering
and goamirod techoiques. In addéson, the development of
the borw nivise ammser o the traveling wave tube ampliter
wan mecessary for satellites o capture and amplity the
weak upliak sipnals for retransmission i Esrth. Intelsaty
falso knowm s Fary Bind], the Sirst commeroul commund
cations sabellite, was launched Apeil & wgos. [t peovided
hiph-handwidth felecommunicatins srvice beteeon the
Unired Stoves and Europe s 4 sspplement o existing
transattanic coble and shorwss caulbo links Tenelsar o
eamied Lo woice riuits or one tekevision chamel, The
Infefsat 2 serses of swiellices (oeched 1067} tpether
orffered full coverige of the Athntic and Pacibe repians,
anid #ach sagellite of the Inaelias | setien sonl-70) pro-
vided more then 1,500 wéoe cncuits of (e teloason
chanpels. The Tntelsat 4 smellives (750 ech camed
A oo viice clecets o 2 eeviden channsls. In contris
tor thise early senies, the Intebat ¢ sasellivs lunched in
the firn vours of the us cendary pach could hande
i s CiRCuls of hoo TEevision channedy.

THE PERSONAL COMPUTER

The personsl computed, e P, s o dipitsl cinspores
chesggned bor use Dy cnly ooe pemon ot o time, A tpical
personil - computer dssemblape consBl o of & Ceotral
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paoxcessing usdt [CPL), which containg the compurer’s
anithmetic, bogle, and conkrol cincuitry on s ntegraged
ciremit. There aretw types of COESUET MEMOLT: M
mernory, sich o digital random acces memary (RAM,
l.uil.-.nhr:r mﬂ.uu:i;u.lrh uma,p;u:ﬂ-l:h-dﬁﬁ:-i
speerial ppticnl coampes tiliscs, orread-onlymemcer (HOM)
sy {CE-ROMs and DVIFROMs), Personal compssters
alhry v vearioous, (gt foutpul devices, inclufing 2 @l
sereen, kevhoard and mouse, modem, and prinber

Comperers small end inexpeaane oeouph i e pur
chased by mudividuals for wse i ther bomes arst became
frasibile in the oy, when licpe-scale integration made
it possible to consrect o suffeckently powenful micre-
pioessor of & sogle semicodector chip. & small form
sttt MTTS eraoke the fest persiml compuiter, the Alvaie
This computer, which weed Infel Corporation’s Bodo
imarropreocessor, was developed in 197, Thuuph dhe Alair
wits opedis among compter hobbiists, i commencial
uppeal was limites, since |1-|.|:1.'|1.-.|.-n hanl s ;semble the
machime from a kit

T persanal rompeter industry truly begrn i g7,
whven Apile Cimgrites, Inc, inow Apgile, Inic], founded by
Secven P Joks and Stephes G Woznisk, introsdoced the
Apple 11, one of the Arst pre-asembilel, @ pakce
perioial mmpuren. Raulio Shack sl Commaodoee
Musiness Machines b imtrodered peponal compaters
that year These maochines wsed -hin mocroprocessors
fwhich process indnemation in proups of § s, or Ideacy
'HF'"" al a bimep amd pmnmutl mather Hmwed IRy
cipacity—te., the shility to sddress a given quantity of
it boeld i meemnry storape. Bet ia s peevisl oo
purters werk mech leis ppensie than maiefeimne
compaters the higger computen. typically deployed by
large busipess, industry, and povernment. anranizitiogs),

i
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they coubl be poichased Iy individuals, sanll and medium
sral husine s, and paimary and secondary schooks. The
Appde: 11 recewed 3 prest hoost in-popabirity wien it
Bev e the host machene for ViesCalle. che first slecormse
spteatdshest fonmputerived sccounting peogram], (ber
types of spplicatinn sdrwars son develeped fir peroaal
CIOEIUEE.

TEM Carporstion, the warkds domiment computer
maker, did not enter the new market until i, when it
mtraifuced the TBM Personal Computer oo [BM PCThe
[EM PC was oady slightly faster than rival machises. bt i
had about 10 times theis memory capacity, anid it wa
hacked by THM's larpe sabes oopasdrarion. The [THM PC
wis alsp the host machine for §-2-3, en extremtdy popular
spreadshest  introduced by dhe Lotus  Development
Craporation in ielz The THM 1 became the workls
most popaler persoal compiste, 1 bodh s micro
processir, the Inee Bed, dned i operating system, which
was aidipted] dom Micrsalt Comporation’s. MS-T{5
gystem, become: inchisory stancarls, Riesld machises that
e [sitel nsiceoprocesars and M5-DOS became known
s * IR compatibles” if they tried to compete with |EM
on tie basis of shditicaul tompatieg power or memecy
aisid “TEM clone” if they campeted simply o the basls
of hiw paice,

I a5y Apple intronducerd Lisa, 3 personsd computer
with o praphical user ingecface (GUT) to pecform routine
aperatins & GLUT i a display fonmar thar s the wer
traselec 1'|:.u‘|:.l::|h,|:‘L||:|-l:].|:l1 ||=.|1|'|'up:m|.,:|.nr|dn-
other maties fasks by using & device called s modse to
fsine b piietorial sembebl dicnsd of Uses of men choiies
an the screen. This tjie of ot had cortain advangapes
ever interfaces o owhich the user tvped text- or charactes-
Buasel commsinds om g ey do peckarm rutine msks
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A GUTs windows, pull-dows meous, dialop boes; sed
other conrolling mechanesms coubd be wed in new pee-
prame and applicancns in @ sanderdived way so that
carnmsn teks werw siweays performied in the wome manner.
The Lea's GUI beeame the buxis of Apple’s Macininb
pernoal comguiter, which was intrnadeced in 198y and
parreed extremely sacoesshd. The Macinmsh was particu-
Ly wseshul frr chesonui s ol sbish g Do e it comld By out
bext and graphis on the display soreen an they woukl
ppear uiy the printed pape.

Thet: Matintoahs praphical (ngerface soyle was widely
scapieil by oeher manudacturens of penonal compaters
anid ' safiware. Inopols the Microsedt Comporation
terrroduced Microsoft Windows, 4 praphical uses incerface
that gave ME-TNOS Jased cumgutens many of the same
rapahifities of the Micininsh. Windows became the dom-
LEEIE OFeral e CrvEHment fof persoial computery.

These advintes in sofiware and opedaring syitems
wese muatched by the developeeat of microprocesony
concsining ever-preater numben of cireuits, with resulting
i s i the processing speet and power of persinal
campiters, The Intel Rogla 33-bit microprocessor {intim:
koo pakish pave the Compe Compster Corpoeaton’
Comguiy j&s {nroduced 1536 and TEM'S PS4 family of
oamnpraters (o] 957 grester speal amd memory
capacity, Apple’s Mac [§eoemputes famaly mace mquivalent
edvances with microprocessors mede by Motomoda, Inc.
The memoeycapacity of pessanal computees hed increased
from fiy hﬁ:ﬁfhﬂ 16,1.,1:\-.1p rh.pnru-n} in the lage 1T
b0 1o megahytes oo million charactersk by the cardy
‘g e several pgatnues (dlions of deirscten) by the
Hl|:.' BTN

By rgoo snme persosal eomputers bad hegome small
enouph o by compéetely portable. They inceded lepiop
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Apple e st it genesis i s el derasm ol ephen

rmmhﬂlhhmnqmmqldmﬁdn
itk siiileden |y freanllibe wiih el arvival ln s il U e
MmﬂmhMIm
ahich came an i bE 3ol wed the ey invemed nilcs-
preocesi chip. Eocomaped by b friesd st the Hnmeliora
Computes Clob, o Sas Faociso ey sres groop content
s the Altair, Worniak quickhy come mp with o plan foe
hisermnmic e o whinthe | lostet-Packan!
Compang whern Wionisk wes an enginteving interm.
exprewmeed i eserr nchis deige, Wismisk  tben o o
nld, topecher wah & fommer kph-school dasmare, zr-prar
ol Sepven I o, it reed prvscdoctios oprvatinm i the Jabs

garape —and ifwe Silicon Yalley parage start-up com
pany kel v hom, Jile sl Whenisk namerl thee
mompany Appli. For working capital, |obs scld b

Wiabbwmagen minitee amd Wipnik b programmable vaken-
lator Thetr it model was smply a working ciromt board.

It 1 Jobu's imsinernce the ayys eorshon was o atanh-shine
marfine i aristom-molded plasie mase, in oot o the
fesrsidhlingg nered Do ol ks caily machioes, This Apple
11 aho ciesesd a cokosr ispiay and ocher feanrrs thar mare
Wopniak's coratiom the fsl s i that gyealnl
1 e P ERAE AL

comgtitors, also knownas potehook compwters, which
wide bl the sl of 3 doedoik il lss possnful
pocketsited compates, kiiun o pervinal digitsl i
tants | FURAS). At the highend of the PO mariet, multimedo
persanal compeers oquipped with DVD plaves sml
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igital sound systems allowed wsers 1o hasdle animazed
images anel sound (in addition o text and still imapes)
that were stored on bigh-capacicy DVD-ROMs. Personal
Compriters were increasingly iserconnicted with ach
ther zml 'ﬁlhlug.-r capulEes. in netwurks fiar the put-
pase of gathering, sending, and sharing mfonmstion
electranicalle The wes of personal computers coatinued
b imuleipdy s the machines becane move powerful el
their apphcation software proliferated

By zoo0 mive than 5o pervent of 1l Bousehiolds
the United Srates rwnisd 4 personal computes, and this
penetration increasell damatically over the pest few
voars a5 pedple in the Uniced Staees (and sround the
wokd! peerchased 1w aovess the worhd of imboomstion
avallabile theouph the [nt=tpet.

T INTERNEY

The Internet grew out ol fanding by the U5 Advanced
Rescarch Progects Aprecy (CARTA), later renamed the
Defense Advanced Research Projects Apency (IARPA],
b0 clivekif @ crammusia Hon svsEEm amip prveament
mnil academic computer-reseech lahoemtomizs The first
petwink componeat, ARPANET, becime opeiaticml in
Crcnber 196, ARPANET sooe levam: 3 critacal paede of
iedrstructure for the computes scicace rsearch smmmu-
pary in che Ungbed Stages. Took and spplications — sech as
the simple mall wancher protocol BMTE commonly
r:lr;:rdhrnn—uwll,l.n:uudingﬁmt mrm.g:l.l.n.rll.‘ht
fibe transber protocal (FTF), for Jonper ransmissons—
fusckly pimerped Lo snder o achisve oo effective
IeFRctive communi s et compates, which
pypivaliy communicste in short bursts of data, ARPANET
emploved the new technobopy of packet seitching. Packet
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VIRTUAL COMMUNITIES

The first e o the pheass "virtial coanmupsiy” sepeanor| in
& 10 dticle in The Whale Forth Retves wiiiien by Howand
Bllsiipsiibl, wrliii mored the tere i drecribe say gooip il
peple wha may o may ot mes abe swothes face-on-focs
fiwit whis cxlinngs wemls ainil ifeis Dol the sediion
uf cumputer brollevia boart rystems (11653 sed ather digral
netwndo. In Vb Vvl Commwary (ggyl, Kheingoh!
expanted oa hoe srmacke in ofies the fdlowing definiiom

“Wormas] commumeies are socisd agprepinns chot
emirgy from the MNoi-whes comggh poople sy o
thoss pohiic derusmon kap enoeph,. with suficient
raiman fecing, b frem wdmod prrsomd eclatinmbipn
in cyberspace ”

“Terdzy, wirh sevemal bilioo mebdr exirphones mow @
et sl @ preaing iernil deeranl tmiklieg Brteie
coanectans intosebile devices, itis not esliely thet s sp
nifait postion ol the buman popoleion Wi cosdec
same of their social 4 i by meass of compurer setwocks.
In ehe st ceraury) people e, plig sy liscnone
nobdlive do tasine v m@d vrpaniee oollecrive aroos through
v mwssprs, bligs G huding viderhibogsl, K55 feexls s
fermat fer subacnbing 1 and receiving remdahy gl
vonient s Wik adbeall, wikiln, e bal nevmnrl wpbectand
13 MySpace and Farebook, photo. md media. tharing cnm
rriinies il g Flicks, massher ainibiplaves eollar gaae
mch s Lawrage and Wnld' sl Wrrmaft, and immersive vimual
wiurfils i an Second Tl Vieesal cominssitios and siclal
media  have corvohed @ emerging ochnologes have
atlirdesd pew kboeds nd e nion sl s diifenem p‘ﬂ.lTrlﬁf
people hare appropnzted media for new parpose
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Aon thee canly oligatl onthimsty, hniikdon, aml ewacen
hawe Inen julmd by o moie fepressnmative ample of te
wiiekls poplathm, o binsler anid st shvan whilesine
represenininn af humes heberionr har memdieared ineli
imbine. L celine i the zotoostury kayenahiled eoomeists
s variro opbercrimeals o make nee ol the sme may
seame vecrims aud carepiven, iisster relief action, dstance
lraming, am| community buildmg fors With w many
young peaple mendag o nach of their time caline. mary
parntsam| *jral wrrkd” commmmity e haer cprmand
mncorms shoat the pomible effech of ovenndsping in
wrch virhiad sovial s |n militos, W mm envinsmen
whese amyooe om poblish mything or moke @y cdem
imiiar, the need 1 inchide s nadersdiog of wecial mnlia
ln ednrsminn hm prven nse i sharceees fod = parnogemry
ey

Seoedents off caling sedual Behavicor b soted @ ehife
Fim “grmpareers dharciereraiees of vilie asalie-
ing m & perpective dhar rales s sconam: “nerworkind
inlivichinlian.” Th st Canadlan wwioligng Harry
Widlman:

Wishemph people often view the workd i coms of
preeps, they husctum i sctwuks by arrwoisd
woieties boundares are pemesbie, Eeemrtom
arwhbllveme by inaneciln swiich lreeres
madriphe retworks, wd hisorchies cn be Harter
anil mrsansive, . Moot grege openee b ol
iy connecied, part! commumnites as dey dead
wilhy sensid ol kin, meighbain, firub, woel-
it the warn grosp o chose mmiinil them, cuck
eerucd hhas hizther pwn "pessoas commmery ™
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It likely ther communitedemred foma of solise
it b wll ootitmae o thasiade A the sme Hine,
It i wluo Mkely rhat-the presalence of individud-centeed
sl metwonk services anil ahe piodierimn ol jo ol
ks devices will el te Foktion of *nes
wiitkrd iilirkslinm, " Cylereulmm spulis, sccesrily in
interdaciplinary pumoit, is likely to coorinse in grow as
e humian usisdsation jsmlion] by iligeal sctworks

switching takes large mossages for chunks of computer
chite) aed beeaks them bnto-smaller, manapeshle pleces
(knerwi s prackers) thar can teaved Endependently over 2y
available cirow o the tarped destinatinn, where the pieces
are russsembilod. This, aolike orodicons valce comms
nicarions, packer switching doss nor redgisine 4 single
dledicuted circwit between esch paicof users

Wich only 15 nonpovernment tuniversity sites included
in ARPANET, the 175 Natonsd Science Fousdmion
dhecbileal b bl the cosstrection and mitil mainisnance
oot of & stipplementary network, the Crmputer boieore
Mepwurk (CSNETY. Bailt in roie, CSNET wa made
avallalile on 3 whscrprion bass o s wide array of aca
clemmic, povernment, and inheiry reseamch libs. As the
158 wre on, funther nerworkss weie added. [n March
Amethis there wene limm:‘ uthersl BITHNET (Betamne
I's Time Merunek) from EBM, UUCP{UN e UNEE
Copr Proeond) from Bell Tebephone, USENET limitialty a
citie Ui between Duks Univeesdty Datham, March
Carofing, sml the University of Mocth Carulisa and sl
e home system for the Intermet’s many newsgrouns,
MESFMET (o hiphspeed MNatioos] Science Foandation

ok
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netwrak coanecting supercompeers), sod TN (m
Capada), In Farope several small acsdemic petworks were
lided to the prowing North American network.

In ordes o connice these vares oetwocks. DARPA
pylalinked § propram o invedigte the jsteoonie tion
i “heteropeneous networks.™ This program, cilled Tnfer-
necting, was based op the newty inroduced concept of
open architecture netwocking, in which seoworks with
defmed standand inbesices would be snterconnected by
“prieways.” A working demonstration of the coaoepr was

In oedher Far the concepe o work, however, 2
new protecol hael 1o be desggned snd devedoped; indeed, 8
wymtemarchirecture ws sso regqairsd. En 2g7y Yineon Cerd,
then & ftenford Univorsity i Californés, aed Robert
Kahn, chenat DARPA, colliborared ana paper thar fest
deseribed spch & protocod and spiiem anchitecture—
iimely, the wansmissson ool proweol (T, which
enghled different oypes of machines o nerwarks df over
the world to mute und sssemble dats packets, T which
rigirally included the Internet protocol (F), o plobal
wcklreming mechandun that alfeed rourens 1o per data
petckets o their altimate destination, foemed the TOPAP
semnelan], which was adopsed by the LS, [ pariment of
Defesss i rybo. By the medy bk the “opes sschitectan”
of the TCPAP approsch was adopeed mnd emloesed by
mny ather researchers and evessually by techanlogists
il busimessmen around the world,

The rapid commerchlizating of the nterner was
the result of several fartom, (ne mpoaiant factor wan the
introduction of the persoos computer and the work-
itmtian o the ealy wlos—d divelopment thal & tarn
waas fusded liv uiprecedented progreidin integrated circuir
techanlngy aml an attendant mpid decline in ompster
prices. Amocher factor, which wok oo increasing
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impoatance, wel the emerpence of etherner s odbes
local wres netwaorks” inlink persosal compasters. But what
it ook i furn 8 network of competers ko something
mine wes the ke of the hypedink: compstor code inside
1 documes ikt wenll cose rebes] docmments m be
ietrhed and displayed. The concept of hyperlinking was
anticipated from the carly to the midde docedes of the
2oth Cenbury— iy Eefgpum by Paul Crtlet amd i the Unsied
States by Teel MNeliom, Vanoevar Bash, and, o some
extoal, Doaples Enpeibart. Their vearning Sor some kinil
of system 1o link knowledge toperher, thowgh, dud no
matrrialerr until tgye, when Tim Bersens-Lee of Frgland
and ochers at CERN (European Chpanization: for Meclesr
Fezearchd doveloped & protocol based o hypertesr @
mke pnfesrmatjon iserilaabon eades Bnoggn this culmb
nated im the creation of the Wodd Wide Web and it
system of links amoey wer-created papes. A tam of pro
gramimeds 2t the U5, Narionsl Center for Supesein peting
Applicatines, Urbana, 1L, developed a program, called s
browser, that rap oo most types of compatees. Theough
its *point-gad clck”™ inteeface;, the Deowser simplifisl
access, mebrieval, dnd display of fles theough the Wickd
Witde Web. The beowser was calkd Mosac Ino1ugyg
Metscape Commesniiatioss Corpiraikn foriginally called
Mosaic Communications Corpocstion] was formed 1o
further deveiop the Mossiz brmwser and server soitwre
for commezorial use.

Metscape was an enovosius siccess, The Wels prew
l,.-,|'|'|n|:l:.l-:|:|:I:li|:|'I :ﬁ.lu]:l.luﬂ the nuemher al weerw gl the
number of mtes ovory few months Uniform cosoure
bov s (UL 5) bevaimes it af daily fe, anil the we of
elecrronic mail{e mail) becane tommonplice. loc ceaningly
busimesy took schantape of the Internet and adopeed
new Forms of buying iod selling s cyberspace, 2 ferm
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in the esrly oo by science brtion satho
William sibwon, With Netscape s seeressiul, Microaodt
enif-other frms developed abternaiee Wb bmwsies
Thus the Internet, arginally ceated 28 4 closed
netwurk for peserchers, wis soddenly o oew public
medim for infrrmation. It became the home of virmal
shopping malls, booksmoms, storkbrokess. newspapers,
anil sstertalament. Schik weie “geiting consected” 1o
the [nternet, and chilibren were lesrming o do research
im movel weps. The combinstsan of the noesoec, ¢ mail,
unrl senall and affeachable compoting amd comaminication
ifevices hegan to chanpe many asprets of wciety



hapter 2:

5 With (oM, ool mises of mOving oup

walyes and m.u'#:luh FI'I:|:I'I111|.I:E|D phthmg‘nwu
faster and mare comprehensive with overy prasing goo-
eeutbon of techmolopy. We hive progressed froes 2 neliance
o brutman and snimal muscle w0 i hamnesing of coi-
bustinm o power autometales, scralt, snd rockers, All ol
T imventioss in this progresseon, from wiseelod charioo
iy rocket hanecbers and jediners, have extemded our reach
ever farther,

Archaendcgical evidence suppests fhat the fnd vehickes
wrc hestvy twa. o foesr whisibed chisepots thar were pulled
by iwea. These vebicles seem 1o Bave bees used fisan by
the Sumerizes of Mesopotamis abost jooo ICE Thes
chamots wene of e wse in ordinary lde, but they probably
were mither quickly sdupaed for malicary purposes s, by
extermdan, o3 kymballc role amang the gods,
Areas i the Middle Esatand alonp the Meditermancan
Sea (Musopotnmia, Syia, s Turkey), liready desnreael
in classbeal vimes, weie the typical locale fiw chanios
warfare, which might imvolve up 1o severad thensand
charinggers in imgportans bartbes. Early chaniots feaured a
dashiand where the sider seomeil 8 handliold 1 keep
hlrnu.:l.l:l'rrml:emg |1|I|."|1.rd-a[flhrl{|r|.u#.|:u'rr|1i.rk.1'|u
dashbhoard became increasingly borizontsl, pechaps anric-
ipiating 3 fost wrhisel velicle clises i fonm o 4 wagon The
spadibend wbee] alforwed the var charion e be miuch lightse
ani therehy capabie of heing drawm by medes rather than
arga s and aftbmately By the much faster hiee, The spoload
whes was dntrodduced in the sl millensdum BCE afves
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which time the homse chatiol was developeid Tn that
ondertaking, hirwever, a pew problem arose. Farkier chan-
sty b bzen yodood to the ox 8 the withors, b such a
yaike didd oo rest secrely on o bore, Instead o breasiiasd
wan imtrrduced, iod i had o fembency o choke the hise
anil preathy redure the power tansfered to the chanot.
Ciaily meany centuries [eter, in the Middle Apes, was har-
et g il 1o ghee ot where the full poser of the
hucsrsee was macle available 1o pasn ewther grester speed or a
stranger peall

Thee developement of earlier charmots was most sy
wasociabed wich Ur asel southern Mesnpotamia, as well i
with the pomadic steppe decliens, bur hamber admnces
weie made by the FHrbives and Assvrims, As bronee spoles
wete moce commonly ued o enhance spesd), the neces.
ity For better roads increased, For military purposes, miad
besbediery el bavn. pickiaves o odt into the side of &
ki bl dhape i chie sl mnillenssam BCE in Assyria Ry
wiicy BCE Assyrian military dominastion, which bad relied
upon swift charios anid understanding of tactics, was ovon
The Babsylnostins and the Llrartizn (iving s what i now
Armenia) developsd pew forms of charioks Somshar
later it Persizns created a four-poded chasior demm by
gijght horses, thiar becamse @ weapon of G i inoangs
ratedl 2 miwes with Dladis simached v Be rotaiog wheels
that literally stashed 0 shrecs the npposing infantry.

o dosdht there wene civiliss eses of thess vehiclos,
st redatively lietle evidence remains, It was che miiiacy
lﬂll‘l,‘l.i&_‘ﬁl Trana oot statues nl,pmbil el chanah
that assured the creaiion of pictomal epresentations. 1 is
krwrwn, however thal Alevisdes e Goea emgiloved g
vansiferabile aumbier of Freipht wigons an his campaipns.

The chariot was introdisced in Egypt from Sy dir-
i the period ré7o-t57a BCE. Quickly the pharsohs
whopted] the vehicle, i 1@ defentd themseves apzins

13
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similardy equipped feeces but soon thereafter as *show
pieees” displaying physical evdence of Egyptvmight. (nce
well established in Swrea, Armenia, Anstodta, amd Egypa.
b war phariod spresd fertber into che Ssbvra, ol Goally
acroes the Aepran intn Cereece mml them intn te Hnman
warhl There it played a signibcant mie in the coaguess
ihak ultimately shaped the Reman Empire, the continweid
saceess dif which was Emly sstallished e 3 cuefully
plarncd anid asacunushy executed system of mards and the
vehifcles that ciroebaned on them,

SAILING SHIPS

The cacliest histooecd evidence of boats is foueed in Epype
duting the yib millensiun BCE A culiure neady enm-
pletedy nparian, Egyptwas narmowly aligned along the Nile,
oty supponied by it and served by tanspost oo it
ufnterrupiecy navipble serface bedow e Fiese Cararac
fat mndern-dhay Aswanl. There are representations of Fap-
tian beoars wsedd o camy obelisks on the Mille from Upper
Egrypt char were & lunp = joo fisst {toa m], loager than
any wisship coestiected in the en af woden ships

Frou Rowen VESSELS 0 SuLs

The Epptas bosts commanly featared saily o well as
s, Rocouse they were confimed 1o the Nile snd depended
on winds in s narnow chisoel, the ahillity o row was
esentisl 1 his became troe ol miost mwhnwh:u.lh:
Epyptians bepan to-venture out onto the shalloe waters of
the Medlinerranesn aind Red sess Mot parly Mils beiars
haed 2 benple sijuare 8 o well s one [evel, ar row, of cars
e ik, several levels came indr e, ax itwas chificls
m maneuver very ehonpated boats i the open sex The
lares ormam owo-level bipeme and three Jevwd i reme were

T8y
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il Couimuan, | sametimes mone tha 4 dosen basky
o s were ustsd o proped the barpest boats,

The hassc fenctioas of the wenhip und cargo: shap
ietermuined their desipn. Becoes Bphiing shign redquired
I-FEJ,ML-:F.LH: L I sulstanrid mumbers nl"ﬁ,ghl'.iug
men, unif the shiliry 1o maneiver ot any time in sy fiec
tioe, loeg, narrow nowed ships became the stendand For
iaval wenfare. [6 contrest, becaine tradng ships souplst 1o
rarry an much tonoage of goads & possible with s smadl
i crew as praciecable, the trading vesse| became &5 found a
ibip o ooudd be essily mavigaed The mmading vessel
required e reaser] feebaand (height between the water-
live uned upper deck bevedl, &6 the swell in the hirper seas
could faidy casily swamgp the low-sded palloys propelled
by dragnmen

Aswas true of carty wheled vehickes, ship dessgn b
showed stroag peopraghic oneatition. [n the conquest of

il vy Phemioiow by, 1od connery BCF, o oy Aloomm ai” ity
H%MFHFMFHEHML‘:MW\:&
Civie Cosion
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Baitaln e bn cheir encousier with 1he Batovian aee in
Holland, Kamans became auware of ihe nucthern Feropean
boar. Bt was peoenlly of cinker construction (thes s, with
. Dl st o vt iy lmbens) and idestocid at eltbes
el hlhﬂtdlmiﬂplb.igufamuuﬂmﬂ
bruilt dehar is, buit of planks joined slong ther lengrhs o
framm o smnoch surfice) wossels thar differed at the ko
il stierm {the fueward aml rear ends, respectively). ln che
exriy renturies, both Mediterrancan ased porthem boa
wife commpaly rowed, st the cpdanic scocms foaml
vizar-ound U the Betie and MNorh 52a latitedes. encour
aped the wee of vaily, Brewse the saing techninues of
these cariy centuries depended besnlly on miling with a
fillorwing wind e, from behood), the frequent shifts in
windilicectbon i the nonb permitted, aftes only pelitively
short waits, pavigatico in most compass. dinections. In
the persistent summer hiph pressure systems of the
Meditsreanien, howeves, tie loag waits for 3 chanpe of
wind dlirection discouraged siliog, It was abe more eos-
nomice b0 coy poods by ship in the morth, Wich a ks
alwolute dependence on rowing, the doatile-snded e linkes
bioait vomkl be budlt with a prester fresbsnand than was
possible in the e palleys of the Meditermenean. When
Earogiean sailors Tregan (o Jook with iscreasing cusicsily
al the seemisgly bounilless Arlantic Cioesan, preisy fee
Emand moide neemmic navigation more pacticble,

Trees oF Saies

The meve o the pure sailing shep came with small bat
steaidily iniresuing lechnied innsvatiins that moi ofes
allowed ships 1o il with the wisd behind them. Saibs
changeil froms @ Birpe square canves ssperded from g
single yend (op spar, w comples arminpements infended

Tie
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v privest v the mass dependiog o the duecton and Frce
of the wind. Instead of being driven solely by the wmd
direction., ships ookl “sad wto the wind” to the ewent
that the veurse taken by o sy became the produet of
resalution of foecss (ihe actnl wind direction amd the
mdective cowrse of the parmculer shapl, Sails were devised
i haesdle peete breees and to pain some mieape from
them as well 26 feom stang wisds sl o malataln some
chotce as o course while usder their inifuence

While the speed of & rowed ship wes mainly defer
munesd by the mumber of sammen @ ibe crew, in sailing
shsips the sotal spread of canvas in the sils was the main
recerminant of speod. Berawse wunds are nor fived either
s Ly e ion of & io Fore, painkey the masimus effec-
tve propubdon from them requirds compledly varibile
saily, There wis nee coastant that charsctenend navigs-
tie by satil ehroughout i history.- 0o pain speid it was
necessary ui inereasy the number of mases on the ship,
Ships in bwth the Medsermanen and the north were single-
mmststed] unkil aboet 1yceo CE and Hely as well tobe npped for
iz Dasic ryipe ot vl Witk xperience spre sils rejlaced
the sioaplie lateen ails that were the malnstay during the
Middie Apes, partscalariv in the Meditesranran.

In ke echier cennuies of siling hips the domimnt
iyt wa thie sipsire sail, whick fenarnes 5 convas spendid
o @ boom, held alodt by the mast, and hung aomss the

axis of the ship. To pulize ihe shiftinp rels
tivaship between the desived course of the ship and the
[nﬂm'r'iml:ln:rrhrgilrupuuulm b twristend o
thie mast o present anedge to the wind This meant that
vl b Bimal vt Buave et decks amsdahips i permitl
the shifting of the wail dnel i boom; most oF the dock
space Wi this mosepolied b single ssnging sail,
Laspe sails aleo required a sieable paog of men (o rese md
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THECHINESE JUNK

Dhiriag the pirined that the saliing ship s doeliping in
the: Medarmanesn woold, Chiss, with i vt fand deess
wniil e ol oo vtk ek, W Harning b WSt o
trmpnrintion, Sartiep wwh o dugout canee, the Chines
fritrced wid canes with planking, frssig o sipeir fon, o
rafi. M, the side, buow; s siern weee bl up with plank
ing t foem a bge, at-bottnase d woden bio The b was
A th stem, uete i mrdy hanging astorrimg surmaer e
wide un el ehr Weetvn chups, Chinese shiphuilden commnst
wwwnrtght e oxsomding dhrogh the dock aml Jenios,
that slowrd the swreenny nar or raddes to e placed om the
rentrrding, Ehins giving betirr cost ood The seen swas bnill
& high, small plarform st the sterm deck, lster culled @ oozl
iy thee W, s that, ina fedlreetag sca, the ship wonld rman
g T, in et what mWistem epe wemed an mpsnly
figsare, the “Chines: junk” was an cecefent hif for seamor
thuneus 23 well = for benching in shial (shellime ) water The
i ishrantige, humers, e spparrnl (i an vl
i, s prean st tver | ey Unonee tosuppart the sids
wnil che b pilanking, ¢l Chines vand sill] plan kol wall
[bullchemle), mnmng boch onprsnaliy and manvensehy el
liwiling s sk inin oz on nuse cnmgartmesn This pae-
thocztl me ondy meengrh i sl peotoctins apsimr damage.

L ehgyeling: Vb Chiner funt b ‘vns i ahiesa | o Wit s,
withy ais masde of narrow punelz, esch oied oo sheee (linehar
el s chat e el g sl comld b Sakeen i mang
lines rasher than e the mast aloae Al te il ool te
Fraund st viiprerer e shiip sl wiines i nihe i
By the reth contury pnk s bl developesf inm thee kst smon
_grq,lul e I.-m'lrrh iﬂplq.duq.ﬂ Pt il alus
the yoch coomry did Wiestern thops cecd up ie pediomunor.
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lower e sail (and, whes goed ports wess ntroduced, bo
peed the sail— that is, fo recace i area by gathering up the
sail at thee o peainash.

By 1xoi the sizndand siiling ehip e chi: Medsmrminean
wan ven-masted, with the ligemast h:pur:.m.lhq'lrilhn
sl mow to orhinary srvipaticn at sea. This wes the l@eon
saall, earlier known i the Epyptises and sailors of the eest-
erit hedieiranean The |steen sail b trisnpulir in shape
unil i foed o a loag, yard maunied at ity micklle to the fop
o tbe mast. The combanacion of suls teaded w chanpe
wver thee yean, thiugh the second masy often Camead a

spsre vl
THE COMPASS

Tt s nok kmoem wheere o when it-was discowered that the
lecdestone (s mapnewed miserd composed of @ b
nide} g el in & poath-sowth direction, & does 3
picce of iron that hax been magnetised by cantart with
6 locdestome. Meather s it Enown where or when marine
aavigatan it rilived s dborvenes. Plushile recarnds
feelicate that the Chiness were uuing the magmetic cam-
paase ol Frod, western Eigmpeans by rifz, Ambz by
im0, and Scandinaviaes by 1500, The device oould have
icigiecied 1n each of these proups, of it coulil have been
paasstel fermm ane bo the others, Al of them had been mak-
ey Jong voyages, peheng oo steady winds to puide them
ml*lmuqud'ﬂmua.ﬁnﬂ-huumlmtruﬂrmﬂ
lﬂ}'-l."lq! When ke qngn:ftrmnpuumnullukn],
i perokably was used menehy to chedk the direction of the
writiil whies ol ilscuiesd the aky.

The fort mradier’s coenjrass may ke eoased of 8
e e meeilie attached too woodien splinger ora eed
Boaticg o0 waier in & boul In o leter version the needle
Was pivaled neas (s cenireon 2 pim fred o the bomom o

0y
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A mapei ompan O Gy Tmapes J

e bl By e i3tk centurya cand bearing & paintesd vanid
g wis nimbed on the oeedle, the saviparor eould then
nampdy el his heading from the cand. So familer bas this
comiination become that i iscalled the compess, althugh
it warel riprinadly sqpmified the tivision of the hodlzon
The segessmian of the compass bl ingimbals faniginaliy
ssed 10 keep lemp wpright oo tossing shepst waa fiese
mienbianed in gy

(o eafy compass cands dee north poim was emghs
sizgrd b honwd spesshead and the ketter Tar “fremontana,”
the name piven to the noath wind About tggo 8 combing
than of thess evobesd i the Sewr-de lis, w18l alincss
-:rmﬂ.ﬂ'r"uﬁl The st [, [u'mrjnﬂ_l:rn:rll thiel ll:i}'
Land, was marked with 2 cross; the ornament inm which
ik oroes dleveluped cimtisuesd gn British compass cinds
well into the gth centery The e of j2 points by silon
af nosthern Firope, usiually. sttnbated fo Flemish om-
st makers, & meattaned by Geclirey Chanoer (e his
Treardie oo e Aurndoe [ pa). 1 il bes been aaid that tle



Caiflan
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navlgaroes of Amalfy Ty, st eepanded the numbsr of
o paints bo 32, anil they may have bees the st in
artach the cand to the peodle

Dharing the b century i became gpparenr that the
mnﬂ.ﬁ-dﬁlﬂ pn'l:rl'.ru.:nu'll framall kcation
bt madk: an angle with the local meridoan. This phooom-
eaon was orkpinally called by sesmes the “portheasting” of
b el st |s now called e “varianios” o "declin.
tn.” lar @ ime, compass maken s noethem coustmes
muunied the seedle askew oo the cand so thar the Beus
de i imdicated e gorth whea the seadle poisted o
magpetic norh. This practice died out sbowt oeo hecane
it succpeded only for short wyages near the place where
ibe compass was made. It caused coadision and difficulry
in loager eripe, ssperially in coosslng e Atkantic ) the
Amencen cnast. where the declinating was west instosl
of east w8 i Europe, The declmarion in 3 given beation
vatieh over me. For axansple, in nodthess Furope in the
16ih rentury the magnetic north pole was east ol tnee
peopraphic northe in sehsequent cenfunes it has dofied in
il west

Diespite itw stdenowherped viilue, the rapnetic comguan
fong remained & frapile, toobdesome, end unrediabie
insrument, subgect tomystecious distuirienses. The g
thurtivm of bom and the soeel for hulls and copine 6 the
1ath centary causesd further convern because f wes well
known that ecarby irowack would defiect the compass
nevddle, I 187; the Heeish Adméralty set up o commines
o seek rational methods of eesuring the sccurscy of
compasses instafled om iron ships: [n18y0 the committes
intrasiluied o e desirn thal provied so socieesbd dhar il
wan pronfiely slopted by all the princiul aandes of the
wnrhl, Further refinements, simeid at reiducing the efiecrs
of enpine vibeution aoed the shock of punfire, cootinmed

thromphaut the cettary
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THE STEAMBOAT

The question of the investion of the sieambost ralses
ferce channinistic claims, partivabicly deang th British,
Freach, and Americans. | werer, there seen o be oo
aprorment ikt e first senios pffors was carmiod ot by a
French pobdemen, Clagde Frangols-Dorothé, Marguiy
ife Jouttroy o Abbans, an the Douls Biver 5t Baom-des
Iames in the Franche-Comb in 1776 This trial wes pot @
succoss, bt (o078 Joaefirow carnied oot & socnad trisd with
o mwwsc by Laarpreer enging beailt cheee vears ealier ot Iyom, This
larger beut, the Fprangpbe, was propelled by o paddle
wheels, substituted for the rwa “duck’s foen” wsed im the
previous trial The tral ook phice oo the pentde River
falne ot Lyow, wheee the ieethurdensd bear of 325,000
peranats (147,200 kph moved apginst the current for some
15 mbsmites before i idisintepraved from che poundng of
the eegrines. This wis undoestionahily the fus seam
perwered boat 10 operate. These were subsequent French
experEmients, bet fnber dovelopment of the steamboat
s impeetlerd by i French Revolugion.

In the eastern United Stated Jomes Rumsey, the tipers-
tor of an ann of the Bash Springs-spa in Virginis (e
West Vigpimial, sought (4 insenest Creoape Washington i
i model seamboar be bl desipned. On the basis of
Washinptian's sapport, Yirginia and. Marvbined awanded
Rumsey & monopoly of steam mavipation in thelr
perrioaieg.

Al the sume time, annther American, Jobn Fitch, a for-
mee chockomakoer from Connectious, bepan expeimenting
with his vistin of 3 steumnbeet. After much diffciley
secaring Brencisd hecker sl in Goding 2 e engloe
i America, Fitch built & boat tht was piven o sucressful
tried En £77. By the summes of (788 Fiech aad his partoes,
Henary Voight, b madle repeated trign on the Deloware

H)
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Eives e far as Budlington, 1o miles (o kne] aliove Pha
ailelphia, the longess passape then aoonmplished by a
stearmhoat

Bitishs borrentors weo sciea o this sasee parind. Buth
hmmlﬁthihtld!tﬁhlnnh:ﬂthﬂh
stesmhiais by paing i Englad, and Bobent Fulros spent
mare than o decsde i France aod Bnsain promoting frst
hls subemaries wnd boer his seambsat. In 1728 William
Symangton, son of & millemight in the novth of England,
bepan cxperimensiog with 2 sceamboas thet wis opersted
at § mless {8 kel peer bour fester than any previces trisls
had scvomplished. T tater claimed spreds of 6% anil 7
miles {ax ke peer howr, but bis steam enpine wus thoughs
oo wealkl i serve, and for the time his effons were oot
sewariledl. [n o Svmingeon was bired by Loed Duedes 3
govormor of the Forth smd Clyle Canal, to bedd 2 steam
bige; the Cheriorie Dimales wos tried out on thet casal in
18ess. bt parorvet) sme resifil b pedling owo po-tom harges e
15 % miles [y, kem) to the hesd of the canal in sizhoss
The governors, however, fearing bank erosion, forbade i
e it Wit eoate, am] Heithh expesiments failed 1o lenl
further fng some yean.

Fueron's STEAMBOAT

frustesd, Boberm Fulton, an Amencan sty well known
in Europe, bepan to pain beatway in developing 2 steam
buat. British hlstodans bove 1seded b0 demy his
condributions and awgn them io his sopposed pracy of
Hritzsh myventsans. It hias been shown thas he could no
bisve plestid the plans of the Chedna D, Lt the
seodd feiminn langely aocomecisl Fulio's *lsvention”
af the steambssat depeaded fundamentaliy on his abity
o mmake use of Soottish investor humes Wants pacents fig
the st engine, a5 Ftchcould not, Having experimested

g
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o steambeats for muany years, by the fest decady of the
1yth pentury Fulton hail determined that padlle wheels
were the most edferient means of propelfing 8 boat, 2 deci-
slisfl gppropriate (o the Liosd sowidne dvers of the
Mitile Atlantic states, Fulfon hel beilt and tested on
Mg, &, 1854, 3 steambeoat that man four times t0 the Cua
e Chaillot om the Sne Biver in P A if operated at
s o Uhaen 2 milles L6 kmb pes Bour—shewer than g
breskc walk— b comundered these resulty at bess margznal

Fulton retursed to the United States in December
e o devedop 2 sorcesshil seambeat with his pamner
Rohiert | vingston. A manopody oa steamboating im New
York state had heen previousty granted & Livingston, o
weahify Hasdson Valley lndowner nml Aosegicn minister
b France. On ey, 17, 18oy, whar was then called] simply
the “Merth Kiver Steamboat” steamed nocthward on the
Hestlson from thi state prison. After spending the mipht ut
Livingstan’s estae of Clermont (whise nime hes over
upce ermnenisly been applied o the boar itseli) the
*Morth River Steamboar” reached Altvaery eipht bours lstor
ufiier 0 fus a1 36 Jverupe speil of § mile (8 ko) per Bour
Gagalmit che dliww od the Hadsin River). This was a joomey
i such lenpth ancd relative mechanical success that there
cai e o peasomilie geestion i was the st eniquafibedly
surcessfl steambenar il Commerdial service began
iemmesfiately; mnd the bowt maske one and a badf ot
berwoen MNow Yook Cary and Albany cach week. Maoy
lenprivements were eequived bs order 0 establish sched-
wletl mervice. bt from the time of this trial forerd oo
and Livingston peovided spinterrapred service, sddod
icetmboats, spresl routes i cther dvers aoel sounils, soel
bty in iEn, siempied fo eablish geimboat service
o the Missassippi River

Thoe trial o che Missesippi wos far from e soceess but
it bevcause aif ibe stemmbsaa (el Fulton, Livingsion,

LE§
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and chelr associine Micholes Roosevelt bad o copy of theis
Husdson Biver boais bt in Portsborph as the New Ordonr
[n Sepipmber v it 56 sail down the Ohio River, making
un easy vovape 35 B s Louisville, et os s deep drafi
estimine boat It kol bo wadt ehere for e Bow o water i
nsp samewhat. Finally, drrwing se more than § echesfra.om)
bese tham e dopth o the chansel, the New Ordanrheaded
doweriver. 10 o inprobshle (oancsdence, the sieambea
came o rext in & poal below the Falls of the Cihio juss
bedore the Rt shodk was fele of the New Madrid eants
ek, 1w most sevene tembos ever recoolid i the United
States, The eurthguabe threw water out of the (o and
then the Misissippd; filling the Arcdplain of those dvers,
chanping their chaancls ugnsficaptry and choking those
channels with u|um|.=dun=1uhl:hﬂ:.‘ili'hu thie Mo
e finally reached its desbination it was mot sné
nortoward apsin on thi service forwhich inbud been buils,
Sipimbicats wsed oo the déeper snd wider sooeels and
estiaries of the nobeastern Umited Sates wers found i
b unsulted o inleod sereams, however wude. Eventusliy
berats deawisg mo moce then g-i1 inches (250 omb of
waitet o] bo be saccessdul in nevigating the Misour]
River westward into Mantana e the Red River o the
South; this pamem of steamboating spread dhrougho
moch of mledi Ametics, 2 well av the imledic of
Mustralin, Alncw, mmel Asia,

THERAILROAD
The earfiest railroads reinforced transportation patterns
thsan el dliwvibisfies] centuriis befoe. Dotlig the Mikile
Apes mist beavy or bidky Hems wese sirvied by wars

wherever possihle. [y the 16tk centary canal building was
breing widely used in Emnpe (0 intrgrate waleewy ysioms
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labee] on nefutnl e, und dering the Indusirial
Hewalutin canal networks became urpent necewities. [n
thee 5o years afier 1775 Enpland and Wales weto webbed
with camals o pruvide reasooabiy mespensive transport of
el Pt Iu:l.rﬂ.l.-ul"rmreutn.l'ﬂl?-llnl'.r}' |.|'IJ1|H:! EOUIErY,
such as arounsd Hirmingham and in the “Bleck Country™ nf
England, or aress of heavy codd production in dmeghey
iplards, s b western Comnty Durhem, the trassparting
il ol by water seemed impracticable

Tue Pratuway

A devefopment of the bite Middle Apes, the plarrway sug-
pested o meens to make steam-powered lemed traespor
practicabde. A plisvway comisied of e paralle] cils o
plates on which wheels might run with somewtat reducnd
erictaon. The whieks were pubded by & Baoge dither dn the
radl or o the wheel The plannrsys depended on pravivy-
imefurest mervemend o animal tractinn i@ was Ingical b
think of substituting seam-engéoe traction, but the shift
bad 1o await improvenents in the sieim enpioe The
weight-to-puowss pati wan unfavourabile sntil %o, when
i Comash engeneer, Richard Tremnhick, constrocted a
s enpine of his van desipn. In S0z at Crallrockdale
i Shropshire he buil s steam.- pumpisg enging dsar oper-
aled a8 & pressure of L pousds perowquare inch oo

kdopascal), He mounted the hiph-pressure enpine ong
car with wheels st to operate on the s of o cise-iron

trampiad located af Peny-Dharnen, Wakss
T Srockros Axp Danviscros Rawway

Lxe e S hensem was the son of a mechasic and, becase
rof bis skl at opeeveting Newromen eogines, sorved is chief
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The N Cavrile, bty by Rirhor! Thnwiolvickl i afe g, wer sl oyl
st e v sverk. Cnarwey of L3 Tonspawrmation. [ne

mechanic ot the Killiegworth colliery nomhwess of
heewcastle upon Thee, Englind In %17 he examing] e
hirst peactical and swccemiul dram lcomotive, that of
Jobm Blenkizsop, and, convinced that be coukd offer
improvements, desqmedl amd buill the Bicher i 1324,
Later ke introduced the *steam hlast,” by which exhaust
was directed] wp the chimmey, pulling air iber it el
incregsing che drafi. His ssccess in desipning several more
kocoenotives evught him o the syention of the phinsen
il & proposed rafwy linkang the port of Stockton with
Dardsngioa, # miles {12 Em) indind, wheee imvestment in
ifie Bihosg Muioklaned coabhedd of wistern Comsy Dugham
wus heavily concentrated and where there was agitation
for imsprovement i the outward shipsent of the innes-
ing tuneapes prodoced. A canad linking the cities had been
i) as ek i D was rejected lecause of oost
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Isn 1l the proowoteéss seviled va the constroction of o
raitway, anil in Apnil a1 parliamesdury authorization
wik gained el Goonge [V pave s assent

Wil construction was ade way an the 15 mdle (40,
kb smple-rrack lim= it wm devitdesd 0 e Inoomotive
enpines & wedl g horse traction. Coastrecticn bogan oo
Ay 1y, 18z, using both mulleshde iran ruils (or wo-thinds
the distance) and cast bon aoil s at 3 ek paupe of
4 foet, H inches (g2 cmb. This peuge was subseruently
stmndundbeed, with onc-half nch doe.2 em) adided ot 3 dae
i fir ressons welmown.

{UinSept. 27, 12, 1he Sinckton and [ardington Raibway
wns compleird and opened for commoa CaTET Service
bmeeworn duocks at Srockoon and the Witton Mk colliery
Iy thee westers part of Coussty Plushame 1¢ was authotized
tu carry hoth passengers andl Freight. From the beginaing
it was the fret faleoed to operale 28 8 COMITIME E3OTLT
oot 1 ill shigpere. Coal brought w Srockten for sale in
the cogstal trade dropped in price from 14 shillings o
shillings o tom. Ar ther price. the demand Forcodl wos
preiter than the lnsial fbic of the Sockion s
Darfingpon could handle.

This was an experimental lime. Passcager service,
ifberad by conmoioes wha pliced voach bindses an
cars, dlid mi become permanent ungil iRy, and hisse
tractine wa commnon|y uses! foe passenger havape i first,
HBut after two vears" operation the trade berwees Stockton
el Erarfington hud prown tenfokl,

Tue Liverroos AT MasciesTeR Raimway

The Liverpoa and Manthesrer, Siephensoa’s second pio.
iort, wan bngimlly he thought of as the Gt fully eyl
railwry oo be beailt. Towas indended b provide an exteosive
puasseniges sevice and o sely o looomoiye rracton aloe,

g
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THEROCKET

The Racket ware & pinnces cxbuy lncomeatie buil by the
Exnglish engineees Georps and Robert Stepbenson. Felloe
ling thie: stocprs ol e Sto betion anil Darlagton Ralls sy o
sz, the cines of Lverpoal mnd Marchester decided m
linfld & jpr-mile Ghgkon) sicdim-geiicd bas conneting
them. (zeorpe Stephetoon was entusted with onRzructing
the line, but & competition was hebl to chome @ bhcomn-
inchunlinig an entry ber Joba Fricssim, whi bt tlesignod s
armaerd vemel called the Mot o the fedend foeoes
ihiing the Amercan Cid Wae For a shant sterich the
Racter achieved 3 speed of 36 milss (58 kam} per oo

The Raimhill kwamotive idali wers cosduetsd (n 1824
i asaure that those [FImE meners wrntl] [se .1|h|:|||=rr Py
ibe demanids placed o them and that adbesson was poac
teenhile Stephenson’s eniry, the Rocker, which ho built with
his som, Eobeit, wan the irials owing o the iscreased
power prewvidd by its mulfiphe fire-tube boiler The rail
kine began in a leng tunnel from che decks in Livenpoel,
ani the Bipediill Curting tlsnough which it passed diempped
i line i @ lower elevasion acron the b plibrau skeve
ihe clirv Eshankmenss were naised absove the bered of the
Lancashire Plain o impeove the desinage of the lise and
[T m:h.u'r#:llﬂ [FoF] Fﬂl‘]:r n:l.hn; matural surfurce, A firm
cauisseway wits pushed aoross Chat Moss (swamp) to oom
pk&lhehh'smmmuhjﬂi:l:uqﬂmmgmm
When the jo-mille (ge-km bine was opensd e traffe
in 1&g the utiry of railmacs received their witimate fest
Thoegeh ics cost had been more than £ ooe0 permile and
it evuld no Jotper ke beld that the il was 2 cheapey
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fociy of tramspoctatbon chan che conal, che Livespoal aesd
Manchester demonsirated the reiteays adaptability o
dirverse iransportation needs end volueses. The openng of
the line may fidy be reparded 55 the inssporation of the
H.l.h::.l Fira, which vontinssl until Wockd War |

T BICYCLE

Froist VELOCIFEDES T0 BONFARAKERS

Histortazy disagses about the invention of the bicvcle,
and muny dates wre challenged. Tt &5 most likely that oo
imdivilusl qualiies as the mvestor end thar the by
evedpeil thavsgh the elfuro of maiy. The waord fapde came
it wse i Furope m 1565 ts replace the rumbersome
saileapia o pedale. Th first vebesipoile powredd via pedals
it o che Fron wheel was buily is Paris during the
early 18608, bt there i no concheie evideore proving
who concetved the idea of applying peilads m the Bont
whiel o whis sctually dill s Piene Miduos snd his soa
Frvest priseedel their pedad deiven velocipeds in the
o The best evidence indicates that they bait o
Paris tn ey 1854 (ot 1360 o0 855, & st dn many
hasncriesd, and 2 few miote were bl in 465 anid k6,
Some hal realleable cast-ienn frames, apparentiy inastic-
patinn of farge scale production. Crinks and pedals were
irttacked po the frond wheel, which was 19 10 8 inches (Bo
qr e mn chameter | he reer wh,'elm'ﬁ#ﬂ'l‘r smaller

Mechaux’s rode a5 the plonecr manuéicturer of pedal
e yicles b6 imientelcaldly Dinkid wich thie Cllivies Lischees,
René dnd Alenee. In 8 chese tio rich yousy men pediled
veloeipeidey mre than goo miles (Rao km from Panis t
Momeille, s iheir subsequent eathisism o0 the new
st il if v et o wao rhibwicle oot For the young,
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ht, sod well-vo-do. The beothers paid fo,000 francs for
# d percent equity in Michaur, which then move] o a
much larper Bactory: The first models hed 2 serpentine
shaped malleabile won frome, Shondy theraffer the frm
Hlﬂtdmadhgnlimzmdﬂm@tim,vhth
quickchy became the indesry staschnl. By the Gl o 155,
the now velocipeds wes 2 familinr sight scross France, anid
sl peaichied] mew helphts despite relatively high prics. In
ity hall beanngy and iensioeespoked whesls were
imvented, amd the freewhed fwhich allows costmg) was
pacentiad. The hard nide ot wood. spoled wheek and imno
vimy pave earty vedocipedes the sobriquet of *bonesthaker,”
but scdith rubber tires and wire-spoied wheels helped
soffen the aide. In 1#7o, pest as (be boneshabier was devd
aping it 3 practicd bicpcle called the "nrdinary” the
Franco-Cerman Wi st back the Frech indhstre Bicyoe
s e survived bt moss sidvegeent developments
ik pelace i Heinain,

Tue Pessv-Fagruing

Foy the ey 18705 bicyele technology anil usage hal coms
inte its pwn. The crede boneshaker, based an wooden
carmiape lechnobasy, was repleced by the elegann “onk
maey”™ bbeyeke, Hollow seeel tubuolar frames and focks,
epualety tall hearings, tersion-spokisl wheels, steel rims,
solid rubber tires, and standardion:] parts becime common
James Srarle's 1kye Aried set the desipn staniderd far che
|1r|:||.|:n.|"||l |'ll:"fl:|.l'1h-.ﬁ.!‘rﬂl bad a 4K- inch {rez-cm) frond
whe and & jo-imch in6-cm) mar wheel Stadey's prolie
impsnvements for hicvels s wivydes over the nest 1o
yesies itriedd hin Uhe eitle * Fatber of thie Cvele Trade” By
147 the centre af the bicyde industry i shifted fmm
Pais o Cowvemry, aod England bed cechmical devebopment
into the moth ey
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Thres Briclsh compaies exhibited bicyeles ar ihe 1876
Phefadelphas Cengennial Exposition. Albert . Pope, a
Boesnauinduserialist, kcedwhat he sawandbegan i import
British cocinaries. By 1540 the Pope Muntfartaing Co.
W mi:ln,glhifdnmlﬁ, d copy ol 1k Flriish [:h.q;i.!
Faxrelsin This was the beginning of the American bicyele
tmchstry The codingry's cranks were dicectly consected 1o
the front wheel, aml s spesd was lmized by pedsiing
rardence and wheel diameter. Larper froot wheeh went
Easter el banddBed better oa bad roads. Tension spoling
allowred font wheels rasgsng from 4o (o 6o nthes tioz @
152 vm) in dismeter, arcording o the cener’s kg lenpth,
Thosgh these high hicycles wer called ordinanes, by
the 18go the teom ey Grebivg Bad come Info we a5 a
pejurative, comparing the frant wheed 1o the lupe Rritikh
penny snd the reer wheel tn the much smaller ferthing
iquirter penny. Oedinsrics typbcaly weiphed shout 40
peireifiils (18 kb, bir track sacing models coubd weigh os
ligtle a5 14 pooeds (7 kg, The onlisary was isherently
uesatfe, Mountang and dismounting required skall, and the
pirker a5t almnst direcily over 1hie birge frose wheel From
thal posation be could b peichid forwand oneo bis beed
by road Burards. Also, the orrdinary was sk by revense
pressure i the pedals or by 3 bever opemated spoon bake,
inl severe bk ing o even Barl hack-pedsing could piech
the rider Farwanl. Finelly, the ordinary was expensive, %0
that mast ciders were gthlete woung men from the upper
o] mickelle classes.

Tum Sarery Bicyowy

A the ondinsry win developing, ousnéeous iledgns offered
saier altermatives, molading tricycles, pearing - allow
pmaller front wheels, sod treadle drives to lower the
peddals and the rider. The were called safery bicicles,

a3
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Chatlndeiven rear wheels dere wied on tcydes anid pro
togype hicyches durng the ayos. Hany Resald invented
the bush rofler chain in Manchesser, Enp., in 1882, This
impvis] pdabdlity and feeilnmied developmens of the
sifeey bicycle,

The essentml features of the safety hicycle were
spirked wheeds mephly jo inches (76 om) o dismeter, 3
cliain ddrives rear whisel wich the front chalmides] moophly
twire & large a5 the rear sprocket, 8 bow cenire of gravity
and dhirect frowt steering, Sasety bicycles had -decisve
advantapes in stalilivy braking, anil ease of mounting. The
lirst Baicyele to provwide all of these featuns and o achieve
makrt acceprance Wi the tbé Heover Safoty desigoed by
Juben Kemp Starbey (James Szarey’s nophew), Price bo 1387

masry alteseative dedges were calle] safety lhevelis, bus,
after the Rover pattern took over the market in the fate

148, safity bioveles were simply called bicyoles. The Lis
catilog vear for iedinaries in Enpland wis i8.

The earty safety hicyeles hod sobif rubber tires, In (g
the poeumaric tire was incrodeced by John Boyd Thenlop,
a Secinish veterinucian living in Belfast. These provided 1
minre comifrrtahle ride with greatly nduced molfing ress
tance. By 18y vamually all pew hicycles hal potumste:
s, which immessely miressed they popoluing The
preamatic tire wnd the vnsion. spoked wheel did asmuch
ax the crank and peral 1o estaldsh the biowle 3= 3 serime
alegeative oo the heme.

THE AUTOMORILE
Unlide mzey eibies msgod inventinne, the arigmal ki of
the auzmaliile cannit beatrributed 1o 4 single indhidaal

The ke certaiply ocourred long before it was frst
recorcind ip e B bnwhilch Homer{ls Alexander Tope's
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branslation) staees that Vuleen In s dngle day made 10
iricycles, which:

Womadrowr fo toll st ot sparit mllid
Hlullth'dnjll'.hi. s b bl b,
Sl ovwoedd, wheaient n thy becth f sk

Musar st b btbes dre b ined v bt B ol B o
Dvorttiechs Daismler of Csermany as the mast important pir-
e cornibutors tothe pasoline-copine vatomobde, Benz
ran his hewt car in Ak, Dhaimder in tRSa. Althouph there
is iy remsan, 10 bedieve 1kun Beme hadd ever seen o matar
vehicte befoae he made his rwn, e snd Dwmler bad been
preceded by Frenne Leootr in Frasce and Siepfried
Marcus in Asusria, i iB62 and 86y d espectiveh but
peither Tenor nor Marcos had persisind, Tene and
Deiomider died porsist-- indeed. 10 sch purpose dist their
successol firm of Diaimler AC can rrace s arlpins back w
the téoos and clim, with the Prageor SA firm of Faace,
t0 be one of the aldest aigomobile manufacturing Grms in
the wnehl Ohddly, Bene soel Plaimler nsver mer

Tue Foue-STaoRE GasoLive EXGINE

Thie func-serike principle spon which most modern s
meshrile enpines work was decovered by o French enpineer,
Alphense Bean de Rochas, mtias, avearbefre Lenoirman
heés car From Pagis b0 Joinville-le- Post. The fooe-steoke cpcle
i e called e Uit r:,l;|r, abter the drerman Nikolws
Asgest Ui, who designed e eapine oo that principle in
iy Beciid cle Roichas held prive patents, berwever, dndd lig
aticahi i the French courts upheld him. Lenoiss englos
nenitied the compression stroke of the Cin eyl foel
was ddrawn. inen the cealer on the intake stroke and fired
by 20 sk Braliiry v the et e procal stiuke.

RS
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The idea for Marcw's 188465 car appafently came in
him by chance while he was coesidenng the production of
illuminarice by ipnitieg § mustiureof pasoling and sir with
4 sepvan of sparks. The reiction was so violest tha i
ool fhim 1o use i &5 pureer sonpee. | Ui g wehicle
wis i handeart mamryieg o rwo-cycle engine peared 1o the
rear wioels without any intervening detch. It was sterned
by Buaving @ stong man i the rear end while the whesls
e spun, piter which it mmioe a distance of ahous 200
vards (abodt 180 mi. Marcas’s secoed maodel, the 153849
car, was sundy aml suificestly well preserved 1 make 2
desanatration run m the streets of Yieana io 1950, and
dpn in 1947, at wrate of lmoest y miles (3 kmd per bouc In
b the Austran Astomoble Club sresged 1o exbebivion
of motorcars, and Maroes was s puest of honoue. Ironically
he demicd inderest im the (dies of the sitomobsde. callimg i@
“n me e | wasts of timie and eFoee”

kagr Besz

Kail Beaw was impletely dedicainsd w the propogtion
ikt the inbermal comtustion engine would supscede the
hinese e revclatsomize the wordds trnspoctaton. He
peesisted i his effons 1o builil 2 pasoline. fuweled vefucke n
1he fave ol muny cétacles, incuding ek of money 1o the
point of poverty and the birter chjections of his esso-
ates. who consilesed him enhsfancisd on the subject.
Hens ran bds Brst car—a thees wheeler powered by o
I'I'II-L'I‘EI.E m:-n'l.lmhl: Enpne—nm a h:p-p:r anil trium-
phln :hrn:hi.u 1845, He cipched s cander track bessde his
mﬂ]fmﬂ';wlmmutum:;huﬂtmru atil
ks e funiniiags, Lo, claping hed s T Bk i hine
macde frer i uits of the track, slling only twice before 1
Braken chain scopped it Even Mix Rose, Beae's skeptical
partrer whise money id made the car possilile, concedesd
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that he was dadldly impressed; b, e Sieprried Marcus,
he: remuned cominced to the end of his avociation with
Benz chat there wis to Fulure in the horsedess ;

Bung made bubs et sale o3 Pasian samed Emile
HDF' in THHE fﬂﬂﬂlsl&um -u'r'I:quiu.ig: 1
the ealicy and care that went imio the marenal and the
construction of his cars booe weight, and chey sold well
That vear he W winphoying some o wirlonen (o buikd
the trecvcle war; m g he bepen o make 8 foor-whesder

In hizway, Benz was almost i dopmsanic and rescoion
wry a8 Marcus had besw; b objected o redesign of is
origimal can, and wome astharities beliese that he win
never really convineed that his ongfoal comcepts had beon
impripeed opon.

GoTrraen TMIMLER

Detmmiching was Cromlieh Daimler's G voration, ol
b shemeeed marked talent, but he sbandons] the e
20 o engineering school, snadyieg m Germany, Englasd,
anl France, In Germany lie socked for varioes englaer-
fmg and machining concerm, Inclding the Karlruhe
Muschinenbanpesellschaft, a fem thar much earfier had
emplaved Bear

In 1%z Diaiender Decame echinical diecis of Ono’y
firm, then building stationary ganlme eagines, During
the nean decadle, Importaes work was done on the four
struke engine.  Ddmler brought b several beillian
ml:h:n ;nmgﬂ:rmw&:h Hqﬂur:h Bt 1 pRAz
bith Diaimiler asd Maybach resigned bocause of Daimler's
ponvictian thet Do did sot unidersand the poesl of
the nteroal combustion sagine. They st uji  shop in Had
Cannstatt and built en air-conled, ope-cylinder engine,
The first high speed interng-combestson engine, i§ was
iesipred 1o rui ot soo iewlitioes per minute Gpm). For

37
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comasison, Benas fnd tricydle engloe bad opécated 2
onby 250 rpm. Dlaimder and Maybach built a second engine
and mounted if o 8 wonden bicyele ftved with an outrig
por, which frse fan on Mo 1o, 1852 The next yeir v fret
| Tzamler im.n'-threkdmhﬁklemuu]n:lmd@e
mimiehied tn Be ddrvem by w onc-cylinder enging. Thaimber
appesrs to have believed that the ferst phese of the st
mobie era wiuld b o mas convensian of cirtipes o
engine drive; Hens apparentty thosght of the motorrar as
a separace evice, Dumlers Brensess in France were Repd
Panhard md Emile Levassor. In 188y they enresed the
leid inclependiently, and the Panhard-[evassar desigon of
13— are of promary importasce, They wern troe i
mobides, 0o carriages modified foc sebf-propulsicn
Dhaiomler’s o8y car was & departure from

practice, Tt was hased on a fremework of light nabing, it
iaed che engine in ke rear, its whesls were drives by a bele,
and it wis seeered by o viller Remaricabdy it had fous
speeats. This car had cévious commercial valee, and in the
following year the Deimler Motoren-Gestlischafi was
fiecled]. Thee British Delmder aunsmmobile wos staned asa
mamifactiny beensesd by (he Crerman compaay bot ke
ber eme qaite independeot o it (Th distinguish machises
madle by the twa Arms o the early vears, the German
cary are wiuslly referred @& Caspstan-Daimless ) The
[daimler sl Benz firmy were merped in roas, aned prod-
o thereafier hove . been sold under the mame
Mercodes Heng.

THEAIRPLANE
Befire eecoaded biviory humane knew of Bight become

they nbmerved the hinks, and m Gieek mythology they
souhil 0 copy i, with prim consequences for Ieans. Bt
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experiments cotboued. [n (780 Kal Friedrich Mesowedn,
anarchiteet o the prince of Balen, sppasently scoeedesd
i fying b an ornichopter (3 Bapping wing machine, ¢sson-
tully & plider) ar Giesen, Ger. This was one &F the iwo
mju:rpmrlnmﬂ!h; i’l.i.h'.rlld:ﬁ:l'll:mlurfl.u!:
quearter befnee directed haman Sight tan b2 il o have
heen scoompshed. The sther approach was asa obsere
ahile i navare in some coudigons, sech s tha sea o the
bbbl demed ot the edpe of waves beeakang om a beach,
enckrsures of pas withio a this membeane would Sout off
the Earhis surface, sesming tm defy pravity 1 rime Irwas
uppreciated that dfienent gases had different wephs amd
that u lighter pas contained withdn 2 cell sepanited from o
heaier proerad atmoephere formed the Soating bubble
besoped upian the hesvier gas, The pas supported cell
hecame a ballonn, and as a source of Ryght it i a Sighter-
than 28" craft wheress the moch refised seooesor of
the ornithegiter, which must do work: 1 keep dlolt, b g
*hegvier-than-gir™ craft

Withim a three yeer penod m the 178cs the too oypes
bk their i swocessful trial—fully documeaned in
hastoary for the ballooin smil more uestionashly s far the
rrmithopeer Thar fveag machane, firt*successhaliy” fown
al Criessen, was a highly specialized furm of glider, ad
oady by esing stroeg updnalis of air was i@ lifed off the
surface, For most of the time wntil the Wrght brathery
Bight o rgoy the bublle was very moch ahead o the

cotnpetithon for Righ.
Eansy EXpERIsMENTS

The oemlthispier in the iyfes boil demiaatrated gt by
applying o considerable umowst of power tooo machine of
very light weight it shoedd be possbie to take off and dy
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dliowe thie Farthls srfaece in o hessier chan-aly crafc This
was acemplished by the “superdight* mircradt flights of the
1e8en, imecuding the seccessful crossing of the Enplish
Channel in 2 orfe porwered oaly by § segle man's meacks

']lmprd:ﬁununiﬂnﬁ-hﬁmuﬂlﬂrjuhﬂmu
the weipht af the vehicle anid the power apphied and
find o med banical means o apply thet power 1 kiting of
ibe pround amd achieving steerable forwand motion. o
7o e English plyucist Genge Cayley-worked oat moss
of theacrdynemic theary Adter Capleys writing the o
thopker experiments were larpely abandomed anid se placed
by trials oof plicders, including Cavley's own in 185253 By
ik cnd of the 1eth century the condetons were newdy
reacly for boevier- than-alr Bipht The developawat of the
intermal-tombustion enplne and of petrolasm bused fuels
inaghtha and gasline} that were poweriul m relition fo
wedshit meant dhst che problem of securing lift bad essen
tially been solved Whar remaimed were slilitichal
prabiems of upplyiey that pewer ta the vehicle, I8 & not
withowst reason that the successhd vensnes of the ale
e wiste twn bicyche eecinefacturerns from Diayton, Chie
many o the probless of devekiping a riderpowersd
hicyrke were reflocted in shaging g sell-prwered heaviee
ke air plaie.

Tug Werawt BROTIHERS

Wb el Ceville Wight in thecourse of their experimests
CRIME mmuw o coenader ‘l..::al::f‘t :hg_:-'n ool brwr 3
wing wnrks, parmerulardy the mie played by the speed of
e winid passing cver the oy of the wiag, This led thism
mo ek i gie with 4 aroag aod perisient ambien wind
ithe Vogels Mountsin where the r7% omithopter may
have Bown has just sech 2 high smivent wind, o3-do the
hiills sty [hmien, MY, and Fremwnt, Calif, claic pliding

e
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THEWRIGHT FIYEROF 1903

The Bt purrernil alnplase o demoss v mocained Highe
under e full control of the pilor wes swsembled by Wilior
witl Crwille Winigha (n thae msbiionn i f0 9 6 cainip it the
hase nif the: Kill Dol Fills, ness By Hawd, o vallsge on
the Ol Danlis of Bl Comnling. Afesi o find atemgsl
Eafled] o Diecember 24, the machine was Buwn four times
i Pleroosber 13, i dntancon of waey oy 20, and Ky foon
AP 5 K, e onls A vttty

The reoj Wright airphine was ani retremcdy song wr
flexibde braced bipline sructsrr, Forsard of the wisgrwasa
terin-smrface hortammital cevatot and tothe e was a trin-
sectinns of the - wesr constnenl of spoace; while the
‘wing nibwm and otter bent or shapest pesoes wen: boiltof mie
Armehmamic swficn ween overed with @ Gy woem
muein choch. The fiper was puopelled bra foar crtadoe pas-
uline erignr oo e Wiphes imen deign that deve kgl anne
125 bursepower after the st fow seconds of npeetios.
The cogine was lnked (bimgh o chsifebive rsimivson
o bwta comerarotating pusher propeflens wibick i turmed o
an v wpenl ool gk st it minuie

The pikst by on the lineer waap of the hipline with bis
Irigs estinsinel i 4 pracklesd wemwc iz sl & st
the: s 1o che rghr o keft opermrd the *wing-warping”
st sl bscrrsiel ehe augle ol aeack alvhe wings v
mduufﬁ;mﬁnddtmdnmdrmnﬂm;
the plin o paise i bower dee wing tigs o sither ke i
nedderan mamiam halaace or o mll imm a o 4 smallhees)
e puutnlled shie Goraarsl elevai, whish privided i
linked 1 the Wi ng- U Syl b wirlrs o ormmErTEC
ookl of yrr peodsccd by the warping ni tao wings.

Iy
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The oy machine was pever fivwen after Decenber iz
While sltlag oo the ground o e fourt Byl bk as
tippied by o st o wind and hadly damaged. Shipped hack
1 Do, I was emsenilhiled sl prpairnd @ seednd jo
rmpnn':ld.ﬂm:l I.ﬁntfﬂgpuuﬂﬁ'lﬂr
fecicarn Afinacim, Lomdon, in el Thene it ienainnl fis
p yeary, ar the erate of  dispae beewers Drville Weight
sl the it liarnbin o eraaion in Weshingios, 130 ey
e that the Inmtmtan’s thied secrecary Semned B
Langhese: hard eomstructod o machme capabie of fight price
o ‘the Wiphia' Hightn of December 1o, The' dispabe
tadod with am apibngy froen the Smithsinian in ez, sl
hlpntm.ﬁmd‘_pm—i;mﬁrhﬂm:hﬁ
il Lt i gL srvoral it by sfier Chrrifie's doaths

rourse), From the U8, YWeather Burean the ‘.'ﬂ-hghll.
secured a list of windy sises in the Unlbed Stomes, From
wehich thisy chess b Chuter Basko of Marth Casoling, spe
cifially Kitty Hawk. On Kl Dievil Hill there on Phec 15,
va:p, Chrville Wright became the first man ever to fy in
an aeroplane (4s they were a8 frst known, iniially using
a4 a framme-a bipline of go-foot o (20 kml wisspan
andd erqupped with the r-horsepower enpine, e lifted
off the pround o s 2o 27-mie {245 kmb wind and flew o
elistance of 120 feet (g8 md in g2 seconds. Having 3 strng
wind mi:.inl:r adsd im that a.r:r,rnfl-lu}mrqr, bt the
firothers soon demonstrated that such a wind was nod
dliiskaily esseiltal.

After hentbes cupeiments af Kirry Hawk they returned
1o byt b build @ sevond plane, Flyer Mo, 2 Meither
ibe hulloons end diripililes sor the earlier conithapoer and
plicder experiments hat proclocsd Bighe; what they bl

b
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tdong wus b haroess the dynamics of the atmosphere Lo

lift a cvalt i the grownd, oo what power (if any) they
supplicd primarily to sreer. The Wrights inivialy used
smispheric dynamics o help i lifting che plane, bt deey
w?&mmﬂﬂmqm:ﬂrlulﬁt:
plana off the pround in sill s

In the Inog rus thedr most sipniSicant IVeOting wis 8
Wy o stied the plane. Afted carefully watching a preat
peember ol by, they became convinced that birds
drected thedr Sipht by intermally werping eheirwings, dis
porting them in one fishics of snocher. T do this in thelr
phane, the Wrights construc ped a ridped bt destosted wing
that might, through the use of wires fmed o the cdpe of

the wing, be fesed vo pass throuph the abr in chanping
iBrectians. This cistorialle winp wis celisively deisunider.

sinid by ather carly plane expenimenten

Dhirtaig the summer of 1904 the Wrights made seg
takerdts unil mansped vo fly on 4 cincular course wp e 275
mules (.5 kb dne 3 werstaimed dipht that lassed 5 mimes
4 seonnids. Becase they took a proprictary vew of thair
iervention, puldicity abool their wock was minine Afe
fur thier trialsin o they stipped thelr experiments, using
the time tn nhtain patests on theirconsnibatson. Chaly o
gl il chey break their secoicy when Wilbur Wright
went i Freinee o promote their et pline

The rr:h-:l'.wl;ﬂ micket prqtdl'n: apgrears o e itw
oatpies in the penod 12001300 CE inAsin, wheere the first
*propelking” s mivtuse of edusetie, salfur, seel chareval
il Dikack grimaicled’ Dl besedn it e fisg abwtoul £ oo peary
kar ather pampeses. A i s aleen the cese with the devel-
ppment of echnolopy, the esly wes were primarily
miditary. Powepe] by Black poiinder chanpes, fockets seewsl

m
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as bombardment weapons, culminaing bn effectivesss
with the Congrrve rockets (namesd for Willwm Congreve,
4 Enitish affhier who was instrumental in their develop
ment) uf the parly (oo Performanes of thesy ey
ockels way hj muilern vamdarik b mre the naky
availabln propellant wan black powdes, which is not wdeal
fior propratsinn. Milicary use of rodkees doclned foom 18:5
1o o 1tk b s of the sugetion perfominanoe of pns

TarRovsRy, Goot ko, AN ORERTH

[huring the period 1Hsa-agm0 the wea of wing mckets for
spaoe travel prewin public inferest, Simulated by the coe-
ceprinns of sech fotion werers as Tules Veme, the Ressean
acientist Komstantis B Taelaedy worked on theweticl
prablems of propulsicn-spstem desiga and rockes mation
aitid un uhe concept of multistygre mokis Perhags mone
widely recogndeed are the comriiutions of Rober H
Cerwdiianl, an Amevivan scientist-and imvenbor whi from
108 o 1eys conifucted a wide array of rociet cxpen
menty He independinly deveoped ides similas 1o thoe
of Tsiulkovsky abicet spaceflight and propulsion and
implemented thern, builcling liguid- 2 solid- propegiing
mockers. Ha dlevelopmental wark incladed 1esos of the
wiitht's first Bouidl-propellant rcker in sg2é: Camdanly
mamy conirainms G the thency ams desipn of rockess
garned him the tide of “father of modern mckeoy” &
thiired ploeeer, Hermann Obenls of Germany, developed
much of the moclern 1|1H-T.l' ior ket and Tl'eﬂ.iﬂ]i
independent of Thiolkovsky and Goddard He oot oely
peviclesd bspirathon fod visinnsries of spaceflight bt dlss
plaved 3 pévotad pule Lo advancing the peaciid application
af moket propalsion that kef o the develapment of mek-
ety in Germeny during the 19308
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Frost rue Yoz to rie ICBM

Thae - the wark of these eatfy phonters and o host of
rocket expeiimenten the poveentil of rocket juapalson
nhﬂkmw?pcnuhrdpﬁm to Wkl War 11, but
thers were mumy technical harrier 0 overcome,
Development was accelerated denng the late 10308 and
particedarly dering the wat years The ment notible
schaevements in mcket propulsios of the era were the
German byuid propellant V2 rocket and the Merey
ket powered aplice, (imila devedopments were
uncler wiy i orther countries but difd not ses servive dluring
thiz warh Mymed snlid-progellant mokei weapons alss wom
podisced, and tens of millions weee fred during combat
pperatbons by Germn, Rtk and U5 fances. The main
echvances i propulsion that were smolved in the wartime
techalopy were die development of pamps, injector,
sl pooling svetems foe ligusd propelling engines iod
hagh-enexgy salid propellants that could be formed into
large pioces wich refeable burnisg chanscreristics

Froins ioud o 1esq propebbon develipmet wa sill
lamgely determined by miitary applcatione  Liguiil-
propeilant enpines were: refined for use in supersonic
peseanch  awcraT, Isercontinental  ballste  missiles
(TCRMs), il high-altioude researh rockets. Similary,
ifevelopmentsin sofed-propeflant motors were in the areas
of milirery tactical rocket gpplicarions and hiph altitude
ievearch Bombardment rockets, diecraft indercepioes,
mniitusk We RNy, and airlunchsd rodens for e and
surfice tarpets were among the pnmary tactcal spplics-
tisern. Techuedigieal schances i peoplsiiin incudid die
et i cof et hisels o it ing o] propedling charges,
devefopment of more entapebic sohd propellants, ing-
e ring of mew sitectund sad insolmion msterish s both

a5
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licyubel sl solie] svstems, manufaoiuriog metdods foe g
mators s engines, and improvements - peripherl
hetrudware (e g pumps, vabves, eane coaling systems, ind
ilrpeniin coditroll, By ve gy most misssans called for sume
E.lnﬁilfplhl.n!, nrlll:.l;pl kel FI!'I'I"IF mph:}ttl
twn stapes. Whale the posential for spacedlipht was present
ani contemplated ot the tzme, ficsncial resources were
it pelonarily wowsnd mmiliisey applicativos.

The FIrsT “ALa-CIviLias" SysTEM

The mew decarde witnessed the development of fape
solid-propelfant recket momes for wse in TCHRME, a choice
meoivated by the percesved need to hove such swtems m
peady-to-laench condition foe loog pedods of tme. This
resulited i o magr sffoct o oimprove menuisctenng
capalifities for b motor, Eehrweipht cass, merpetls
peupelbines, insulation meresals vhar couhl survive loog
isperatsanal times, anel thrust-direction congrol, Enbance-
mend of these capahilities lod w a growang role for
inbil-rovier mobory 1o spaceflipht. Between iggq amd
i the vision of the early pioneers began b be realized
with the achievement of Farth-orhiring satellites and
meinged spacefliphy. The esly misicss were acoom
with liquid giropulsion svem sibpeesd insm
military mckets. The first saceessid “ai-rmban® system
wats the Setenn loech vehicle for the Apollo Moo landing
paopram, which used five 8o 0oo-kllopram-theee Bquid
['E‘!ﬂlntﬂwilﬂﬁ'ﬁl‘ltﬁg{.

THE JETLINER

Froem the very imveention of fight &t the beginning of the
zth cenbory, mlivtery abreeast and eopices penerully lod
the way, x| commercial avistion ollowsd, A1 s this

Ty
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wis dlir the case i the et ape, which bepan with the
invemtion ol et engines wwder milibary sponscrship in
i vagosamd pon By e labe 204h cendury, bowerer oom
micisl jetengine Eehnodopy bd come wonval aml
winielimes even lesd |:ﬂ||'.l.|::|I Ird:.m.lngi.n weweral arean
of enpine desipn. Arel, althnugh it was pot imesedapey
eviilear, the invention of the gt engles had o far moresip
nifcant socil effect on the woeld through commenal
aviatican than through tsmilitary counterpart, Commercal
jet aircrait have revolitoestzed wockl travel, opening up
evgry oo of the woeld not just o the afflsent but tothe
andinary citizens of mamy vountries

Just &5 Geoepe Cayley and Johin Stringfellow of Eng-
fand, Lawrence Hargrave of Asstnlis, Oreo Lilieoskal of
Crermmay, and others haid coscducred experiments wich
flight m the vears preceding Wilhur and Oirville Wright's
suceessiul Wipht fives of 1901 50, 0o, were there mazsy
plineers in the k] of tarbine eogines before the almos
mmultsneces investve successs of Frank Whitte of
England and Hans von Chain of Germany i the 1430
and'qes

Whidele, vean Cihati, and oibers met reslsbance o theire
lpas because comwenticnal thinkers bolieved that the jet
enpine winld prodece too bk power anil cosssme to
muach el vy b eomomically pracuol. It ws nor pescs
ally revopniped that ar hapher ditedes the jer woubl
produce more power with accepable fwel officioncy
Understambabshy even the most dedicated cogine expests
it mt andaripate the rqml pace at which jel-Enpine
periormance wald bBe improved.

In brippeened dhat che jevengine sntsed the propaelsin
et 3 Hme when cofivestionsl recipricating dopines
anid propeliers were eachang thear  physacal limits
Propeless weee dlready encountining ssporsonic Up-speeds
thuat sty ehweir efhciency, aod engines bad grown s

rl
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complex that sdditional horsepower i the §,0004,000
range depended on & large nember of cylinders and com-
plex supercharping that penerated probloms in operatos
il manvesanes. With thitr contineoes (ULSTY Mo,
|H.Ergi'ﬁuirrtmd1.1ln]lrnjm|*un]\mﬂhﬂ'thm
reciprocating pistons with their megh pounding. Jet
enpines developed rapidly and by 1550 Rad reachied levels
i guirwer (bt W ionpossible with pesion engines.

It was not immedutely obvious that the jet engine
required muor sdvances in ainfreme deslgn and support
Eacilities, First, airframes needed o be moch leper @
rarry the additional passengers requared 1o oake jet air-
crft eeomomicalfy sound They would sk have @0 be
meeth stronpes o0 accommadate the pressurieed fuselape
andd the mey rasitions between low dtbiudes for pde.
s anef fanedimgs and bagh alfitudes for cruisng. Annther
seruicberal chenge wis w sweep the wings back o reduce
thet dlray inceedse dssocisted with approaching supersonic
.i#l‘l‘ ']'I:i-:ﬂﬂll'mlilﬂn lirnt tltirl.lb,-db:r{-'emm
engineer Adelph Biseman in 1915

In Bretaie, dhe protucting of sdvencel cosmmercialt
gircraft had been shandonsd during the war, but @ com-
mattes Beaded by svation peaness s (irmer member of
Paliment Jishn Mocee Rraliaon was smahlished ia 193
b adiscuss st prospects of seviving the British alr-
tramport indestry Amoeg  the  sppestons wn d
speciivcaticn fir 4 monselannc muilplane. De Havilland
Ieqraz shealpn stsselies: Uhint leil 1o che st flipht of the [UL
|n-|'.iﬂ1.4-:|ﬂir{uhﬁu::nn_hdrﬂ,nqq*']'lt]p-nﬂt[‘,rmﬂ
could fly wt foo miles (oo kmb per hoar for ap o500
il (o0 k. Bowing, Douplas, sl Tocithesd weee
artrigedd; Uhongl the Comit was cotddened too wmell ieel
tnn shoet-ranged for Americen sidine roetes, they cod
e 00 et competitor, Britain's e lead eltered, how.
evel, when several Camets cashed, which kel o e

L
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withdrgwl froen verviee dn tugy. The biver crashes were
wltimaiely attribeted o srectural failure of the presse
cabiln because of metal fatigue.

Bowing meiile & prest shunee with (03 revelutsonary
Bpy bombiwes, st Fovwn om Des. ey, vy, The seogine,
werpi-wing mrcraft wes purchased i lrge quindes
§oah by rhe LS. Adr Force, This pave Boaing the engd
neering anil fnancal basls o create the Model yiy.80 2
pratatype for the 7o7 passenger plane, Although a te-
menioe pambile for Boelng, whech fin many years hal
been almost entirely & milivary suppier, the 707 wa a
eomimecial mceess alter entesing service in isH. Dougtan
msporded with its similer-booking TC-E Both: airraft
wege laiper (some confiperations could carry more than
2o frasepgers] and Gster (moce than oo miles [ooq k]
per hourt tham the modified Comet 4 that hegan service
o e M Yok o Londoa rosite on CheL. 4 gsi,

Franee s oeeded with its fes edion o g e oidiner,
creating the Sud-Ext (ater Aenmspatiale) S5 no Caravelie,
o mechum-raege tuchopet intended primanty for the coat
nental Enciopean markel Firt flown on May 17, 195,
ihee Carivelle achieved sales of 282 aircraft, and 2 terbofan-
prowenerd variast wes ased for doreestc routbes by airlines
in whe Unitesd Srate - 5 marketiog coup ar the ume. The
Caravellewas theworkl's et airlines o b rear-momsted
enpines, A desipn feature thai was wiopted for some e
by 4l naber major musaifacturers.

The sgean marked two stapes i the jetliner's develop.
mLﬁnEﬂmlh.-I]uFlimnirlmtudﬁmngint
The tarhofan pams econoory by havang much of s thrust
st drounel the engine coce eather dhai thevugph it The
secoml dape was the introduction of ibe widd-boiisd,

sous-wett Hoeimg 747 in 10ty This larpe, swdt, long-ranged
alrvraft coeeted o cransporiation revoletion, Wieress alr

140
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praeed bl once Desn confined (o the aifluent, it now
hevame 3 mass-market cosvepance,

In-spite of the inrense nebere of the competition o
bl Jet. aifimory, 4 new entmnt appearsd i cthe eady
DT ﬁl-l.luui.ng interse inthuserig ami Fﬂl[iﬂ] nepitis-
tinas. Aarhin [nclustriowas co-mwned by Fresch. German,
Britishy, Spanish, Dutch, ond Belghum companies and sub-
pantractsd many pants to seill other countris. Estabiishis]
im Decembser sz i baadd the Airbes Ajco wide-bodied
owen, the company was discoranted ar first s luvieg Ll
chance to compete. However, it alicraft were widely
wccepitedl, uned @ series of desige followerd that estabiivhed
o famiby of nircrfi chat matched Boeing's offerings. With
Adrbeass introduction i xoog of the Ao, the wodds
largeest airkines with 2 stanidarel seatleg of 55, the chmguny
thressenpdl tn rxceed loeing,

LIPS

A plobal positioning sysem (GPS) is any space-based
raclivk naviparion system that broadesas bighly acurae
ncivigatinn jpelies tin ey an of near the Earth, [n the
Unitedd Siwres” Mavsiar G5, 24 mun sarellites in sixarhits
clrche the Farth eviry 2 hiwrs. Russia mabsisies o cun
scelllathion called GLONASS {Glokul Navigation Saellise
Sstemd, aned in pacr the Fampean Unios sppraved finane-
ey for che laanch of 5o sabeflites to form igs own verson
i P, nown 2 Galilen, which b projecoed to be jully
|F1:I|.l.||'|ib1- wl}uiﬂl_:l!drmlﬂldhlﬂil B0
nif ancther in 200 45 part of & locel navigation system
diret known 55 Beitdoo (Blg Depper™), und in 1007 bagas
lmunihing 3 series of sevoinl generation wredlive, known
i Peidau-z or Compass, The constellating of 35 sellies
s schiedicied #or completian in 2ot
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A GPS receiver operatsd by o wier on Earth messares
the time i takes radio sipnals o traved from fnor o mare
sabeflitey to it bacatinn, caleulites the distance tooeach
stellite, snd from dhis csbeulamian ditermines the weer'’s
fongitule, Batitode, and alvitude, The LS. Deparment of
Defense originally’ developed the Navsiar omstellation
o miletary use, beit @ 'liss precese form of the service 15
wvaifabile free of charpe to chifian wers e the plobe
The bame civilian servarewill Jocate @ recever within 3
foet (o md of it crue kcation, though vasous supments
wion techmcues cim be used oo pinpoint the kestion
withis lews than o4 inch (oo, With sech acoacy and
the uhicpatty of the service, TS has evobeed farboyond i
original military puspost and has created 4 fevolution in
persol anel commencial mivigation. Haeleheld nisdis
and artillery pregectiies suse (1'5 signals o determine their
posivings sedl veboeitios, bl s do the U5, space sbruttle
anid the Entereaniom] Space Seatbon s well 2 commms el
etliners and private aimplanes. Ambulance feets, famdy
sutnmetibes, and railmad locmmotves benefit from GFS
positiosing, which sle werviss farm tracts, ocein lness,
hikery, and evwen potters, Masy (1% reoefens are oo biger
fhan & pocket: cabculator aml s poweresd by disposakie
bariees, whife GPS competer chips ihe sire of 2 bhaly’s
hngenmil bave been installed In wistwatches, cellulas
telephopes, and persooal dipitel a=sistants,

The Muvstar GI'S svsvem consists of three major
sepments: the spuce segment, the control segmend, and
the user segmest. The space componest is mde op of the
Mawstar constellation m orbit sroend the Earth. The ferst
wibelliie was o expedimental Block | model bune hed in
17 Wige mioee of theie develipmentsl el fillowal
over the next decwdre, and 23 hesvier ael more-capable
Boock 1 production models wede seat iné space Bom
oy 10 1. The: lmmch of the Lyth Block 11 saelliee in

44
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injuy completed the GPS costellation, which now con
sisds ol two deoen Plock 1] sbeflstes (pls theee spars
isrwiting in reserve) marching m single file in s circefar
it e b Exreh, The ordits are rvenped s tbar ut
least e sateHites are fo view fnim moad points an Earth
ot ol tEmies.

Anypical Bock [ satellite weipghs appromematedy 2,c00
el fupiac kegeh il weliks s soolar parieds esctendeil, i dbout
ik feet (17 mbacrass, [ty key element are the winglike solar
arravs that penerate electrical power from sunlighe, the iz
hefical smenms thar ornsmet mvigetan grulses 10 ssers
v the grenund, and its Ineg, spearlike mdia antenna that
ik up inseriions from controd enpineers. As o sirellite
coasts trroaph its 12-bour orbit, st= maln body pivots con-
trenrsly and the salas arcivs swived, keeping its navipation
entemnas pointing toward Earth’s centre and iy sofr
urrays shipned perpendiciitar i the Sea's reys.

The foatiod sepmeear Coeints oF poe Mascer Conerol
Stating 3t & LS. Air Foroe base i Colorado and four
chditioml enmanned mondonng sutions posAaned
aicund the woelf— Flawaii il Kwajalein Awll in che
Pacific Ovrean, Tiepo Crarci bn the Indin Ovean, gocd
Asrensiom Bland i the Adantic (eesn. Each mendtaring
seation tracks all of the (G5 satellives, (o i view o check
far orkiital chunges. Every i3 momks os sverapy, the sl
lites withim a given ringg irift me far from their original
confperanion aod must be mudped back with onbeard
thewsters fieed by pround contral.

The user segment cansisty af the millicom of 5%
receivers that pack up and docode the sapoflite sipnals.
Huiilrecs of diffesent iypes of GFS recidver ae in use;
wuamie e desipned for btllstion in sotomibie, irucks,
subsmarimes, ships, aircraft, and ochiting sitellites, whereny
ummifler models heve been developed for personal
ml":-lﬁlﬁlll

4
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the hlmti.ng-ufrh: I.'.l.':l.l:l.'":jril[l‘]l.r PI:}!.'.-.J warhl
1o af wmk, The hamen rece bas applied its penius o using
all sources of energy for 3 multitude of eods— emoeg
iuern e ool bt oof Fued 1o heat Beome o ilrive auin.
mohdes; the crapping of wanid and waker currenis to turn
whiels, e kzvees, i penent? eleconciny: and the disece

ing: oof elactrciny 1o pesserate gkt or maymetic elde

Fiee b e of the lmman race's ssential soals, contrl of
which helped start it on the peth foward coliration. The
wrkpinal source of fire undoubvsdly s lighineng, sed sech
fisrtaitesly fpiited likees loog remsined che aoly sourre
af fire for humany end their ancestors, For sme years
Peking man (Hawo avonwd, shout soooco BCE wis
Bedimms] o b thee smlie ungpiestionahle vser of Gie
Eridence sncoversd in Kemya bn gk anid s South Adrica
in AR, howeve, suppests thar The costrolled use of fire
by hesmingls may dase imim ig w05 million yeans agn
Wit unall abour 7ooa BCE iid Nealitkdic men aciuire
relinhir fire-making lechmigues, in the frm of either drills,
sawy, and other friction prodeceg lmplements or of fing
wtruck apainnt perlies. Even then it wal more convenient
ll;hrep:ﬂ:rﬂmmmmﬁ&mhmlgﬂirjt

The firit human beings o oontrd e praduslly keamed
s iy i Mot cely did chey uee fre wo ke v and
dﬂlkﬂﬂlﬁlﬂ,_lhfﬂlﬁlhmlllhﬂ'ﬂhﬁﬁﬂdrhnln
nmbing ra-warfare, fo kS imects, m abiain bernies, and fy
chear foeests of undormesk so that pame coudbe becber spen

T4
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nin] huneed Evenually they learmel chat the bemisy of
brush prohuces betier prassands and therefore moes game

Wit the arbuevement of gporubiure in Neolithic times
i the Middls Bt shodt poon Y there came 3 new
Wm}lndﬂ;hnﬁu!mmﬂmwm
sl e bo chear fields and o prsduce ash bo seree g fertil-
ieer This practioe, callod stash and-bum cultivation, persists
b ey dreapical areas ancd some temperate doaes lodiy

T sbepy ienem e comtral ai fire fo by masuinciue o
rreat anil pequired Eundreds of thosands of pes: The
nesmnbrer anl wariety of ventions of sach manucture are
lifficult 1o Emagine. Mot ot Neolichic times s theer
evidence that husam beings s tuelly knew how to peoduece
fire. Whether a chance spark fom sinkeng Bing against
plrtlh.-..llalp.uh nuhlrﬁ'ﬁhhuﬂlhdﬂlu:‘;:wri
wowi] gve human beings the idea for producmg fire is not
kerporres; Livodd Alinne s prvrives, as welll as firw ddeills, have been
recowered from MWenlichie siees in Europe

Must widrspaesd among prehistoric and later pranitive
precpdes ts thie Enctbon methodd of producing Gre. The sim:
jole e il 3 oo wtick of huoed wosd rweirked e twees
thee palens and pesseed] nio 2 biole on the sdpe of 2 atick o
sodter wnind, is gmost aniversal The fire plow g the hre
sw dre vartatons on the friction medied oommen: in
O s, Asstralia, snd milosesia. Mechanical fme edlls
were ddeveloped by the Fakimo, ancient Eppptiams, Asian
penpdes, and g fow Matme American peoples. A fire piston
that produced hest and fre by the compression of 2is s o
mﬂrdmnfbmiwmllmmﬁﬂdnnlnr:ﬂ:dud
wsedd in southesstorn Asie, Indonesia, and the: Philippines,
Alsoiut sBeiec s metal fie platen wes |ilegeisn iy b e
6 Eumpe. la iz the Bopleh chembi Jila Wilkes
imrerntel the fncten mabrh ronfimeg phosphords suliate,
essenidal by che same as thar whech is in use noday
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THE WATERWHEE]

The pasliesr machines were wateewhesls, fuse wed [
gricading prais. They were sabsequendy slopoed o drive
mllli.aulp.ﬂpﬂurhuﬂlhﬂrb:ﬂm:ﬂirmﬁlriuh
nanes aned bnrpes, 1o drve Tilt hammers or rip ammes
fior forping i, and to provide direct mochanscal power
o tentile mmills. Uensl the development of steam jower
during the Industrul Revalution at the end of the tith
ooy, waterwhoels were the premany mesns of mediinical
power production, rivaled anly cocasionally by windmills
Then, many isdustrisl towm, sspecially in early America,
spring up at locufives where water fow roudd be assered
all veas,

The aldist 1eference b water mill dates 1o gl 85
BT, appeaning in & poem by an easty (ireck witer cele-
biraiegr chie liberation Gom toll of the yoen women who
apefilid the gqusins (primivive hand millsy i grinding
roen. According 1o the Greek geoprapher Straba, King
Michandates ¥ 1 of Pootus i Astdsod a hpdoesdic machine,
presmmaldy i whies midl, by alscal d5 BCE

Farby vertical-shadt water mills drove querms where the
whesl, confasning radial venes or padkdies and rotating ina
hoticmeal plane, coshl be liversd wito the sirem, The
sermical shult was consectel g s hole in e stitios
ary prindsree o the upper, or rotating, soee, The device
soreai] rapidly from Greece o caber pans of the worid,
brec iane |t was ety b Dol apdd madntain und could opee
at-rl.nn.rryl'ur-ll'r-'i.ugmm Hnikmmfﬂmh}'
ihe 15t ceptary 1), wad used throaghout Tsrope by the
il af the jrd cenduery, amd Had reached Japan by the year
Gia, Lsers learned early thar perficmance could be
impropedwith o millrace and 3 chite tharwould direct the
waiel 10 e side of the wheel
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A hoeleonial shabt warer il was first ilesceilied by che
Koman archifect and engineer Vitruvios abost 57 BCE It
canststed of an undershot waterwheel in which waber entersy
busboregr ke contng iof che wheel snd i puided by 5 s
m]thd&.']hﬂuﬁdnu-:whdﬂ& quzhl-qh
fpear drvve 1w a vertical-shaft prinding wheel, This type nf
mall becume popular thrmughout the Roman Empire,
icitabily i Cxaul after the scdieni of Chrlstianity led 1o the
ireeing of slaves anel the resdtent need (or an albernative
suuroe of power. Early ke wanerwhbecks, which measured
ghout o feet {LE mb o dismeter, are estimased o heve
parefuced whout three homepower, the brpest amoant of
perwrer procluced by any machine of the time. The Homan
muills wese adopoed throughout much of medievdl Europe,
andd waterwheels of incresing e, made alnost entinely
rd wnd, werr bl bl itfee efih conbury

Thee furst anedvste of the performsncy of wasrwheely
wits pralilished in 179 by Johs Smeston, a8 English eogi
meer, ReneEsinn I‘H]Illllnl.*rl.ml‘lll'ﬂl‘hl:l'ﬂil'lﬁl_‘f“ill-
iametes wes only 2q inches |6 om]i o measure the offects
infwanes isociny, 25 well as Bl anil whissl speed. e il
phat the macimem efcescy (work poodoced divided by
potential ceerpy im the water he could oistain wis 22 per-
el for ammndershior whisel and 5j peroent o an orershi
wheel (e, nee im which water eaters the whes] Sl ity
cemtrel, [ arpih Soeaton hecame the first fnwse 2 cod-oen
whieel, and o veas lizer be dncroduced casebon praring,
theeetn heioging to an end the sl wood coestrsction that
|'n|:|.er'|htl since Koman times. Hased on his madeld
tosts, Smearnn built an undershor wheel for the Londoa
Bridgy weanerwisgkes that mesisired 15 feel (g6 m) wicke ioel
that had 2 dianestes of 12 Gl (594 ml The meult of
Smeninin’s experimentsl work cume o be widely used
thvephomt Furope for desipning nev whels,
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THENORLA

The neita = an nnderbut wascesbee] nwd B caler witier
in’primifiive [FRgatica aneme -3 l.-.kr:ﬁnﬂ h:r:ht
B vt hitect Wit oot orssaiiy BUEL Asthe sosia
o, peortn o hallow «hambers on che: rim fill when mb-
inergedl anil iy stmat cally den m ongh wien ey
reach e exceesd the beved of the cearre of the wheel. in
sty the wheeh may have bees s much s 4o foot f
m} = illameter. Moo of the medenl penod wene erea
Largrr; the bargrst i af | b, Symia datees frnm oo
(1 meed o6 Bl Feet (2o mb o -tlameter. The wheed terning
forre o the stncam ws s ey sapaenicsd by e
nr animals o g eosaected treddmll

Barly im the rsabicentury pesn Vicv Pooceber 3 French
mashenativien and ENpinees, :'kiignrul.rnnﬂl pmll:lilﬂ (¥ 4
andershit wheels o allow the water o cofer smootils
His destpn was based oo the fdea thet waber woakd run ap
ihe surface of the curvel vanes, rome o rest ag the nee
digmeter, and then fall pway with practcally no velociy
This desiga increased the effciency of andershoc whesh
niv i petveait. AL abenil the s teme, Willins Faicksiin,
a Senttish enpioeer, showed that biecast wheeh fi.e., those
in which wates enters o the 10- of two-o'dlock posigion)
were mare ebhcient than overshion whiel anil leis v
nerahle i Fomd 1|n1.li|;|:'. e e omrved bockets, aml
provided a dose-fitting masonry wall @0 keep the water
froim Biing oul sidewaye In b Fabibuin neduid
weeiibileted bockets i which gaps af the bottven of each
bucket allowed trapped @r oo eseape. Uither smprive-
menty inchded 1 povernor i-control the sheice gaves and
spuf prarig fof the power takeall
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Ehuring the cosese of the el contury, wansruhed wese
slewly supplantes! by water turhines. Water furbines
were more efficseet: desdpn mpeovements evotaally
kil 1t providlobe b geprline the specd of the turlilses sed
to run them fase enoiph ta drive el=i 11 penEralon Thix
Fact mrwitkstanding, watpreheels grve way sowh snd it
was Eot antl the early zath cemtury that they became
arppely ibvstibes.

THEWINDMILL

Windmilh, like waterwhedh, were among the original
paeme miperrs that e placed enimal musde g5 @ souroe of
peowes. They were wsed for Conturies in varioas pars of the
wiatkl, coisveriing the enengy of the wind int mechinical
energy For prmding prain, pumping water, and draining
Lowlaimd apeas.

The first knnwn wind device was described by Heron
i Alezamdria fc wst century CEL 1t was menleled on g
water-dreen padde wheel ani was wsed to dove 2 piston
pemp that foeved air theoaph @ wisd agan @ prodoce
woun]. The eariient known referenies o wised-driven grain
mills, forunad in Arabac writings od the ath cenfury CF, refer
kit a Prersian mil bwrighin of 6.4 CE, altbeough winidmills may
srtustly luwe been osid earlier, These mills, erscral qeur
what is mw the Iran-Alphanistan boader, fod 3 vertical
shaft with paddlelike sails radisting cutward and weee
Iecased in 2 bulldiop with diametdcally opposed openings
fur the et and ootlet of the winik. Fach mill drve 2 ugle
st od millsmees without graneg.

Windmills with vervical sails an barisantal dhafin
fedchied Eusope thicuph contict with the Aralic Aibapting
the ideas imm rontemporary waterwhees, hulders began
b s Eabrigcovered, wood framed sails focated shove
the mfletome, mtesd i 2 walerwhes below, 10 drie the
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grindeuone through o set of prars. The wholé il with all
its machinery was sepported on @ [ post o that i
could b notabed s Geed into the wind. The milleors
wire (ninislly coversd by o bordde wooden frume stooc
e and lder ndtes by 1 “momnil-house,” which aln
proviced storape. A brake wheel on the shaft allowed the
mill eo-bee-stopped by & rmm hrake, & heavy bever chen bl
10 [ raised i release the brake, in early emmple of 2
fuil=ile device. M of this sart fest sgipeared in France
in £, inaress of Symaunder the control of the msaders in
e, amd in England i gpor. The earliest ke illustration
i from the Wendmall Prabter auade in Canterdury, Fog, in
the second half of the Toth connry

The latpe effort required o bam g post-mil into the
winad ||ml:ﬂ||1 was pepiiaidiles for the *’u-hp:mcﬂ iaf
ihe w-called tower mill in France by the cady 14t cea
by Here, the millswone and e pearing wore placed in o

Wil i Sporm. 1 Dbt Teguitey frrnagen

0
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i e fiscedd Lo dften <lrculan bn seciom amd Duily of
stnne or brick. Only an upper cap, normally made of wood
Enif bearing the sails oa its sheit, had to be rotated. Such
tempruved mills spregd rpedly ducephoul e fod
llurhﬂmp:q:ﬁuiﬁm‘l}'ﬁmﬁ:n wfilemn

Ther: Liww Coantries of Eerope, which had ne sestable

EEFImS fF wabeepower, sow the prestest development of
wiridmnills, Dl bodlow pest. mulbs, mvented o te gy

ssth century, wsod o tem-step pear drive for doinage pemps.
An upripht shaft that had pears oo the wp and bottom
s thurgh the bnllow post tovidrive a padille wheel like
soap 1o raise water, TTe fint wind-driven sawmill, built in
a2 in the Mecherdands by Comelis Cornelis, wasmosnssd
1365 fi b peTRdr wesy turning ingo-thewind

At first both peet-mills anil the caps of tawer mills
weee turned mansally min the wind. Later smafl posts
et placed aroued the mill to alfow winching of the mill
with 4 chain. Evesnveally winches were placed into the caps
iof tomwer mills, evguperd with pesred racks and operased
from inside or Erom the pround by 2 chein passing oves
whiwl Torwer mills hael their sasl soppocting or tail pole
pominally e lisesd at betwesn 57 and 15" 6o the horotoedal.
This sitded the distritin of the hupe sil wright on the
kil bearing 2o b provided prester dmresce beoween
the sails sl the sy saructare. Windmills became
progrewsvely barper, with sails from abowt 55 to 78 fest i
00 2y i in dismeter giremty common in the poth cengury
The material of constroction, Inchading ol pearing, was
Irun'l,,l.ll]'u:u;h rrrnlnl.l]:r |Irﬂ|‘I’H:I.I.I:I.|:H|.‘n’.‘I]E mnin
use for the main hessings. Cast-iron drives wene first ingrm-
e 1o rpgy by fehi Seeabon, e sfonemebned
English engineer. Lintle is known sbout the actul peiwer
procuced by these mills, I all likelihoosd nnky From 1ot
15 -horsepower wis developed o the prnding wheeb. A
go-hosepowes il was got bt until the sith ceneury,
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The maxinuem efficiency of laepe Datch mills s estlmazed
tn have heen ahant a0 perrend

Even thowsd fumber improvemests wore made, espe-
Clally in sped cogred, the inportoce of windmills g5 5
mjor penwer producer bejan to decline sfler 174y, when
the hst flour mill in England successfully substitutes]
sbgam sngine For wind power. Yet, the demase of windmills
was shinks 3t diiie tme (s the gih century there were as
many &= g0 oo (maiee) and industal wiscmills in the
Faan district of the Netherlands, the hiphest concen
eragion kv, Windmills persiseed throughout the ik
vemtery in newdy settled or less- industrialived areas, vch
s the contm | and western Unsted S tees, Canada, Ausialia,
it Mew Feataned. They also wone builr by the bundreds in
the Wit Indies (0 crush suparcase.

The pramary exception to the sieady ibandonment of
winidenills wui resuspence i selr we in renl aress for
st weter £ oo wells. The fo wind pomp s inte
et in the Unifedd States by Plovd [ty in 1824 Afler
pnnther American, Strwart Pemy, bepen constructing
vkl . il of steel and squipped with metl vanes
i B8y this sew s siemple device speead arosd the
wark], Wipd-dnven pumps remein imporfant foday i
sty rural parts of the weorkl They contissed o be used
g Barpe oamilers, even o ibe United St well inte the
path ceptury until kow-sest clectric power became rewdily
wvllable n rural aceas. Althouph rather inofficient, ey
iete: rupged aged reliahide, need litle actention, and remain o
[Il.npm]rq' ernpgmmmuhd'wlcrudmru
electricity i not eooncenically aovailable.

THE STEAM FNGINE

The msegich of o mamber of sceotEs - especially thuee
i Hobert Beyle of Enplosd with stmospheric pressire, of
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Ot von Guericde of Germany with 2 vaomsm, and o the
French Hupuenot Denis Papin with pressure vesseds—
biefped o oquip practicaltechnologists with the theoseri cal
buasis of sieam power. Discressigly e (& kniswn shoe
e manner in which thiv .'l:u.'rr|ud;ge was aunjrmilatesd h:p
pinneems such as Thomas Savery and Themas Newcomen,
bt it s inconceivable thar thoy could hive bees grorane
uif 1L Savery took out & puient it 2 “new Emention fo
ol Water and ocrasinming Mution to all Sarts of
Mill Woek by the Impsellont Foroe of Fire™ i poud (Mo
wol. His upparatus depenided on the cosdemsation of
steam in @ vespel, creating @ gurtial vacwem jnto which
wuirrwas ol by mmosphenc pressa
Credic for thwe Grst conumercially saccessful steam
erpine. however, mant po o Mewcomen, whis ereceed his
first machine near Duadley Castle in Steffordshire in17
Tt opurated by semospha i predsare on the pop faee afd
uistan i o cyliseles, in the lower pan of which seam was
veadesseil to create 3 partial vicuom. The piston was coe-
nected to oo enid of o rocking beame the other end of
which camigd the pumping foel in the i shait
Peewrramin was 3 bralesman in arimouth, evon, and
his engines wene robest but wnsoptasticated. Theer heny
fuedl tegrumpdion mude them uneconiscal when usel
where coal wis expensive, but in the Brirish costhelils
ther performend an cssentinl service by keeping deep
mines chiar of wares aod weee extensvely adopaed for this
prurpsse. bn this way the ealy steam enpines fulflled one
al Ihl‘mlpﬂuuﬁnﬂdlnl‘l‘hﬂrﬁ i.u.:hm'lrmﬂ'lt:lﬂlh
century. Adthough watenpower and wend powser remained
e bl sominitien o powes oot inidesary, 2 new prie gueve
hadd ihss appeaned in the dupe of the steam eogine, with
tremendoas potential for further development as anid
when new spplicatioss could be fimed for it
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Livtle devedopment tovk place ko the  Mewoomen
stmuspheric enpine until James Watt patented a separate
candenser in rrés, bt from thae poant ameard the steam
pnping unilerwens dmost colinuous mgrovensents for
moite than a century Wl.l.['iq:-nnkmu:hurrnl:h:
nutcame o fus work on g moded of 1 Newmenen engine
that wis being used ko o University of Ghupow [sboratory.
WEArCy insperariin was (o sipuaraie the o actions of bl
g the cylander with bat sieam and cooling i fo conrense
the steam fior every siroke of the engine. By keepung: the
cylinder permanently bot sml the condenser permamently
vabl, @ preat econamy on energy wed could be efiected.
This bolliandy simple idea could sot be immedimely
iecogporated in @ full-scale engine because the enpieter
legg: o sonc by mmsar-hiness sl et o eheat ol heen coude doed
defective. The hacking of & Hirmangham indastralist,
Murthew Bouliom, with bes resierce of capdial st tech
il comperence, was eeeded o convert the e inin 2
commerial sorcess. Between 1775 and 1800, the penod
e whach Wat's patents were exendeed, the Bosdton
aie] Wt partnership prodocel wime joo eapines, whidh
ifespite thedr high oot in refatiog 1o a Newoomen engine
were cagerty acnuired fy the fin-mining endustrisint of
Cormwall el cabver prwer v wha budly niedel 2 moce
eroinamac and relisble soorce of enetjy

[ e the quarter of o century in which Boaltan seed
Wikt exercised their virtual monopoly cver the meniiac
ture of bnpeoeed steam enpines, they introduced many
i s TESIEMENLY, }hﬂ.lr 1|:|1.1 vonveried the
engine from & singde-scting (le., apphing power ooly on
the derwarwand stroke of the platoe) stmosphidie pomsping
aiching o o versade prime moves it was doolds-
gcting arel coiild he appled b rtary mntios, this driving
the wheels of indussey, The rotary ction eopine was
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THOMAS
NEWCOMEN

Fagles engineer sl
et Tt P
romen wan borm i e
i Therrrocoth; Fow,
Esp. i s tonmonges
i Dapmrli, Wew
comm bocame  aware
el thi biljghs et el aling
the power of hones
s T il iof the
ey - i nraashitin mines With
W ", hin it fosn £
 Phetia com figriteeimagn wa}.#:;:
e cxperimenicd for moer ik o yrars with o sicam
pummn. [ wa superior io che crude e of Those Savemy
In Wewesmen's cogine ihe oty of ey e e
limited by the pressure of the vz [ngead, strcsphenc
sy grhid e ponton deown aives the comlenats ol
stvum b corated o vacme in the cylindes
A Ry ben| iliainnd & livesd paten) fs his omp in
sirsl, Mewromen vnudd nes pacent his atneepheeic steam
ringine. Theirfoee, e coterrd bnto parnerdup w b Sary
The ot rooeeded Meweomen mpise s erocted oo
Dhdlley Cantle, Seaifondehibie, la 1712
Meowonmen myested the intermlcondenseg e for
ilicaigeg 3 waruim in gheoplisler anl m siomasi vabe
pear Byusay srem st ammnsdene presmrme, e beprwithin
the wiiriiag limi of his materlals Por o ot of ywean
hiz engine wm used m the draining of mines and 1= zising
sy i posers wierw hecls. Mewommen diad on Aog 4
rma, i Londom
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duickly adopted by Brivsh waile manuBcierer Sie
fichard Arkwright for ose ina cotton mell. And although
e ] foned Adhton Ml g the southern-end of Blackfriors
Bridpe in London, was bursed down inorpen - when i had
leen ln ime i:l:llrl.l}l[rru}un.l.-] was still incomplete — it
demginatraied the feasibility of applnng stesm power i
barpe-scale praim miling. Many other sedustries followad
in eiplaring the possdhilities of seam powes, and 5 soon
ber e widedy used,

THEFLECTRICOATTERY

The invemtsan of the bartery in oo made possible for
ibe Arst rime magor advanoes i@ ke theories of decnc
curtess s elevitochemisery Both selence anid
chevedaped mpidky as a direct reslt, leading some fo call
e puth cendury the gpe of elecirioy

CrATFART AT VOLTA

The desvelopment of e havery was the accidestal resuls
of hinlogical experoments condected by Lsdgi Gabeani
Crlvam, § prafessar of mmatamy ot the Bologna Academy
af Srience, was (nreresisd (B eberuecy @ b nid otfies
anismals. One day he pedieed thar dectric spacks from an
electmatatie machine comerd mesculsr contractams in A
dissected frop thar lay oearby. A first, Galvand assumed
thut the phenomenan wis the result of stmesphesic dec
bphtning storms. Later, he discovered that whesever 4
e of metal connecti] the muscle snd nerve of the frog,
the mumcle oontiacted Alihooph Gabeni tealiad tha
same metals appeared i he more effecte than others in
producing s effect, he cocluded incorrectly thar the
metal was tramspurting a fuid, which be identified with

5
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nithrreal ebectrbeiey, from che nerve (0 e macle. Galvand’
observatings, published in 1791, aroused considerahle
cantroversy und spensation

Abessanilro Valis, & physbcist an the neasby Univenizy
|ipnuh.dhm1nuq|llglm-rhttrh1lj1tllﬂ[nrh:
senses af toach, faste, aml spht. When Yolma put 2 metal
cain on top o his tonpee and another coin of 3 different
iste ] it s Acgpuee sl cuden e teis suffaces with
§ wirr, the coins tsted sty Liioe CGabvana, Valta mesemid
that he was working el animal clectriciy wotdl 1798
wied e ilsscovened thear he could also prodece s current
when he substituted o picce of vandbosnd soaked in brine
Farhis rongue. Volta correctly conjectired thet the effect
wak Clesed by the coomot botween mital and o mosst body
Aonnd 1Moo be consirimted what iv now knowen as 3 vol-
tmic pile consisting of leyem of sibver, maoist cariboad, amd
wine, repegted i thet onder, beginnieg and ending with o
diffesenr meral When he joined the silver anil the dine
with a wire, electricity llowesd contineomdy theoagh the
wire. Volts coafirmed the the effects of his pile were
equivalent s every way io thisearstic elecoicite Wicin
3 e, patvanism— a electricity produied by a chemical
redctin wis then called —became unedquivoaally lided to
itz elecuicity. More inporant, Vlta's isvention
vitled the fust sonree of eontswous slecirls curteal This
ruckimentery foom eof battery produces) @ smaller voltape
than the Levden jac o device invested by Pieter van
Morechenluoelk in g5 thar sieel skt deciriciny
of & |ar. Yoltas imeation, however, was easicr to use
beseiiise it coraled suppy & steily corrent snil did not have
i e e

The vontroversy between Labvani, whoo mistakenby
thosghil thet electricity oopieated 1 the anhmals neeve,
nil Vot whto reslien] phat it came foom the metal, dividid

"
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scieniists bl e camps, Gabvand was mpparted by Alersn
eher vom Humbsakdt in Ceermay, while Yolta was hac ked by
Charbes Aeprustin de Coalmb g cthier French physicise.

AppLacamions (8 CHEMISTEY D Prysicy

Within six weeks of Vobts's report, iwo Enpglish sceentivn,
Willizm Micholsoe snd Anthony Carlisle, w2 chemical
buttery to desoeer electralysis (e process imowhich an
el current peosdeces 4 chemacal eeactiond and iniciate
ihe soegce of electrmchemismy. 1o their expeniment the
twaemploved 3 wtaic pile i liberie hydmoges amd oxy-
genfromwnter Theyattached each eod of the pile o brass
wires aned placod the opposite code of the wires b 33l
water: The salt mude the wates s conducton Hindnogen gas
accummilited 3t the end of ome wire; the eod of the other
wire was irdlilized. Macholsin sl Carfeds discovernsd thai
thie anpounr of bvdropes snd cosgen set free by the cur
vent was proportiveal o the amount of current el By
on the English chemes Sir Humphiry Dievy hod ssed a
mronger lailery w fee for the firn dime deveral vy
artive melals— soilivm, potissiom, calosm, strontiuim,
Eariem, and mapnesiim— fnom thelr biquid eompoanid
Michasl Firiby whio was Davy's assistann a1 the flme,
studied eectrulysis ipranticarively and shiwed thur the
amownt of enerey needeed toepamte s prem of s wkstance
fevan its compound (5 closely related to the atnmic welph
of the subutance. Flectrolybs became 5 methind of mes-
aaring electne currend, aml the qulul:irr ol th.lgr thaat
relegses @ gram stomic weight of & smple thement s pow
el a Euradlay b s hidarie

Dince scientists weee abie 1o prodece currests with 4
huttery, they roedd study the: o of electricsty qeantits-
wvely Becise of the battery, the Cormas plvsicist Geong
Senoa (i wis shie experimentally i o827 1 quantify
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puecisely s prolfeos thar Beltshstientiss Heare Cavendinh
roald anly isvestigate qualitatively some so vearsearlier—
paamely, the ahiliey of o materisf b condect dectricite The
restll i it wark - Oher's ke - explaios how the resis-
L-xrmr]!.uﬂu'rri’rh-?dq:uﬁuulhlmi
ronfectar and on i kegth and dismeter. According t
Cm's Farmudation, the current Bow thiveph 8 condector
s digectly propedtional o the potential difference. o
vaoltage, aml inversely proportional tn the resistance — that
15, # = "7 Thus, douldang the longth of an eleciric wire
diceiiles s ressstance, while doubling the cros.sectional
wrea of the wire reduces. the resistance by a half. Cin's
law 15 probably the most widely usid eqistion i elec-

e desipn.

THE ELECTRIC GENERATOR
ANL MOTOR

Elestreanagretic technnlogy bagam with English phaysicist
anil chemest Michad Feraday's discovery of inductson i
iipn Faradsy, the prediest expsromentalist in ecicity
aniel maggest s of the 1gth cestury and one of the preaest
expenmental phosicises ol all time, worked oo snd off Er
i vears irylsg i prove that o magnet could induce sec.
ericicy. In 1§11 he Gnally succesded by s two cols of
wire woums] arnund oppasite sides of 4 nmg of st ion,
The &rst coll wes attached o o hettery; when a cugoent
frasseed thavsgply the éoil, the i ring berame mapnetived.
A ware from the seoond coil was extended io & ErmpEy
needle § fect & m) oway, far encuph 5o that it wes not
sl e dipwetdy Ly any curent in thi bt clicwt. When
thee it e i was timtmed o, Facscday obterved a momen.
tary deflecting of thee compass needle and its immedisie
repurn e its origing posdves. When the primary cuseent
was switched off, o similar deflection of the compass

DEL
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netille cecurred but in the opposite direction. Buildisg on
this observation in other experiments, Faraday shooed
bt chanpes in the magnetic fiok] around the fesk coll are
mespoaziilde for iseiscing che curreet in the second ool He
alur el oot rated that an electric comrent can be indoced
by memving: 0 magnes, by turning n elecimamagnet on and
off, and eves by moving aa clecine wire @ the Earch’s
gt hehl This demiest itho i shoved thar meclas-
ial energy cam be conwerterd o dectnc energy bt provided
the fossdanion for dhecrric power peoeratan, kadmg dicectiy
i thee dnvestion af the dyvemo amd the electic mom

The early bectric industry was domimavee by the peoks-
ke of penemting elocenicity o a barpe scake. Within a vear
of Faraday's discovery, & small hand- turned geoerator in
which 4 magnet fevolved sroend coils wis demuostrated
in Paris. 1n 1833 there sppeaned an Englsh mocded that
featured the modern arrangement of fotiring che cods in
e flid oF & foved mvapmer. By (85 Fenerannes wees mise
fsctured commerially i severad countries, Permanent
mpmers wire used to prodece the magoetic Beld in pro
eraton wilil the peincipls of the wiferited peera
wan discovered in ifan. (A seliencited generator has
srager magnetc. ficlils becnise it wses dectromagnets
powered by abe peneratos iselE) [n oo Zimohe Thixphde
Crinmene, 3 Relpian masubonmnes, beil the fon jracticl
penerator capable of prodicing & contineous current. [t
was 5000 Found chat the mappetic Seld (s mooe effectre if
the cail windings sce smbedded in dots (o the totating
m;rml}mr.']h:hunlq:ruﬂmr,trﬂ]mutrd::ﬁml
irvensed tn 1880 by the Swedish enpineer fonas Wenstrom.
Farselay's 1891 discovisy of the prineiphe of the dlternating
curredt (AL ersiadi smes wes nok pot Lo pescticel i until
the lute 14805 when the hissted debate eeer the mesits of
direct-curreet dod Alkprnating oevenl SySEms for power
st was etUhd i G of the latte.

1k
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Elecericity took on o new impanance with the devel-
openent of the Hectnc mobnc This machine, whech cnnvests
electric enerpy b meckanseal encryy, his Broome w e
pral compoeent Of 3 wicke sssomment of devices mnging
frl:l:llHl‘thH‘l..l.Hi.lrlﬂ .I.I'Iid:ﬁl.'EﬂH-lm tos imchitial
pribats i rapid-transic vehicks. Athough the principle
rf e elecine motoe ws deveed by Faaday in %22, o
pamercially spnehcas wit wos prodeced il @y o
fact, the lamd impartane AT motor, bailt by the Serban-
American iwvenmor Nikols Teds, wes gor demonstrated m
the United States watil 1638, Tsla began pivdocmg bis
molom i asociation with the Westinghowe Electric
Cnmgany a fow vears miter direoy current (00 metors had
been inscafied i traims in Cermany g Dreband. Bv the
endd uf the pythcentury the electric motes had faken a e
rgniably modem foem. Sohsequent improvesmests have
rarely ivobved radically new bdes; bovever, the itrodic
viod ofbereey desipns and sew heiring, dnmalre, mupnetc,
oot contsct muerials Ras msilted in the musifacrure of
smaller, chiaper, and meore efckent iod relahle motors

THE INCANDESCENT LIGHTRULE

Al Arst, the only setiom comsderation fun slectic power
was arc lghting. in which o brilliang Gphe b emined by
anelectnic spark between two electrodes, The carbon-ase
glectric Mpht wis. demonstraged e cady a5 1Bol, asd
Faraday clevised the fient steam-poswered eleciric peoeribo
i operale a IIIF cartin-are Jlmp- e the Focelamd
Liphthoeise in 8%, But the carboer-arc lamp wis so bripht
sl reipaired soomoch power that i@ was sever widely
usel, ] it win Bt 10 bifge metallstions Like G
hevuses, traim stwtinns, and department soges,

Mote proctical lphting cosld be obeained from =
fecantescent limp, any device thar produced ligha Ly

183
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breating & suiabile materiad w o hiph temperacare. [o (B
the English chemast Sur | lumpéury Uiy had demnastrazed
the incandesceste of plitingm serips heated in the open
sile by edoctinemy, bt the sntpa el not st loeg. Fredecel
Lk'Hl:Ir:.'rl.l.ﬂF Fqlﬂnilmplnlnllhfm.l patent fair an
incanidescendt lmp im0 he dsed poslened charooal
heated between two plitisam wices, Commercal devel
apient of 4 (scamlescent limp, however, wa delaveil
until & filsment could be made that would beat to incan-
dhescence winhwont mokang anid uncil & snisEorT vacum
e coiahif e Buadle. The miercary pemyp, invenied o 1865,
provicked am auleyuste vacuum, and 2 satisdactory arbos-
filsment b was developed independentdy by thie English
physicst i foseph Wilson Swen in ci78 snd the Amenican
irventos Thomes Bl the followlog year Iy 1580 Btk
hard appleed foc patents For thear incandescent lampa, unl
thie ensibng Litigation berween the o men was resobed
by e formsdion of 4 joint company i 188, Edison hos
atwaps received the maor oredit for Eventing the lighthull
becmse of hes develnpmeat of the power lises and otfer
enigunient nevded 10 estallih the incindescent lenpina
practical bgfiting vritem

The cabon-filement bulb was sctually highly meli-
et bt Esannishend the soot e fire harand of coal s jets
and s gined wide aceeptinge. Tndeed, tnks mthe
inpandescend bienp, electric liphting became a0 scoepted
pact of urban lige by 1900, The carbon Glament Bulb was
eventuallysuccesded by the more effecient tungaen-flsment
wan&nﬂh:ﬁ,&wﬁgﬂlfﬂﬂp{hdlrkrrﬂ'lh
Cieneral Eloctric Company, which fest appeared i roed,
In pger the drows tssgoen olimens wis inerodeced; 0
1ol i Bt wiere cailed, and bulls weie flisd wab inece
s, INitroygen alione weas used first, and, later, nitmopen and
arpon e proponions vared st the wainps. These
stei increnied etficiency, lepionang i ieq, bulliy were

lig
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THE FLUORESCENT LIGHT

A focrrweesd light iy clevic dicbuge limp, posler sl
munre-cfficient than inandewe ni L, that prodiices gk
li 1hw s o @ |||¢u.|1]'u|r |1l;i'ir||r_ & e
|smp ormesty of o gl b filled with @ s of spen
q1||: ey r.qlq:l '.1!.1;1 rﬁ-l.ulhh (1] r-h r.h.'l MT
iotest with an alialive-carch oxirde thas gves off eleroons
rawdy. When cunmne s thoogh the gav betwarr the
riocrmiles, the g o inndwed and emits ultsvioke odis
tin. The jmsde of shee tube s mmatesl with phasphors,
mitatances that shenrh olfravislet cadistion ol fuonesce
Irerutiate the cocpgy e vinibie gl

Hecnyee 8 Ssoresceat lizhitalh does not provide Lghe
rhrmgh the ool heating of o metalic flamend, i con-
mureymnrh s elertmorty thananimomdescear et —anly




TUn EEETANRNCL GIITEE T ENWENTION
Toar Fnwnt o e Nhmaes Wiain

nne-quarier the elanicioy oreven ks, by sime stimnes
Hlirsewier, mp e fomar Hivees the operating vl iage ol s e
rescent lamy i needed inivlally when the lamp s irched
it i oorrher i i i g when startiag. Thiscdea i -
e b wpplieal by i device colfed & ballast, which ake
mmainbaln o bverr i rating voltige Wi the gas iy onlead
lo older fuorescent Limpa the hablavt i locared in the basp,
sepranaie Gmm i il anil camedibe sulill bumming o
huzzing so ofen mocoted with Sooroscest f=mpe. In
nearroompect leorreont lghts (0 F]Ls), iswiach dhe th-
m:ﬁnhmﬂm:tq:-hhnm
inil, tho fuallast d meaod dom the oo at the hese of the
Il assembsdy andl is mmle of Sectmnic componeers thar
retbiict: or chiminabe e burring i The s ol s
baflart in tach individusd tndb msees the ooet of the ok,
bt e ererrall ot it he ommume (vl Brs, nevling i
the reduced cocrgy corsumption and |nager fifetime of the
CFL, CFLpare swpend bry gy o Gimwarta) gind fgghet -
put fin: lmmenyl, froquently in-specibc COTpaTe.
incmmleacenl il Specific CLs are combymrd fif i
with dimmer swarkes. with threeway writches, ot =
rerrmod vt

“fromed” on the inside wich bydrofleonc acd o provnde
o ddiffned light instzad of the plaiop briphines of the
Iﬂ.l'l:l'ltt‘lkd] |u1|'|:ll!'ﬂl.

The dosle-codled Blament wsed todoy was imtroduced
aliiiad Bjjo

Since then, the hlamens Lamp bos beomne the principal
fiwrm od electric aimp dnr domestic we. In 198 Generl
Electric s Westingduwse piodeced the frst commercil

Teady
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Bubrecent divcharpe limpl sdop mecoury vapood sed
phospher-coated fuhes to enhance visible lght output,
Fluorescent tubes had roughly doubie the efficiency of
bt bimgrs ae] were rupilly sdopeed for commencial
gl e e lu:nqu:t farm I:I'u.-_;'nl]:li.:! prowing
use in homes as well, Chiber ovpes of pasonus-iischarge
lamps—for exumple, using beph-peessure memcury asd
s wagour — hove besn deyedaped bat heve found anly
limited application w besldings; they are ol wch high
imensity s merked codour thet they s wsed mostly @
hegts-ceilinged spaces and for exvesion liphaing.

5 1 F Fit

A demend for powes 1o gensrar dectiicity stisadite]
new thinkieg dhout the steam engine in the eR8os The
bl v char of sclieving s sufficsensdy bigh rovarivesl
ipet 10 make dhe dynamos char penemed the dectriciny
function effinenth Sach sperds wers beyoed the range
rf the normal feciprocating engiee dLo., with o péston
mecrving backwird asd forwind is o cylindes). Desipners
therstore bemn o Investigite the poasibilities of radical
mexlifications io the reciproceiing engine to pchieve the
ipeels desbred, of of devisimg @ steam enypme wiarking on a
campleredy dlifferenl principle.

Eanry PRecUrRsoms

Hiney at thet completely different principle might hove
been seem i the fint dovice that can be classsfied & a
prea Lo Bleaim il — e seolipile propessd iy Heon
iof Adexzilris, duting the o cestury O [n this devics,
steam wus sspplied thrgh 8 hollow miating shait to g

hollow cotsting sphere; It iben emerped thoesh pwo
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apposing curved b just as water issues from 4 rotating
kv sprink ler, The device was histle more than a tey, snce
o0 asedinl work was prodoced.

Another stes-drven machdng, described in 16y in
[ll]g,mdluiﬂdi:-chlwl?mﬂ B jEl al sEmm
impinged ne blades mrending from 5 wheel and cassed it
- rodate by the mmpulse priociphe. Strting with 1 iy
puent by famis Watt, the sforementionsd developer of
tise steam engine, & number of reaction enil empalse e
bines were proposod, all adapracioss of similar device
thuat operated with wager. Mone were secoessful sxeept fioc
the units uikt by William Avery of the United States siter
117, Inane sech Avery turbine ten hodiow pme, shiout 29
inches §75 tm) long, were sttached &t oght anples toa
holhse slait thevsgsh whach siesn was spplisd, Kizales
at the nuter end of the arms sliowed the steam o escape
in 1 tanpeatial direction, dus producing te reaction to
ters the wheed. About o of these urbines were built o
swmmills, cotton pine, andwoodworking shops, anidal leass
ane was tred oo o locomotive. While the efficlences
masched thise of conieempueary steisn enpines, high noss
kewels, difficalt speeil repulation, and frsjuent uesd joe
repairs bed o their shandonmest

Monenx Steam Tunmses

Mo furthes developments ocourred wend the cod of e
tepth century when variou inencoes licthe proundwock
e the modern steam |:|.|.ri|J.|'.||.=I ] Hﬂ.ﬂ il purch pm'rh:'
that (& constituted & major technofogice inpovation. A
siesim tiflime conskts of d fobo rusting on beiriogy anid
enc|osed is o cylioedrical Gy, The mboe s uined by
sieam impinging apainst aitachee vanes or hladesnn which
it exenis 3 Force in the cenpential disection. Thas 3 steam
irbainie conte] b viewesl oo comgiley series of windmil
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likee arrunpements, sl ussembdbed on the ime shaft In 8k
Sir [harles Alpermon Parsons, a Hritish enginees, reoog-
neredd e advantipe of empoying 2 larpe numbes of sages
i seriiss, allowing extraetion of the thenmal energy in the
stz i namall seepa. By passing steam thoough the blades
o @ senies of rviom of pradeally increasing s (s alloy
far the expansion of the steam) the eoorpy of the steem
was coenverted io very rapid clroalir mogion, which was
ickeal for generating electricitg. Farsons ks developed the
resction- stage principle accordisg towhich & neardy equal
pressue il amd enerpy release takes place in both the
stationary sml| moving blade passapes. In addition, he
subsequently built the forst practical lirpe marine steam
turhimes.

Fhuzlieg the ihfos Caal &2 B dle Laval af Sweden coo-
structed small reaction turhimes that turned at shout
4 st TVl por misele (o drive Coeis sparanr
Their high speed, howeves, made them unsuirabile o
isthes commercial applicstions. De Laval then surned
has rteamion to single-stage impulse twrbines thar used
vabvet penldivespent sorsled From o w8y de Laval
mnil iy turhies with capacities foom alsut 15 o sevenl
tmsrelred Barsrpower, 1is s-horsepower fustines were
the At smployed for marine progslsion (idaeh CE A
ibumiep the thges At about the same time, Charkes G Curtis
of the Unired Stetes developed cho velociny-composnded
lﬂ'l.l:rl.d!mﬂ.'.

H!r T T I:l.I'Fl[ sieam Lurl:irpe-gun:emtm unik e
dced 1500 Iolmewtts, amd 10 years later the capacity of
antch i hines bl increseed i e i oo kilis
warts. This b excesded the outjiul oF sven the it
sEEaAm engines, makieg sieam farbines the principal prime
geovens (o central poser statioes after the et decade of
the auth centuik Fillowing the sucosshul installation of a

Tig



VU BT ANNEC GITDE T ENVENTIONS
THET 0 il T NS WL

setie of 8, pod hoosepower turbiees (o the tansatlaedic
passerges liners Larimis s Maearrsas, lnsnched mrgos,
stedrn twbines alo pained preeminence in lange soge
matine applications, Grd with vesels buming fel feels
mlﬂimﬂm&mrﬂ'lg_]:npm h'lmnﬁ:ﬂll
pressurey inreesed from about 1.ooo kilopascals gauge in
1o 0 Lika kifopescals gaupe by 1090 and thes 105,300
kilopascals gaupe by tygo Seeam temperstunes chmbed
froam phour 3507 (8o saturabed steam) togog T (g
sperheated steam) and eventusdly to g5a'F o) over
ihe same flme period, whits beat rates decreased Bom
abost 800 to below w000 B (40 10 ro.55 megs-
gonibes) per kilowatt-howr

THE GASOLINE ENGINE

The ineernel combesaicn engine, which followed in the
Ity CeERay 38 A0 MEIoYe Dl dver e Steam engine fiv
muny spplicativns, cannot_be attributed o any singe
imvenine. The pisina, choepht oo date o for back s 150
BCE, way ussd by metabasickins in pump for blewing air
The pistos-anid-cvlinder sveiem was basic fo the sbeam
eegine, which hrought the companent fo 3 high:state of
efficiency The steim sopme. herwover, sadfered frmm bow
thermul efficiesy, e weipht and bulk, snd iscoove
mience if eperation, Wl of which-were primanily traceabie
i the necessity of burnisg the fuel in 3 furnace separate
from the engine. 1 became evidendt tbur 2 sebf-coatained
Frlﬁ'u'l.irmli'dri:l:

A carty as the 17th century, several experimentors frst
il Lo e Bk risious preshicts b opeciee pemps, By
1820 am énging was built in Fapind L which bydrogen-is
miztures wree explodad in o chamber The chamber was
1hen cooled 10 create 3 vacium cting on 3 piston. The
watle of such pis enpine lepas in g They were liey

T
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il erecde bt contsined many eoeetil dements of liter,
e syceessiol deviees, In iy the French enpineer adi
Cagnacit pasbiishest his now clisesc pasnphber “Rifloctions
i the Mocivee Powe o Hear ™ which st fundamental
lurnﬂ-mul:l:u'lmlhu}'ﬂhﬂ'lhz next w=eenil dermles
iervenines and engineees bulr engines that wsed presaore
paneduced by the ccambesgion of fueds rether tha g racwam
wiiel enpines b viubeds the el was compressed befure but .
img. Mone of them succeeded im developing an operatinnal
system however Finally in tdso Etenne Lenolr of Frasoe
mirketed an engine that operted on illemimiing g aod
parenvicher] reasinably stisfactory service. The Lenaic
enging was essentilly 8 comverted double-scting steam
Eugmn-'n:h slicde valves for admatteng pas and airend for
exbuust procducts Althooph the Lesalr engine
idevelped litthe power and atilized anly shout 4 peroent
i e ey i nhet fssl, Brandreds of these devices werz in
usé: it France and Brivain within bre vears. They were used
ki powering wates pumps and printing peesses and for
comphetieg cortain other tasks thar requained only mited
[T ot
& major thendetical ahvance ocourned with the publi-
cariog in 1362 of Rdescrption of iy ideal operating cycle
isf an imernal combestson engine. The author, the Frendh
enpinees Alphonse Beau de Rochas, lsd dowa e follow
ing conifitions @ necesary bor aptimum . efficicaor:
mtimem cylinder volusse with méimem cooling sur
Eae, maxbmuimn capkliiy oF expansion, mavimnem ratko of
expusrsian, and maxdmum presure of the ipnited charge.
He described the requened sequence of aperatioes as (1)
sl Lii deibni an enties outsimoke of the plston, (2) cob
jaressiog during che fllwsng insrake, () pnitdon of the
charpr at desd cenre and eopassinn during; the nest out-
stFmke (e porwer stookel, and (4} expualsion of the brerned
jrases dering the next instroke. The enping Reas e Bochas

™
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sheacriliel shees bl a four-sipoke cpcle, B conrse i the
twa-stroke cyele Gnrake-ignition and power-exhast) of
the Lenoir eogme. Beau de Koches oever b bis engiee,
anid oo Fourstroke eagine appeaied e more thas o
decade. Finally, im o876, the Ureman enpimeer Nikokan
A it budlt am enbernal-coenbustion wnit based an Brau
ehe Rochas's principle. (00a’s fem, Otns sl Lagen, boil
produces anil markeerd an improved rwo-stroke engine
several yeans earfier) The foor-stroke €3t cogine was an
immediare surcess. In spice of b5 prest wuipht and pooe

s
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ecodrimny, sesty fo, 000 el with 1 combiloed capacity
of ahowt 300,000 hoosepower were salid in 17 yem, fol-
lewed by the raped devedopment of a wide wariofy of
pnpines of the same type. Manuficvare of the Do engioe
iz whe Unitedd Seates lisgan im 874, dnllowing the grant o
Cnenoda UK. paient i 1f77,

Eight yeers kater Gotthieh- Dasmier and Wilksm
Maybach, fuemer associztes iof Otto, developed the frst
wresstul bgh-speed four-stroke engine and ivented a
carbweretor thal made it possibbe w use gasoline for fuel
They employed theus engine to power u bicvde (peraps che
warkel's first motnroycle) snd Birés @ four-wheded carriage,
At abest the same ime, snother Geeman mechanical eogl-
neet, Karl Bens, bullis ooe cylinder pasobine enpene t power
what (s often (esidersd the b practical auoenahile.
The engines buift by Duimler, Maybach, and Benz were
Fundsmenrally the sme as woedey's basic pasebine cnpine,

THE JET ENGINE

Ajer enpine i 2 chiss of Elermal climbusiion engines kot
prageed aretaf by meass of the nearwand discharge of b
erbvss ases peneratod by buming fuel with air commin
from the smbsphene. The pome mover of drtuaBy ol
[t enganes i @ s surhsing. Varkusly called the cone, gas
prostcen, gasifies, or pas penenion, the gas terbine con-
vers the energy derved from the combustion of a lquid
hepideveasban fuel 10 mechsnical esecpy in the foom of 8
Wmm‘ H#:Jr:qunu.m.- airtream. The  air

ipested into the enpiee's inlet first ks compeessed by a
tupbocis s, i i inbo & combsston e,

whers 4 stealy streimn of fuel — i the fomm of lpid spiay
roplets aned vapos or hoth—ix intrndoced anif burned,
This gives rise b continuous stresm of high pressdre gis,
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which Bows theouph o tuebine G deive the compeesur
The s stream that exits (rm the pas generator after bav-
ing been pxpanced Girouph the urbme cootains 3
coesiclerhile amioent of surplis enen: Ths energy is bae
u.m]fllrlrht Ibln'-dlhp'qulmr. e, o 8 noede,
which eocelerace the gas stream o wery hiph wedoory as
it leeyes ihe enping] 10 proerate ¥ thret with which in
prapel the seraf,

Likn many peher srenons, jet enpnes were emisaped
§ong hehare they became ¥ readity The callest proposals
wele basedl on adapations of piston engises and were
wssally by aml complicated. The firse wccesaful experi-
mental s turbime using both mtary compressors and
teerbines wis bust b 0o by Aegsdus Elling of Noreay In
thiis mruchise, pact of the air leaving a centrifupal compres
sar was hled off for externad power use. The remeinder,
which wus requeired o drive the teline, passed throuph o
coashiston chimber dnd chen throuph 1 speam peneranm
where the hot pas was partially conled. This combwstion
s was cooled funber by steam injected intm it 750’F
Lo T, the marimum emperasture that Ellings cxliz
inflrw nurbine conkd bandle The earfiest operatioml
turbine: of this type defirered o hossepowes. Many sahae-
fuenl imprivements led 1o asother copemental Elling
nrbsinie, which by vosz coulid pradece 75 homepowes Tn
emphned & ompressor with 7e-peroent efficescy aml 2
barbing with an efficieacy of B2 percent opesating at an
inlet tempersture of toes’F (5ol Noreay's industry
I'Hmlwum.ill:hnpmlirrmlhudnrhpm

and no commercisl umms were built.

Alwi duiring thie mbl-tgjes 3 proup beailie] by Frank
Whitike at the Eritich Rowal Ainirafi Estaldishinent (RAE}
underinak efforts b design an effscient gas tarhine fnrjes
propulsion of srcrdt. The anit produced by Whinte’s
proup weitkerd sictessbally during by it s determinel

™y
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e Gersmon Hmne! et | WHITTLE, VON
iy warld} st wsrsfel | OFLAIN, ANDTHE
siplem 15 A Fore | FIRST JET AIRCRAFT

Bopraning in the mzcs, viady sdveoces = ancd) perfor-
munce had bern pendoced by improved] srmectres sl
itiztp- rebmction techmdigies aml by mane preerl, wpee
rhmrped eapines, ber by the early maoe i hed Beeome
spperea B o handful of Gnigsod cngneen that spoode
wrruiid oo b permhie thar would £xozed the capainksics
ol meipmeating engincs and popelien. A fow pinncen
plant the mibagct

While sl a.oodet ar the Royal dir Foooe Collegr,
Cranwell, bn vl Frank Whistk sbanced the jilea o
replaciay the pisnn eapise and propeller with s ga marhine,
sl in the Ellosing vear be cosceoed e lusuiget, which
linkeil a compresses comhisim chomsber, and rerhios in
the e ahwer, T fgiossnee ol Whitskes work, thees
Germmn englacers medepesdently arreed = the same
oy e vm Clhain b vpgs Hlediesn Whgaer, obied
mmrrnmal engineer for funkers, & Garpe (iomun gmrsh
manufsnier, i g bl pasrmmenl sefobmamic o
Flebmur Schelp s 1992 WEetle hodd 3 unning bench mode!
|.|'!'I.|r wpiieg 1) i, T I-.Iup T bt sbalisn Fiija
Hrimkr! pave voo Cihnin che fenf

The He o1, ike i ] alrceft, @ im
Aug, 1, mn, nesehy two yran befone i Breish
the Giloter Bafie, on May o, a1, Thevogh an imobed
i of cventy inwhick Scheip’s mienymiion wea preotsl
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Wigners sifom led oo
the Mnpikurs Jwmis ey
exgise. Thie bevame the
nivat wighely prsduded gt
epine. il "Wk War W0 1y povmmm) e 1, she woviats o

il ihe firs epwrmtional | e gl s, Ax Firo

in whith the sy fows

rimmight throagh the engine. By coarras. the Whntle s
Flrimbert pts sl come i bugd S i wehench the air bs e
radialy rerweand during comperasion. Cemnfugml foe offon
sdvartagrs ul Hightnes, compraciacm, and efiirecy— o
et the cont nf grester fmatal svva, which increses drsg, sl
linery compresson tibios, which Emil masmm precs
twlpts, Init, o spoedh iniraed, misl fow hecaine
tominast

thuit a pressure e of alwest g couhd be realie] with
sinpde centrifujml compressar mennbeg 3t oughly 17,000
revolitions per miswte. Shostly after Whittde's schieve

ment, another RAE group, bl By A A, Griffieh and H.
Comstant, bigan developmental wiik oo an axisl-Gow
enmpresad. Axmbew rompressors, though much mare
comglex and cosiy wore betrer majted for dewailed blade

dﬂqyi analysis anil coull reach |I.|.|¢:r jreeisnie ] (v
rates s, eveniually, hipher elfciencies than their cen-
infupal counterparts,

lesdepupmnloan privallel ibevelipuments in (resmany o6t

atedd by [Hlans von CHuain workiog with the marsl turing
firm of Foreest Vieimioel, resulted in a fulfy nperatiml j
alrcraft engine thet feabed  siegle centrifugsl compazsne
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il & riilial-Enflow mebine. This engine was sotcesslully
tewtvdd im the wndds first jei-powered smplise fight on
Aug. 27, 1030, Subserpeent German developments direeted
by Amseton Fram bedd 10 the Jusders Jumiy oo 4 engios for
the Messerawchmitt Me a6z aircrain, which was fust ilien
im ra4e In Giermany & well as in Badain, the scarch #or
hepher eEmperiture mubenaly and loeger enpine U wis
mibell by experience paned o develsping  sEcradi
rurhcowsperehargers,

Befiee the end o Woeld War IT s - turbine jot enpines
bl Iy Bieitsin, Germamy, s the Uniged Seates were
fowm in combat mcralt, Withie the oet few decales
bothi’ prapeller-drven: pas-turhise engines: (urbopeops)
gnif pore et enpices desedoped: capudly, wanh the lavter
assumisg an ever latper le a0 alsplane gpeeils increased.

Becpine of the signifirant advances. in-gas-turbine
engineg desips (o che vears folbowing Wisld War 1T, i was
gamg i that such syees woald become an
perime mover in many areas of application. | Jowever, the
hegh cost of effickent compeessors and nerbines, coupled
with the continued need for moderate Turfing udet tem
peratures; have [mited the sdopition of gas-tarkine
enpines. Ther precminence remmns assured only in the
fiebd of aircras propulsios e mediun sl lepe phanes
that opemaie al either sfsonic of supersanic speeds: As
Br electric power generation, lange cemtral power planty
that use szeam of hydraulic turbines e gxpected o .con:
tinge to peedosdnare. The pospects appear bright,
monetheless; for medismesized |1-|.lnl.1 n11|1l|1!r|.|1],=_ RS-
turhéné engines in-oombination with steam furbines
Panthier usé of pgas-turbine eogines for peak jlower fifo
ductioie i Boely ax well. Thess curlrise enpines i remain
ttracteer Bnr smald sl mesdivm-sized, high-speed marine
vessels and fur cortale inchisosal spplications.
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THE NUCLEAR REACTOR

Seeon after the s gy F B lear fesbon wis annosnced
in dgpe. it way sheo determined thar the fusile stope
im!iluﬂhﬂrmrtimmumi-:-:.ﬂm:llhmmm
were pmitted in the process. Newspaper articles reporting
ihe desoreery mentiomid the posséility that 3 G=don
chain reation could be sxplied & 2 soune of pover.
World War [1, however, hegan in Eumnpe in Seprember ol
o, and physicisss im Gsslon meseanch fwrmed their
thoughts to wsing the chem redction ina bomb. In esdy
g0 the LIS povernment made fundy available. dor
resgarch shur eveoeally evoleed into the Manhatan
Project The Manbaran Project mecluded work on wnium
ettrichie g i procure sanios g3 o high coscenrrariongs
anid abso research oo ractor develapment. The poal was
twesbobd: o learm mope shoul the chain resoon for bomb
desipn and oo devebop 5 way of producing s sew demens,
F}ulmum,'lh:h“n:prdnl o bie foode amil coild be
sl frvem rmnium chemicalls

Reactor development was placed under e sspeevidon
of the leading eoperenental nuckear phaicist of the e,
Enrro Perma. Ferma's project, Begun et Calumbia Univer
saty and first demovstried 3 the Universiny of Chicago,
centred on thi desg of 2 praphie-modemated seactic I
was winn rerogmive that bemoy wates wes 1 beteer med-
erutor 20 would be moro gty used in a reactor, and this
possilality was assipned 1o the Csnadian nesearch ram
e h-m'HnI.ET |1|11|ll:|!|r|l.| aalitie= J.l.rul.:l'r exmted in
Canada, Fermi's work: led the way smil om Diec. 2, 1042 e
repodtisl leniag producsd the st self seaaining chein
sesction. His ceacra, later calked Chivaps Pile Mo (CF
04, wny e oof preire graphite (merhiich iraninm metal shags
were losded wwand the ceptre with eranioem acide henps
around the evdees, This device had no conling natem, it

i ]
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wets enpertedd iy be operated for puarely experimental pur.
peorses af very e o oy was subsesquently dismant e
enil rocossrected a8 & oew libomtory site o the subarby
i Chilcap, the crigeml hescyummen of what i oow
Arganne Natinnal E.I|l:l‘i|'|:ﬂ"l‘]h ilevirs wiw ooeninoed
seTvHT a5 A researh reacend sintil itwas fnally deormmis-
sioged 13

e the heels of the successhul CFP.J experiment, plans
werr iy draited for the ronstruction of the fese e
e i reactors. These were the catly Tandford fesctons,
which were praphite. medersted, natursl urindam-feeled,
wates-runles devices Ax o hackp proect, 8 production
reactor of alF-cooled desipneas biilt ot Oak Ridpe, Tean,;
whin the Hunfood fardlivkes proved successfil, this reactor
was coun letedd e serve as the Xoro eeactor af what s now
ik Rirdge Natinnal Labaratory; Shortty after the end of
Wihcard War I, thie Cantendlbean progect suiceeded i busding
& R powet, nataral eranion fuebed rsesrch rescuoe, the
soralled FEEF (fem-Enepy Expenmental Pilel, The
first ennched -feel researc b resctor was complieted at Los
Alamos, MM 2d aboot ehesl time 2s snriched uesninm- 2y
bevame availahle for resmrch perposes. bn g7 2 i00-kllos-
watt reactor with & graphdte mmodecstor and aranam metal
Fued was cnstrucrad in Enplised, and a simebir voe was
It i Franice the frllowing vea

In vpsy President Erwipht 11 Eisenhwer of the Uniced
Sumtes announced the Avoms for Peace program. This pro
praon estaliished the proundwork fora fommal U85 nucles
[eTEEr EngrEm aml l".l.l'ﬂhl!ll:' mermaiional CiMperatinn
od pecloar power.

The saelivt U5 saiclear pore progect b bevn sl
i 14 3t Chik Bidpe, bt the propram wis dbandoned in
14, with mast of its persannel being fransferred to the
peval mactor paogram that produced the Bra puclear
perweted ssbmarine, the Moo, After apg the LS

"y
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nuckear puwer program was devoted o the devedopmeot
of several reachor fypes, of which theee sltpmately proved
o b siccekaful bn the sense thar they remen 8 commes-
clal petsr types of g8 svslpme schedisdal for Fatre
commerciol me, ] hee three were the [y heeeds reacn
nmw caller LMY, the pressamized-wader reactor; and the
boiling-wuter reactor The st LME was the Expermental
Peeder Reactor, ERR-I, which was desipned i Acpunine
Maticamal | aboratory and comstracoe] ot what is e the
Idshe Nutionad Enginsenieg Laboruocy mear [daho Falls,
Idahos. EBRL T was an sady experinent to demosimate
brreediog, snil in a1 it prosluced electricity from peclesr
heat for tho G time. As pars of the U85 nuckear powsr
propram, & much farger expetmentsl breeder, EBBR-IL
was ileveloped anil pur bt seevice fwith power peners
tion in 196y The principle af the boilmg-water reactne
wis st demoostruted in @ research resctorin Ol Ridpe,
bt development of tis rearior iepe wes also e w
Arprnne, which built 2 series of experimentad mwsems
despnated BORAX in ks, One of these, BORAXCITE,
bevame the st 175 reartor to put power inlo 8 ety
line va & continooes bandi, A tie pentotype, the
Expenmemtal Bailing Water Resctor, was commissionsil
in a7 The principle of the pressunssd waten i ior el
alreaily feen demonstted] i maval reacion, and the
Vettis Atomic Pewer Labomtory of the nevl reactor
propram was dssipned to bulld & chilien prototype &
Shippimgport, P This redctor, the lagest of the powee
resctur  protolypes, i oitrm hailed an the s
commerinl-scabe reactor i the Undred Stafes.

THE LASER

The bisar is e outgrowth of 4 suppestion made by Albert
Fanstein in igi6 thet ueder ihe pooper cocumatanies

Ha



— L aen ERney. —

icms could release excess enerpy a6 lipht —eicher sponts
nevusly or when stimsdated by light. Geoman phopsicist
Rusdoli” Walthor Ladenbery Brst oheerved stimsbicesd
pmissbon i pg2d, dlthouph of the tme i@ semed o e
s s ticl use,

Inrgq Charles UL Towmes, then at Colimbaa University
e Mew Yok City, thospht of a way o generase crimaliend
etk af ficrwave fegeend s A the eod of 151, he
demonstrated 0 working device shat incused “rociesd”
wmmodte mokecul s i resomant microwmve ceviey, wher
they ematied & pare macmwave fraquency. Towmes named
the device @ maser, fur “microwae amglificatin by the
stimatanrd eoinsonofimiliavion.” Aleksendr Mikhaylovich
Prokhogor und Mikelay Gensafivevich Basow of the LN,
Lebndey Phsical lnseirute Too Moscins Tndependesely
deseribed the theory of muser operation. For their work
il ahen shared the pgdy Iobed Tride for Physic.

An ineense burst of mased resepch Redlowed @ che
mitl- 155, bt msers fosmid only @ limited range of sppli-
cifions a5 how-noee mecrrwaye amplehos and stomic
ckichon. Tn sy Torwmnes proposed 1o s biothes o
farmer posbdociaral stdent s Columbis Univendty,
Arthur L. Schwimw (then at Bell Laboreiones), thar they
try b0 extend maser dcton o ik much shoder wave
lenpths of infrared or vislle Gghe Towses dlso luad
ifewunicaswithapgrsme student ot Colurmbia Univerity,
Crandon Crould, who quicide dovdoped bas own leser bdeas,
Termnes and Schawhow publishe] helr e for an “optical
paser” in @ seminal paper in the Dec, s, 1958, e of
Pyl Review. Moamwhile, Gould coined the word L
ight aiplifarion Ly the sismilited emission of radis
vive’™) and Wt i ptest spjillcition. Whethes Tinbe ot
Crowih] showld be credited a5 the “ipventor” of the lser
thizs became 3 manier of intense debate ansd bed to vess of
ligipmtecmn, Eventually, (ould recervel 8 series of mur

b F
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Thewaber 1. Mo oy lapher Areeva i Doy shower o nwbe o o
iens by orpra, by e o e e e iy oer Huphes
Aircesft Cnopmy

patents semrteng; in ro77 chat cormed hem millioss of dodlars
iR Fovallis

Ihe Tmenes-hihawlow proposal led sevel proups. to
11'_r||-u|:'r||ru,: 1 lsmer The Cyonidd |'|rﬂ|1m.1|1||~::|rn|' the hasis
of & chsibed military contract Success cesme Grst @
Phemboae 1, Maiman, who ik 3 didferent approachs ag

s
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Hezghies: Toesesarch Laloemiouses in Malibu, Calif He fited
hoght pulses fram a photographer’s ilash lamp to evote
chromsium gtoms (4 crysesl of syncheoc ruby, 8 matecial
b bt Loz srmiioe e Beacl vt e fully e i abssirhied
gl et #ﬂ anifl calrubared Chat it should ok 130
laser U May 16, tabe. he prodeced red palses from & by
ed shout 1he siee of & BEnperip. In December roso Al
Javan, William Beanett Je, and Dusald Herrioo a Sl
Labw boalt the first gas laser, which genersted a continmous
iefirared heam from & e of holium sl neon. Ta 1662
Rober B Hall o cowmrken a0 the Geoneral Flecmic
Research aexl Developmeat Center i Schenectaly, N, Y,
maife th first semionndector sen

Wihille lasers quickly cauht the peblic imaginsteon,
peertiaps for their siollasity o the "heat " of sclence
firtion, practicl applicatioes ik yeams to develop. A
young phvsicst named Inee ['Haeneps, while workiog
with Meiman on the ruby Liser, joked thar the devics was
*z soluting fonking fora probiliem,” and the line lingered o
thix nser comemmnity for mamy vears. Tewnes and Schawlow
il esnpeesrid L bt s be el kn Brasic resesech sl
bii senid sigealy thromgh air of space. (inuld enviboaned
muore prwerhal hesms capable of cutting and drilling many
mmiermls. A ey sarly seccess came in late 196 when twa
reveanchiers a1 ihe Univessity of Michigan, Emmea Leith
ad Juris Uparnicks, used beers o make the frst thee-
i el

Helium-nen bsers wene the firmt lser with heosl
Lmiiﬂnﬁ.‘ﬂi‘l]l Herame I'J::}'rrl.lilluqqul.l'rd
to peoerate 8 visible red beam instad of an infrared besm,
they Fernil imemediane use propecing suraight lmes for
slipninent, saiveying, coedrection, sd irigtion. Soon
EYE MUTREONS Were using, pulses from ritey Bsens o weld
detached retinas back in phce without custiog int the
ey, The sk borpe.scabe application for bser wis the lse;

iy
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scunner for patoanesel checkout (s supermarkers, which
was chevedoped in the mid-rg7os and hecame common 2 few
v |ster Compact dise-sesdin plavers and |sser prenters
fir persunal comypeatecs sl fofkoeed

|z have hemome standand ool in diveme applics-
nons, Laser pointers hiphlipht presentaiing peims in
fecture halls, and Rsor tarpet desipraroes . paide smaer
bombs o iheir tarpes. Laets weld rsor hlades, write
partoams on abjects on procluction lnes withces teching
tisean, remove unwanted hair, and blesch caoos. Liser
mnpehmders in wpace probes prodiled the surfices of Min
and the astemid Eros in ungrecedested detall To the lab-
omiory, lesers have helped phy=ciss o cool moms
wichim a oy Fraction of & degree of absolute 2ean.

THEWINDTURBINE

Modern wind rurbines exrser ewepy from e wind
miusty o elpstricaty praecation, by rotation of s propellee-
kikoe st ofblades that drve & peocnator through appropeiate
sk andl pears. The alder venm semubedll' i often a6l vsed

tis describe this type of device, slchough elstinic power
peneration rather than milling han become e pramary
applicatiun. A was nited esrlier, windmilk, wpether with
waierwheels, were widkly usid o pump water, openaie
e, anel prined praim from the Midds Apes o the suth
century, af which tme they wore sspplanted by steam
erpines ool steam burbines, Wendmill contioued o be
udhpn.un[n'lgwln i.nnﬂ:rmlh'#lhmrh
century, ever i the internal combastson eagene and chec-
tnieiny piondded mede relalde sl usially i sepeigive
powee. The bestkaown machises of this type were the
so-Called American B windmills, which ame intn wide
e churing the sbges. Sochdevices consist of 2 rovor, which
iy Bave up b 30 essentialy fat dheet-metal blsdes aml 2

Ty



— L aen ERney. —

ball vane that keeps the rotcs facknp Inko the wind by
wwiveling the entire mofor assemble Governing o aifn-
paatic and overspecsing b aveeded by turning e wiheel
i chewind directive, this reducing the offectve sl area
while lcﬂ.-p.mg the I.|1ﬂld.I:I:H1III.-. .!.i}'phl jpam can
eliver abosst v galloos {4 ltresk per mimute m g height nf
vt Feet {yo mb at o wisd redoctty of 15 miles per hessr (57
i85 e sl

The development of the eloctne generator in the wth
cemlary wusei] some mterest (o the wind 5 & “Fe”
perwer scmrce. The first windmall 1o drive 3 generapor was
bt 20 e by B! 1ot oo i Uhenmark, using patemst saily
and twin fantads o & steel rwer Adopting the bdeas
frakned From alefoll and aircraft propeller desipns, windmdd]
esipness ol samfacturers hegan o replice brvad wind-
rill sarils wath & frw shender propefler-e Blades, In sy
thi first propeller wind turtdne wis eseoted in the Crimes,
The Jacobs theee hladed windmill, ased widely berween
||;._|.|;|ul:|1-qﬁr-,m'dr| ileliver st oine kilowart of penarr
gt 3 wined speend 6 14 mikes per hour 46,25 m por second, a
ey pical avirape wiml vedociry in the Usired Stasis sbout
ot et (R imb abive gronmil

TTocag wind turbines for chectric power prneration are
et commpndy poopeler cype maclenes. Commescial
winil terhbines we made spofablde or meee anilan e lis
sure alleel % mcelle that coetaing a slave train stop  mll
towet. Larpe wind turbines(pooducing up to 1.8 megawatts
i purwee) can hen'e 2 lilade lenpth of sbout 1go feet fpo m)
mnid IIE'I'I-II'.EL’-IH towens ghout sho fest {io mb tell
Smuller urhines can be used o provide power o kndi-
Vit Biermiss, W] s aee devas where o tumber of
winiil tmibiiied aie prouped tomether, provadiig § laiger
tuts energy wwarn

By ibseenrly 2est convury, wind wus contributing slighdy
paie than i peroent ol the workds weal electricieg asd

g
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elecuricity penvration by wied hes bees neressing dea
matically becarse of concrrns over the rost of petroleum
anid the effects of fossil (sl combestion an the climate
anid epwirogunent. From ooy b woo, i exsmple, sl
wimd power increased lrom gy b gf gipewatts workdwice
(sprmany possesses the mnss instalied winid capacsty {i6.6
pipwarsy, ind Denmark penerates the largest percentape
oif ins electsheiny froom wind seady 10 percent).
Challenges to the larpe-scale smplemenation i
wind coergy inchede siting requircments sechoas wanil
avallabilicy, sesthecic amd environmentsl concenm; and
band wvadalbdary Wind farms are most cost-effective in
areas with comssiens strong wends; bowever, these amas
are B0t necessaly near lape population ceetres. Thus,
i limes amid ather componsnts af deciieal dissriba
ton wywiems meest bave the capaoty o transmit this
electieity o convwmens., In addethon, sence wind is ai
initeenit tend and iciialsen fowes seloe, ST jliwed
may v necesary Publx .l.l'll“l.'l.l.':i' g have raiael
concerns Aot the potentisl disruptions that wemd frms

Wil v o Billic o (Caliirmi e sl 10 penrrany alirrecity,
Ml TnugssGory s
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iy e b wilidlide and overad] apsthetics. Tor sxample,
wini pemeratons e heen hlamed fnr mjuring and kifling
bdreds, chosiphs mepens have shien that modern turbines
heve 4 smsll efect on bird populstsene. The Nadonsl
Sl ‘F:rml'lq,:lupeh.ﬂmﬂ:] s lizeed in
the United Srwtes and focwsed on the comseention of birds
end other wildlife, is smegly in fivour of wind power,
perrwichecd ehuit o] Farms sre approjiriately ited 1o minl-

mare the mmpacts on magrmting bed populatioes aod
impoetam wilillifo halswat

THE SOLAR CEL

A sodar cell g 3 divice ehat divecely comverts the enerpy in
lighe bt elecirical enecpy throush the photovoltie effect.
The mverwhelming majanity nf salar cells s fshricated
Erom silivon - with increasing efheiency and Jowering cost
i Lhe makeriils ragge from smocphous taonerystallioe w
pedyerystalline to crystalling (dnge crysal) silivon fomms
Unlike bartenies of feel cells, sofar cells do noc niliee
chemical tezcidons o fegaire fuel oo prodece electrc
porwiet, and, unlike dectic generaton, they do oot have
EMY MCving parts,

Thee develtspment of selar cell inchnology siems from
the wisrk of the French plysicist Antnine. César Becouesed
e v, Bernuered discovered the photovaltaic elfecewhile
experimenting with & solid electrode in an edectrolyse
soletion; be ohserved that woluge developed when light
Hupmth.:m&.ﬁhm#w:nnlﬂeq Clarles Fritts
constructed the first true sedarcella wsing: penctoons formed
by excitings thie semienndoeenT seerbuim with an ultrithin,
aeady tranparent Liver of gkl Frioss devices wese veey
tnefheient comwerters of enerpy; they rramsformed less
than 1 percent of shscebed lipht enerpy s dectnical
energy. Thiuph meffcient by todays seandurds, these

r
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eatly solar cells Fostered smong some 1 vision of sbundins,
clean perwes, [n 1850 B, Applevard wrote of;

T s vivsa of by Saw, wo bomprr poaring bis coergaes
e ey gaihered smin fintriad dioeebene b dhe i
EXTPACTA o ey mge, dwd the witer reprsaow ol ks,

By a3z ancthior metal-=macoadurineunction sy
oedl, in this case male of copper and the seme ooducing
cupper ouide, hadl een demiestratad. By the e both
the selenium cell aned the copper odde cell were being
ermgihoved in lipht-sensitive devices, such a5 photometess,
o s s photosraphey, These early solar colls, Breevee, sull
haid eneegy comiersiin efficlencie of less than § pepoens.
This empasse was finalfy peerenme with the developmend
of the silicos solar ool by Bussell Ohl in 190 Thirteen
yeees ater, gidedd by the rapad commercisbization of silicon
techinolepy nesled 1o fsbricite the transistoe, three piber
American resemrchiors— Crembd Prarson, Dyl Cheagin, anid
Cavios Praller — demonscraged 3 sificon wlar celf capalils of
a b percent Energy-coivenan dhciency when used tndinsc
samisght. By the lite rofos salienn rolls, i well as celfs made
of prllisem arsenide, with fciencies of more tan 20 pe
ceenl had been hiricital 1n gy 3 conceniratng sola cell
inwhirch sunfight wes e ntrated roto the ool surface by
means oflenses achieved an eficiency of 17 porcent cwing &
the incressed intensity of the collected eneepy. By connecting
cell of ditlerest semiconductar n-purp]h'-:rl:h-dnr_‘]
in serees, even higher elfsciencics are possibde, but af
increged coen and ackded complegite In penesal, solar cells
arf widdely varving efficienis iod cost dre aow availibie.

fiolar cells can be aranped into lage groupings
caBled arraps. These amags, ccmposed of many thousanids
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o Eliviluall colls, can enotbon = cenirad et pawer
statwny, cnnvertang sunlight infn ebectrical energy for dis-
eribetion to indestred, commercal, snd residential wers.
Selar ulls i moch smaller confpenitions, commeonly
Erﬂﬂdlllﬂﬂrrﬂjpﬂﬂlﬂ ﬂrﬁllnﬁ"ﬂnch.,hm
been mstalled by hrmaecwnems an ther roafiops o eplace
o Jepment their cosventional elociric supply, Solar cell
panels s dre uied io provile seo power in many
remutr ferresirinl bocatinns where comveshonad elecing
power sourees are vither unavallable or prohibicvely
expednive o oetall, Because they heve o moving pats
that vould reed maimtenance or fesds that woald eiuiee
replenisharent, solar cells provide prewer for most space
izt llmimons, from comeranication o weacher sabcllimes
b spuie stations. ok powes is Inudhiclent e space
pamkers semt b the ouber planees ol the solar system ne min
tmersvellar space, however, becanse of the diffusion of
racisnt enedpy with distance brom che sen) Another prow.
ez apsplicatine of sobar cedls is in ronsumer preducts, siuch
g edectronic toys, handhedd caleulitors, end poroble
ractitrs, Soilar cells usedl s devices of this Eind may wilie
artifictal light feg, rom mondewcent amd fuseescent
Lesrpesd i wordd s el

While ronal phetovie snengy produc i s mins
ciile, it i dikity o nciese a8 fosidl feel fesurces sheisk
Im fwt, the workds carent enery crmmmption ookl be

supplied by covering less than 1 percent of che Earths
surface with solar panedy. The material nequiréments

woulkd be smormme hut feasible, as dlicon = the seoonel
most ahiundant element in the Esrh's crost. These facton
heive ledl sl proposenls i envidion 4 fubuie sk
ernniey” 6 which practically o of bumsnlry's enengy
redquirements @ setisfied by cheap, clean, moewahble

sunkght
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THE FUEL CELL

Al coll b g device that converts the chemicsl ssecpyofa
fuid dimserdy o elisctricity by shectnochemical reactiom, A
Jued v renemmiides a I:nﬂ.m_'_rln m:gr.nﬁpuu,hnih:-w-
piy elecimical energy over a much onger peniod of time. This
i because g fued cell 5 contiaeously supphiod with fued and
ik st vy} Eroain @0 extesmal siurce, whereds 2 battedy
oontams onky 3 lemited amount of fud matenial and ooxdans
thar iy depleted with wse. For this reason fued cells have
Eseen used door decasdes in space prukes, satellites, and manoe]
spacecradt, Around the wirld thousands of statiomary fauel
cell sysvems hove becn installed in anlity power planas,
bospitaly; schooks, hotels, sed office Buddings for both pol
mary and b kg pesser. Many waste-teatment plings we
Turd cell techmalogy to penemte power fmm the methane
ipalinees lease fued cell vehseles for puldic wanpomstion
anil for use by service persoane], & snsll nursber of personal
vehicles employing fued cells have been sold on the madot

The peaeral concept of 3 fusd baimery, o fuel cell, dares
back to the sy days of electrocbemisiry British pled-
cist Willsam Grove sseid hydrogen and axpen & Rl
atulyeel o platimem slectodis in iy, Drenmg e e
18cs vwo British chemins— Cad Lanpes and Cremus
b b Mond—deseioped o el coll with ¢ longer
service [fe by employing o posous noncooductor e bokd
the dectrolyte. It was subsequenty found thae 1 Carbon
base permisted thy sse of mech less platinum, and the
Ciorman chemast Withelm Clsrwnld proposed, as » sebeti
liste fior husat enpime prasratva. décinotbemical cells in
wehich carbin woald be oudelived t carben dodede by oy
pen. Liminy; the earty yearsod the sothcentury, Frite Thiber
and Waliher HL. Mornst in Germaey and Edennnd Benerin
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Frunce experimented with cells wséig o solid ebctralyie
Virmited sicorss und high ronts, however, soppeessed infer-
estim contiming develop mental effots.

Frunmy 1552 it wedl after Weld War 11, Rrivishs e
neer Francis Thomasy Bacon amd his ooworkens o8 the
Univerity of Cambridpe worked o creating practical
bplropen-ooepen el colls with an alkaline edectrolyie,
Research resulted i the investion af gasdiffeson elec-
troklees i whach the feel gas on oo vide i efiectedy kept
im comirodled contact with an aqueous cecerolyte o the
rahwer wile. By eniibcentury O K. Dhaviyan of the Soviet
Linivm had pubilishest the eesslts of cxperimental work oo
sofid elecerolytes for high-temperature fuel cells and for
both high and low temperature dkaline ectralsic
blecyen-arypen cells

The need for highby efficient and statile power sapplios
Fur spssce satellites s pranned spececeaft créated exciting
e appoitsities for el cell development during che
iggos aned "hon. Molten carhomate cells with magpesizm
nide pressed against the dectrodes e demonstraned
oy | A A Borstaar wol G 1L |, Birusests of Thee Misthsrlands,
wchile the very thin Teflon-bonced, carbon-metul Fybrid
electrode was devised by other researchers. Many other
bt hwalinghcal sebvances, inchoding the development of aew
el pilaved & crucial rale in e emergesce of eoday’y
practical foel cefly, Fuather improvements i cectrode
mutertals -and construction, combined winh the nsiog
coits il fresdl fuels, e expeciad 1o make fuel celly an
_:w:ﬂrlﬂlrm'l.mmlevcmﬂrm
Japan and cther coumdnes that have meager nonrenewable
energy pestimie, AL the Legionisy of ke 2t century,
aany electrical-aquipinest manuficruien were dieveop
g ower-peneration equipment hased on el ool
e hnology
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aprer 4:
Bmldmg
Construction
and Civil
Engin eering

he bnnldimg; of grear structures i a sgn not only of

hesman svenmvenos bat of orpanereton. Jvir lese
we harve gtlseresd the intelligenty, mitsiak, @d collective
will 0 hridpe chavms, enect waring towen, domes, and
vmudits. and even crease arificial controlled eoironments
inslide our own hemes. Sume of the preavess of thoes
efionts s descriled here.

TIEARCI

En architeetare und civil enpiseening, a0 wch is 8 coreed
member that & used {0 span an opening and o seppoer
kil o abeoe. The arch vam be sid g have evabal
Frvorm the prrawt amed linted, andd in tenn b (oremed the bass ine
i ovodwtion of the vauit.

Arch-omstrucison depends sssentially um the wilpe
W a series of wedge-shaped bocks — iz, ones in which the
upper edge is wider than the kwer edge —are st flank to
flznk, the result is an arch. These hlocks ore called vous
ssirt. Fae by vosseir vt be: peetbely cut so dhat bt preses
Hrnﬁrqplml the sarizce of Iﬂglﬁmu‘ln.gﬂuhmdtr.—
durts loads eniformby The central voussnir is called the
kevsimng. The poinl {mom which the adi des from i
vesticul sapports is known as the spring, or springing liee
[uring ennstresting of an arch, the vwossaairs require sp-
part foan below antil the keystone hes been set in plive;
i woppet wamlly takes the form of smporary wonden

14
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cemizbig. The curve o ao snch may be semicircula, s
mendnl feonsisting of kess than ane-halll i  circled, or
pointed fowd incersocring wcs of 3 cinclel; poncirceir
Cuirvies cuk b be wepd sooess lly

Ciricrns s THE Post axo LisTen,

The besis dur the evobetion of il openings in conetruction
i ther post-and-inted system, in which o upnght members
{procsts, eoluimps, péers hokd up-s thdrd memberdinsed beam,
pirder, rafter) lid Burtesnrally acoess thedr top surfaces.
The jobr of che Bovedis to bear the Inads that rest on it (el
it cown [oad) withour deforming or breaking, Failure ocours
ey whven the matedial is toweak of the entel 15 e dong.
Linaels composeil of mabesials that are weak in beocling,
such as stone, must be shoet, whale lintels (s materials that
e stroeg in bending, such &5 stedd, muy spar fr prester
ottty The ol of the post i 1o suppart the liced e
it Iy without croshing or buckling, Feilure acoers,
i i bintely, from excessive weskness of leopth, bt the
iifference v that the maredal mnt be especially stang
bm compression. heone, which has 1his propens is moce
versatile a5 o post than s a limtel; under Beavy loads o i
superiie 10 woud Dul sot e e, steel, o rdnfisced
COfICTEE.

Frims prehistnric times o the Boman Empire, the
peost and liee] systens wes the root of erchiteonol
The interiors of Egypian temples and the exerioe of
{1rert Iﬂ.nplu “Ik“ﬂlfﬂ“l}'lﬂﬂlﬂmrﬂlﬂﬂ'db_‘fmm
limpele. The Grecks dpened their intenior spaces by sub-
itliuring woilen bedms for seune, dece Uhe wod required
fewes wupphets. The devdapment of ibe srch snd vl
challemgedd the swstem bat could not dEmindsh o= impaor-
bt sitber I MEASCOIY COOSTaCton of i wood feming,
by st suaturis dependent on posts s beams.

T4
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Devevopsest oF Tile ARca

The arch cas be called o curved batel Early nssoney
bisililers cobd span sely namew openisgs bocsse of the
mmmlnighfdmndﬁi stemne linges
With the smvengica nd the arh, o pablems were sehed
iriwideopenings could be spannedwith smeall, light blocks.
in Brrick as wedl s stome, which weete eusy b0 transpon aml
s hamddle; snd {23 the arch was oot upward to resi and to
coidutt int it supparts cthe kiads that teoded oo beml
the linted dosrmnerd. Because the anchiis curved, the upper
et has a preater circumerence than the lowes, wo that
each of s biocks must be ¢t bn wodpe shapes that press
firmby apainst the whole surfior of negghbourieg blocks
anil conchect lisads unifnemdy This foos creates proldems
of equilinum that do oot enst m lingeds. The streses in
e archy cend 1 squeeze the [locks cerward radisily and
Bl diverr chess ourwand fioes dowswsnd 1o sxer J
resaltamt cizgomal Force, calle) thrust, which willl cgne
ihe arch to collap=e oF it &5 nod propedy buttressed. 5o an
arch canmet replace 2 linted on o fne-standiog ot
b thie poibi are passive enough to buttiess the thruss
anil toconckect it mto the foundations (s im ancicat Roman
A el e, Archies may rest oalight siuppors, how

ever, Where they coour in @ i, becose the thrus of e
arch orimteracis the thrust of it neighbners, and the -
tem il peoabs stableas bonp & the srches at cither end of
the renw are buttressed by walls, pien, o earth. This sve
tem ivusend m sock stroctures s arched mrn:-llnlh_ﬂ anil
ancicnt Roman sgeeducts;

Avrches were ke in Egypt aiil Grisee bt were ion
sicdered] umnitshle ot monumseneal achitsciare. s Biman
times the arch was fully exprloited im brickees, mquedurs,
und birge-scale architecture. [oomost cases the Komans
ilidd ot wse et nebyimg simply on the precision of theis

13y
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st dressley, The Arabs populertina] the polated arch,
sl ff waas im thedr moscues that thes farm first acopared its
religgous congotarices. Modieval Earope made preat use
i the poineed sreh, which teamtitated a baske cleawat 5

THEVAULT

In sener, tae vasdt v e strocrmrl member comesting of m
armnpement of arches, usoally forming a ceibep o ool The
Iasic bapere] fowm, which spprancd firt inancient Fgypt sl
ther Whsddle Fant, v efiecs s contemoms ssnes uferch e deep
g e ahimoe-dine peiona apaec. 1 cxsiibe same
kined nf ichenysr as the crcuier anch md mest be bunmessed giong
itvrtire kength by lrasy wall with imiied opesings. fioman
srrhitrrty discereeecd chat tw barvel vand s thar mirreeceed
st i5ghi wmgles bvmiced & grin vanli, whick, = hen iepesinl
i serien, coulid span fecianpelar arvm of unlmincd gt
Byt grevin wanlt's shrusin wes comcviniaatnl a ol e
porner, Ha mpporting walls sced not be masive and regese
Loy only wheers ey sijpuoit v naid,

"o farpe frapmeenios of prem coacrere gross vk baild-
Ings wtill sty Friim (e b Ripman Epler The fimeal
theie b parmin of the Bathe of Thockeran i 2pd- g6 wih
o wpam il By, foet Cidomb i s comeried v e el lod
S Marn deglt dnpeli by Michelanpedo (o the a6th cen
buury. The it her b she Fasiles of Constamine frp-jes TR,
whop warh 0 mpan, of By feet. All of these buildmgs contained
svoane codurmne, st they weere pairely mame s sl cinds]
have heea nemowed at will. The brick fared ooac e walls
s bl el i et ek, [ che s weer Lie
ishiy docormed with zvmmeer of thin sl af coled one
el i plare iy metal {usmeners ther engages] share rur b the
refipen of the shabe, o tochnigoe still used in the 2oth covre
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Gzothic drchitecture. [n the lae Middle Apes the seg
mental arch was mboshered. This form and the eSiptical
arch bad preat velee in bridge enpinecring becass they
permirted mestied sepput by 5 cow of arches, carrying the
Eatesal el B the ﬁulmiﬂﬂﬂ'lﬂ'ﬂiflh'ﬂ#.
Steel, roncrete, and lsmirated-wond arches oF the
zoth ceptry changed the coaceps and the mechanics of
arches Their cumponents sre completely different fom
wecle-shaped blocks; they may bo made esmimely riggd s
a8 to redpare oaly vembcal sepport; they mey be of hingal
imbersectioni that work indepesdlinty of they may b=
thin shabs or members (n reimforces conerete] in which
stnzsses ane 5o distributed that they acd the sdvantages of
kintets to those:of arches, roquiring only light suppors
Thess snnovatisns Flrrl-rl.r a preat frembom of dlesipii

and 8 mesis of covering preal spems withoot 1 masvve
i TI,

ERICK

[t wren thie eulbares of e prt dver valleys— inchadling the
Mile, the Tipris aned Buplites, the Indus, and the Hiang
Hu—with thesr intrnsive aprcubbure based on innigation,
Tt developed the G csmmunities bipe eaoogh 1o be
o] vities. Thest cities were buile with 3 new buililiog
technmdopy, based on the clay avaibable on the rvertsnks
The pecked day walls of esdser umes wene roplaced by
thsee constructed of prefaboic sted units: nod leicks
Hricks were made from ol s straw formed b0 a
frwr-sded woodes frame, which was removed alvor evap
elatdive Dzl s e bennly handessd Che contests. The beicks
were then tharauphly dried in the san, The scraw soed
as reinfarrement, habding the brck tgethier when the
inevituble shrinkape cracks appeared during che deying
provess. The beicks were Bid i wally with wet md

1
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moriar or sometimes biismes o join them opether;
openings were apparently sapposted by wonden lintels, [n
the warny, dry climages of the rver vallisvs,
cting was peot 9 majod profilem, and the med bricks wem
|=ﬁ'ﬂ|'l:rn!u.r mmdhﬂ;hplllfrmdplll.lef_'l.h
roeds of these earfy urhan buildings have dissppeared, but
it seomm likety that they wene supoorted by timber hegms
anil were mastly flat, since thers s Gnle mindll in tese
wrean, Such mud bnck or adobe onvtructan s still widely
used in the Midde Exr Adrica, Asia, and Lasin Ameeca
Lates, about yooo BCE ke Mesopotanid, the fast fired
taricks appeared. Ceramic pattery had been develnping in
thise cultues for sime time, and the echoiques of kiln:
Eiring were spplied to bricks, whichwers made of the same
ilay oo of their cost in labons and wel, firsd heicdks
wern wed at first anly in wrea of preater weas, sech m
pravemnts of the tops of walls subject w westhering, They
s umedl nod only in buildings bt b 10 beild sewen i
ihruin wasbewater from citics. |1 i in the mols of these
elraies that the fest surviving troe arches in
Iwick are fuund, 3 hemhile begmnieg for whar wowkd
beramie 2 magor saroc burl foem. Cerbed vaules aod dames
meade of liencstome mibble gppeared ot abowt the seme time
i Mispetamean Limbe. Corbiel vabs ae constrocial of
rows of masoary paced s thar each row peojects slightdy
fevned the oo below, the: ren opposite walls thus meet-
ey ot che vop. The arch and che vault ey have been used
I Eher gosisbs s focns of ceher bulhlings, but noemmples
have smrvived oo this pﬂ'|.|:|:|. The 'Ir]l-d:ul'q'rrd
masoay echoalngy of Mesopotamia was wsed to bl
Lt ibroctures of preal masees of baick, suich 3 the wmnple
it Tepee Garwrs il the dipnunuts at Uy and Bondopa (Bis
rameadl, which were ap to 87 feet (26 mb hipgh, These
symbokic buldings mearoed the bepinnings of anchivecnee
b this culture
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DAMS

The clidess knomen dlom s the world 18 8 masoney and
emrthin pmilakunens ot faws in the Blak Desn of modem
Jonkan. The fawa Thm wes built in the gt millensiam
BCE mbold back the waters of 3 small stream and allos
incregsed irmipation: production oo arable kmd down
streaim. Feitlence exiaty of anctber masoniy- Gesd earthen
clarm built shout 2700 BEE at Sadd el-Kafarn, aboat 1g
miles (yo ke south of Casro, Egypt. The Sadd el Kafars
ibes] shontby sftercompdetion when, in the asenceof aspill
way thut coald resist eposion, i€ was overtopped by a flood
anid washed swrwr The aliest dem still in e & rockdll
embasirment sbout 20 Feet (6 m} bigh on the Coates
Hiver i Sk, bl ahout e BOE for lecal legation wse

The Assyrians, Babylonians, sed Persans baift dims
berwean 700 and 250 BCE for weler supply end inigation.
Contiteestirary with these was the eanbess Ma'rib Dam in
the soottem Arabsian Peninubs, which was mooe than g
foet irg m) b ad neariy 1,970 fopt {6o0 mbbong. Flmked
ry s llweaye, Lhis claam deelivesed water to a sysbém of s
i camals fop more than 1000 yeim, Bemaing ol the
Mia'rity Daen sre exill evirdenr m preseat <y Ma'nd, Yemen.
Cithist dlams were bull in this perice in 54 Lanka, Tndia,
anil Chism.

Thue Romans

|h-qi.rﬂr:rlhiﬂxqﬂlwmﬂm"mpm'mﬁrmlh
evoluting of dams & ot pamiculady remaedcable in terms
aof umlier of struetioe buile or sivances in beishs. Their
akeill lay In the comprebhemive collection and storipe of
wuter aml in ity transpeart and distribatson by squednes
At beasr e Riom sl dn souitireste o Spasn, Prosespeng
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] Crsrrealten, are stell et use, whille the nservains of cthers
hatve: filles] with st The Proserpma Dam, 40 feet iz m)
b, Featurcs o masonry-faced core wall of concrede
backed Ly sarth that is soeaprhened by ettreses wp
F:n'm!mmlurmnﬂmf:r.m{hndlmlhmrrﬂm
matsnedy walls that form colls; these cells are Rfied wath
stones of clay and faced with mortac The menit of curving
& cham upstream was appeeciated by at least sime Roman
engineess, sl the fonerenner of the modern curmd grv-
ey dam was bt by Byamntine enpineers im50 CEata
aice men the prosent Turkish. Syrizn baomder,

Eamy Dams oF Fast Asia

lm East Asiz thm crsmsraction el ||:|.ﬂ.l.|.- .I.:H.E-p:rln-
ibently from practices in the Meditermmesn workl, In
Lyo BCE o snae ool wis budle sonoss the Jiey River in
the Craboni vallew in Ching, this strectiie was b (oo
feet {3y mb high and shout 1000 feet (oo md long. Many
earthen dams of moderate heipht (in some cases of
pret length) were built by the Siohslese in Sri Lanka
after the qib century BUT io form reseryoan or tanks S
extensive drripating wmeke. The Kaishalala Tomk, whidh
was fommi by an earthen dam 7g Reet (ag mi) high e
rearby 1 mides §6 k) i lenprh, bad 3 perimers af i
ks (s kmd amed helped store messoan minfall for im-

patiog the country ground the ancionc copél of
Anucadhapurs. Many of these tanks in 5o Lasks are sl

o s

In Jlapan the Diamanike Dam reached a betght of 50g
peel (2 md b pad CE Numems ibims wese abe con
arructed in Indiaund Paktistan. In Indi 3 design emploviag
hewen stane o face the steeply sloping sides of sarthen
dames - evnlved, reschiop & dimay in the re-mibe-lonp
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{6 km) Verransn Dam e Tamil Nabe Bail feom voa i
i LE
Fhﬁtﬂﬂhnmiﬁﬂ-ﬂf[nﬂilﬂmmmmnﬂm
Kusir Diam repeeseated the worlills brey birpe. seale this
arch danm The Kalwr aml Kurit s wese buik H.I:['_'
in 1k 1yth contuiry by [FRhanid Mosgols: the Kebar
e eeachod o hodpht of 85 feet (26 m), and the Kt Dam
extendid sho feet Dy mbalnovein foumdation, Reinarkably
i et [lam winced as the wookds tallest dam unfil the

bepinning of the 2edh cenfury

THE 370 0 THE 18TH CENTUIY 1IN ExnopE

In nbee pyth amd 1otk oeatarses. ddam cossunecrion Fosamed
in Maby amd, ona barger seale, in Spein, wheére Roman anid
Moorish mAvence was sl fele, [n particefar, the Tihi
D acrves the Monnegre River in Spein, o curved gravity
stpucture 88 feet L m) buigl, wias not surpaseed i heiphe
inwestern Eurapeuntil the building of the Gouffre d Fnier
Dlem im France almost chree conmanies bter, Also m Spain,
e 7 St bl (2 o) Bickse Dram, whiich was buii n il
earty 17th cestiry foe Emgstion me, was an innovitive
tiuin-arch masiney strecture In the Botish [ses aml
nirthern Eurtipe, whiete rzinfall s smple dnd well dsmb
wted chevesgduont the vear, dam canstroction befre the
Frlustriad Bevolution proceeded on onfy s modess soule in

terms of ketpht. Dams were genenlly lmited to forming
watet reservoin for o, posecing water mills, asd sop-

[l.lrlnﬁ water fne mipuu camals “n:ltﬂir the moss
remarkatle of these soructures was the rrg-foot-high (35
ml ewrthen dem buily s a6y a0 Saiet Fedol, nes
Tuilnose, France, This dum peowided wates for the Midi
Canal, aned for moge than 155 years ot was the haghest
eranifyen dn in the wodd
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THE AQUEDUCT

An snpmedmct (fnom the Lt s, “water.” snd danere, “0o
leadd™) ks & peein made cundusin fr carrylog walen Ind moe
ru'l.:irl':rdm,ql.ldm:.m whrsc e s o oot
awter stream acress 4 ballow o valleg In modern engl-
DECTY sgusdarT Fefers tod pysiem of pipes, ditches, camals,
tumeels, aml supprting structufes usd B comvey wale
irom iks wwrre to s main distribaton peint

Altbouph the Roeanes are considereid the preanest
weperischart Eilders of the ance ot widd, gemir sysiems were
in use i ancient Persia, ladia, Bpvpt, and other Middle
Ensterm counimes hundreds of vears sarlier. These sysioms
utilized slightdy stoping tuneels driven into hillsides chat
vanbained priundwares From the hillbcdes the water was

pamveyed by gravity im apen channels 1o neacky towms o
cities The uee of gami beceme widespresd throuphout
the regian, and some are still s exstence. Until 15y the
Iranian copital ooty Tehein, drew ifs sotiee water spplby
Froum & sysiem of gandis.

Fomewknt clser in appearance 1o the chssic Roman
ibruchure was @ limesbnoe aquedic t huile by the Asprian
o et IWCE to bty fresh wiater tn the-city od Pimeved,
Approcimmaiely 1 oo, e bipe Blocks wene wed to make
& water channed jo feet (eo il high and oo feet (oo @)
Irng acrvies awalley

Thee e poochanne] warer supplies from distane soaroes
wias an dubcoene af the provals oF urban comemunities,
.Jl.m'lg the mist nutshle of anciend weter CTUIVE YR
systems are the aqeeducts bullr berween gz BUE and 455
CE theiesghert the Risian Emgitre. Some of these e
iive works e still o exireace. The writiigs of Sextus
b Frowtinus {whiy was sppainted superintendent of
Reamen agueducts in 47 CEb provide information sbout
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the design und commtrociion of the o major squedocts
that mepplhed Bome itsell, Extending fom a distant
sprinp fed area, g ke, or 2 nven a typicel Roman aque
chiet Included & sers of underpriund sl sbovepnounid
chansels, The loopest was the Arua Marcia, beilt in cg4
BCE, b snurre was shaut 23 miles (57 k£m) from Rome
The aqueduct dself was 57 mides (o3 ki) Jang, howener,
biex: wene |1 huaed ooy il sdong Lanid contiurs bn ander ti
mamtain a steady fow of water, For about go mifes (30 km)
the aqeedect wis underpround in o coversd trench, amil
anly o whee Rast 7 miles i lomd was i cenbed

on as arearde. In fact, ment of the combined lenpth of
the aueducts suppiyang Rome (et 260 miles Lyza km])
wies bruadlt &3 covered trenches of tannels. When crossing
a valley, scquebacts were sspporesd by arcades comprisiog
one or mie kevely of massive granse plers and impres-
sivearchies.

The squeducts ended in Boeme ar dsiribation ress
wir, Eromowhich the waterwas comveved to pablic baths
ar Fnteins. A bew very weslthy or priadeped citizens bad
water jpipel dirscoly o dhelr bumes, lue mon af e

Homan sy, S, Jpave. & Juphurmgs
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oo carried water (8 contsiness from s puldic founisn.
Water was running comstantly, the exoess being wed to
clean the streets nd flush the sewers. Ancient ygpeeducts
sl pipelives were not cpalle of withstanding onich
pnuum.{hnth were conpstructed of out siome, brick,
rublile, or rough coscrete. Pypes were tvpically made nf
dinbieif stone or of hofowed wooden logs, althooph: clay
anieh bl ipwss were also useil.

[Roenan aqueduicts were builf theoagheost the empre
gnil their arches may stll be seen i Greooe, Tisly Fraode,
Spain, Morth Africa, asd Tuekey As central autharity
fefl apart in the gth and sth centuries, the syviemn dsa
eterinrated. For most of the Middle Ages aqueducts
weie 0ot used in westian Esrope, and peopde returned to
peiting their water from wells and local sivers. Modest
wystems sprang up aronel monasteries. By the 148 cen-
tuir, Brupes, withi 1 barge populstion for e ime (40,0000,
head developed @ system otilisiog one large collectng
cistern from which water was pamped, uispg 2 wheel
with beckets oo s chain, throuph sndergeosnd condaims oo
[l sisees

Mobern scuestucts, shbouph lacking the archeid pran-
ieiir of those budt by the Romans, jrestiy surpass the
earlier ot i lengh sl in the dmount of waler that they
e cairy Arpeechecy svstems hunideeds of miles long have
been huilt b supply prowmp arban arcas and crop-irrigation
progecia The warer sopply of Mew York Ciry comes from
theee mabn squeduct systems thar cen defiver aboat 18
|liling gﬁmﬂh:ﬂﬂhlnhmbdm:lhlmmﬁ
up to 120 miles free kel away The equeduct system i
the stare of Califoanis, however b by Far dbe laepe o the
wird. [t comveys water abont g0 mils) oo km] fom
thi nnrthern fwetter) part of Caldoena inin the southern
(dries) part of the stape, vidding more than 650 million
jralbicans {25 T 0ol water § da

b}
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THE ROMAN DOME
Lnder the Roman Repabilic, brickmaking, parcicufrly in
the repion of Rome ivelf, bécame 3 major industry, and
:ﬁr-.II‘h:, uniler the l'hqﬂl:r. it berame 3 stwle minply
Hrackl comstruction was cheaper than stone due o the
gunnoemies of s 1n mess production and the ke level
uf aklll needeid w0 put it i place. The beick anch was
ardopitesd to span oponiegs i walls, preciading the peeid
for Yinefs. Moeer wos ot Grst the tradidons] mooee of
samd, lime, amd water, but, bepinning in the 3nd cemury
Y, anew ingredient ws introdeced, The Ramans called
it s parecl efvor the trwn of Puteoli imodem Poepaalil,
niar Maples, wherpiiwas Grét foomd. The marenal, formed
in Mot Vessnies and mined on its slopes, (s niv called
prxolana. When moed with lime, poeoolana forms a
mattired coment thul (s much stronger and moee wuathee
geulerenl than lme marvie shose sod tharwill handen even
underwates Poeralinic mostars were so strong and cheap,
mnid cowibd bee placed by labsourers of such low skeill, thar the
Restrmians began iosdoaine them fur beicks i dhe dnteion
of wally; the ourer withes of bricks weere use] miedy a3
fivarrmes tio dwy the pogsmolana indoe place. Finally, the mortar
of leme, senil, waner, and porzclans was misel with
stesties gl bpeiken Brick 1o form 3 rue conerepe, called
aper corrererey, This comerete was sl used with brick
Fioermes b wealls, bt soon bt began oo b placed into wooden
fiwmy, whicl were removed after the conceele bl
hazdened

The possibdities of plastic form sugpested by this ind
nieally Lipuibed msteial whicli could eisilly ssmme cared
shapes in plin s section, seon led o the créstion of 4
seriesof remarkahle intemor spaces, Thess spaces, spanned
by domes or vaules: and wnchurtered by ibe oolumns
requiel | iraheate] sune construction, showsd e

oy
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THE PANTHEON

The Pastheon, car of the greaies
mommental bolding: @ Rome.
s Loeggm i 13 TCE by e sbiies-
N mun Maros Vipsssas Agnppa
jundasdily is  lodbebnng o el oonlisary
Clymsral tempde type — mroianpele
with o gobdord ool supparind by 2
' culloanade on all sides. Tk wat com.
piricky el by the oo
IEadnme snmedime hetwees 1o
w108 CE, smi snoe dtrraiims

Raivmmn gja Pailan

':“'!“Lw mm:kndzm’lf;{rdmu:r
i T |lp|]:l.'mgmnh|:|1hu'm."§'rtr-

af Carneally. 1 iva circober baild-
ing inf poneerts G wigh ok,
with m preat concnote dome riving fnom the walis and with o
b sl of Coriashian polumms sqpjeating & gablial
pood with mrinpular pediment, Beseath the podh are bape
lipmnzae chomthbe whmirs, g bee dymd ||H:|..1h varbies Bmosn
larpe cxamples of the fype.

The Pasthiezm jusemskealile foe iuskis, fevicmstsuction,
il o e wgn. Uil moddern s, the dinfre wan the lanees
bkt mwcanuiing sl 13 feet (4 mt in Bamcscr al
rixing teca hedght of 71 foer (20 mhahove its base. These @
nu exipyil evidentr ol ik and voppest malde fhe
nime, excrpe in the lowes parr. md che oxsct meshod of
st b has aeees leenalessrminsil T G, hine
ever e fmoen i have enmiriboied o ik soeese the
raelent aualiy of e sman waed in tbe i sl
the caresid selection aesd prading of the appregere matersl
nhl.l.hr-lg—- fimim feavy basadr in che frmmbstiong of the
hanldimg and the Jower part of the wally, drongh Sk sd

pehedte ol i
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i3 (& mone fnoned fom soleanic i, 10 e Fghiee of
prummbr i the comter of the vaudy, In sliticos, the
ehired cif rhee-rhrum of the wlle. seen fonm the -
sirke, wevmciddey with the Sowrrpan of 13 dose, soen from
the trsiale anit beelps enntain the demst with inerm] brick
srthes, The devm it inengthenely buge brick ucheo
luiplrrl et b o anccher imade che walle whick ars
e (o ek
The poerh iv comeotomal tn desips, b che Body nf
the tepibfing. m immens: cicotar spae i ssdely by the
lighee char Ancels chrmgh the 27-foot [§-m) Sepe,” or ooubm
ipening ak the vontre ol ihe duime, wis romslggionarny
mntrass i the plan apgesmance of che ootsde i3 i0tenor
ool Ve il g o liied ity coibronreed b, ml e walls
arr markrd by seven decp recreses, screemed by paim of cul
riimim e modost s prees scale b the e misred the
romndy. Kectingalar coffoo, or indedtaisoes, weoo cor m
the il prokaldy seder Soincies, ol eherinsind with
heozae mecttraand
Thee Patitlieion s dhiafiatesd i feons C2F i the O
nfSamtn Mariz Hobonda, or Sanes Marn s Masrpoes, which
it riwrtiin s Boiley T hivsasr: pometics amel mabding of te
ixcikmp mmad other bromes crbcllishmenty oo i sappeard
et e, and a fiiees ol diein dececation wis applisiin
the ‘mbecos dicecily beveath thee dome n the lsbe
Ressanini v, (Wheewisr, the biillding colsts entieely s its
nrxginal fonm. The strmcfure b been ao endomsg soerce of
inspii=ian o anleeecn inoe the Rensdsan,

powet of dhe el stare The fest of these i the octap
aanal desmed freatmin hall of Nern's Gabden Hiuse (6 g-&8
I, whiich b abowt 5o foer (15 ai in dtamecer with 1 birpe
circulir apening, or coulus, in the wp al the dame. The

b
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e Form was rapidly devedaped o o series of
hebelings that colminated m the emperor Hadrian’s
Pazabwom of about 118128 CE. This hupe circular struc-
Lupe wets bt od fioen o partico of stane colimes and way
surmaonniss] h:f'llh!' i1 feel Ly m} Iml:ilmﬂ.u.limﬁl
bvram oculus & the top. The diameter of g morcular dome
remaine:] snsurpassed unid che rath centurs.

In the lsie smpire, concrete bechaalopy pradelly dis-
wppearesd, aad even brickmaking ceased in western Eurnpe.
Hux sipnificant developments in brick eechealogy contin
ued] i the eastermn Homsn wodlid where the schesyements
of ¢arlies perinds in concrete weve now deplicated o
bnckwark. Thr mmb of 16 empemr Galenis tne the
Church of SC Georgel of sbout joo CE o Saload in
fareee han o bubck dome 80 feet (24 m) bn dlzmeter Ty
prohabdy was the moded e the cimactic coample of lee
Rivimen buiildding, dse prost chisch of Hapis Sophis {532
pink i Consrantinnple, which festures 5 cegiral dome
spanning 17 feet (b mh Fren ﬂml.f‘l-ﬁ'rl EnEmies,
thi 3asanian Persane, builsa birpe brick vodbed haf o che
rabace ar Cresiphon elly idenvifed with Kboow T
[midl-&ith century] buit probaliby 2 4th-century stroctire)
with a span of Sz fet (25 ml by bormowing Homan meth-
inde. These late bk stroctuies wene che lst ooumghs of
Rexiriien Biuilifng cesc banlogry snd wouk] sin e edquaed for

the next goo verm
PLUMBING

Cime-of the problems of every oovibizanon in which the

b b been contralined in cities aml s has
been the development of adspere plimblg. The wird
Jiwesbug comes from the Latin’ posbem, which mesns
“lead” Cioe ef the maost imporians hestorical apglication:
il Jeaid was dor the water pipes af Jome, The Homans
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prenvicled peneso water supplies for ther cities; o of the
sapply spstems wrowked by gravity snd many of them used
aqueducts and syphons. Alrhoeph oxost poople had o
cay thewrwater from palilic fessin thers was linied
clistributin of waler m '|'r|.|1'|.|.l: h-'.H.I@- I:'|1.|.|1'l:ul||rt'_|
Furha) and same pinrate residences end apariment hesees:
private mmd semeptivate baihs and latrises hecame faidy
cominos. Lead pipes were fibricated | io-foot (3-m)
kengiha wnd im as mamy as 15 standard diameters, Many of
e pipes, stil in excellent condidios, Gave boen useoy
eredl in misdern-duy Bome amd
The wastewater drainage wystem, on the other haml
mllnjmd.wrmﬂnmm-ﬁmu’rl:hwu
smply discharped into an open, water filled spiem of
clitehses that ked gy o neatby rhec Bub even these by
mudest apphoations of peblic smiteton far eweeded
ihsose of proveoas culbured and waoild nogbe eoled anril
ihe pgrh century
With the raming of the Induntrial Ape, phambing aml
sanitatinn grstems i buildmps advanced rapidly Publs
walet-distribistion vysem were the el element; the
st h.rFu-u-r.Ir cnrq:le- of 4 mechanically presorizsd
WRICE-SUPRET svstem was the preat smay of waterwhecls
installed in she rvh ceatury by French king Linis XTV
at Marley on the Maree River vo pemp water for the
frsmrtuins at Yersailles, shout 1o miles (8 km) sy, The
widespread ese of cast iroa pipes- in the ke oth cestury
mucke higher préssures possibde, and they were wed by
Hqﬂlraq n the hirsi u.:lm-pl-'r.nrd :q'l.l.nr|.|;|.|] waler
sapply dor a section of Mers i B Gravioepowered
utitberpriosd driinspe sotems wene (ostalled soug with
waler-distribistion eetvnadks in mos larpe cities of the
malustral weirdd during the 1uth cenfury, sewape-treatmens
phiots were introdecod in the 1850y, Permaneat plumbieg
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Eintues appeared i buildings with wates supply snd deain
#ge, replacing poctshle hasins, bockets, and chamber pois.
Mh&hﬂu&lnﬁthﬂmﬂ]gﬂim&:
John Harington. ae Eeglish courtier daring the e of
Flizabeth [, I'h:hl“mtl!nh!-'ll.g_lmf. Pm1||.||:'|l
arevunif r5on Ihrn;rmm;uﬂndnnttﬁrﬂuﬂﬂm
her palece at Richmond, Surres In5a, in Tée Mesawor
o of Ay (3 jakes; Lo, 2 toilet), he decribed bis
ivention in terms more Habelnisian than mechanscal
il was bassshed by Elizabeth, and he was pever able ta
ibsedd his reprutarics as Eliraberins “saucy pdson.” Joseph
Hrmmak iented the metal vafve-type wates closet as early
ms ry7H, amd other early lovatories, sinks, and harhishs
wer of metl also; bead, copper, and doc were ol tried.
The metal Axtures proved dificult o clean, hireres, o
im England dunmp the t#7cs Thomas “Teyfond desdapod
the first lepe ope plece veremi; viionies s well o the
cegamic washidiwn water dloser AL fist these ceramic fig
bures weere wery expensive, but their prives declined antil
they became stancdicd, and their forms remain Brpely
uee hanped inday The batbivuly preed e be too Brge for
baitile cemmic ot tion, and the parcelan-enamel
cast-mrom Cube was devised abait pbzo The doubde-sheldl
[l i Cppe sl costn masdn trday appesned sboul 1515

THE PAVEL ROAL

Ins Burope during che et snd ifvh centuries, echnological
imprsemeatn thq#r mrered  commencia I|'|'|'|.-]1
improved vebickes, and the breeding of better hores,
Thise Bt cretisl an isceean demas] tor bige meids,
which up b this time hud been botl, with ménar sodife-

tinns, by the hesvy Boman cmess sectine, The typical Homan
mad v copwinecied oo & mebed embandment aed

09
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composed oF various Bvers of cousbed rock sod concrete.
finally capped 0if by a weanng sarfacr of bige done sabe—
e total thickness varying fram § to b feet 0 1o 2 m). Bor
i the bast bk of the hch venbary § numbser of engineses
appeared n Franee and Britaim who woold come i b
Enmwn ax the Brithers of modern roaif hutlding,

Premae-Mane-|Entse Taisacrer

In France. Pierne Marie-Jérbme Thésspeet, an enginber
from an engineering iy berame in 176y engineer of
el and rossds at Linocges and in o7y imwpecsor general
of rids and briges for France, In thar vear he developed
an entirely new tvpe of relarively Bt rood surface, based
an the theary that che uededyig parural foonation,
rither than the pavement, shoeld mpport the load. His
standsn] cross secuon was 18 foed (5 md wide sl con
shiteil of 1o Bonch ik e cmb cose of shifirm
inameclation wivmes lain eedpewrse on the ratural formation
anid eovened by o = nch {5-cmb layer of walnes-sied b
ken stone: This secomd lrver was topped with 2 1-inch
{2 5-om} e of sinaller gravel or braken stine, Ln peder to
masntain surface levels, Tresapuets paverncat wm placel
in anezeavated wench - a techniges tha made doainage s
dlifficadt prolilem

Tuosas TeLsonn

Thoamas '|'rHru.'rI,. Buirn ool e arenty im | hembrsesahare,
Scotlend, in 1797, was apprennced & @ stonemason
Lrntelligit dned serilvir oo, Tbford propresed 1o desipning
biriilpes and buildbing roacks Hee placed prear emphasis an
twn festares: b muintiming o level roadway with o man-
mum pradient of v ia po and (2} buildieg & swme surfice
capuble of cariying the hewiest nticipated lods His
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madwavs wees 18 Seet (55 m) wide amul built i dhiee
roarses: (1} a lower layer, 7 inches (58 cmb thick, coasisting
i8d g -l iy firsmedaticn senne carefully placed by hand
thds was knows a5 the Tlbford basel, (4 o midde by,
gha 7 imches thick, :lnlh.liqﬁhrnh:ﬂilnm uil 3-inch
(s-om! mamimam sz, and (10 4 top laver of pravel or
bz soome a8 40 § inch (15 cm) theck.

Jous Lowmox MeAnaw

The greasest advasce came from Jobn Lovilos Mctadsm,
berm i apgh at A in Scotband. McAdam began ks raik
belldling carver in m#7 but reached magor heights afer
18y, when be wasappoinged peneral surveror for Bristal,
then the most impomane port ciey in Eepland The peals
Ieading to Hesicd were in poor condition, and in tfo
Meddam ook cosrdd of the Bristul Termpike There he
bl nbir el could be sipgo reed by 3 relatively chin
laryrer el small, sinple-sired, snpudar pieces of beoken stane
placed andl compacted on & well-dmined netenl fonma
tioe and ciwened by an impecinedile sarfice of unaller
itines. e had oo we jor the masnry coeshiec o i
s preificcies s and confemporaries,

Divaitage was essential 1o the sucoss. aff MeAds’s
methonl, sl he required the pavement w be e
e the summueding serface, The strectural layer of
broken stone was ¥ inches (20 om) thick and ssed stone
id 2 1oy e {5 o L8 cmb maxkmum dee Bl in e
-ﬂmnqu:lﬂ]h!trﬂ'&—l{um“lhpurlmﬁﬂriﬁr
o the time. The bop leyer was 2 inches thick, using thime-
Bt ths- i et A b o teatiee o Bl supfare wiskdy Letwees the
Largy stvmes. Conibinming imiistenance was eiventiil

Alibiph MeAddsm drew on the sueresses anil Bilues
of cthers, his ool sorucienl relissce on broken swne

iejinesente the krpest paralipr shilt im the history of
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rcail paversenis. The peinciples of the-*macsdamn” road
are shill used sy

Beepinming abaout the mid-sath centarg the indlustriafwachi
saw the reomengeoce 0f corcrene in 4 new (omposie rels
tianship with steel, creating & technolyry that would
rapicy awsmme 3 magy ok m building construction. The
first step in this procey was the creatioaalhipher streagth
artifecial cemenes. Lime momar - made of lme, saud and
water—hal been known since anceest times. [ was
imparereed inehee lame péth century by the Ennish
Joten Sanvaron, who added powidoned bock to e mix anf
madke the first muleen conceete by abling pelildes a5
coarse appscgate. Joseph Aspdin patented the first free
artifictal cement, which he called pordaml cement, in
18 2g; the gcime imphied chat ir was of the same high gussivy
as Morthind sione To meke portband cement, Aspin
burned imestone and cliy topether in s kiln; the diay pro
wided sificon componmuls, which when combined with
waiter fonmisd stroper s thas the calcium compoanis
af Emesenne, In the iyos Chades Johnson, mother
Bastesh coment manafactore, sw e impor e if hegh
temiperatate burming af the clay and Bmestone 10 2 whire
beatt, b which point they bepin o fuse, In this period,
plain concrece wus wsed fog wells, and o somerimes
seplaced brick |e Boor srches that spanned beoween
wroapht-irve beaems iw irpn-bnmed laciocies. Precest oon-
crede blocks abn weee manufartwred, slehough they did
nik effertnly compets with Litick ontil the sach comiury
The fisl wse af Foa-feinfimced tonoets was by the
French huilder Frangois Coignet i Faris in the b
Crdpret’s own all concreae house in Parks (kea), the mofs
und foors eeinforeed with small wrosghtimn 1 beams,
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still stamds. Hut seiafivend conchete develogument aciaally
hegan with the French pardeoer Joseph Monier's 1867
patat o barpe concrede Bowerpots reinforced wich 2 cape
iof ipam wires. The French bolder Franguis Hosmedjue
q:fd.hﬂlHun':r'li&nbuﬂmndngir:.nﬂih:nin-
Fnrre coeerete hesms and slabs; Flennehiges was the hest
e retliee it the rods had to be beat apeard o take
ieptive moment pear suppaiis In fge he closed his
renstruction business and became a consulting engineer,
[rekling many structures with concrets frames compased
of b, e and sl
In the United States Emest Hanwome paraffelsd
Hennébique's work. constrecting fictory bushlings in
concrese. Hiphe-rise strattures o concrete folowed the
of the sie] frame. Examples inelude the s6-stoey
Trgalls Huilding Dgop in i, which was o feet
(g o) tull, e chie 18- story Ryl Liver Buildiog (1acsl,
bt in Livedpool by Heomebrigque's English repausent-
tive. Lowis Moochel. The latter structars was Furpe’s
first. skysoraper, its chock tower reaching 2 height of 36
feet (o4 el Anaisment of Beight o coacrete boildings
progrreen] skrdy wing to the much lower atrenpth s
stiflmess of concoode a8 compered with stec
Cancrete was alsi appiisd w king span bulldings, an
eaily example living 1be Cenrenaial Tall {1517 ar Bresk,
Crer dneew Wirche, [ul), by the archatect Max Perg aned
the copieeers Dhckerdboff & Widmann; fts rbbed dome
spanned 08 feer i85 m), eoceedmp the span of the
Pantheon. More spectacular were the prest snhip hangan
ut Oy oomstrociod by the French eopineor Fegine
Frevasiner 1o dgib; iy weie made with 5 inich chick
ly cm) corrogitel parlbolic vaults spanning 266 Feet
{#es m) andd paercedd by windows, In the 1waos Frepsinet
mile o muor contribatbon W cancrece Sechaolopy with
the Enrerluction of pretensioeing. In this pocesd, the

any
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reinfoecing wines were strétched I leasion, and th cos
ervde was poured around them; when the mecrehe
hardened, the wires wore relessed, sad the member
arqulred an ujward deflectbon and was entirely o com
p.l'r.u:m."I"hEu I.hrlrfr.ii.rl:ndmani:i-t—d, the membser
dheflectedd showemmrard t0 2 At posstion, remaening entirely
in compression, and if did pot develop the fenstiea macks
ihat plapue odinary ieinfined coscrete. Widespreil
appéicatinn i precensinning hegan afver the end of Workl
W 1T 0 vigs.

THE SUSFENSION BRIDGE

[ 4 semse the sspemsion bridpe & coe of the oldest of
engineering forms, laidpes badog been constructed by
primifive pengles using vises for cables and mounting 1
pach or roscdwuy direcoly on the cabiles, A mech stronger
vype oF ke was inerodocid in Indes shout the 4th cen
hary {7 that useed cables of plastes] hamboo sed later of
aran hain, with the madway saspended from the cables-
the true suspensica brilps fiem. [n modsm time, i
sarspemif firkilpe affered an sronumical silution to the
protiem of hailding lang spans over eavigahie streams: or
al aither stes whise (U 8 dEBcult 1o Rl péers im the
stream. However, during the late (th and esly rych ces
tanes, Hritish, Freech, Amencan, and ofber engineen
0 brustld suspension bridpes encountered serious
proldems of stabsility snd strenpih apsinsr wind fonces and
heavy Inach; faibares. resulsed fom ssueme, beavy s,
and droves of caitle. Credit for sodvieg the problem
bbleanigs peimeigolly s fobn Avsistus Boebling, 2 Genmas
briti A peric an eayine.
Imubgn Rochling estabdishrd i factory for makiing rope
il of lron wice, wisich he insglly. sohf o replace the
bemjien mpe wed for hosting can over the porage

£ | F
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e Lawryge Wb Bimalie, o veduculler oo dvaaler o (i
Husbern Ky, [ & fefiney Sebvetbent 11 |

ratway i central Pennsvbania. Later Hochfing wsed wire
ropes a5 suspension cibles for beadges, end be developed
the rechnicpie fo spinming the cabdes in plice rather than
rl.|i:'q1|.|; # prefabricated cable that needed m be el min
place, In régs Hoobling completed 3 B2-foot-spen (246 m
radbwary bl e v che Wiy River inwestern New York
hiewte, Wind loails were oot yei endertood i any theo
retical sense, bt Brebling recopnized the practioal neesd
b paeverst vencal oscadllacions. [1e therefure adidad numer
imes wine stays, Which extentded like 2 giann spiderwel in
varises elirestioes from the deck 1 the yalley below el
b e towers above. The Miagan Bridpe confounded pesly
ol the enpineesiog judgment of the dar whics held thae s
prensson bridges could not sstain railway traffc, Alibough
the trmins were Fquired to show down to 8 spocd of only
i mmihe 0 kb per beosi el pepeies were eguent, the
lotckeys sk sstvice food 43 bt il i waw cejilaced anly
berause newer trains bad berome foo heawy Sorit,
Rovhling's Cineinan Bridge (pow called the fohn A
Resebifing Maiclged tver the Chio River wasa protiitype bor

£113
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bl mzerhd Brookiye Aridge. Whea thes 1, 057-fool-span
{r7-m) span, iron-wire cable suspension hridpe was mm-
pleted in 1866, if was the fongest spanning beidpe’in the
warhil Hoebding’s meture syle showed iself in the siroc
t-u';impu:iwun.ﬂm:ndihmhumpmhhpn
with stays radiating from the fower fops o conernd deck
oocilarings from wind loads

Rosebiding dhec [ 186y, shortly sfier work beyan on the
liroaklyn Bridpe, bat the project was taken over anel seen
o coenpletion by hi san, Washingtos Roebfng, Techn
cally, the bewds overcame may oberacles theomgh the me
af e poeumatic catsans, into which compeessed aix
wis pampedd 50 chat men could work im the dry; bet, maone
impotant, £ was the fest suspensiva bridpe oo which
steed wire was used dor ke cables. Every wice was pabva-
nired to safepusrd apsnst nust, sl the four cables, each
neardy oh leches Lo om) 1o dismerir, ek s modths to
sprin brark aned forch over che Easr River. Afver many polin
sl wndd sechnical didfculties and at least 77 fatal accidents,
ihe 1,555 Food-span Ly7g m} bradpe was compleeed in 1833
i wuch fanfare thar witlin 14 houes a6 estimed quirtes
million penple croseed over i, oung 3 centrl elevaed
walicwey that fohn Fochlang had desgned for the parpose
of pivisg peikssirians a dramatic view of thie diy,

DYNAMITE

Divaursite, o bbasting explonbve patenced in (867 by Alfred
Hd:r]. 1] Jl:r.n.lﬂ:_'f the sscond i|11|1u|‘|=u|! imeenlion h}'
ihe Swodish chemiss, Even today most exports reganl
Mabel's imvention bn 1564 of the bisting cap, 3 device fig
desventing explisives, 38 the premst ubance in the w3
erict of explosives since the decovery of hlack pomder
Adter a pamber of minempts that were aaly panslly suc
iessful. Malsel setthed vn a charpe of mercury fulminale,
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whiich bhad been ke for many vears, (8 1 copper cap-
sle. With one ar twn minor changes, ihis hlasting cap
remuined in genecal use st the 1gros,

Thet blastin cap- provided & dependshle mesns For
detonating n.ilmgl_y:ariu :.:llll:cm-:ruthu' I1i1¢r E!qﬂn-
spves that #nlicwed it Netrophyrerin had hoen discoversd
b an: Tialiss chemist, Ascenir Sobrem, in lgh. Because
of L elakes imerent lm b maiefictuie e the lack of
dependable means for ot defonation, nitroghvoenn was
largely o labormtory curinsity wstll Nobel, meether with
hats fatbser, lmmanuel Mobel, made extenseie smdbies of {0y
rommescial potential in tbe veary tigy—6, [n @6z they
bailt 0 emdde plast at Helencborg, Swvdes. Alfred, o
chimist, was basically responsible for the desten of this
Bctory thal was effacient and redatively sife conskdering
the state of knowledge of the times Nevertheless, it
ixploded in 1864 and killed among ochers, Alned's yomge
il biither ol Oulea: Althiaph deeply alfecred by the
pccident, Alived enntinurd work, ot fiost oo & barge that
b mossred in the mididle of 4 lake. In 1865 he epeceed o
phant a8 Krimmed, Gee, anil soother o Sweden at
Vinterviken nuar Seockholm. & thinl plint wa Boilr 3
year luterin Meeway Mobel was grantod & patent for the
sartuefac tuie el e oof nitoplycerin in the Unissd Sates,
i sk, il wlnie dmpsariaicion o 2 ldpe wale wasimpeac-
tical, e vissteal the Usatedd States i an effon 1o interest
local capiinl. The wictim of & number of unscrupsous
Imninessmen, be eally sobd bis Amecian holdings in i3k
i1rndr.hupuu

Mebdl coined the pame dymasie from the Grock
e, “prwer” The sl for the lveniios wis Mol
disrovery that kieselsalr, 5 porous silicecus earch, woukd
asorts larpe quantities of mitroghecenn, giving an essen-
tiglly dry amed pranular product thar wes moch safr oo
hanlle 2wl Easier b wse thas nitroglycerin alonbe, Dynamate

any
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K. ;08 Mobel called it, wai 75 petcent nitvoplveerin and
25 percent puhe Shorily affer its invenbion, Nobel malired
iheat piih, am imert sebstsnce, not only contrbited nothing
1o nhe poer i the exploare it aesilly detracted fom
it hecmuse it abwothied heat vhar otherwise would have
imprrvedd the basting srica. He turoed, therefor, th
actrve ngredients such aswood pulp for an sheombeat ami
sl nitrte fof en oxldlsag agent, By varving the mtio

of mitraghvoenn o these “dopes,” i they ceme bo be called,
Mobil pot only improved the efickacy of dynamite but

also was -abile 0o poopare it an veryng swenpths, Termed
straight dynamites. This 4o perment straight dymamite
confained g perrend nrmglycennand &0 percent dope,

Mebels pest outstaneding montribntion wis Bds lovention
nfplllﬂzmdrﬂ.lﬂmll |I',H,.T|lglrna.|.rpd1]:ﬂ =
burt o finger and wsed collidhan, o sobation of relitredy
bow mitrogen cootent nitmeellalose in 0 meviure of e
and aleodl, 1o coved the woosdl. Later, mnablie 10 seej
bievene of the puin, Nobel went to the EBboratory s find
out what eHoct collodion would have on armgyoedin To
his preat satiefrction, e foend that after svapocstion of
ihe sobwents, there remained & tough, phistic material 1=
ilisoowered theat b coukd duplicete this by the direct add-
twmn i 7 A B percend of oollwlicn typse parccoton s
nitroglyceia and hat leser quantities of nitfoouon
sherrased the viscosity amd enabled him i add other
active ingredieats. He called doe onginal matere Martng
plaran andl ibse dipe mixtures plan dping. The princ
pal mshuntages of these produces were thear high water
resistance nd grester blasting sctbon power than the
ciomgiirahile dveapistien. This sl guwer resaled fioim 2
encshination of higher degnity and 3 deggee of plastivity
st alkrwert complene Glling of the barehole (th hale thae
was bared in the coal s:am or elsewhers For Inpdantstion

ol the egplosive)
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Thre tannels stand oot as benchmarks in the hiscoey
od the we of explosives end mark the trapition from the
idder Bk powder to Mobels dynamue: Grst s Mont
Cenis, an §-mile fry-kond esbway usned droven daniph
II!I.EFL‘" |wiwesn Framce zmil ]lﬂ'_!ri.n T s 1 I!heh'F.t
cofistructon jrb with black powder up o thar time; sec-
i was thee - male Go_g-Emd Hoosar, alsoa milway prsect,
iburing the conitiuction of which (133680 nitmplycenn

farst replaced bk powrder i lbargs-scale comstrecton,;
third was the Sutro mine dovelopmaent ungel i Nevada

[1Afg-7gh whee the switch from nitrophvoerinw dymmse
farr thain type of work started

Bepinning sbout 1880, the muss produchion of sivd dnd
the prowing sipply of elecncity tracsformed bubding
v haviilogn: Sreel wis firse oaade o Brge quintites for rail.
mad rails. Kolling i steel rails twhich wa adapied fnom
wroigghit-iron pollieg technologyl and othee shapes such o
unples and chinnel beran about 187 i made 3 moch
pinaghver, | hiritibe metal Steel was chisen o the principal
besliing matenial for cwo struchenes bt for the Pars
Fyposition of 13%y: the Fighel Hiwer amd the Gallery of
Machines. Gussave- Eiffels boner was 1,000 feet (oo m)
high, amdl it iamidiar parsholi curved form has berome
g symbol of Pans ftself; fos heiphe was nog exceeded
updl the opping off of the (o6 -fosesall [pPEE o)
I:Iu'__rdu' |'l|l.||i.g.| HEI"l"ru'I:l'.il'_rm 195 ']'h-l'h&r:f
o Machines was designed by the architect -1 -F. Dhartert
sitilvhe snjrinser Viesse Comaminwiih great three binged
aiches spaaning o Feed (g m) and extending mere than
1ot Reet Lgpo md. Tts phiss-enclosed rewr span s of
5 2o aapaaib Foel (g8, 727 s m hes never beensquled;
i fact, it was s larpe that oo fepubin ee o it coubd be

B3
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THE GLASS
CURTAINWALL

The sexoil greai ape u.FEﬂl-
tints Imiikellimgy barga sfter the
el of Werid Wr [1. 1t waw an
cxgimiie fhine wilh deslining
cnerpy costs, and anchnec
embwaal rhe oongepe of tie
1all building = 0 gl priss
Thiks ket el sz oy sl
vy the archibecty Le Corlresier
anil Lodwig Mus van des
Hefie in their v=onary pomj
ertunl the nizon These deoigas
employed - the gl curinn
wall, s mir-balHsmmy akin®
aitarhed 1o the extenor =roc
iual ot wl e
o tudding, The cnrsen all plas
B cotimnin wall, which way iy os
2 meple woees Eacarde, o thar
al e Haidie: aililing Cinedl
m Sm Francsm. e A
ety Wt WAl e
tull plam curtes wall was te
N A G Sl Reseioch leathlng

P2kl in Mibemlre by Witlam
Hinkdwin| sl Jrh Rise; 1 @
the plass was held by alunsmm
The - [ I'u.ul.n,..mr-dyurnl'lhl.-
H?ﬁmm mrtal in bddingr. Ber chese
der Bobe i vty Jebuen, | were oo czusples, aod 0w
TapiL Phom Medis Lad not ol the developmeat af
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win xenwitivining, faoresoos Bgtting, aml spithetic nobbeor
sealmnry wfier gy 5 thar che ghas jriem could he realised.

T pacailigm of ithe gl terwet wan defioed |y the
Enited Mations Secreturisr Beilding {rp4f-in Mew Yok
Ltz Wiatiare | larrison wan the cxerutrer ochitect, but Lz
Cinbremier plhon pluyed @ majgor mile in the deaps The TN
brimi ki, which fraimrod @ Wratheomasior sircomdsioming
wyvtem anid green-tinted ghes walls, helped vt the stascdand
lruildiaps — mich = Mirs van der Rehes nf-rocy B6o-.Bln
Lakee Shasiw: Drive Apartments bop o Chicage and Skid-
munne, Chings & lhﬂ':mm;lmh.mﬂh
P Yirk Cltr— hciped o burt b oot the tochnnkgy
of curses walle.

pfounid after the expeitivg closed, el the |-1-|ing wan
femodshied in raro,
While these preslipius stroctures wisie the cemee of

atiention, a new and mare signsficang bechnology was
ifeveloping: fhe strel-frame hiph-rise alding, [t bepas in
Chicago, a ciry whose cemiral business districy was prow
ey papicliy. Thie peessure af bind vaees in che early 1330
et romers b demaned taller baildings. The architect-
enpineer Willlam Le Haron baney cosponded oo dhis
challeoge with the 1o-sory Home Inuance Company
l'huH.iup_ I;H::lj], which hsl a nearly rl.lniﬂﬂ.lﬂ:[ all-metal
structare: The (rame consisted of cast-iron columns sup-
reitieg winipht koo Lessns, topecher with reo oars
iof riilled-steed beams thar wers wlntivated dosiag cig.
struction: this wat the firt birge-srale e of sieel inoa
besiding. The metst faming wes completely encesed in
brick e elay-tile clakling fior fre poutection, sinoe
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il steed Degin i bose strengeh iF they aee heated sbove
shoit 750°F Lgoo"3. Jenney’s Manhattan Bailding, (iSor)
feadd the first verticd eruss bracing oo resist wind forces;
rigidd frame ur poeal wind briting was Gt used in the
qhhﬁuﬂfﬂlﬁhqﬁﬂrﬂngmﬂlqlhmmmlh
VWillm [ rdahied anil Martin Boche. The all sted fmme
finalfy sppeared in Jenney's Ludington Building {14} and
the Fals Suare (i8gz).

The foemdaticoms of these high-nse builidings posed
msapor pootiem, given the sedt clay soll of central Chicapn,
Traditlonal spread foatings, which deted back to the
Egyptians, preved to be imulequate 1o resist settlement
e 10 the heavy loads of the many Anors, und timber piles
(a Eoman iewention) were drives down o bedrock. For
the py-story Sock Eachange Builfing (82}, the eogineer
Iankmar Adler emploved the ciisson foundation wsed
i betdse constructin. A cylindrcal shaft braced wath
b shiashing was hand.-dug e bedeock and Al
with conerete o oreste o solid pier fo reoeive the hesvy
loals af the smeod columns

By 1845 a murure hiph e buibliog wedinclogy had
been devielipeid the frame of roled weel | beams with
beittedt or riveted cornectons, dagnoal or porcal wind
bracing, clay-tile frepioahing, wnl cilssun Poandarons.
The eleciric.poswerel elevabin provided vemical trans-
pertution, but ntherenvironnsental bechanlopies were still
Eabely ssmple, Interios lghting wes still krpely from day-
ligha. shbouph supplenseaedl by deciric Babt. Thete was
seeam beating bt no cooling, and vendidation was depen-
dent on opeowting windows; this these aldings peodod
peirri i bpaces o pive dilecmte acvess 1o light Gl
it O equad impostance in hipgh-siss condttoction was the
imtreaturtion of the infersal-onmbustion cogine (which
had been mvensd by MNikekus o mocdoep atb the
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WILLIAM LE RARON JENNEY

Asmetican ciil cnglect and gechiect Williem Le Bapn
Jemnewan w Fyraee o pr imary Enportance in the development

il the sksdruere. Jeniry Wi lninn o Sepe. bl il
Faichaven Masx. After ciudyumg archicstenre (o Pane (1855

i), e werered i tlie Amcrican Cloll Wi (i6i=f() o m
engimeering nfficer. Having Iefi the Federsd iy winth. the
rank of major, he pocteed engincering oed archibecuns
luﬂrhp:&lﬂ-—aunﬂnd.m#-ﬂiu‘hmiﬂrlh}
erraity of Mictmgan, Ann & dbwir-{dft—ial,

In Jeneeys diewpn for the Lesrr Boilding, Chiram
[k enlargrid (888 Later deomelinded], he matke o srntatoes
sppenach sn skelebrm conrmiceion, md the ficade wes
prophtic ol the glass curtais wall that became onmmen in
the 3nth centery. Amang iy other boildings in Chicaps
s the Manhatran lhililing 8fs—sol, il @ e 1he s
ooy srroctmer i the wodd ssd the Gt mowhich wind
lirrring was a prineijial aspect of the design i Linlisgion
Biding {18qi; the Fair Sooe {rigr-o2; lates remodelied s
the: Loop sonues od Misgoee i Waidl anid e s
Letier Bailding {1f880-qo), which beoume Sear, Hocbuck
il Ca's Limip st

Jezeey designel the  Home Tamumsece Company
Ruiifing, Chicaga (F%y-Fy coderpnl iy deasfishin
il graeray ooskilered to be the worlds f tal | baild-
lng supparetd iy an beemal frane, oo ikeletn, of ma
2nd pieed rather than by koad besring wally and the fine o
Invirgetuy sbeel an 8 serscnl manesial The Pl
Inmsance Coogany Bebdnp o set the pace for the Chi
g Sehwesd, mamy ol whess chiel sepasein— inchiling
Lenis Sollivan, Denid Turodarm, fohn oot, and William
Halibind—servend ab i vime |0 fenmey’s nffos. feumey
ticaf oam fume v 1907, n Los Anpeien.
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Itlehing wine; it replaved the horse aoed luemes mascli
perwes for the hesviest tasks of lifting.

By npeneng the way i the we of high-rise beildings, the
elevasnr péaved o decisve moée increating che characoenstic
isrlsan peography of muy modern oities, especially in the
Linited States, andd proanimes eo fill am medispensabiy role m
fubure city developmeat.

The prectice of lifitng loads by mechanical mesns
iburiny, besihding aperatioen pmes back at deist 1 Roman
fimes. The Roman erchitert-engineer Vitruvis in the it
cemtery BOE desceibed Lifteng platfomms that ised palleys
and capetans, of winidlases, operabed by hamen, snimal,
g waber perwer, Steam povwer was gpplied to such devices
i Enpland by 1800, In th early 19th century & ndralic
[T weas inerodaced, in which the platfrnm wis s hed o
o phenper in o cylinder sank m the proand below the
shalft to 2 depth equsl to che shafi's height. Pressure wos
appeied to the fuid is the cvlinder b a siesm pomg, Lates
a onnbittiation of sheaves wis msed s multiphy the oy
maotion and reduoe the depth of the plunper, AL these

ifevices emploved counterseiphs i lalance the weight
i 1hie ar, eegquiriog anly enongh power G mise the leil

Prear b the mickilses, these prisciphes were primarily
spplied o frelght hodsts. The poar relishilivy of the ropes
lgenerally beenp) ued st that tme made such Bidop
|1ht-|'r.l1'|'|'| I.I:I:l'EII:iIInr-I'I:IT frw [RSCREEr s When an
American, Flisha Ciraves Oifies, introduced a safety device
e s8gy, b e che pasengnst eluvaor poaible. O’
device, demesntrared ar the Crystad Palice Expenition in
ew Yfork, incarpocsfed 8 clamping aranpement that
prippeed the gusde rels on which the car moved when ten
sicen s redeasend froem the Bt rope. The e pasenger

235
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elevatne was pub inbb servce (s the Hauphwoor Dejranoment
Saore in Mew York ity in 1857, drven by steam power, it
cliemipd fee seories in less than o menute ded was a pro
noiineed saiess,

]q:rmrd weidinm of the wesm-diven Sevaoe
appeared in the next theee decades, buk no significant
attvance toak plce unkil e mtrwlucnnn of ibe elecimc
miston fur elevatin aperation o e mid-a88os and the fos
commercial mtallation of an dhectrc passcoper devaime
in 8o, Tha inseadlazion, i the Demarest Baldog in
Ieew Yurk Cirg atilized an elecic motor oo idiive a wind
ing drum i the baikling's basement, The introduction of
electriciiy led toorao firther advances: in oy pushe
brutton costrols were extroduced, end in 85 a hoisting
appatatus was dememstrabed in Eopland that applied
the power fo the shewve (piller at the top of the shaft; the
wedehits of the car snd counterweipht sufficed 1w peirin
feg temcrbon. [y removing the lmdtaions imposed by
the winding drum, the traction-drvy: mechanism mace
possibde caller shafts and preatec speeds. Tntooy & “pras
kesn” featwre waw added by attachiog the drive sheave
dlirectly 1o the srmatore of the elsctrc mofos, makieg
sopeil vartsally wnlimted.

With the-safery, spewd, aml height protlems pvencoms,
Al e was [ofied focosveniende and sconoimy, Ta e
so-calles automatic leveling was introdueed in the form of
sutnmatic controls ar each floor thar ok over whes the
operstar shut off his menual couercl withia o certzin
d]llﬂ:ffl‘mﬂlltiﬂhdm‘lﬂuﬂ.ﬂld!mhllpm—
cischy paitioned stop. Power control of doors was added.
With v beibding heiphts, elecito spels menassl
1 1 e fioed (§65 i} per mine is soch express intalls
tinns as those fnr the upper kevels of the Empire State
Beildieg{1g1) and eeached ¢ Soo foet (5.0 mb per mimite
in b fhn Hancock Center, Chicap, oo

EE T
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Automstlc operativn, widely popilar ia hosgitals sl
aparirnend huildings becwse of s eoonnery, was improved
by thae introvdction of cofiective operation. by which sn
ilevetor or proap of elevalon answered cilly in squenoe
fﬂ.llnhq)l'l.l‘ﬂllllﬂﬂ'l‘i.‘t‘mTh!hﬁﬂﬁl:’ﬁﬂ!
of all elevasnr instalfatiegs was the kaisteay door inter-
leck that reesired cthe outer (shafth door to be closed 1md
locked befure the cor could move By iggo autimatic

ry systecms were an secvice, elsminating
the nosed for elovator opevabors sod s,

I-I'E;l.ﬂﬁ" YENTILATION, ANI

Heatliy, vemtiarion, and ait conditionisg, or ITVAC ivan
enpincenng disciplioe that & sometimes caled dimaie
pcontrol of evirsamental costml. For modern bedings,
wystems we despned dar comnd sumesphese med tem
persture. vesr-round, im ol weather conditions. But the
cancept ofoverall clemate contral s a recent development.
Before the eardy soth century, when it becime potiilde 1o
venitibite anid coil botidings meckanically dlimate contral
was limated maindy to the provision of heat durieg mld
wemther.

In et Resman buildings, 4 cemnl opes fire was che
mupie source of beat—as well o annoying smoke—
glthough the use of churod bradens made some
lnprovement. A migor innovatiog was the development
1 |'r_r|'l::ll|.l|r.I o inchirect rﬂ.l.ﬂ!‘,l'lﬂtu‘lg' |.|? -I.'I.'I.I:I]!.I.'I‘]m_
heated asr throaph fAues im Soors and walls The heastd
maseary fwiliaed @ plesundy. uniform warmih, sl
imike wie eliininared from ceouiel spaces; the same
msetbind was used io hent water for baths, The Basilica
o Comstantine ot Trler fas @ well preserved oomgée of
hyposcaust hating, where the stose datn of the fioor e

sy
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sappocted oo short beick columes, creating o continuous
heating plenum heneath i,
Hiypocaist besting dissppearod with the Fomesn Empire,

biit: 3 v developinent s ueior beatiog sppearsd in
weELE Eunq;eﬂﬂ:rl‘.rrpj.mingul’l.ll: rath cemtury: the

musongy fireplace and chimney began o replare the
ceniral open fine. The brpe ronf npentogs over cesral fres
ket i win anil rais, s eich Bouse bod anly one snd L
buildings hail as few as possibale. Therinne, heated rooms
tended to be b and semipeblic. white meny persons
oould share the fre's warmihe The roof openisg did no
efioctively remove all the smoke, some af which remained
i plaggre the poom’s occupants. The chimney, on the other
s, died mot fet in mech @i or water anil coubd ressove
st oof the smoke. Although much of the bt west up
e flue, o was still o great improvemest, asd, most signif-
canithy, it coald be used o hear boch small and largs rooms
and molyisory bisildisgs oe well. Howses, paiculardy Birge
unes, wrse hroken up mbo smalles, more private spaces
each heated by its own fireplace, a change that decisively
alvesis] vhe comemins] Eestyle of eaily medievd rimes
Phwring the Benwsance, the eficiency of inierios
hearing was empanvd by the mersduction of cest-imn
anid clav. tile stowvis, which were placed in a fiee.sonding
pusigin in the oo The mdien beat they prodeced
win umaloymly destnduted in the space, and they lent
themeseives so the burning of coal —a pew fsel thet was
rpicly vephaciog wood ls western Eotope.
Fovirommental control technologies hegan to develop
dramaticalty with the Industnizl Revalution. The stove
and freplice comienuie] 5 the g wenes of spce
bieating throoghout this periid, hut the development of
the steam engine wnd iy wecciated bodlens Jad e new
i the form of steam hesting, e Wit
Frecntec] his omen offoce wth steam runsing theoagh pipesas
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early a6 78y, Dharing the ipth cemury, sprems of aeim
anid later hot-wates heateng wese gradually deveoped.
Thiese weed e oal Gred cemtrad boders conpectod to netwnrks
i pipesy thar distribiwted the hested Al e cast won
racliaf s amd returmed it e ibse hniler dor lehu.llq;.'ﬁum
heeat wam a4 majnr impravement over stoves ind Eeplaoes
heecause o combustion prodects s elaminated from
pcregilial spaces, bt hiat sousies were still Incaliesd ar
the raifators,

Steam and ot water beatng svsiems of he kite 1gth
cennary prowichid & ressonmhle means for winter heating,
bt o practical methodh exided fne artificial cooling, ven-
filuting, or bimidity coemnol. in the forond-air system of
heaning, abr replaced steem o¢ water a5 the fludd midism
iof heat bransdes, bug this was depeedent o the ilevelop
rend of powered fins to move ithe aie Larpe, cnude fans
fur imdustrial applcations i che ventilacios of ships md
mines b appessed by the 18608, and the Johes Hophins
Fhospitad i Haltimoee b 3 soccessdul steam-powered
farred air system installed in 1873, bet the sdespresd
application of tus sssten fo boildingy oy folivwed the
ifevelopment of slectric-pisvered (ans in the ihges

Impeortans mnmvations in confing technniopy fodlowed,
T chevelupiment of refrigeration mehises for food sicnpe
v 2 ek, bt thee key element was Willis Carriers igod
patemt that sdvesd the problem of bumidity removal T
condensisg the warer vapour on droplets of cold wator
sprayedd oo un siruream. Starting wich bamidity concral
u'h:hrm;rﬂl:ﬂkfth:rul,l‘l‘rﬂ'dlmﬂ}'dﬁ:l‘q‘rd
has system of “mas-made weather” Gnally spplving. it
bt wiihi besting, cinling, and cmiral devies & 8
vam plete system in Crauiiand’s Metropolitan Theser, Lo
Anpehes, in vozz The first offies building sirsonditionsd
by Carier was the 20 stoey Milum Bedding (1508} in 5an
Antonio, Tezss. 18 had a central e frggeration plant in the
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basement thet supplied culd watér o smull sirhandlisg
smifson every ather flooe Thes ansts sspplied conditimeesd
wir v gach offece space thnoigh ducts m the coding: the air
was returned throuph plls in doors b the corriloes sl
thes back o the .:I:-I'n.pﬁn; unity. { arriar :|.|I:|;I1.|'.l||. i
samewhal defferent sysiem for the j2-stony Phifadelphi
Savings Fund Society. Buildieg {roy2). The central air-
hasdling units wesre placed with the cefriperition plint on
tiwe 20th fioar, amd conditoned airwas distributed thenugh
viertical dects 1o the oooapicd foets and hormamlly o
each poom el nemurned thissd the corridos to vemical
exhmnt ducts that carried it back 10 the central plang
Hasth systems of air handlisg, local snd centrd, aee sull
st i bl nse baildings.

Carrber’s “Weathermasier” satem was eneng nbeslve,
appropriste fo-the declining soerprcostsof the post- Wkl
War 1T ern, and it wos sdoposd for most of the ol phais
siveereners that follvweed in the pest g yeare [nche
1ghoa the so-ralled dualduct wstem appeansd; bath
warm and ook s were centrally supplied to ooy pant of
the building and combised im mimkng beoes o poovide the
appeopriate stmisphere. The dialduct weiem abo con-
samed much energy Thus, when enorgy pnces bopaa
rise in b pyros, baodh the del-duct system and the
Weathermaster syiteen were suppianted by the vaiableais
wedume (WAY) srstem, which supphies conditioned airat
sinple temperabure, e volume varying sccording to the
heat bossior gain bn the occupled spaces. The VAY sistem
requizes much less energy and i still widely used.
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hapter
Medical

Milestones

othing testyfies more coavincingly b human peais

than che ahility o understind the processss of the
hwsrizt by anad oo indluence those processis inswcha
manmer s tosave ves, mantain pood health, and fight off
Beyezs, Very ofien, milestones i our prowing andersani
g iof he slth and diseise —from the imention of a veccioe
ti the discovery of am antibiotic 10 the tramplamting of a
Lirving hewrt o the clnming ofa living mammal - s reached
Ly the effoecs of spectfic Indbvidhals. Following are descelp
i o soemee of thie mnst motahile of those milsd e amd
pamfiless oo the people who made them poasibile,

JHE SMALLPOX VACCINE

Smallpon is caused by infection with vancods magr, awiras
iof the femily Porviridee The disesie b thoughe by soms
scholams to have ssen smong settled agricultural pogils-
tindrs in hesopotamis as eardy as the sth mifensiim BCE
anif in the Mile River Viilley in the yrd millnnivem BCE:
The Pesian phopsicien s-Hiri,c goo CE, kncwnoas Rhares
bt bes Fompean tranststoes, desdy desribisd the svmpitoms
of smallpox and distingeished it from messles, Amusd
g7, Mshop Maddus of Avicentum [nsar Lausanne, Swike )
had introduced the Latin term pansls Imeanseg “pox” or
*pastule”) to desordbe diseases that may have included
isillpere. The English verm pox was imsd 1o destrbe vail
s enagiive disenes, inclifing smallpoz, s it was oot
umtid the sath century that wanoly berame pogulardy
known &5 the “small pox.” 0o distiegeish it from syphdis
febwe *(areat Pox'), v that thme wmllpor seems to have

m
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saceeeded plipue as the most Fegred prstence in Euope
A huge pandemes resched from Eurnpe tothe Mickle Fast
in 161y, and epidemics srose rogubarly 6 Eanope trouph
el the rrih-amd 1§ rh centantt=. Tmrodueed tthy Ameriees
by Europesn conpeerme and setters, smallpon decimated
nitrre populatnes from the Mo Tndians of Canadd
und the United S2stes to the Axiocs of Mexioo and the
Arancaniaes of Chile The Auitraliin Alworiginas als
mafbeeil laape Insses (roam thie disease in the 1eeh oratarg

Thosph medical stence had por yer prasped che
Concepl of infectious orpmmbsms swch as virses, i w
understoo] that smallpos was somebow & contagious
diseese gnd chat rts viccims hed 10 b separared From che
peneral popedace. Livtde could be done for the victims,
The penesal sppeoach b ireating this dissese, acconding
o the great rrth-centory English plysician Thomas
Sydenham, incleded procedures vech o bloodlerisg.
indkectinn of womsitiog, Jnd sdminiration of ensms in
arder to®*keep the infammation of the blood within fee
brounds.” T all parts of the world, smalipox outbreaks
brougrha on despecane pies by belisven for divies i
tance in Bfing the scousge. Hevand that, the anly hops
fay in preventing cutheesks from occwming

T somatbrwesienm A ¢ heed b knnwn fo cepbiss
tkat 2 beahbry perion coulif be made immane o smallpo
by beang injected with s taken from the sones of an
iniected person. Annther rechmigue, practeced in Chins,
wan o prind the seabs of o smallpox vicikm and blow ehe
pnl':l-rﬂ'n:nq,:hl tallse inta t]'trnmrrﬂ':hr.ﬂihﬂ;rm‘m
Teople inoculated in thds way woadd suffer o baef ilness
ihearielvis i would be coatapious for o peried, anid
fe wonhil contract 4 serio fectinn anil die. Howeer,
b risk oof chyimyg was for less than inoa smallpog epide ms
froughly 2 perceat, comparad wich 20w g penoent), and
the bemefit of imemmity way chear D the eary th

np



EDWARD JENNERAND JAMES PHIFPS

Irs vt Fehwan e o g vl pheyscdan i lerbedes,
Cikoscestershing, Fng., where be lud been bors 47 years
L, Sinaljnom wias whikesgporel o the tiic_ sl ookl
onthoesks of gpecial frremicy resulced in o wery high death
bt Jetmt sl bren dmprtsarsd byt Fa b 1 g e ibe
laek s ffered sn mtack of conepon— Wrelanree by Barml o dis-
rane that coshl be comteactod from cotte—oonlk] st takr the
ermalbpee - L, oonld not become infected wheches by acch
ihntal et infomtnmal g o saliprs. Frimbering the
nhesomenan, knner ooocioded that cowpo o ondy pee
vovtrl agamat smallpi bt cosh b sranenwitio] e one
Tmmmu:ﬂmmdm
The sncy of the greay berae hresighy i wrdl knieen. In
blry 16 feener fowd o pomap duirpmmil, Serk Melnes,
sl hail fresh oo s bositaes o bz bl Ol Map 1 ming
marter fonm Srabis jesroes be moculsted o oiplt yearolid
I, James Phigpn, whes hasl mever hasl sl Pligpe
brecame slighuly (8 over the course of the nexe w davs batwa
] oon, e el Uhn Juby o Jenner bwasdated the lry aga.
irvting wrew enimpiete, 1l fenner, bawing adeberl furshes
o e Coamer o Tty e Wrvlen Vincmar, Yian insation
It sty m vy promed g B, The i e speesd eaplilly
to Amenicr and the e of lompe s waon wan camied
sl (b i, Jemaig clisl i Pesbieley on Jan. b, ity

vestimry several Furopean docton aml, o promisesly,
Lasty Mlary Wortley Montagi, the wife ol Bntains ambas-
sadar co Turkey, bopen bo publicies de vabee of inoculation
fiar yarsalation, a5 i came (o be knownl, and the pracice

m
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wis soon sdipied by rovalty snd peoply of mans in
Farope and Amenica. | lowever, the procetdore was expen-
sive and diffitfr, snd it had limie infoeace beyond the
will i clssses sl cortam milicary fanees,

A much wls provechee was 1h':|np|l I:}' Frbwanl
Jenner, a phystemn in Claucestershine, Eng, In 7o fenmer
detibserately infocted 2 small boy with samislie varibeg, or
ciwplE, a bnvine versivn of smalipas. The Loy seffereil
onby 5 mild nescomtagious: rewction s chen shrwed no
reactiom o subsequent moculation with ekl mater,
The superiinity af Yaocsnsiion, 25 this rechnbges cume
be known, was immediately rerogpieeel. Daring the yth
CEntury, vacchnation programs, musy of them compslsory
wige imeirtated oomany coantres. AL st vaccing was
obitabned difecily from veccinated persons, bt soon i
wis being commencialiy harvestod from pustules grown
on the skie of inoculued cibes, Laiee in the cenbary it
beveme apgurent chat the cowpis virus kil been s
plinderd in viccmes by 8 differsnt stram. It i still niot
certalmwhietber the now vens, called el wis o mute
tin of CowHe virs of 8 comjienidy separste siemin, ba
remaing the vinus s for vateioe prodection bo this day

By e begamning: of the 2oth cenfury, smallpos was no
bonger endemic in seversl counnies of cimtbnentl Eus
ope. Endesmic snaalljon was evadicuted from the Unsiel
Kangsbom in vagq, the LSS, inoamgs, Cansds inoggh, the
Unsod Staes im 1595, Japan in oqn, aod Ching i sgés,
Saill, i an e of global taved oaly an inseenationld effoe
mﬂnwﬂ}'mhm ke dineme, In iy the Wikl
Health Crganizarios (WHO) bepan i vaccinise entine
fusprialeit kins sroanil every repoded curlsedk of sellpo
The distsise was o longer endemie i i by vy and in
Etbinpia by rgrh. The [est endemic cie of smallps act-
alby an o tion of vl siver) was reconded im Somalis

e
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i piyry Mo cass wene reportsd om 977 v 1o, with
the exceptinn of two cases in England in g7 whease source
was kn o lsboratory, s (o gla the disease was deckieed
T

GENERAL ANESTLLESL

The most Fimois comubutiin by the Unlisd Saies o
the miroduction of pencral nesthes, a proceduse that
mot anly Liberated the patient fom ke fearful pein of
wirgery but abo emabil the sapgean o pesiorm moem
emensive pperwons. The discovery was marred by con-
crovecsy, with severl clakmunts for potoiny Thene s luede
houdit, Bosveer that i wes denkal sspean Willlam
Thomas Meaton whe, on (et 16, 1846, ot Massacheetisy
Crenersd Flosparal, i Baosion, s demonscrated before &
pithering of physiciass the e of ether o4 peneal
snesdbetic,

Thee use of anesthetic prses in surgery was Brst pime
pureed by Brivish chemist Sir Humghry Ty o,
feilbwing s observatian that inkalation af pisros oxide,
o~ lamghny pas,” relieved pain. dn the t8os in New Yark
Ciry, Garclner Codton kearned while studyiog medicioe
rha the isdalsvian ol nitrows ol produced sghifaraion.
Aler & public demonstration pf s effects proved 1o be g
financisd sscoess, Colton began a lecture tour of other
cities. Oin Dec. vo, iy, ara Hamfol, Conn,, demonstrs
I!u:.,1‘|m“ﬁ]h,:drﬂdﬂ,qlk¢dlhﬂlnhfﬂmlm
ol buis boeth while he was weders the effects of the gas. Wells
hail eaibier moted the pain killing propitess of aitns
|bﬂ|h|$nihgl1qﬁ_hhgﬁhlnm]ﬁ.ﬂ.aﬂﬂhdﬂtdm5mt

usestf i dn perinrming painkess dental operations. [e was
allowed b demonstrete the mettod a the Massschieset
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General Hosptal in January idgy, but when che patieos
proved anresponsive to the gas, Wells wa expased to
redivale.

Moo, Wells' former dental parined, wes pruseal 2
ki unmeeresaryl demonstatioen. Determins| o dnd a
mnre relisble pain-kifbing chemical, Moron consafaes] his
Tt teacher, Boston chemist Chades bokson, who kel
learnid froom Wells thot ethes could be applind externally
as 1 Incal anesthetic, The o divousserd the wse of ether,
aml Moros s esed i inemtrecoion of a tooth oo Sepr. o,
gt Cin Oomobeer i he ssccessfully demonstrased its we
publicly, adminissering cther (o 4 patient widsmpoing 4
tamour npermion in the sime theasse where Wells haid
failed mearky rwo yoars easlier.

Follwing Mortan’s successul demosstration, Wells
begen extensive slfexperimentation with nitfous cxide,
ether, chlogofirm. and othes chemscals o sscenain theie
cuimgiarative dnsithetic propertiss. Tis personadity rali
cally altered by frequent inhalation of chemicsl vapours,
hiie took bds e b m o8y 8 in g jadl cell in Mew Yook Cin
Meanwhile, Moctan ariemgred 1o obiain exchiive righe
fis hee s af ether anesthesia. He et the remainder of
his life engaged @ a costly tontention with Jackson, whi
claiingd pionry is the discovery and denounced Muoroon
as o swinedler snel a foaper T 87 Jacksesn was admived o
an wsylum for the mentatly ill, where he deed im 880,

By somp sccounts coedit for having been the Best oo
e ether o am anebthetic In sapery poes to ibe rural
I.}n:rﬁh #lru;ip: Corawdnad |J:|.|1IH, lr.l:: nlserved thai
persons inpered in “ether frolics” (s indeced ether inmmos-
et e bei saafber s ke, st in 1043 be padnlissdy
semeved & uitioas fram che neck of 3 pirient 1o whin be
b adeministered ether. e continued i use ether in other
cases bt diif oot publish sy fepoit of I wse untll 184y,
welll after Muorion's public demonstration,

o
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Regranfeo of controvessy, the sews of peeeral anestheski
nuckly reached Europe, snd the practice soon beome
prevalent in serpery At Edinhirgh, the peodessar of mid-
wifery, James Young Simpeon. had been espenmenting
upei hirmself and his assiganty, Lliu.iig VAinus Fapours
with ke object of dscovenng a0 effsctive anesthetic,
Alfiter pews of the wse of ether in surpery meached Scotlind,
Slrmgran tried # dn obetetrics in Janesy (457 Later that year
b metvwtttoed chivendorm with romplete scoess and puls-
[t s chassic Ao of s New Anaitveic A, Simpson
persisted in the e of chiorodoom for nedief of Tsbour pains,
uggainst opposition of abstetniciany and the degy e wa
eppoanted one of the quien’s physicians for Sootland

PASTEURTZATION

Pastearizatioe, the hest-trepment process dhar destroys
prathuigenic mi pOOCgniser 10 cenain foods and beverages,
iz mamez] o the French chemist ased micobinicgise Lonis
Pastrur, whe in the 8oy arrived o the prear nvention
iscdirectly, throogh the sty of wine and beer In gy
Pastenr bad been apgainted professir of chemetny s
ibegn ol the scince B alty at the LUniversity of Lk, While
wirrcing at Lille, he was sskeil wo help sobe profilems
redate] o aleohial production ar e loeal discillery, s s
he en n series of stndies on aleoholic fermentation. | s
wark on these problems ked o Bis imodrement in mckling
u variety of other pescibcal and ecomomic probiems
mrll:\l'lml:trqgn!l'l"rm. i elfoers l1rl1ll|'l smcressinl @
unrveling most of theso prodlems, and sew thearetical
bemiplicaicrs emecped Friin his work. Pesteur bvestijeed
8 bioad eange of dspects of feementation, incholisg the
pmsduction: of compognds ssch e lectic ackl thas e
resporsitie for the socrog of mille. He also snwdied butyric
wid fementalion

T
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T 187 Pasteus lefi Tille aned seturned bo Pals, havieg
ke appoindied momsger and director of soeniific sulies
at thi Feod: Mormale Supéneune. That same year he pro
sendpd experinsenis] evidence fin the permcipation of
iﬁ*mgm'\mlhlﬂhmrhlﬂlmptmﬂﬂ;;dimﬂl
that 5 specific organism was assocubed with each particular
fermentation. This evideore pave rise oo the germ theory
uf Fermetatin.

The realiration thar specific organsams werr imvobverd
in fermentatsan wis finber supporiod by Pastear's stecies
af burwic el fermentatics. These stadies kel Pastear i
the unexpected dcovery that the feemengation process
could be arrested by passing air ithat i5, axvpend through
the fermenting fluid, & process korwa enday 48 the Pasteur
effect. The cancluiled chat ehis was due b the presence of
a life-fioemm that could function onky in the absenee af po-
gent. Thas lod v his introduction of the terms sk and
anerobis 1o deshpnase orpaniams than Bre i he presence
o whsence ol nxypen, respectvely FHe further propessil
that the phenomens occurring during putrefaction wene
dos 1o aperific perme that fiincton under anseroki
rnodilinne
 Pastrar reaidify applicd fis Enowiedpe of micoobes anil
fermeniation o the wine dnd beor adusrries i France,
effectively saving the Edustrles fiom collspse dhie to peob
lerm avseciated with prosfuction and with contemination
thuat occurred during expe. In pBes, af the request of the
egpet of Framce, Napoleca [11, Pastewr stodied wice
condamizat o end showed it 10 be camed by microbes, To
prevent coertamenation, Masteur used & stmple proondure:
D Tiisames] vhes it 00 1o - e "F (o da L2148 s
known enivenally o pusiemiiatton,

Tictay, pesteurization is sehiom used for wenes that
bemefit From aging, sece 14 ills e orgamises that con
ittt the apriog prrocess, bt it ivapplied o mny ol

e
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il beverages, partbularly milk. Pasteurieation bs most
impostent in all dairy processng, It is the hindogical safe-
pgrd that ensures thet all poteotial pathopem e
dustroyedd. Exteerive stilies have devermised chae heating
milk e r.11_."|" 16040 far Ju e o e’ (20 o i
sl kally che most resistant harmiul basten In aoel
pesctice iher temperatun:s god temes arc exceoded, thereby
it ey ensuring sabery bt sl extending shebi Tife.

Pastoerieed milic v oot steribe snd is expeched fo con-
ten small gmmbers of harmless bacrerta, Thesefore. the
mlk must be immedistely cooled e below go0°F (470
uned proéectesd froem any outside comtamination, The shelf
I Foor highi-uadity pasteurized milk is sbour 14 dayywhien
propady refriperated

X EAY IMAGING

Peshaps b prearest modern aparamic doprostic ol i
the X-riy, serendipitously discovwered by the German phys-
icist Wilhelm Conmd Rantpte in his bborory in the
Ultiversiny oof W iadrliorp an Now 8, 18uyq. Wil investigr.
g the affer s of slectmn beam (e callisd cathods av)
im eleomend discharpes theoigh low-pressane pases,
Ritnipen uncovered a stanling effect- ramely that 4
icteen coated with a fostescenl muteial placed outside a
ifisz harpe tobie wruld gl even when it was shishied from
the direct visible and uleravicler lipht of the pastous dis
charge. He deducead thar s wvisihile adiation from the
tulse an'i 1:|1||;-;|1 the mir ol cesssd the screen o
Buoresce. Koetpen was able to show thet the rediation
renpiiitsibile for the Barscence orgbiated frons dhe poli
whers ihe dlectinn besim areck ihe pla vwall of tie dis-
rhamge tubse. Opacque chiects plared hetween the fibe asd
the screen peowid g0 be ramEpeent o the pew fomm of
tadiation, Kantgen drmuatically demeestrated this by

L
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ULTRASDUND

M h mrfical diagoost ' bmaglng i caired oo with X-cas
hir this bype of rediatinn i highly inniring —chat s, ¥ oo
art maillly copaide i dheakimsdnp muileraler Bosds e the
hachy-visme thmiygh which chey pass. Oiee of the imporss
abvariagss il whrminiml (i b, Sgb-fngucary sl
wuved that ae sboye the onpe of human bemng s thar e
i u mechanical vibratinon and & theeefeer @ onnioniring
towmm od enerpye Thua, i s usahle in mumy sresicve oot
siamery whoee Xtap might e dhemsging Alsa, the
resabuting of Xorayw wlimied pwing o their preo pepetms.
ing ahitir ami (ke sbglil vilicrenoo Iotwres wit toe
Uirasommid, om the coher hasd, prees oot contoat berween
wamiens tyjrow o il iswer

Ulrassaic scanming in medical diapnesis wses the same
provciple g wman Fubey of bigh-broguescy wlimssoesd,
penemily shioee 1 meerpherry, areicpcabed by o pinecelecmic
cratehiers aimd el Lt tle Bl A the uhinommed
trarerses variem mizrnal arpan, i cacounten changes in
ot impeidanee, which caine prilections. The dmm
2nd time delay F the vanooy pefiections can be sabreed in
ilitali infursation spanSap the inberal nmgansani create
i imape.

Heapse it i6 nonmmasy, sl fos boane e
uf che maplerof obecoc damms Daring the pmoes of
irawing amnkic fubl |n testing by bicid deferiy, ks
s imaging i ned to puide the recde and chng avead
tlainagr s Che feves o nimmiallag i, [hrsoni g
lnp of the fetns e be used o detrrmine the doie af
e, W headly muliph: Dinhs, asd m g
shoormalaies in che development of the fotus. Uhrisomd
b5 b s 1y provewlile imges off e by, lives, Lidineys,
palibiadder, hreast. eye, and mejnr blood vesela
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paesducing o plotographic leape of the booes of the
hessrrran hand

Esrly o, e wis made of thaee of 1he properties of
Xorzyy - their shiibiny to penetrate the desues, their phots
W:d&!,ﬂlﬁh:lﬂ?lll:m:ﬂhd“ﬂ
i fearesce. In pemetrating: the tisnes, the mdinion i
ebsorhed differontiafy depending ca the decsities of the
tissues el pesistratedl. Thie ma in eimenging from s
sy thasy prodeces om a photographic film o Auocescent
screen an imape of the strucneres of differing densicies
within the Boids. The limiting faoior m this method of
iliaprmis is the simitanty between the densitien of facent
soft tissues wirhim the boche with s resultant fisbare 1o e
dhect @ motable costrast between the imapes of adfecent
SErUCTEiEs i

[rieg the rst tew decardes following the discovery,
X rwys were usisd largely for the dispnosts and contral of
trbarment of fractures and fos the lecslization of fitelgn
becdies, sochan bullets, churing Woeld War |, The physicians
usimg these mechods introduced smificiel contrast apenis,
inch i 3 paste consstieg of furium sbfxe, which i inern
anil nuntuzic whes taken by mosth When a contrst
gt intakren by mststh or inkrockeced hy enema, the varins
parts of the allmenary fEct can be demonsraed
examined. Refinements of this lechnigue continoe b the
paesent iy, and racdindopical examination of the slimen-
bary tract ds a precise aid o diapnosis. Eventually g sumber
iof ather contrast media were produced that coubl be
andmmliiulvmnh.']hnrdu;-uu“ﬂ}-h:mrd
either to demosstrate: those vemsels (whether arbemes or
Wit i, Fier i selsrLive cobe Bl e il Bacrethed
by e klelnewn, 1o wbserwr the miinasy traid.

A new foms of X-ray imaging, computerteed sl
emcgraphy (CAT scanming), was devised by Godfrey
Houtistald of Grem Britain and Allas Comack of the

T
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Lnited States duriag the yqes. This merhod messars
the afienoation of K-rays eatering the botly Ime many
different anples. From these measurements & Compurss
recansmects the drgs wder stsdy in 2 serie of croe
s e Fi;n.u.?h Irt‘hrmF eSlis iofl e wnch
an ehe lver amd kidney i be ceasly dhifeenriated in the
imupes recoastrocied by the competer. This procodire
aidi enormioesly 10 the disgrestc infurmation tha cn
be peovirded by comvemtional Xy CAT stanners ane
now i usi throuphout e workl

INSULIN

The vast majority of honmapes were dlentified, bad cheir
bbulopival acilviry defined, snd were syntbeslosd in the
first hall of the zedh century, [llnesses relitiog o their
exess or defitiency were dlso begimning 00 be undsrtasd
at that time. Harmoses — peoduced i specifie organs,
selessed inte the circulation, and cermed inother orpaes—
sgmifcanty affect metsboliim sed homeostases: home
exasnples of hormoned are imudin (fom the pancnes),
epineghrine inr sdremuline, from the abenad medulia),
fiproxine (From the thyroid plandd, comisel (from the
aifeenal curtex), estrogen {from the vares), ind s
aeding (ftnm the tesiesh Asa reseht of discovering thiss
hirmanes and thear meshanisens of actinn in the oy, it
became possible to treat lnesses of dehciency o exvess
effectiviede The divivery snd use ofinsudin w trean diskeres
numﬂ'ﬂ:cﬁﬂlﬁﬁhﬁm‘mh.

Ima8eg Maal Langerhans, 8 medacal stedeat in Geormeny,
was stiibying the binedogy of the pancnds. He nited dhar
thiis s has i distine L rypes of cells —acinar cells, aew
knmwn t weenete digrestive enrymies, e slet cells (now
called islets of Langerhans). The fusction of islet cells
wan suppetel i 18y when Creroman phisiclogist and

2
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puithelopiss Dskar Minkowskl snd Gemun phjician
Joseph von Mening showed that removang the pancreas
from 1 dop caused thie animal o exchibit g disoeder guate
il o hioan dishetes melbives (elevanad blood ghacoes
sl mld::d.h:d:u@ﬂ.l.ﬂlulhjllihrmﬂy,:mmuﬂ
scigntistyin vanoes parteod the wosid artempred o extract
thiz actwve substasce from the pancress so that ot coull be
iasesd] eisteean lizbete, 11 is mow kniwn that Chese atempts
were largely weseccessful bocmse the digestive snaymes
prseat &n ke acinar cells metabolized the insadin from
the ishe cells when the pencres was diirupaed.

In vgan Frexdrick Ranting, a yourg anacdisn surpeon in
Toranty, coovinced 4 physiology professor o dioe him
ise oo 3 Jabsoratory m-search fun the sctive substance fiom
the pase eas. Bamting pueseil comectly that the lalet cells
secreted imilin, whith was destroved by epymes from
the scnar colls. By this rise Banting had enlisted the
suppnrt of Charkes Best, 3 fonby vear medicl stulisar,
Together they tied off the pancreatic ducts theoagh which
ecinar cells release the dipestnve enovmes. This cissed the
scina celly toodie Salwequently, the resmimler of the
pancrias was himopenized and extacts] with ethyl
ghcofil and ackl. The extrect mhas ohémined decreased
Ibcacned ot beviels o chages ot by Fromm of diadietes. Sy
thereafier, b poia, & 1q-vearakl bay with severe disbites
was the first human b be freated soccessiully with the
[RRCTEILC CRTB

Alpey nbdy survess onbes sclenriso became lvolved in
the iuesl i :l-w-hq: hl?' |Fnl'iri|:| al |'-.r|11|,1:|. mselin
iotracts, Eventually extracts from pig and cow pancroises
ereated o sufficien dnd relialile supply of insulis. For the
el {10 ety it i ehe Envlin used b ereit disheves wis
estractisd from precine and bovine spirres. There are only
elighi differences in chemicsd strucvare between bovine,
prorcine, ass Biiman irsoian, and their homonad acivities

=
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are ssentlsly equtvalenr. Tday, o 3 résult of recom bisant
[IMA techinnbogy, most of the msalin wed w thersgy &

synifesized by pharmaceutical companies and is identical
s Bnsrisets ittelin.

ANTIRBIOTICS

Amibilotics ane chemical substanves produced By living
arpaniames, generslly miconrganism, that are desrimen-
tal b0 orber microorpanmi. Anohiccs ane relessail
muaturally inno the soil by bovrene and fungs, but they did nne
enme b warkdwice prominence wotil the mtroduction
of peadnllin m vogr Since then they beee nevnlutiosdeed
ibe treatment of bacterfal Indecticans.

In 2 Seoitish bacvesioksdn Aleander Hemiog
mekiced that colonies of the bactrrum Sas oo
growing o i perm cubter mediom Biled W prow s tose
arets that had bees secidentally comtimingted by the
preeem miokd Feaalinue mevsoeer. In spise-of his conviction
thar peedrdlin wes @ potent antibacterial agent, Fleming
wa utiahle 16 carey el wedk o fruitian, maindy became
hiochemists gt the tims wers anable o molite it in sadfy
cient quantites or in 2 sufficiently pure foom toallow i
e il puatients, A decade later Bricish liochemis Ernst
Chain, Assiralisn pathlipist Thoward Florey, sod oben
pailated the imgrlient respoasible, penicdlin in & farm
tharwas Eairly pure (by seamleeds then cammenth and showed
thuat It was hiphly effective againat oy serious haceerial
nfections, le 1940 &0 |rq|.-:|.|'.|]:ﬁl e ol the ilrLtF'lnl
available kor cherspeatie e By then Woeld War 11 hal
bibpiniit, anil bechniopaes 1o Bcllitan smmerisl prodecting
were diveloped s the United Stares By 194y adeipate
amounty were available fo meet the exmniinary needs
of wartime,
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Tisward ihe ool of the 1950w scienists ailded warkou
rhemical groupengs i the core of the penicillin malecule
b1 preserate semivynthetic versions. A rangs of penkcilling
i b e avadhabile to trear disssses caused by such
rieriy m ua:lirl.u-:nn:l, stfepincon, poeumomccd,
pnnonoct, uml the sparachantes of sephilis,

{Conspicunasly unsffecred by penicillis s the tubercle
barillus, Mpobacsermion . mberoubons, bt this arginiam
parovel e b bighly semsitive o strepsnoyein, molasrd
Erom Seripeeanyes grioo ety As wedl asheing drama
cilly effectve apiiest tuberculos, soreptomycn sha
vanepsishes many other hacteria, inchufing the typhosd
pever bacillus. Teo other early discovenes were pamicidin
gml trrocin, made by bacters of ibe proes Becilles,
Dhistowered iy by Head Dubes, ihiy bave proved o
e waluabide in treating surface infectinns bat e foo toxic
bor internsd we. Cilser, moge ecenty salived, aemdioeic
dinggs are the cephabaporine. Rebaved o penicillins, deey
re: prodsce] by the mold Cephobspornr aremm, A
class af antibodics first doveloped in the reses, called
puinia s, inverrugl the ceplication of DNA (2 onecial
i Ik bacterhal reprcductiond dnd have prived tsefol m
treating unimary-irect imfections, infectios dismrhea, and
varioes ctfer Infortions invalving such elemenns s banes
sl white Bilood celle Meny lactedkil aml, i a lesser
exent, funpe indections can be trealed by etibictics,
such drups cannot cregt viral infectioas, bowever

A problen chat hes plapued antilicte therapy fnom
!hzm:ﬁylhlhmﬂumrud:&p
to the drugs An antibestic may kill virodally o the battem
Eaiibig o dobsee b d patient, but 3 few bacverd i aee
penetically ks valnerible 1o ihie sffects of the drog muy
surveve, These po on g epeoduce of to transfer their
resistince W others of their species throuph processes of
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pene exchunpe. With their evore vednendile co
wiped out dr redere i numsbens by antibiotics, these
registznt serasny proliferare; the eml ressdt 18 hactorial
infectinng i humens bt sie pedrestshle by one o een
severml of the antibiotios rustomary slertive im wich
cmwes. The Indreriminste amd inexact use of antihiotey
eacoursges the spaead of such bacterial resistance.

BLOOD TRANSFUSION

In veet Eoglish phieiciin Wilham Harvey announced his
ohservations on the arolation of the blood, and i i
hi: published his fumous monopraph fitled” Exercrs
Angmmiva & Moo Condiv i Saguinir fo Animaifur [The
Anzmmin! Fraivae osorrsug e Uisir of e Heare amd
Filoodl we Awimalih, 1lin discovery, that bood rirculates
arpind the body in g dlosed system, wad n sssentisl poe
geipibde of the coscept of tansfusing Moo from e
animal ty geather of the same or deiferent gpecies In
England. expeniments on the transfusion of blood wene
et in chogs in o665 by phinicas Richund Lower. In
Peavembier ihnT Lowrer tramsfused the blood of a lamlz inge
a man. Meapwhile, in France, fean-Bapriste Deni, coues
physician by King Louis XTV, badl s been manssusing
Rainbe” lilneed i husman subjecis and describe] what b
probably the frst recravded dooowst ol Bhe - signs s=ml
symgpitoans of 3 hemolyric manshsion reacton. Denis was
arpested] after 3 faraliey, dol the peoceduce of transfusiog
it bilooe] off peher anbmads ingo humans was plrlﬁ.l'll-'dl:d.
by an art of the Chamber of Deputies in o6, unbess
sanctined by the Ficulty of Meiicise of Pavis Ten yean
kites, s a67%, thie Brivish Pacliament also prolibived rrass
fusizans, Liet | arheance was masde m the nest o year,
Ien Ergrfand in the 194l cemiury inferest was cegwik
eoeil by the wovitie af olwietrician fames Blundell,

.
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whose husapdtarian instiscts bud been sroused by che
frequeently fatal nutcome of hemorhape occurring after
childbirth. Hee inssgod thet it was batter to wse baman
Isbecad Fior Eramsfusioa bn ssech cases,

in iy Lerman p'h:':.i-ulugi.hl |epzred 1z dngs shemerel
that, if thir ree tlood cells of an animal belomgang © one
species are mised with seoem taken from an snimal of
aniither speiies, tee red cells usually chemp and somenimes
parst—1e., bemaobvre. He atimbubed the spprarsnce of
[k urine afber transfusion of Becerobpous blood {Hood
from 4 different species) o the hemolysis of the incom
paatibile resd cells, Thus, the danpers of transfusiog blood of
enncher species i hwmans were esiabdished scicnifcally.

The buman ABCH Blood proeps weee discovered by
Awtsian liom American bidupl:l Karl Landsisines in
g, Lavelsteiner fnumd that thers ace substances = the
efeisd], anripens sl aseboidies, that indoce champing of
pesdd ciells wehin red cells of e tvpe v adided o ihose of g
secoal bype e recognirzd thees proups—A, B, amd
(3 based e thedr reactions to each other. A fowmh prowp,

hepacvion nf 2x 144y dirwy e e funm. Hn:-..l.unl'ql.n.:mqm |

B47
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CHARLES DREW

Chatles Richan] e was an Alncan Ametiéan phiiclan
snd surpeon who wes an snthocity on the preserion of
Iiiiifiain bd ol fo s i

Tliresw s Boim in. Janee 3, mcy i Wasbsapmn, [1C
He witn sdocatcl i Ainbersi Colicpe {lne graihiainl (o
pnabl, MGl Unrersity, Montesd Ciggyl, and Columbia
Univermity {rwyc), Whle Firew was ramiag his doctness
u Colimrdds Untvenury in (S biv s, be condoreel
pescaech i dhe prepetics and presregion of kel
plaima, He soon deveoped efficent was m procees md
st lagr uiantitics of bloml plossa in ol bank
g the beading suthomry & the field, he orpeaeed s
ivecverd e liol-plaans program of the Unibel Steo
iad Girvat lritsin s the cordy pears of Weeld War 11,
while abus agitating thr autharzties e sbap cacleling
the hlped of African Amercans (oo plews-sipphy
nrtwnky

Drew reapsed bis offcid posts m 1942 after the
srmerd ey paled it the hoced ol Aficas Aot
i be acoepard bit would bove m be stoced separately
fven eliat il whvites e ten hocame @ sagenn anill peo-
fesinr of medicier @ Froedmens THoapiml Wishingron.
DL, anl Hewanl Tiirersry Qpge—e). e wa Tatally
mjured in an mremobde acchdent and died on Apnl ©
s, near Huplageon, NG Wiehin o dior tee, s
arnie that the ssmred doceor had died atber be-had been
prfusnl tieiines— s bkaling & Dkod smsiision—a 3
sepreraed hospital. fuivweqoent hisencal research, 1ak
Inf; betes accvsnt soatemenis sl eyl by Diress familly
hix coflespurs, and hoopizsl waff has shown the smey to he
i
myth
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AR, was dentbhied u vear laber by another recsunch iesm.
Kl cedls o the & group chemp with donos blood of the [§
proup; those of the B proup demp with blood of the A
prop; those of the AR proup chimp with those of the A ot
!I:.E]:l.gmlpm.ﬁ.ﬁulllrmﬁnbnﬂ'lﬁ gl I anti-
fprars; ansd these of the L proup do oot proerally clump
with any proup, becesse ihey do not costais sither A or
B antipens. The applcation of knowlsdge of the ARD
weyste in bbond Erpelmsan practics iv of cOTmOs Impar-
Larce, sence mistakes can have faol consequinces. In 1uiy
sondrim climete was added 1o Freshly drawn Dlood o pie.
vemt closting, Hlood wis occasbonadly tranfised during
Wiorkd W 1, bur thrve-fuamers of a pine was considersd
& birge mmoont. These transfusioes wese gven by direcely
lieskings (he vein of 3 donor wish dar of the gecipiene. The
cantinsows (irip method, in which bleod foes (iom a
Black wad inerodeced by Hiph Marnsc el Ao Eskwick
gt the Micklleses Hospiral, Lendon, ina035

Thee discmvery ol the R system by Liscsteiner anad
Alexanider Wieoer in rage wns made hecsuse they tesend
batnan red cells with astsers (anintal or hems ssroem
rentaining antiboxdies specibic for ane of more antipem)
ifeveloped in mihics and puises pips by imamiine stion of
thie asimals wirh the sed cells if the chesus monkey Mo
masalttad, CIeheer Biloseoed gvomps were identifed Eiber, sech o
Kell, iega, Lutheran, [uffy, and Kiekd. The remaining
It proup syems were fiest described after andbodies
wes flentifed in patients. Frequenthy, such discoveries
nﬂnﬂjﬁmﬂrmhuﬁwt-dmmqrﬂ:d
urdveesrable Teacteon i o recipient sfer a transfusion
with formeely compiatibide blood. Tn sch e the anil
scschies i b secipient weee peudeced spainse previously
imscdentified antipens in the donar's biond, T the case of
the Bh system, for cxampée, the presence of antibodies i
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the eruavesrd bevurty divected apain satpees present on the
chebd’s red cells can have serices conssquences because of
antipen-aniibody resctioes that prodece erythrobdiscos
fetaliv, or hemoldyric disssse of the newbidn Some of the
ot Bilomd Eioan I-_ldzm—r'n-r u:.m#r_. the Kell aml
Kkl svsteme—were discovers] beosese an infant was
fivezmsd e have erytiroh stoss feoudis pven thouph mother
inill chilid wete cumpatible 4 far o the B swtem was
copeommed

As bloodd transfutions iacreased 8 foequency sxd vl
mme, o] banks were requaned. Althouphit ook anciber
warht wir heinee these were onunized on a lange scale, the
first tentsre. seps were aken by Seepey Serpeyovich
Yisdin, of Mcscow, who, i 1oy, used cadiaver oo, and
by Bernand Fantus, of Chicagn, whi, fou vears bies, used
bving donor a5 his source of wipply Saline solution,

plisems wvdficil plsms expanders, ssd other sodutions
ari o b used in the epjiopaiine ciroemsiances.

POLIO VACCINE
Poodics egitlemics did et bsin 0 6ccuruntl the bther pars
af the veth century, bt evidence isdicates that it & an
aniient disise. A well Enswn siele from che i8h dynasty
of antisnt Egept (57o-t4z BUE dearly depivis 3 pries
with a tefleale paralysis snd witheriog of his bwer right b
and oot The mummy of the pharaoh Sipeoh from the lape
topth chymaasey (t pya-anyy BEE) shows o similaly characree
i |i.-||:l'l|1||:rI ol the Ik I.Eﬁ el et | hrrn-r, Amwang bn
ihe sporudic appearance of the isfectan, the ahsence of
efpbclemiles uninil vekibively recent times, amdvhe nopspecife
autiee and lifreuency of Uie soute Gl diere i handy
anuther reongroesdile truce of the disease unsil the 18th cen-
vy Int7dga pediatmictan in Loodon, MichasdUnderwond.
publisked the first clear decription of paalyte disease of

250
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eefanis (an polio was tbea called) in 5 nedical exbosk. Tn
the early roth ceniury, small groops of polio-afilcsed
patients bepan i be reported bn e medscal Berstens;
Lt s1ill indy 3 sporedic cases,

It s an irony il meficad |1|.'u!.:l.1 that the tremlma-
nnuulp-immmurpljumdjmmnuinu]}m
thoee industrislized ceontries 0 Mocth Amencs isd
Fuogpe that had expedenied sipnificant smpeoverments &
hypiene during the 1eth and 20th centuries, Thas has led
foeahh expests 10 confoctare that the indiction wos come
mon in ealier times tut that peopls were exposed
imfected fin fypically anhygenic enviraments) at very
yoting apes, when they wen: bess bkely to suffer permanent
paralysis & an ostoome. As hyplone improved, the cer
tainty of young people of successive peneatioes being
exposed to the s was pradally reduced; m fhis pew
situbion it was gol long before enouph suscepuibile chil
dren gl achae bl sevamilsved e slow epidemics w
barak ot

Thee hrst ephilemics appesred in the frm of cwthireaks
i al bease i cases pes Oslo, Morway in 1368, and of 0
caneq in horthern Suelen o o588 Abeat the sine time
the itz bepam o be sugpested that the heherto sporadic
casis af infangile parlvais might b contapoes. The sext
significant epbilemic — io times hirper then paevious out:
hwreaks, with 112 reongnized cmes—erupted i the LS
state of Vermoat in gy, Durinp an epidemic of 1,03
cases in Sweden i 190, ar Wickman recopnized that
[q!icnl.': with uuqﬂ:ﬂ:ﬂ'i: hivease. roasle] |.Frn|l the
wirus, sl during: an epedemic of §,840 cases i o, Card
Kleng anid colléapaes b Srsckbolm reemvered the virus
frim healthy carviers a8 well s paralitic patients. Instody.
by several fatal cavees from the same nathreak, Kling found
the ¥ires in the victias” throsts oo also in cesues of their
somll imtestines, During the second decade of the 2uth

35
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cenlbury, i beceme sppareat thet far moce peaple were
being rendered imnssne to polio by previous asympiom-
atic infections than were being mmenized by fecovery
i dvet disesisr, By thes polio was well oo the way
becoming 3 viH:r ﬁul:d[m.l:ll-rpﬁm:mm [m the
1t and early soso0, westerm Eurnpe anid Morth Americ
brvud thumesph summsertime tecoors brought shout by neardy
nt il probic epiiemio At peak ncdence inthe Unsted
Siates, wn ros2, approxemeaely 25,000 cases off pambve
polic {3 rate of 116 cases per o000 popudion) wene
reconded. As cetbresks were conceporsted in che summes
anil earfy autumm, chéelren wese kept away from swimming
ponls, movie chemres, and other covwded places whene
they mipht be exposed to the dreaded vine. Outhreaks
were widely sepomel o the pres and polio victins
eecasd in irnn hmpgs were often depleyed m pubilic plares
saach a8 deparment stoees in ooder 1w encourape dofarions
My oty o desearch andl combar the diseass, 1 sech an
enwirnemnent, it is not surpeising that the annooncement
af am offective vaccine i 1%5 was hatded & @ mad-2oth
cellury mifacke

The paliwirus ieself wan dliscoverisd in 1god by 3 t=am
beid by Vienoese immusologist and [etwee Mobel Prire
winmer Kafl Landseiner. The existence of rellale i
Eriliew specific e vires circuliziog in the Bool of
infected persons way discoversid ooy ton years lger, In
1yt wo Aastralizn researchens, Freak Mecfidane Husme
anil jean Macnamara, wing immuonolepic techeiques, wers
i:lnmhkﬂiﬁﬂzllﬂ'l'trutlﬂ'mpnllhrpdhqm
{Hurnet was ta recerve & Mobel Pnae m rebo]) In 1o4d
thse e of febin Enilsrs, Theanias Weeller, anil Frederiek
Rabbans, wicking st Harved Medicsl Schoel in Massa.
chusetty, shurared i the vines couhl he grown i large
amonnts in wssoe cullue (oo edvenoe for which they
sbuared| @ Ninked Prize in ppiy). From there it was only 2

g
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ihort step o an ansouncesent i cogy by fons Sallc st che
Liniversity of Pittshorph, Pennsybvania, that be bad devel-
ipeedd an effoicnive killod: virus vaceine,

Salk' wvaeeing, knrwn b the mctiened poebioviray
varrine (1P, was put 103 messive matiomwide gt in
1954-55 Ualled the Fancis Fiekl Thal alter Themas
Francis Jr, o Universiny of Michipas professor who
et (e, the test invalved @8 million chilieen i che
farst, secoavd, aned third grwdes across the Ulnited Seates,
Thie wril was deckared a secoess on Al 12, 1545, il over
thee ot forur vesars meore than g0 malion doses of the Sk
varcine weir distribwted, During that time the incideoce
nd parsfymic palio in the Unied Seoes & foom o8 cases
pef 1ono00 population to fewer than 2 pir 1ooooe [n
the pears 11—, approval was given o2 sy vaccioe
developed by Albert Sabin at the Undversity of Cincingsati,
Oifilis. The Sabin vaccine, sty Ive bl aveniated virs,
ol il b vt i s thisuph e misath and theteloee
berame known ax the oral pobimans vacome [UPYV), Soon
it became the predominant vaccine used in the Unimd
Stz and ment ciber ivmntdie By ohe sily 19508 the
anual ineidenve ol pulingn the Unissd States had dediine]
& thowsandfold from prevaccine levels, to an mierage of
2 case 3 e,

THE BIRTH CONTROL PILL

The fact that conception was mese lkely o ke place
Ih‘ll:lﬂ certun phlnnl‘ the mepatrsl r_"d: tham thers
was suspected by clissical suthars. Adsm Racshorski. a
Pasis phivician, noted i ilg) that bridis mertied seon
ot thes menstiuation often concebed in e,
whili of the wediling orerred iter im the cyele they oom-
monly bad apother period before pregnancy oocurred.
Hermana Bone in Austis Goigd amd Kyusako Ciginn i
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Jopan {ijo) independently s correctly concluded tha
ervulation occurs 14 days prior o the nest mepstruation
[n 1ohe an Anrrslian medical wam, Joha and Frelm
Fallingss, showed banw women coubl monitor changes in
e cervical m-:um&h:nmpmllﬂ'rh:numhim
waih oo

“The grepest investion some. beotfictor can pive
maskind” wrote Sggmund Freuid in the sarly yesy of the
2oth century, “is & foem of comtrace piion which docs nnt
inthace peerosis” Masw of tee slements to meet the poal
of o mew, move scoeptalile Form of comrsception were
present ahowt the time of Woeld War |, yet two proem-
tsny were bo reach matarity before those dements wire
exploged. The rode of bormases from the ovary was umder-
stowsd] eardy I the 2otk century by Wlter Heape and fohn
Marshall. The first extract of estropen was prodeced in
1514, andehe pure compoasd was isolsoed by the Americans
Willard Allen amt Alus Dhoder in dgey Ar they me gn
Austrism physolopist, Ladwip |lsberlanch, was carrying
ol experimeats on fhbas o spply the pew- foand knnpsd
endpe aif urmoses fur contEeptive el By igr) bewa
able i wrie, Tt needs oo amplification, of all methib
available, bormomal sterilization based oa bnlngic prnc-
ks, W00 can be applisd uncbgecttunably in the human 15
ain il et hwel for paractie o meedicise and it fotnee task
ol birth control” Dostile publsr atfitwdes male resesech
o birch cosimod virtually impossibbe, however.

Thuuph the principle of bormeoal contraception was
-nhﬂn:diuﬁ::qauu,ltw;_p:pmhdmﬂrhn}
Amencas socil rednrmer Marparet Sanger (thea mone
than 7o veas il and the philantheopy of Katharise
MeChemick were o diaw the o ol conrateptive
preparaticiny from somewhat rebe bant seieotists and prlee
secians. Sonper, 3 tmined perse, had encounsered miserable
guedilions im her work smuosg the poor She s inspaed
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v ke wp ber crussde when she amended 8 womun wisa
was chying froem a eriminadly mciced shaortinn. In reay she
startind & magavine, The Wi R, o chalbege lmw
rsttieg the distnibwstion of information sn bird com
trl, 5hie way imdicted amd flsd i H1.uu.|:pr, |t when she
rotsrmed i stand trial in veré the charges apaimst her were
dropped. Later thae year she opencd a Fmdy
clinie bn Brownsvills, Brookbym, WY, but the polioe
immesdintely closed i, amd Sanger was smrested snd con-
vioted cn chaspes of “maistainisg o pablic nuisanoe.” ARer
muny vicissitudes, & comspromise was sorock and family
phanming chimics were alfowed i the United States on che
condition that physéciins be involved in prescribing
conEruoepiives, [nneys a Naw Yook court, (o s case knrwn
o Ll Sewin & U Jackope of Tapamese Praiorasi, rulid
that contraceptives could he went throagh the post i
they were w be mtellipendy employed by consciemtious
pvsbcian for che purposs of saving Efe ur promotiog the
well-heing of their patients.

Thee hirst clinscal report of the use of such preparsions
b supptess ciulatian was pabilivhed s 156 by Ameican
enine rincdogat (srepury Pincos aml Amenican gynecolo-
it mnd pescarches Jofn ok Tno1agy Mocus anad | indson
Hoaplaml founded the Woroester Foendaten  #or
Experimental Biodapy, which became-an impartas centee
far the stucly of sternad hoemenes and maomadian epers-

ducting. Sanper encosraped his woek, and in vegr Plocus
und his (olliboratees began to wock with senthesized

hormones :ﬂlﬂrprrrmr'rlmuf Fq':gu.mt:r.'lh? rnpme]
that inhibstion of owslation wms an offective means of
jreventiang priepnancy b Eiloeatory siimels dnd moved
ettt ai el oot pptive for women. Dl comaceptins
wert approved by the 1A Food and Urag Administranog
I 3gde, ond markering of the preperations in Britein
begeazm b years Lates
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There are meuy commercil peeparatives of col fon
travepdes, bet mosd of them matain & combintion of
an- estrogen. {usunily echisyl ceradicl and & progestin
deemmealy norethinedrune], Oral contracepiives Coatain
quhﬁr wiemil hrwmnnes thae suppress the telease of
fillieco-stomulating harmeane (FSH) amd lutrinizing hoe
mani (LI from the smtedoc kobe of the pituitary gand in
the female bode FSH and EH porelly stimolote che
release ol evtrogen fram the ovanes, which in furn stims-
bites ovulacion - the relesse of @ matare & fiom the
femede avary. However, when FSEH and LH sre suppressed.
the chapces of ovulation and therefore festilaton by o
male sperm cell v signifeanty redured. Whea oral coe-
macepiives ane usid commicely, they wre beoween o2 and gy
percent etfective ln preventing an unistends pregrancy

Im peneral, neal eontraceptoves ane taken im & manthly
repimen chat parallals the menstrul cpde. Protecuon
feom pregnancy i cfven unredishle winil the secoad o
thiird ibrup cycle, anil during this time certain sde et
sach o nises, bevast tenderoess, or bleeding may bo on
cheat. Mo seriouy s effects, incoding hiood deas and
a riwe in hilood pressuce, are posdde, sspecially in wimien
over §y vears of gge. | brwever, thi incidence of side efecs
fivem neal vontracepdives has been signibeantly reckoed by
oo resasing the amsounty of estropen ol progesberons in
the preparstivas. Mommal vulstn usaally commences
o to theee months efter the doug s stopped.

HEARTTRANSFLANTATION

I ity werpuery anvivee] at s climay tha maile the whole
wachl sware of it medivouicgicd responsibilivie when
the Soith African surgeon Cheistiaan Meethling Farnant
iransplaned the first homan hesn. Reaction, both meds
vl entl By, eortained more thus 2n element of bystera
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et research hod bita refentisdy leading up to just such
an opesation ever sinoe Chacles Cathie and Alexis Carrel,
Bt the University of Chicaps, perfected the situring of
bcscad] vt dn b el then caeried oul cxpediments i)
the transplantation of many ongans, inchading the hearm.

Theeheart =3 pumg with a busbt-in power suppdy, it has
& delicate regulatory mechanise that permiss i oo per-
peirm affeciently w1 wide raepe of demanidi. During
mosmenty of brar, passica, or vigorous exervise, the heart
rwie increases prestly, and the contracizans become mode
purcendl, 5o that the pempeng of the hlood introdes oo che
ransciouness; this i experienced by the indiviteal as
palpitmiions. Cessatinn nf the heartbear has sisn boen,
thvesphicnt the apes, the cardinal s of death. Thes, it is
peerhaps oot s sarprising that there was an intense pulilic
igfeerst when the first attempis were made 5t framsplant-
ey 4 b hoare. The objectves of hean transplantstaon,
nevertheles, are the same 38 thise of other organ grafis.

A proap of American investipaton perdected the
o haninise oof hear trassphiamtion in the bie ro5os They
ihorwd tha 3 irassgplased dog’s heart coukd provide the
animal with 3 oorma circolstion ueell ihe hear was
regecbed The featares of refecticn of the heart ae simear
by thise of the Klilney The colls #ud prodece immune
redcthing, the lymphocytes, migrate intg the mesche cells
ol the heart, dimage it, anid abo block the ommary
srieries, depriving the heart of its own circalation: Some
of the Fpmphocvees (Le 1 cells) vy secrete atibenlies
that are tnxic. In most EXPETETIENTN it way more ditheult
tn prevent regection of the Beart than of the kidney,
Diespoite this, rejecticn was prevented for kong perisils in
sninkals, Basid om this experimental wack, the oo logical
st W 10 transplant a husman heart into @ patient dying
i incurable beort divease. This step was ken is e by
thoe seirpical e in Cape Town, S AF

T
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ihaitag bcark siggeey ey alicrtvig, Bl from e venoes
mmq:wmm-mm
Inygrmamrl, und roturning & i the bads The it smopoes
fual cliniced Lutd'lhﬂt-q_ul:hlunrlpq'mﬂg
Smenian sargeon fohn 1L Gabion fro = oma During this
nfrecacia i the enrgicell chosere nf sn atned sepal defict,
manfnpoimonry bypan owas achiceed by 8 machine
exguippeil with - coppemior developed by Gibboa and &
rurficr pump devolopod im g 52 by ume oican surpeon Machar]
E Delalry Sece then, beari-hmp machined luve bees
vl impareesd with snaller sl moee-effoent ayper
stors, llivwing chem po bewsid o only = osdn e sho m
v and tven nowhom sfints

Mechanical hearrs, which moude total amiicial Bear
wil vrmiriclarsssier dovioes (A Dsh, aor machines thatare
tapabie of replacany or asssting the pumping action of the
hear e penkingrel ponmls wiglomt coming. excenine
tlmipe b the bood cmpozewts. fepdaration of 2 tonl
articial hiait remues remeal ol bt of the paicsds
vemricles [kewer chambers). Himeever, mith the ue of 2
VATY tr sapprone cither the tight o the el sestricke, the
et fre Beart remuins in the bhudy

The et strresiial usenf s mechanizalleart n @ b
was pozicemed by Micssel B Deflakey i mt. A fre sur-
ey b plae the patice’s ot aml st vae, o ki
VAD was imaralied, mabicg it pusshie m wean 1he partiens
b the: heait-lung machise Aer io dapeool pumip ihes
frum the VAL, the keam recoveerd, end che VLD was
pemminred, Uit 1 ryes spirthesic maserialy werr devel
npeid that preanly aided the derdopment of permanens
itiheial liewrs Ohve sl deviie, designeed iy Amirican
phwvicias Kobert K. larvik, was serpically implaseed inm
paticnt by Americas srgros William . e Vres i 108
The slumimes and pntic devate, called the Jerviks for itn
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Howricadar ey sl (ALY, o o e Bvard dlniped o
amuy e o the vemach v dba vz b i) 0 Ty crvean
Movaa sbrowglh iy sonia s oo e Bond) v ?hw
v o o b e iy edfy Vncyclopeda lritarnics Tne.

ivwrmnne, implacn| the paticns e eam e Teo pebles
disphrapma, designed to mimic the yenping sctoa of the
iiabirl ligwet, erre bt hieating Dy ai el mmpot e
ithert was cmmectend o tee implant by huses. This St mecip-
best wiirwived i dlayn il 5o an a sl ol vario s plivsdeal
Fanesal line Betery o mven oo, ot iise ol i Jaevke
wessmpped. 12 100 sbesm of American mpenay implsserd
it St Cinioplien el et ivisiierd inSelal hewn, callel the
AhinCor erficisl hearr. The patiess surreed sy do
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As g pesident werpeon ol Groote Schuue Howpivd, Cape
Terwm drggi-sib, Christizan Meethling Harmard was the
Eirst b show that inbestbnal wiresia, 2 conpesdtal psp in
the emall imtestine, i camed by an iffckent hluod
supiy te thee fetus daring preguancy This discovery kel 1o
the development of 4 surged procedum o oot the
formerty Eital defect. After completing doctored studies at
the Usiversiiy of Mimbesctd (1054, e returned 1w che
heoital 15 senine cerdinchomos surgeon, infroduced
open- et surpery oo South Africa, diveloped 1 new
desipn for amehcisl beart valves, sl bepan exeosibe
rxperimentation on beart transplantation @ dogs. Cn
Daec. 3, voti7, Bumard led o team of 20 surgeons im neplac-
tegr the beam of Louis Washkansky, e incurably il Souh
Abrican groces, with 2 beart rabes from o Erally injured
eccicknt victim. Although the frseplant stsell wes surcess-
Ful, Washk sk elosd 1% dlayn bator from diulde poesmunia,
poicricped after desrruction offis body's immunivy mech.
umism b chrups arfministered to sappress rgection of the
e heart as & Foreipn protein. Birnard's bter transplant
i were increasingdy s cesabul by the bae tyrona
pasmibier i his piatisits hoal survived or several vears.

Inthe yearsimonediasedy folkmmg the fess tmnsplant,
pemnercas hean aliopralis were penfomed snmeiical cen
eress thinuphoet the world. Usfva ety miny reogients
sucrwmibe to rejection of the tramsplimted mpen, Further-
meore, the heaer is more seesitive to fack of blood thun
the kidnevs are; it must be removed froem the dosot
more quickly and can be preserved without damape foc
ooy a shoet peniod of time. Hecaose of these ddlfhndimes—
partiabicly e prolilem of e the ouinbe of
hesn traseplings performed woddwide dropped comsid-
erabdy aiter the inrial excidement ahoted. Seady advances
i detecting e treatiog rejection were mide throuph.
vt the wres, however; anl the intnxhrtn, of the
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imptranosuppresisnt cyclusposine i the sglos broapht
even turther improvements in the lomg- term survival mies
diw beeart-proft rociplents. Interest o the procedare
reviveil, ool meny heitulreds of beart rrasplants have pos
hrru.Tlﬂflmtl..i. uﬂuur'pliﬂ.thin lives! frve
mare. years aiter the operston, and heart prafring s
become an accepted therapy for ctberwtse intumble hearm
ilisease. Experimental artificial bearts hne aho been
implanted, bt these roquire 8 cumbersome external
power sapply and loeg-leom survval rates are 0ot koW

GENETIC ENGINEERTNG

The term gewesh empiwening nicially mesnt sy of o wide
range of techniques for the modificarion o musipulation
of neganisms through the processes of heredity and repm-
durtiei, Ag sach, the term embesesd bodh amihesl
sasfertiiog s all nbee e rvenions of bioerelical eechmniiues,
amainy, them artifi il inseminataan, in vitm fetlzation
te g, “tesi-tube” bahies), sperm benks, cloning, and peos
manijubatEn. Bul today the wrm denote the nortowes
fieked et peceshinant [HNA technology, or pese chining, in
which [N & minlec ales from bam ar mone sounoes & com-
D] etichueer weirhn cells on bn vt and are tbem insened
inni host organisms o which they are alde i projagiz
{erme cloming in sl 1o pewiuee new genetic combssations
that are of value to sclence, medicies, agriculture, of
indhustey.

1A the carrier nfﬂ.'ul'.i:'ipfemmn; it achirves
its effects by dorecteng the sywihesis of proteims. Most
revambinge [NA wechnolipy e the imertios of
fisieipn pens inbo the plivmids of comson kiboratony
strmins of burteria. Pasmids are small rings of TINA; they
are not part of the baceriums chromoscme (the main

repoaiiry of the ormebnmh pesetic  nfommatsn),
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Manetheless, they are capable of directing protein syn
thesis, md, bke chmmasomal N A, they are rependicrsd
Enif passed on b the bacteriuns’s propeny. This, by incar:
purating feeipn INA (or peample, 3 mamnslisn pened
imt 3 bacterinm, e hers can ahtam a almost limii-
less numder of copies of the inserted gene. Furthermoss,
i the insenied peor s openitive (e, i it directs protesn
synthesis), the modhel mctedom will rodece the pos
tean specified by the forcign [INA.

A kry seop o the development of penetic copisering
wias the iscovery. of resticrion engymis i@ o6l By che
Swies microhickognd Werner Arbee [however, type 1]
restriction enrymes, which sre essentisl o penetic e
neering foe thiedr ahilety toocleave a specific sibe within the
IXMA fas oppossd to evpe | restriction engmes, which
cleave [INA at randnm sgesl, wepe not wdentifed snnl
i whin the Amireean molucabe biologst Hamsion
03 Smith purified this enzyese. Diawing e Smichs work,
the Amesican molecatar hiokog Dansel Natham heiped
scvance the techmigee of TN A recombiration in 1oy
uil clemupmnrated tha tyge 1 e vmes could be meful o
penetic stulled. (renetic enpineenng el wai pioneersd
im 1977 hy the Amovican biochemists Stankey N, Ciohica
anil Herliem W, Bayer, whi were amney the Rrst 1o cul
DINA ini frapesests, rejoin differem frEgments, aud
fepert the new pemes inte B ol bactena, which then
reproduced.

Genetic engineering hay sdvanced the understaneling
" | m.-1}'1|1rarl:lu:|h-ipn|1i1|1r|'wﬂlnfrpr|-:rlm
uni cepinization. Theough recombinant TPN A tochnigues,
Lstetiori Brave: bisess crested tbeil e capabibe of synrhesiig
buiman bulin, hustin pronth hormune, alpba larerdeon,
whegutitis Hvarcine, and other melically ssefal veéstanres,
Plents may be poneshcally sdisted 1w enable iheen to fix
troggen, and peaetic diseases can possilly [ coreenesd

By
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by replacing "bad” proewith "ormal” ones, Neverthides,
special concers has been Foresed on such achievements
fisr firar that they might resalt o the introdection of
anfavuuriblé. and possibly dungerod trans inco micm
afganism that ‘were Fu'z'rimu]':r fre= ni I]:i'n—z.!.
reslstnce o antilbintice, productem of toxias, or a =o-
dency o canse discase.

The “new” microorganisms crested by tecombimn
[I8A resemch were deemed patentable in solo, asd in
185 the 5 Deparcment of Agriculture approved the
saaleof thi e [iving penedically altere] copasiam - a vins,
wierd an & paewdorshies varcine, from which a single peee
hard been cut. Since then seveml hendred patenis have
Ewen swarded for penetscally ivered Eacteria and plants.

CLONING

Clossing i che process of peneqating 3 peneteslly identical
mprd];r]lﬂmmyriﬂ.ﬁlmgl'qrptnﬂﬂﬂlﬂlﬂ
in mature - for exam@le, when a codl replicetes msolf
asenmlly withnut my genetic dltecitivnar recosshination
Prokarwitic arganisoe {orgmnes lacking a cell rmcleus),
wach a5 bacieris apd yeasts, create geactically identical
ehitlicates uf themselves usisg binary fission or badiieg.
[n eukaryolic organssms (oiginims possessing & cell
mucleus) such ay husmans, all the cells that wedenen mitnsis,
such g5 skin cells and cells liniy: the pastroincestinal
tract, e chines; the naly exceptions ane pametes fegn
anid Ipn'm.l, which Lﬂlﬂ'ﬁlb misoais aml pm.r.l.l.'
recombénation

I biomedicsh pesemrch dening s hinadly difaned 1o
mezi Ui duplicatinn of aey kind of biabigical ereal fos
sientific stady, such a5 8 piete of DNA or an indnideal

cell. For example; sopmeats of DN A are replicated expo
nentially [y a process knownas polymerase chain reaction,

shy
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o0 PLR, a technicgue tha 15 weed wilely in baic

research. The bype of closing that o the focws of moch
ethical controveny ivolves the penscasion of doned
embaryoe, particuliely those of humans, which se preet]
r.lll:r ifenticd v the oapnisms irum which they ate
derived, o the subsoquemt use of these embrys #or
research, cherapeitic, or repridective purposes.

Eanny Cromnss EXPERIMENTS

Reproductive doning was copisally carmied oot by armifi
clal “twinning,” ar embryo sphiting, which was it
peerformed on & salnmander embayo moisor by Gierman
embrrolopst Hans Spemann. 1o 1928, Spemann, who was
later awarded the Mobel Prise for Physiology o Medicios
(1235} for iy research on embeyonic development, theo-
tiaed about enother doaing peocedure known 2 nuclear
rrasfer This procedare was peefiemed i 1951 by Amer
icam ncientists obert W, Hrigps and Thomas | King, who
used] IINA from frop embrynoic colfs o geoeraie daned
racdpoles. A decsle b, Britich bickogist Jobn Guedon
sncresally carried out nucler frinsder using DA bom
edult frng colls,
Advancemenss im the held of medecular bislogy bl
ri the chevelopanent af rechiiques thar allowed scientiss 1@
runipulate cells gl to ddetect chemsal madkers that sg-
mal chuangees wichan cells, With the advest of recombinant
DEMA technolopy in the o, it became possile for sl
FTRLIEY h;lnﬂirirlmgﬂl.'rrhm—dquwimsmﬂ
contmining peeces of IINA from other organisms.
Bupintiing i the iplos mammals swch o dhesp weid
clansd from early aod perdally diffeseniared émbivonic
rells. Im 15 Ravivsh develnpmenital binkogist lan Wilmut
penerated o coned sheep, mamed Dolly, by means - of
paxclear trnmsker imodvisg an esmcleate] embrvo sl o

e
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clifferéotiabed coll oudeus. This echaique, which was
later refined and heoame knowm ax somatic cell peclear
transher (SCNT), repeestnted an ootraordinary sdvance in
an&mﬁ bz it desilted in the crestion
ol a ;geneuull ilentical cling of &n irﬂ.rh prown
sheep, It alsn indicated that it wes posibie i.'rr'rlu'[]‘*-l.ll.
in differentiated somatic (body) colls o rever to 20 endif
ferestiatin] embryomic stipe, thetetw fesstallishing
phinpraency—the potestial of an embeyoaic ool oo grow
mio dny one of the numero different types of matre
bl cefls that make wp & compbete caranism. The resls
1nnl:lullh'llhﬂ.1h‘tmmr:hmﬂhm|:qrmnmﬂ
i & phuripotent sate significantly smpaced research inee
therapestic thoniny amd the developeoset of stem cell
1!ﬂ:qiu.

foom after the generition af Dolly, a numor of other
ttiarals were cloned by SCHT, includizg pési. posts, ras,
miice, degs, hogwes, and mules, Despite thess surcesses,
the birth of a viable SCNT primate cloee has pot been
achioved. In 2oor 8 team of scientists cloped o rhesus
miskey throogh a process called smbryong: ool sechear
transber, which is similar o SCNT except thar it e
EIPS A fromn an undifleren ateid embren, [n 2es macage:
miekey gmbrns were chabed by SCNTE oweved, thess
clisnes. Brel anly o the byt sape of emlingn
chevriapment, Likewie, SON'T has been carrien ot with
very limived success in humans,

Rergonrerive Crosmng

Reprinlucive closing imolis the implincitiog of 3
clomed smleyn oo & el of a0 snihiial olenm, The
eminryn develops into o letus tSae s then carried 10 ferm

Eeproductive clossng: expeiments: were peeformed fis
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iaseare ehein o yrsies thevaph e process of embyo splic
tivg, in which & sngle carby-stape bwo-cell embovn s
ety diveded ento vwn indnidaal cells and then srows
i fdentical embiryos, Reproductive doning tech
iy e mxkErwenl :iﬁuili.-:l change in e aggos,
fallrwing the berth of Dalh: who wm peaeostod through
the proces of SN This process eatails the removal of
the entire pecleus fioen 3 somatic (ody) cell af o argan.
tam, fedieraedd by enserticn of the nucloss inm an epg, cell
that b haed brs oo eocleus removed fenucleation). Ohnce
the somatic nuckeus s inslde the ey, the wpp i srimulared
with a mild electrical current and legins dividing, Than, 8
cloned embre, essentally sn embryo of an idenzical rwin
i the coteioal orpanism, i created The SCNT process
hets atieleerane sipnifiant refnemint sioce the Wpgos, ol
procedures havn hoen developed o prevent dimage o
g daming nuckear putravtion end somatic cell niclear
ieertion. For examye, the we of polirieed light o vissline
unegp el nuckeus Bacilitales the extractine of the mecleus
from the epp, resalving in o healthyg viahle epp and thenehy
e retwing thie s Cess faneod SN
Reqieidoctive clontng using SCNT i ronaidersd very
fietrmiiad since thie fetuses of embrpes diomed throagh SCNT
rarely survive pestsion amd wially ae lsam with bank
desfects. Wilimn's vestn of sciinuist peeded 227 ties o cre.
st [olly | deewie, sttempts mprsdocs s macsges monkey
clone in2osT invobred 100 closed embryes, implanted inoo
g fenale macigue monkeys, nooe of which gave dse o g
Hdlh'l‘l‘ﬂ?.ll‘,‘ |-J.|-|r:|l oA, acientisis al ":t:nlppy
psrm el researchand dovelopment comgany in Califoome,
snnisaeed e they had chmed fve baman ensbirvs by

eeany al SUMNT snd thai b smbeyos had masueed to the
stapr at which they eoeld have heen implangedl in 2 womh,
Hiowever, ithe scientises destrowed the embeyes after Bre
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ASHEEP NAMED DOLLY

Dielly wots ek Fissn Diracy shoes thae lveed frerm spost
oo 3y, ithe first woccessfully cloard mammal, produced ly
Suintalali pevortigiak L 'Wilitwet v o lbesghines ol the Benlisi
Institure, ness Edinburgh: The annmmcemenr m Fehrary
sugr il b wniihls fiint st ol an adult iaiorad was ¢ mile-
sione a wiende, dspelling derndes of peesumpaion thee
ulul mammab oghl not be chnned and igniing 2 dehae

mnceming the seey primible wes sad i of mames.
lan e beemitgg Sy

Clones had been peweerted previomiy m the hoiurg
Dot vty froms rmbesonie wells o oo the-adalt ook ol
phnte and “lewer® animals such’ e frops. Decades of
atlengsy bo chine memmals fom caiaing abels ol o
with reprmed fasure, which Jed o the premmpooa. thee
simcibig spectal sl irrwnible ol leppen e the
[P A o mummudion celb denng the mimal's development:
Inibeeed, bl w0 bl leen penerally ssosgmed dhigma
that arteit masmadion cellyare oo lonper procticaly tecipo
e, of il o vt tinc oo all ol the different ool sl
& gt gl wighle animal, That Thilly rensains| aliee
mnd well Joap after bey hirth—char she bl & functonal
by, v, Drimam, sl iy o, all dereil pramcracally
fmm the mocles DA of on sk mammmry glod cefd -
preveil cxleswiag Al the ety minlmm, che yexific paus
frum whach Dnlhys ssclear EWA wan dermved muoar have
I tmipuitenn, Ty extension, 0w esonsbie i wgges
that it moclesr THYA of other aluk e abn rooss
teedfunest, Wl alie sscvrsalial  eration uf Thdly, this spev-
ulatica berume & tesmble hypochein

[adly dhisl ot spoieg o b babwrmny Leach fully
formed bor Soveinped toterm ooy in the senmaf @



Seintinh Pl kfme o Adthorugh Dhilby's miclear geoome
s lertved from o mamimaey-ghod ol takrs fooo an adul
Finn Diorwct e, that soclous bud o be fped by clepeelcal
pulses with an unfirvilised epa cell, te ooclen of which
had beoe romoved The “host™ cgp cptoplasm was gxken
from & Srortch Plackface ewe, anil later another Soacteh
Bilackfoo cwy sererd m the s moitaer, Farthoressr
in-nnder for the mammury pland dell pocleus azd peoumic
FIMA o be acoopeal sl Fanctinnal within the mntest of
the Bt rag, the dianos cell firer had o be midoced o ahan.
il the el cpde of groth aml divizkem suf enter &
ruiescent stage Thdo hiy, nsearchers delibemtely with-
btk mrriemts fom the celbs. The mporiamoc ul this sop
had heen desrrmined expermmentally, sd sliboush o nom-
bex ol Byt s had been raised i cxplain i srorsieg
whith, if sy of thes way momeet memred uncleis
Meverhcima, starfing with g eolieridom of desor el me e
i bost grp opoplisen, s romber of fosed cooplet soc-
vemfully Smcd emdsipisg thes wor transkermal e
mrpugane ewes. OF g reciplens ewes, nse hrcame poegnan,
sk R dars Liter, which is exscmially norssd gesainn o
i aheep Thllywas barn.

i Pt 1, g, Tholly wian it ool by weteerinarisss
siter being found m saffer from prograine g disese
Hew baaly was e aml liglepsd @ the Mational
Mlerseem of Scotiand in Edinhuongh

|h!n.,, Frru.l.mlhl:f berause of ethical reasoos and the nesl

tn perform molocular ansdvies on the embems.

Tuemarermic Cooxixe

Therapeetic clonisg is infzeded o we doged embryos for

the parpuse of extrecting stem celly fram them, waboul

109
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ever implanting che embryos in g womb. Therapeutic don
img, enables the celthration of stem cells that are peactically
sdemtical to & packent. The stom cells could be semulsted
i iligferentise into doy of the more than 20 cell types in
1he haman hll]::l. The difierentiated] cells then couli b=
transplanted into the patsent i replwe dieesed or dam-
aped colls witbout- the nesk o mjectios by ibe immone
wysten. Thisee colhi could be uied to theat a variety of con-
ditinas, snchacling Aleheimer s disease, Parkinson's deease.
clishites mellitus, strok, md spisal cond isgury Inaddinoe,
sty Cells coabd be ased for n viro {lsbotainay? stodies of
normal and aboermal embirvo development or for testing
dlriggs bo st iF they are booic of caise birth defocts,
Althouph stem cells have bevn derived from the cloged
tﬂ:t!l.lhll.timﬂlﬂumltl. ihe Fhunl'itnuf:l:ﬂ.l
colls from cloned primate embryos has prveed exceptina-
ally diffeult. For oxnmepde. ba 2007 stem colls supeisss fully
devived from chonisd micigue senboyn weee alile ur dif
ferentiate inbo mature heart cells and brain nenmons
However, the expenment started with o4 cpp colls and
resulbed i thie development of oaly twines of sem cells,
tine al which bail an dincemal Y chermmoanme |ikewes,
fie production of stem cells from Buman cmibryos Bas
been Eraught with the challenpe of malitsining embiys
wiahiliey 1m oo scientists at Advancad Celll Tt hnology 2
mesewh rompay in Massachinetts, succesiully franslemed
DA from s cumulus gells, which ave cells dhat cling
oy sl meririnh hursan erps, i eiphn somscheased epe. OF
ﬁrrri#t :mlh'e:lhrhpdlrﬂn:ql}'-mgem
teoataiming four to sx cellsk however, the embryos sup
wiveed pialy bang enough ne divile coce oe iwie, [n sodg
Seth Kucean redearcher Huang W Sab chifmed 1o luive
clomesf human smbryns usimg SCNT and o have extracted
stem cells From the embirpos. Thoeever, this later prored
i bie 3 Frawd; Hwang bl Sabricatedl evidence ani bad
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pctually cartied oub the process of pertbesopenesis, in
which an ondferfilined egg begins fo dvide with only kali a
peoome, The Follmwing year. & team of researchees from
the Usiversiry of Newrsistle spon Tine was able to grow a
clinsl human embiyn o the 1oo-reil Hl.lll:l-l.':n'll‘ stage
usimg TN A fromm emberyvnic seem colls. Al they diel
o peoerate 1 line of sem cells fmm the blastocyst, this
was & majir sbep foerwaend in therapeutic cloming research,
I erwever, becmise eenbrpnnes stem cells con ondr be -
lowed and chonod From & recently ferdized embovo and not
o prown jritsent, the procedure was considered o have
vely narew clinical application
Progress in reseurch on sherpeatic coming i bnimans
Buany barem sherwr relattive o i adbvanoes made i rependec bive
clanieg in anisals, This is primarily due fo the echaicl
challenges and eibical controveny arisisg from the pem-
curiey of hums epp solely for mesesrch paposes dod
the lack of vilersaniliog of bow sematic cell IINA &
repmgrammes o an endifferetisted embryonic state
duming SCNT In addition. che development of indoced
platipotest stem cell, which are detived Fom et
iells that bave been reprogrammed to an embryomic sate
the inteodsction of specific genetic facior nto
the cell nucke, bus challenped the use of chining metherds
il f Bz s
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Techno ogy

nvemtking v alse comminted o the primmess of

homman endesvours, hi-deliberase aml organiied apps
catban of deailly farce sgainst other people. Indesd, s
powerls has heen the thirst for vickar, or the (e ol
defeat, that no effurt has been spaged to devise fvor marne
prowerfud implements of war: [n this string of efforts, we
have moved far beyond the we of handheld wespons and
dhefenses fo the splitting and Fusiop, of smoms o create
expilosinns of slmost unimapinalile power

THESPEAR

'I'I'inulH_h erly man Fnﬂ"q.l:l:r rmph,!d spears of fare.
harddened wooid, speschesds of knapped stone were esedl
bong before the emerpence of aey- distinction berween
bunting sml meitary weapons. Bronce speahiads chosidy
folfrrweed b development of alloys hasd enouph o keepa
curting edps-snd represcnfed, with the piercing ax, the
earliest signifwcan meiiary applicatian of hronre. Speas
hewhs were sl among the cacliest militarily sipnificang
applwation il i, po deoulit beemee exmtig patterns
otdd b directly extrapofated frombronge tolme . Though
the hafting i quéte differead, hronse Sumerian speadheads
af the ud mallennium BCE difffer oaly margmally i shape
from the leat shaped sprarheads of dassical {zreece.

The spusrs of antiquity webe relatidy shor, com
mualy b than the hegbt of the warrios, and sypically
were widkded with ooe hand As defersive srmour and
other wiapone of shock combst {potably the sword)
improvel, spear shafts were made loager anil the we of
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the speur bevanse more specislined. The Gresk hoplices
spear was shout g feet {27 mb loog, the Macednaizn
Jariv ws Twice that beagih in the pemod of Alezandess
Conguests sl 0f grew io some 1 fesd (4 mb
Hellenstiv times

Jovelims, or therwing spears, were sheser amd lighier
than spears desipoed for shock combat end had seller
liemis. The ilistinetive berween javelin aml sper wa show
tn devedop, but by chssical Bimes the bemy spear wan
clearly. distinguishod from the favclis; end specialized
fevelin troaps were commondy used for skinmishing A
thirewing strimg was sometimes looped armund the shaft
and tied to the threwer's finger to impart spin to the
javedin om oofease. Thes improved che weapon's aocuracy
and probably incressed the range snd penetrariog poser
by permitting a harder cast.

A sipnifcant refinement of the jovebin was the Roman
peliuimmt. The plhem ws relatbvely short, shoot § feet 1.5 m)
Ivatsg, andd hosla heswr hesed of st v that mede up nesdy
nee- third of the wrapeal's el beagth, The welpht of this
s pesioictedd 18 sanges bt ave it greaer mpace I
herae] vl it o i itennchend i el car o rcac &, pureent-
i an enemy from throwing it hack.

Like rhae spear, the favelin was relatvely wnaffeoeil by
thee appearance of i and retiined s charsowrisic fom
urstid it ws finally abandonee] e 0 senioms weapon in the
pch ceamery

THE BOW AND ARROW

Thie lisw weis shemplis 18 cosept, el i pepresenied sn
entremely vipibisticaed rechookegy. In i mos Fsic
hrrm, thie b consisted] of @ stave of wood sfghtiy hent by
the tenston of & bowstring congecting ics w0 ends. The
Ierwi stuees] the force of e apches's taw gy potential

Ty
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ey, then transferred (0 o the bowstidop 2 kinetic
energy, imparting velooty sed killing power to the aros
The bow coedd stoné 0o more enerpy than the archer wis
exgible uf producing in 4 single movement of the miscles
il his Lack @l armm, b |tll|.|il.1.E1ith..l:‘l:ﬂE!fEr:ll.1
hipher welncity, this evercoming the arm’s inhiemen
bimitutians,

Assumming the gaine kagth of draw and svailalile fone,
the ental amosni of potential enerpy that sm anches couli
s o a bow wes a function of the bow’s leagsh, that (s
the bangeer the s off the b the move enengy seced per
unit of work expenided in the draw aed, therefare, the
mort kinets eoerpy imparted to the string and arcos The
disadvantape of 4 lonp bow was that the stored enerzy
Buaid vy serve ok anly b clebve the strbag and acnm bt als
10 atcelerate the mass of the how itsedl, Beomre the lon-
ger bow's more masiive o accelerated mone sloudy o
boped borw imprarred kinetic energy o the string and arnow
atakmwervelncity Ashortes baw on the ceher hanil, stoeeil
bess enerpy for the sime smoust of work expended in the
draw, bl &1 comgrensated for thin through i abdity
bransmiat the snergy tn the arnow at a kigher velocite In
s, the shorter berer impariod less ol oocy o the
arnimag but it il so 2t filpher velo ity Therefine, in prac
Mie masimums g wis artaised by o shom, s bow
shidimg 3 very lipht arrme anel mermmsm glling power
at medium ranpes was ataened by a foag bow driving 2
selativedy besvy armow

Tue Esiry Bow

The dmple bing macde fom 4 digle pisre of wood, ws
kenmen to Meolithis hanters; i€ is clearly depicted i ove
pintings of 30,000 BCE and eslier The first improve
mient was the reflex bo, @ bow shat was el foesand

g
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|ﬁuﬂ.h|ﬂmﬂ:ﬂmmlqhmwh
Exmmpewas in the cechnolngscally advanced |mlim civies of
the joih el irth coniuries The destrnctive power it
made it 5o feared demved from the sebwisnnmn of mel
{wmmght o o mibl steel) e sl in i oonsne b
Thie: meeal bow, relatreehy shert, was benr by one of two
methinle 1i e rarlics wemdon e Inmeman plend te
wrapoi on the groand, bow down amd stodk, oc com
upright. Seftlag hin foie in g stlisop in the lower pacy ol
the stock. ke heot over, covpht the bowstring s 2 ook
siisprearis] fem hin Beely, wnaigiaencd g, asd gl ohe
stxing iniv the focking dovice i the grome of the suck. In
thie s sershin the sikvp we il weed, Sl g hasl
rank orwinch drew hack the grng. & smal lever tnppeend
il rededer ol e s [ilt, wir quuareed, whicl was capalils
nk plorcieg chun matl s had o mape of up 1,000 fo
L

Despite the imrmaormon of the Englis éor Welsh) loog.
Trive, i s by pate il e, dhe d il ceatipeed
reipa as the smpreme hasd misaile weapon untid, and even
fou & bing time after, the lomdicton of freams The
b s great arttventape wils thar so particoler streeapth
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lnnubﬂmlﬂiﬂ!’uﬂid}hdhﬂumh:pnq
It ] by b st s et iy £l oo e frnd
Emul.md!ullrﬂnl u.l:li_hr.ll.l.u&l.llnplq.ll.d.n
liwn Tl ammvesizinn. The showr e of fime ioomparnl
wittdh e lnnglare} mey alus bave beest se ubnntipe (nsms
aiterat s, St e tbe Live gl cormury disd |1 s finitely
qutuﬁul‘ml:'th., purtable bt very heery manch
ok e

or reflezvely, oear ity contre 5o thiat the sreng Ly dose
apaest the grip before thie bow was donse. This i ressed
the effective lengeh of the draw' doce bt began Frther
inrwsrd, close o the archer's left hamil

Thiee mean mhor SmpaowRmisL, one Bl wes 6o remaiin
preiminent smng misse weaponsanril well into the med
muﬂ.m:_h-rrmpmih!rrmﬂﬂhﬂx'lhlnhrhrurﬂ
avercame Ehe enhorent Limetations of wood instiifness and
temsile strenjmh. The composiie Bow's resistane 1o beod
ing was imcreasel by reinlocing the reas, o belly, of the
Bowewith ham, its spesdand power inmeocilwire mereasel
by overlayimg the droar af the biw wiih sisew, asually
aplied unsder eesdon. The wooiden strocture of this com
jesite thus comsisted of ligtle mars than than wouden
st suppodting the homn aed sinew; The more powerful
compisite bivws, being very bighly stressed, reversed
their corvatare when unafrung, Th.-_r a:r,p.urn:| fhis mame=
“recurved” since the outtr arms of the bow oureed my
i ehies are heer wehien e e was sbrung, which nganed
amechinic al ddvantape an che end of the deae Monumental
and artistic evidenoe syggest that the principle of the
cnmped e feoaved bowwas known as essly & wooo BCE
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A prime advaniape of the composiie bow was that it
raulidl be engineered tn essntially any desired srength,
By following the elahosate bub empirically endersiood
iracke- uff between lenpth uni stefiness referned 1o above,
Ihlhtﬂ}'ﬂh rrl.ﬁﬂ'l:d'h-url}nnd.rtplqul.rJ dhott liew
capahble of propelling light armws tn leeg ranges, & kong,
heavy bow desipnod 0 minmize peoetratve power it
ielatively shurt ranpes, o amy desired compaomise
herween

Anows

Amirw design was probably the first area of milimry
techaulopy in which prodection codsidertioes gsemed
ieiriding importance, As 3 semiegpenlible munition
that way weed in quantity, armomes could nog be cvalaatned
sobely by their techaolopical sfecuveness; podoction
porits had 1 be considesed s well. As 3 conseuence, cthe
remterialy usedd for arrowheady tended i be s gep behisd
those esed for other offensive techoodopies. Arnowhesds
iof Moyt ool obsidian, keapped 0 resackably oatiom
itz lards, smorvived well inkn the Rronee Ape, and hroaze
srrmwhesds wepe ased long after the adoption of ima
Pt virtually every other maliary culiing of peercing
implement

Arorw shafts wie made of relitively mexpensire woosd
umf reed thevaphest history, though conssdeable lsbour
was inveilvedl in sbaping them. Remaskably refmed ech.
_qunhu'i‘ulrmnﬁmud‘n:ﬂhqf'l‘hm el cobwidzan 1o
shaftywere well inhand loag before reconded histoey. {The
Lot dFarrow masn ey bechaijues s el
6 ik eurvival is modern English of the ghen pame
Flercher, the title of o specialist in aftaching Feathrrs
the arpow shaft )
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GUNPOWDER.

Fovw oweessticens have b an impact oa hisman affsnas da
matie: and decisive as that of punposwiles The devebopment
ala mnmnﬂ:h:uﬂ.ﬁg!l‘eury{dm:l!lryldumjm
et im covber e 2 pregectiloagainst a farper marked
wwarersked in the harnessing of energy to husman needs
Betuve panpowled, weapins were disigeed il the
limity of their wen' muscular strength; after punpewer,
ey were dlesipned mare in response o tecrical demanid.

Chisese alchemiss disoovead the meipe for wiat
became known as black powdes in the gth century CF,
thuks was & mitiene of inely grownd potassiem nitrake Glse
calied sultpotre), charood, and sulfur in approximate pro
pottinns of f5g00 by weipht The redian gray posdes
betuved differently from anmyihing previcesdy known, it
exploded oo contacr with open feme o 1 red ol wie,
producing s brigh Sash, 2 knid repodr, desse white smede.
andd & sulfurois smedl, 18 sl prodoced consilerbde quas-
nies of supechested pes, which. o confined in o partially
en losed coneainer, coubl drive a rojectile oot of the open
enil The Chinese werd the sobatance in mckes, -
technic pregectons misch like Reman candles, in crade
ann, aml, sccordieg (o seme sources, in Diuinhs thrown
by meschuanical eilery This manspived kang lefone g
e was enewn in the West, s development im Chisa
stapnatesl The development of Hack powder as 2 tac
cally alpnificant weapion was left to the Eucopeans, whe
|1.|'|1I|¢||!r l't'.il'ﬂ‘l"i[l“‘ﬁl!r”rﬂlﬂﬂ!iﬂl‘}!lph(“lﬂ]’
sthouph diffesson through the Arab Mesdim socld s alsoa
piskiiladity}.

Minpteenth-century expeciments reveatnd dharp dif
ferences in the smiamt of gas produced by charenad hurned
fem diferest kinds of wood For examgple, dopwoml

i
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charcoal decompesid witl potassiam nicrate was Bund b
yiek| nearly 25 percent mare gas per unst wright than b,
chestnit, or Baref ¢ harooal and some 17 percent more thae
willkw eharcoal. Thess scisiibe obeervations confrmed
theimaienie nl’ur]r—n] rhml.lgh.l:r umsciEifir— ey
that charcoul from different kinds of wnod way suited t0
itfferent apphications. Willow charcoal, for exmmple, wes
perefecred due canean powder anel dogwood chancnal for
small srms—a prederesce sdwtaptmated by rath-rentury
tests. For all this, the empicically decved recipe for pun
ol v P charirg the Lyth cestury and Burdlyvaried
thereafies, Subsequest improvements were almost entirely
conczrmed wish the munsfsctunng process and with the
sblicy o purtf ead conrof the qualicy of e ingredients:

Between 1470 2ol sloo ek werk was dane s the
ifevelmpmentof propeflants and explosives. Mitrmoolisose-
b purrmcdiory Geulled ballisnine in Fance ssd conlin i
Ariemind became the sandand propefinge. Whersa black
perwilier provieesl o larpe qeantity of solid material upon
combsrtion, quickly foulkng barrels and posneg oot bepe
ek af smiske, nitrocelubos pooduce] mooty o asd
wiad theredine Libeled *smokeliem powdes” Also, it oo
koo three tmes the energy of black powder and borned
ol 3 moge coptrofable rate. Sweh chamoeoitics maile
proessiboie @ shift 1o bonger and analerdismener projecile.
Hore dismeters of showlder wrapans were rechured 1o
calibres of dbout Jpo dnch, o 75 to B mm. Muoere veloci:
ties canped froe £ oo W o0 el {doo 10 o m) per
secomil, anil mrurate ruoge extended fo 1000 vaeds fory
) and bevond Hecause lpad projoctiles were ton sofi to
b aiend b niich incressed powes sl velotity, they weee
ibieaabund in hander metal. D 1880 o Swi offices, Hibuarel
Alexander Rubim, was the fimst o periect o full-length,
copper jacketed buller
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Mend Forms of puspereder produced today are eithes
sngle-hase {i.r., ronssting of nitroccllnss alone) o double-
base (consisting of o combination of nicrocelhulose and
nitroplycess, Both rypes sre prepared by platiiieg
nitmse|lulme with mitabie wlvems, tolfing i inio thin
sheets, amd ontfing the sheets intn small squares called
prunules or prains, wiach are then dried. Control of the
Dnutmang rate i achivved by varying the composition, sie,
anil prometric shape of the propelbat grains, and sametmes
by surface treatment of coating of the praes. Geserally
the ol i o produce 3 propellant char = oty comvened
1o g i the initial stages of horsang and more mpidy
conroried is buming progresses

RIFLED MIZZLE LOADERS

Duiring chee py end 18th cembares, smoothbone musle
keaubing infantry moiders became the dominent focce in
war. Mevertheles, as klling machanes they were relatively
imifchent. Their hesry, rmimd lead halls deliversd bone
crunhing aid these chtroyiog Hows when chey it o
buman bady, but Beyond 75 vards (68 m) sven traioed
infanirymen fosnd a diffcult i hit an individal atvers
sairy: Villey e agrainst eassed moogs defivered effective
prdjectilis ouf 10 2oo vards (82 m), bt at joo vands (274
il balls from mueele-lnmbers inst ot of their kethaline
Also, whibe well-traimed soldiers oould fead and shoat chelr
antuskets five tmes per mimie, volley five led to 2 collective

rabea n.dr o o thres ll'l'.:l{u-: iR

Eanry Riruine
Thesebalfistsr sheatopmings were o pricduct of the reguine-

ment chat che progctile, imorder o be quickly remmed
from inuzale 1o breech, had w At kasely im the banrel

i
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When discharged, i wublbbed down the bamd, coabeibuting
to erratic flight alter it lelt the marale. Kidled barrels, m
whiich speral prooves were out ineo the boee, wore Enown
bk imprave dcurscy by imparting 5 gyrascopic span 1o the
F*rtit,h.ﬂlrhuii.ug:iﬂﬂlnqmmm dnweileranse
the lead ball Rad o be drven inmo the barrels nfling,
Giressod disth o keather petches etsed the probbom some-
whiat bt ihe rate of fure af pifled was <0l much howes than
that of smocthbore muskets

ez possibie sakution way the creation of mochanisa
that allirwed the Luller o be kaded st the brosch mead
of the muzee. Mamy swuch idess were vt during the
viith century, but, given the craftsman-based misafacture
iof the day nope wos sated b0 Brpescale pooduction.
fpecial sy unies o Europe and Amerdca used eifled
rnerxle-lnaclers, surh as the flintlock British Baker rifle, to
hetrass the enemy at loog renpes, while most sfancrvmen
cofitived i caery moede buiding smoothbares. For dhis
reasca, investnm concentrabed on adapting riflesd baels
i muzde-foaders. In 1826 Thean-Castave Delvipne of
France, seeling a esing of expanding the peojecile without
reciking I8 dlificnlk b mm home, created a narmw powlis
chamher #t the eecch eod of the barmed sgainst which a
leosely Gty el ball came o osest. Ramsrod [Hows
exgussded the sl beaik & the mouth of the chamler =
that, when fared, the bullet fit the nifling tightly n %y
soncher French officer, Lowis Frienne de Thouvendn,
tentroluced vet a btter method b H:pﬂ]h%lm]hb. s
nndu-Ji:wm|u:hn:|q Fﬂmpﬂlﬂlf*bilhrh‘:ﬁﬁ
ngainst which the hullet wes expanded.

Mg Brroes

These nfes wurked better than eadier types; but their
ideformed] |l flew with rethuced accoescy. Captasn
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lauche- Friienme Minkd, inspissl by Dibvipne’s later work
with rylindrical hullets, designed langes, smaller-diameter
projectiles, These bad ihe same weipht s larper round
bulle, but possessid preater cross-sectional density anid
thesefnne retmined their velocity lietter, Moreover, while
thee et harse of Mini’s peojectile was desarmed apainst the
piller 2= in Thouvesios weapos, the st of the badiee
imalntained s shape sl dccuracy, The Freach arsy
combined these deas in the Carstane Modile 6 a tige
and the Fuul d'Infinterte Modée thys bupe.

T carcker o coammibat the vemsdency o mveehe sy nifks
o hegome ddiffcult tndoad a5 pampowder residoe collevied
in the barrels, Minié seppested & major smplefication —
eliminating the pillar aed emploving 12 i place 4
hollos s bnillet with s inon expasedes plog that caused
the projectile fo cogape the rfling when the wespon was
firead. This pew projectile could Bbe loaide) i doy rifes
with s, s, because i ws not defoamed while leailieg.
it hon| preater arcuracy

CMbcials im several countries, nofably Briten mnd the
United States, saw the siprshicance of Minis inventinn
In ekgr the Benral Small Ao Factury, Enfield, embarked
i prochiction of the 7oe-inch 5-mm) Parteon 185
Melind ride. En vhe Crimesn War {18y 500, Bussian ooops
aripel with smooehbere muskers were oo mawch fi
Pritons shonting s riikes, Massed inemations were ersy
ey, as wede cavadry and arvillery uniis A correspondens
fue the Times of Losdow wrote: "The Minié & king of
m.ihﬂl:__ndﬁrﬂl.tbﬂ [".m n'lllhr.r:]
bike the band of the Dlesoryving Anpel ™

Swie stpetlmenty demenitiabied that an evpeedes
plug was noe gecesary when i bullels side walls were
thin ennagh, and the Ertesh desipned @ smafler-calibiee
nifli aing dhis type of M baller. The reslt wis & 577
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boch  dpgmny)  wespon  frinp  Scvlindeoconsidl
propectiles —essemtially @ kel cfinder with & conical
pose. “Enfell” & 2 weapon Bime was Brst goperally
applied 1o theess: Partern 1854 cifles. Subsequedt testy
imclicated that rifkes with g-inch (4-cm) barreh coukd
preide acrwracy equal W the -k Geg-omb PS5 bar
rels When the resulting 15y Short Rifles were dssued,
thete bejms d centurydoog tesd wwand shone
WERTHINA.

In ithe Ulnited Stztes, experiments wdernben (s the
late iEpos bl o the adoption of @ 58 inch Mk orpe
bt wmul & family of arm desipned 1o use it The Model
155 rifiod muskes, waidh g go-inch {noe-cmi harmel, pees
dreceil @ meeazle velooity of gqo feot (2o m) per secoad,
AlL Molel (Mg weapans useil mechanically
tape primving, intended to chminate the mansal place-
iment of percussion cips o the nipple, bt this system
prroved too Fragile dnd was eliminared with e intro.
ducting of o simplifed Model g rifled muskes. Donng
the Amencan Civil Wer fidé1-85), the Union povern-
e urchased both Moded 6 and Model i85y cifled
muikets a8 ity fuc infaniry weapos. In the Con-
Peckeracy, domestic peodection was suppiemented by
perchases of Enheld Pify rifes amd oths Escopean
WEgHITIA.

The Ciwil War cleasty demonstrated the deadly sifect
of riffed meuskets, sibouph many bartleficdd commanders
vy slowdy appeeciared the chunping nature of warfase,
|uﬂiri|.’:ui.u|ﬂ:ncnﬂ:|l1]t1hﬁ|q[unj¥mﬂ1mﬂl1
pcouratn fmre out to o vands, o that froodal assals, @
wkifich siclebiens wibvaniced i Beal panks deross opei fiskly,
il 1 e cbanicliged. By id6s bith ey were bulding
krd entrenriiments and barricade s to provide pogection
fromirife sz artillery fre.
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THESUBMARINE

Diutety inwester Cornelis Diobbel b usially crodited with
bisiliding che first sebmaring, an o powered “divieg
Bunat” that ke demomarated in the River Thames shout
2o, A number af suhmarine boats were canceived aver
the following: two ceptunes, maping from e Tared, 1
one-man ol iveited 1y David Heboell daning che
American levolutica, m the [ L. iy, s moddied imn
bodler powered by clght men cranking & propelier that
artacksd a Udon ship dunirg the Amesocan Civil War and
then sank with all hasxds abwoard

Amagar limitsticn of ull the exrdy sshmanineswas their
fack of 3 sulrsble means of propeizion. In the second hadi
af the sth century, several abtenspls were mde usios
i power and compaessed air; bt practical propsdson
wid not possilile wntl dhe development of the eeomie
mioeor The sulwirone Moairdbs, bodt in 1296, e o ol
electric craft. Propelled by two so-hooepower dectnic
motors operated from ¥ voo-cell soorape hagery, i€
achieved 2 marface sperd of sx koot {7 mies, of 1wk, per
hour), But the hattecy bad to be recharped and ome
hauled af short infervals, s the craft was pever able |
irmvel moie chan %o miles (29 Emd without a Bacrery
rechatpe. In Frence, Gusteve Zide taunched the
in 1888, b, oo, was prapelled by an dectric metor and was
extremedy munewverable but sended m go out of control
when it diveid

The end af the wih CERiury wis 8 pernllnl intEnsive
sshmanme developmest, aed Fddé collaborated 1na
by of disiprs apoinored by the French parg A e
sacressful Fiench vndepses craft of the period was the
Mared, dhesipned by Mamime Lasbess, s marine engineer
in the navy Lavnched in (554, the Nerva was 3 doubile
bulbed cradt, o feet {3 @) Jong, propelled om the

sy
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DAVID BUSHNELL'S TURTLE

The line mbsesasing i be put b military we was Imiy in
Brvurbitinin A prassduapiet| vewed kivimen b purstesity as b
Therle, this nne-man mbaremble vesel was mde of ook
iriafurce i| withi frnn b anil mesmred sbinn 7y o
Ly ) Jomy by & fizet (8w widde, 1t s desipmed m be
propotied under water by an openmor who tured i peo-
peller by hand The codt we srmed with. 2 mioe, o

it sbemme e fae oy UReTe 81 2 i TR
mat ty Lpvwtemad Commamder & M. Tarber i a0y from o deserg
v e by D 1wy of the 155, My
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*mapeiln,” oo ke artached o the bull of'an epenry ship. o
rroth, in Mew Yok hasibum, b Feride griol i sdak the
Eritlsh warship HMS Fagl bt failed; none uf ies scoved
ing missiing wiar sl

The Thrale's lnvermr, Diaretd Tughpell, wos e in 172
I Sabmrrsic, O, Creachunrend fon Tl in iygs o d b vt
lireale o the Amesican Hevobetion, Tushsel weet back s
Sasbnand, wheee he bullt be onbpee seescl, Though the
mbmarine pave poool of nnderwseer copalibey, the arachs
it slmot impoanihie for him o peiomm o pe mon the many
(g Wt i o] e bt el G
Crerge Windurpinn, bowever, pave hism @ enmmesing in
ther coginren, wheer be mre b ocaptiin and command of
the L4 sy Coepe of Enpineen sationed ot W Point.
In b later yraans Bashicll stisficd mndeine sl caenml

pexctice in Warmenmn, G, whore he decd iz,

wmarface by a viesn enpine and by slectnic moton when
sabimergeid. The Lislast tanks were located betieen the
choule bulls, a coneept sl in use today The MNeree made
4 large mumber of sucvesscul dnves. Punther French prog
e I submarines was murked Dy he four Sireneclis
semm-dnven undemes it ceenpleted morgeo—ad and
e Agresee, complebed in rgo, the frst diesed drbven sub
matine of any navy

!':i.:u.i].ul:p, thene were subanurizne seccesses ithe Lnste|
Sawtes By rival emrenitors Joha U Flolland (an Irssh immd
gratitiand Smaois Lake, Flnlkindlinichedhis hest andee ses
cralt i 875, This ome ded i soccesson were dpaificist in
cumhinip water ballast with honirosital nedders for die
ing. In rgs, in competition with Swedish desipner Toren
Marilenfelr, Dlilland recetve an arcler from ibe LUS. Bayvy

i



— My THrssiy —

fut @ sehmarine. This wis do be the Phoger, propelled by
stram on the surfare and by electricity when submespesl.
The craft endervent many desipn changes and Enaliy was
ghaecduned before completion. Hallisd returned the
futifs mbvances] by the navy ane built bis neet sohmarios
(i sixchiian his own expense. Thiswas the fstima 2 7505
fioo {125 oot launched n 17 end scoepred by the
vy I i, Bor underwares propulsice the Holimel had
wn elertne motne, and itwas propelied on the surface by a
jrasoding enpine. The submanine’s srmament consisted of
o o torpedo tube, For whach three cocpedoes were car
ried, aoed tom dymamite guen, With its mine-man crew the
Fillond wins u suecvssiud boat; iwes modibed many timies
b test defferent arraegements of propellers, diving planes,
purdless, aeel ik wipul

Hedtands chied competator, Simon Lake, bl s frrst
siabumanine, the Argvesd 1, i 18gy; & wes powered by 2
pasobing eegine and electric motor. This asd Eake’s other
earty boats were ingended a5 unidersea resesrch craft, [n
140l the Arposmr [ salled from MNorkolle, V., o New Tork
City mnler it o power, predating the cnses of the
French Merval and marking the fir time an unidersea
crafi operated exensively in the open ses. [ake's socond
subraine was e Prancer, ltidhiad (o 1900

0 the major navel powess at the turn of tie ey,
oedy Britain remained indiferens towand subowirines
Finatly, i pocr, the Boyal Nevy ordered fve of the sl
desipn. wnideres caft. Germany completed s fiese
uhn:.ll.nr the d Ly e [ hwrrmenions i, m agoy, This cralt
was 175 feet (42,25 m) lorg, powered on the serface by
1 bty ol e and by an sleeie moas when b
etpend, dnd wis srmed with oae tepedn tube: Thie the
seape wmy set for the gath-cemtury subsmarine, o craft
propeBed on the sunfsce by diesel eapises and underwster
by buattery-powered eleceric mwitors, submerping by diving

iy
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plenes snd taking o water bellast, and armed with toc
peckes for sinking eneeme ships,
JHEMACHINEGUN
SelF-actuated machine puns, which operated under enerpy
generated by 2 fired round, became militerdy effectve an
ihe end of the poth century, afier the immodecion of
nitroceildose-hasesd punprwder Smokeles powder barmesd
at 4 moge coatmdled rae than did che older black powder
propeflants, peneraring presses that iuilt up over 8 Inngsys
time. The first sutomatic wespansto take acvantage-of this

v hewry puns fang the hiph-redociay metal-jacketed
cantricees desipped for the new bolt-sction infantry rifes

RECoaL

The furst secressful sutomatic mathing gun wes iovented
try | lirmm Stevens Muim, sn Americanworking in Enrmpe
Eepinming aboet 138g, he produced o nunsher of woepons
i which e butlets vecoil energy wos empoyed munlock
ihe bresschhlick froum the barrel to extiact and sject the
firedt cese From the gun, sl b0 stoae seficent onengy ina
makn speieg o push the bl figwand, pick wp a fresh
rontl, [oad che chamber, snd Ik the piece. Bath barme
andd breechhieck, locked topether, reoniled & short dis-
tance oo che e then the bacre] was stopped and the
Block contbmed liack alone. [l the Lrippes Wi beedel in
H.I'ir“ Pmil.l:n, rhrm.pln wauld contimee tn e until i
expenidod all ol its smmamitioe. Rounds were fod to the
gonts et Dl vl eoole] be chippedl Wopether w provide
enotisuious Bre, and peerbeating wa sabvd by surrousd
img the barrel ma metal okt inshichesterss caeuled
fimm a sepsiriEe CODEEneL.
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vmraw dfonrpa Wiy o Lo iy pom dorey Tnd War §
Impenad War Mluwun

Muyiems silesmen peovided armies with puns is aoy
calihre. muﬂl[:r mall'hiuﬁﬁmr rurrend riffie rl.rn'u.'l;y Im
Rioitain, Maxim puns wore first chamberod for the 45-inch
Maruni- Heney carcridpe, bet, &5 sbuted in 1B, thay fired
the joi-inchsmokeless powides cound af the Lee Metionl
rifke. Thumng she Russo-fapsoese Wi (igag-os5h the
Rimazine wsed English mde Mazim gans chamberesd for
their 76c-mm Mosio-Nagann roond. Thesr Mudel 1o
weiphel sl i prml=Cr kgl melurng moust, water-
ooling apparatus, and @ proceceive steed shiekd for the
puiied The Greeman Modd ol chambersd foe the
ragz-mm Maser cartridpe, weighedd 100 pounds (45 kgl
with s shed mount. Such light wesghis. made possible
besttiises chiet esarridype won e sole source of powst, allowe]
these weapois b ke operaed by special infankty st

Muching gurs of thee Mazim tvpe had o destructive
peoweT never seen before dn warfare In the iBeos; Brinkd
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inFantry neits used AMavio pure, Bliclcieed usder chotract
b Wickers Sans, to cut deown huedes of poosy arme rebels
in Adrica sl Afphansstan. In Wodd War 1. a few of them
ciuld caiise thoesinds of csslrie, Their defensive fire
mllrnl.ulm:ut'l':rhiu[umr:l'lnim'__rrhl the entire
Western Frung, fam the Swiss bonfer m the English
Channel, became one vass sicge operatioe.

Gast (IPERATION

Wat all the ezly beavy machine puos were of the reod
operted Mazim type. (ia opemtion was abo empiloyerl
In ihis sysiem o pistom kecated in o cplinder bebow the
buasrel was detwen oo the rear by pas diverted from the bag-
sel theregh 3 part. The piston snlocked the hreechhiock
and sent the boll hack against the mam spring, A new
romn] was thea picked s, moved invo che chamber, anid
fvesd oo e rsrwand stk

The biest-lenimm pas-operted heavy maching pun was
thie Hifchiciss, introduced i France in i¥az nd modihed
sevidal times uiid il thee dlesfimitive vevsion of igay. It wasaie
enoletl, bui the barred irsedl wan beavy and provided with
metal fins o increase heat radiation. A siower method of
fieding ammnition by shi sigigs isead of long bels
also helped w keep the weapon dfrom ovetheating. The
Jmpunese wedd Hotchkiss pans chambere) for their 65
mm round grainst Russta in igog-c5. In Wodd Wer 1, teo
French Hete hiise puns Gring 8-mem Lebel cantridges were
sid i have fieeel 25,000 wumds epach in the defense of
Werdun gnd o Bave remagned serviceakie.

Hrowmars

A third principle of maching pun operation was often
callal *|lowhack " In this, the action aid el were
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never locked dipidly wopether; the barred did ot move,
nor was there & pas cplinder and piston. To prevent the
breach from epening s early that propellant gases
wold papture the spent cartridpe e, the Modk was
hfh}'.l.ud the main spring stpong, Alsu, there was usn-
ally a linkape of parts nof quite o cenfre b delsy the
ecbwaf opeming, Fieally, the barrel wis shocter than
usial, silowing the bullee and gasss o leave the burrel
kv

Thee Jussirian Scherarzlcee of to7ii, fnog cight-mm
Mlanndicher roumds; operated by delawed Wowbadd. v
entirely sagfactory i combut durteg, Woeldd War |

A the hegmning of the 2oth century; the hallistye perfr-
imence ofF infeviry rfles was mibiced o che long risge
redjiirements 0F & bypane erd whien foor sokllers desnsnded
wegpons that cosdd resch preat distances m falt the
rreacked cavalry charge. Beginning carly in Word War [,
herwvever, hatilefeld becime no. man’s-Einds pockmarked
by akeell cmitens apid onsscrossed by miles of harsil-wice
entangic ments, and macdine puns domanaied the 1000 or
mare yank (goy of mode meties) bevwedn ciench lines.
Riffes wede shot af these extreme mnpges, bt chey could
neit el the destructive power of artillery asd machine
puns. They were glso too cumbersoms aom] powerfd For
ifieraiee assaulis oo enemy teetles, The preanes mobil
u:fnl'lrr.npu;n:-pwarmn.lrd velacles resnharced
the need for lphter, moce portable weapoes of impeovod
el ieshens af chowe quanse.

Sich changing conditioes of war lil b experiments
with sutnmatic weapnns firing rminds of lower selncity oo
liphser weight. O resuly, whicls sew ios irst use in Wk
Wear [, was u view weapon called the machine carbise of

T
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sahimnachine pun. Deeived from tle sembutomatic pistol
und fming preivk-radibre ammunition with musedevelocites
af nofy shout §,eo0 feet (oo m) per second, subemachine
puts were fted with shoulder siocks (ind sometimes
Trrward haml HHFJM eI cilfEred savisr |1.-|.|.I.:1|,
than rifkes while proveding gresser arcuracy and mare
mpid fire than most

l.ltulerrhpmzhsdm‘ﬂ'l 11, thee i proswess
wmer] millions of sshmackine puna, bat sfter the war, the
sbmachine pan lost imponiance @ & malitary wespan
With en efecrive range limited to bout 2oo yand {82 mi,
it could not il the beoad gap hetwosn the low-power pec-
tod cartridpe aned the full-power rfle cartridpe. This gap,
which coastituted the pround upes which modern
infantrymen found thesnsebves fbiiog, had i be flled by
anokhier new wenpon, which weeld fere 3 carindpe of infee-
misdaen peiwer.

A hip ur chis new weapon hud bees given dermg Word
War |, when Viadmir Grignrevich Fyndonn, father of
Bussinn peinmaric weapons, memed the 6.5-mm carindps
oof Ul fapaness Arisaks cifle 1o an aetommtic fife. In e
he uiweeiled his new weapon, the Avtomat Fednmva
¥ rwang: oo the furmoil of the Russimn Kevlufion of g7,
anly whiub 3200 of Fraedamows weapoes were delivael
Meevertfeetess, they piisted the way 1o falure infaaty
weApon desipn,

Diuring Wocld War 11, Hupo Schowisser desipned 2
Eght fifle o fe the Germans' j.g2-mum Kerr, o *Shoes,”
r.pin:lg:,'l'l‘.:hmr,i the mame ralibee s the Mmser
rifle cartridpe but was Bphter and shoeter and was there
fioee of & bess potent, “inbermerdbine” power. The weagiin,
known varioesly as the MPyy, MPyy, or Sturmpesehs
N mnamlt Kife™) g, wus Boadend by o curved b magarine
boldieg 3o rounch snd wes desipoed Fir most effective fire
ar whout oo vanb (13 mi Doy 435,00 80 40,000 of

201
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ihese ridleswiere bt oo few and too ke fin che German
war efforf—hot they were based on @ concept that would
doeminsate infantry we gpons for the rest of the century.

Late in che war the Suvies aleo bepan 3 ssarch for g
rifle 1o shout their 163 mm inteemediate cartridpe, which
predinedl A megzle velocity of Lyje ket {710 Ml per s
reed. [Historical evidence supprsts thar they worne isflusacod
Iy 1 Sturmipewehr, bur o whal exiend e encer-
taan. In sy they adopeod & weapon designed by Mikhail
Temobeyrvich Kaloshnisos, maming i@ the . Soromat
Kshshaikive Tike the Geman wepon, the AKy7 wis
uperated by ivertimg same of the propeifant gases into a
cyiender abowe the barrel: shils doeee o paston thar foreed
the bolt back apaiest oy spring and cocked the hammaer
for the next rounl At the tuenoof a selecior swlich, the
wctivn ok be changed from semsautnmatic bo fully st
i, firbng 3t & rate of 60 noands per minate, The AR-47
witt imile-of forged snd milled steel, givieg ir 3 weight of
i pounds (g8 kgl with a Insded yo-sound mapizine.
The peceiver of the AEM version, ntroduced (R iggs, wos
mcle of lghier dhees mwral, educing the weight 1o By
perails, and the AK-7y version, fallowing later trends in
the Wess, swisched fo a £.45-mm carmrilpe.

Ealasbnikin's assauit cifies becanse the most sgnéficant
efantry weagsons of the post Work] War 11 era. Tn many
variants, they wereadopted sl made by coastmes all aver
the wochl Berween jo and 5o million AESs wene produced
within four decadec ol the seriss” it tion, more thas
lﬂ‘i'IHI:EI: iu'u.rrlmhim!:

Afeer the Korean War trogo—g3), US. mistary reseanch-
ety et el with rifle-power amnsninion e i s
8 a2 dnch (ysmim) carriilpe that propedled s Bphi peo
jectile at w high muzele velocity of 3000 (et goo mb per
sl Tofere thus “somall caliba, Bigh- veboriey” roumd, in
iggA they chose the AR-if sifle, destpnel by Eepene M.

B
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Seoner or the Armalive Ditvislon of Faischild Eagéne aml
Asrphine Ueeporation The AR 15 was gas-operated, bt it
elieminated the piston in favoa of s tube that direcied pro
petling Faves directly imi an expansion chamber berwesn
ks ne-ana bl caerier. By pedocing the sember of work-
ing; parts el chumbening the nfle for  ssoller cartnidpe,
Saoeer had come up with 1 liphweipht weapon thet, ooen
on aulomatic fire, prodeced 1 manapeshle recoll e v
wies capahle of inflictg, faesl wounds s joo0 vards (74 m)
and bevond. Tm 1ear e air fosce parchased the AR5
gz it the M. Sixyears biter, with wnits in Vigtnam
linuding, the weapon very effective under the dose conidé-
tins of junple warfare, the army adopsed it as the MigAs,

Aditer U8 wroogs in Furope were tssoed the Mus, a
swepley of oials s that esde] with ihe decision, in
1afo, o adopt & standard 5 50-mem MATO cartricdee, West
Crormany introdeced the Gyt 3 56 man weriion of the
Gy, and Peelptum sepilaced the FAL with 1he FNC The
Frtesh and French armiss developed new assanll rifkes
withcompact “tedllpup” designs, inwhich the bals, recerer,
and magasine were lehind e hasdpip and tagrer aml
i ol 1 shisdder stock wom nooupied by the operazieg
mechanism. This peemidtted 8 moch sharter wespon than
arthodeg desipes, i which the magarnee aed receiver
wee abseard af the teipyes. A neslt, the French FA MAS
andd Hritish L&5A1 were only some go o g inches {76 e
s em} Jonp— compared with the Mas, which was jg
inches (g cm) overall. Many of the newer models were
buile with l.l‘_:hl."r#r phl-tlr shoadder stocks anl mags-
rimes, 3 well as recerers made of aluminum.

THETANK

Tankrs are essendaly cracked, proteciod wespon platforms
tbuat make the weapnos mounted i them more effective

e
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L theede cooss-comntry mobilivy and by the protection they
providde for their cews. The use of wehicles far fighting
frtes b the 2nid mallsanim BCE when Bore -drewn war
chanots wers usisd o the Middle Exsc by the Egypuians,
Hittites, sl pthers 23 mabile #ﬂd’um {va combu with
barws anif arews. The concept of prodecesd yehickes can
b traced back throwgh the wheeled siege twers asd
barterisyr rum of tie Middle Ages 10 similar devioes usisd
by the Awsyrmns n the ath contury BUE. The twa ideas
megrae 1o miene i the batele cars peoposed in g3 by Gaido
ot Wiggewana, o 148y by Leonardo da Viecl, sod by others,
ddrmn b0 James Cowen, wh fook out & patent in Enplase
im 57 for am armeil, whecled, armosned vehicle hased oo
the stesm Lo

But s was poly b the begmning of the soth century
that armoured fightieg vebickes began to take practionl
forme By thes the basls for them haid beooms availible
with the sppedrssce of the waction enping s the duti.
mobile. Thas, the fng seli-propedied armoured vehicle
wits busitin socx) im England when Joha Fowier & Company
armoured ooe of il sieam eraction engines for luuding
suppilics o thie Sooth Afrcan {Hoer) War (8o -tgoa). The
first mostor vehecle used s a weapon camier was a powecesd
ipedricycle umwheich F. 1. Simms mousted 3 machine gan
b 1% i Fnglanid Thee imevitablie next step wasa velsicle
that was besth armest snd armournd, Such s vehice was
constructed oo the cnder of Vickers, Soo and Maxim, Lid.
el wik exhibiived bn London in 1gaz. Teo years later o
ill:r armimmed car with & ureet was built i I"r.llrrl:rd'r
Socibté Charros, Girardot of Yosgt, apd annther was bailt
ety i Admisis Ly the A Tl

%mlﬂhmhmdhhﬂm«rh
matlern armnured fghting sehicle, it remamesd anly to
pdopt racks a3 an aleeomtive to whess, This became
fmevitabile with the sppedrance of 1k tracked apricedenl

1
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trsitoe, but these wan o incentivi foa tes unil] sfie el
ottrreak of Wrld War 1 in voaq, which radicalfy changer
the situstion. 08 opening stape of mobde warfire sk
ated the development of armmiced cas, sumbers of which
W ||.:':El:r Enpm'rimd lI:I.:FHF.I.ﬂ:I.,,HI.IIII', anul leitain
The ensuing trench warfare, which ended the usfulness
of armavuned cars, beoepht forth prw progaosals foe iesced
armosareil vebiickes. Moat of these sesulied from atemjpes
s make srmouree] cars capatile of moving off mads, aver
braken proand. and throogh bartved wire. The fav trecked
armcsred vehick was improvised in fuy isig in Bomin
by monting an armosred car bedy an o Killes-Straie
tmnonr. The vehicke was constreoted by the Armpured
Car Diveston of the Hoval Maval Adr Sernce, whose ideas,
backed by the Fis Lond of the Admicalry, Winstun &
Chairchill, ressdted i the frmation of an Admindty
Landsbdps Committed. A series of experiments by chis
cummigtie bad in Seprembee 1og 1y the (omtruetion of
the first tank, calke| “Lathe Willie.” A secomd model,
called “Hap Willie,” quickly foliowed. Desipned 1o crnss
widls erenches, i wan accejitesd by the Brivish Arem;
which tnlered oo tanks of this type (called Mark [} in
Febraary rars,

Simmltasemsly ut (sdepesalemiy, taals were alis
chevelaped 10 Fraece. Like the very first Brivish cank, the
first Fremch tank dthe Schnerder) ameunter o an amesmel
box om 4 cractor chassis; poo wore ooderod in Fobruary
tgrd. But French ks were not wsed wntil Apel g7,
whesems British tasky were fust send mio action an
Lepr. 15, vaate Cinly 4o wern available, and their secoess
weas limated, bl on Mo 3o, ey, 474 British 1anks wee
cupcenifaled ot the Banle of Cambiéai gnd achisved 4
spe turenlar hreakthensgh. These tanks, however, wen: i
stow and bad 100 shoet an eperitiop rsge o exploic the

g



Byt et [ rams aard cmuboum o |l 2l i, oty tha
lmperiad W Mawure, Loaden; phoregraghe, Camers Pree:

beeakthrough, o consequence, demand prew for a lighser,
Bister type of task, end nosgal the 1y-ton Mediim A
sppueaced with 2 spoed of % males {iy kmb per boar snd a
ranpe of B miles (il km), After sgel, hiwever, the most
wirdedy mird tandwas the Freach Renedt FT, o lipht &-ton
vebikcle designed fir close InEiary sajipat

Whien Warhl War T enided Is w5, Founce Dl peis
ifucrel 870 tanks, and Jeitain 2850, Most French tanks
survived inco the postwar penod: these were the Renault
FT, much more servicealde thin their heavier itk
POMNBETPETY, M.mmr, the Krnaeds BT fieeed well with
traditional drdeas ghour the primacy of the infintry, wsd
the French aomy sdopeid the docurine tbul tanks wise g
mefe muiliary to Infastry Frasce's o was fullowed in
mwist other countries; the Umbed States and ey both
estpntd tanks b insniry support aod copeed the Rendult
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ELThe LS. copy was the Megry gt tank, and the lalian
the Fiat yo00, The only nther comtry to peodece tanks by
il of the war wis Geemany which built shost o,

THERALLISTIC MISSILE

Pallistic missibes are mocket propelled weapors that e
by ooty meiiuim dn & bghy, arcing irajectury afier they have
been lsanched into Mgt by & bref burst of power, Land-
based ballistic missts cam be divided into owo peneral
cxtepories aooodding to their ranpe intemmediice mange
bulliaic missiles (THEM2) end isterrontinental ballistic
missiles {ICHALS), IRHMs have ranpes of about foo
4500 maes fobe to Looo km), whale FEEMs have ranpes
erceeding 4400 miles. Most mudecn subosieloe bunched
ialliwtee misssden (51 HMs) are of infermedite rmnge.

ThzVa

The procarsa: af modern balliste missifes was che German
W, o wingle- stupe, finestalabiped missle peopsilsd by fig
el covpge n ] el sciskl to i mactmmin range of b
2ce miles (gzr kml The Y2 was offically desipnated the
Aoy, Being dervedl drom the Ao of th g senes
coiloctedur Kimemersdorfand Peenemassle
wreler Gieneral Walter | domberper and the cwilian swientrst
Wernher voo Bramm
The most dificoly techeical problem fcing the ¥
m:.hl'ngrmnmumm‘#ﬁnmﬁmdl—:hmmm
narmally used to pive massibes mazimom mnpe. but this
cild mot be usil with the V3 letanis the mmosdle was
efuiite by gt e i {mode this i3 toas) and wosld sl be
trnveling Fast enough to wustain snvching approaching
borizoncal Aight. Ak, as the rocker wsed = s Fud i
wesght Gl velocityh would chanpe, and thix bud o fe

g
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ulkrwedl Fea i the alming. For these reasons the Va bad 1o
he: lmmched straight ap and then had o change to the
Bight sngle thar would give it muumum range The
(Genmans calsibibed] chs anple b be slighely less than ¢2°.

'l'herhﬂthiu:rjr-mlldﬂulmm"l'plni
condrd dering flight, and, hecuse & change in pitch
werithd] entluoe v, comitnl was needied on the v xi, ton,
Ak 1 thiese perbilems was the narurs eendency of 3
rplipeer io potaie. Them, the Yoz (and every ballists: missile
ufterwand} seeded o puidanoe and comre sysem o deal
with in flight miling, pitchdng, and vawisg. Uung thee.
s el askapeedd fpom Crerman sarcradt, the Yo win
contrlled by lupe vertical fiss and smafler stabifmeg sur-
Eares v camypen oll and by vaes aimached bo rhe hogizangal
fans b iy plich aed v Vanes weee alss installed in
the exhaust nowele for thrust wectne ooatnol

Acumbinagion of i Sipht weisha chanpes and changes
iz senospheric coniditiong presenved addivioaal probibems.
Fven over the fairly limited coune of 3 V2 trajectney
iwith o range of apprordmarely 2oo miles {120 km] and an
aititadle of roaphly fo miles [Ea kEn), changes in missile
webriity aned air densiiy prociced disstic shides in the
ilestance between the centro of pravity and the cenfee of
astodymamic pressure. This meent the guidance system
hisiel b acljuss i gt e chie Coirod sarfices 45 e Aight
precerdal As g result, Vg aoperscy pever coased o be i
prokdim for the Gomuns,

Sulll, the mekesile cumel & preat deal of damage. The
fart \oz wneel i comaba waas fibed apaimt Pans om Sepi o,
1944 Two doys lster the first of moee then o0 missiles
wets fured dpiisan Lindon. By the enil of th: war 4,000 of
these misades had lesa lunbed fom mobie bawes
apimst Alliedd targets, During Febwuary anid March 1uy5,
reily weeds befors the war in Europe eoded, on averape of
for mivsiles we Bunched seekly The Yo killed an

10g
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estimared vy people per lunch, ani seveedd Va attacks
Eilled e than joo people, There was no known defemse
apasyst the V-z; it ooeld not be intercepoed and, traveling
faster than wnind it arvived wsezpeciedly The V2 chiesg
was eliminated only by ombing the launch sites smi
fnering the Crerman amsy to retrear beynned missile range

The ¥-2 obwioedy whered in 2 oew ape of militery
technolopy. After the war thers wis intemse compelian
between the Linived States ond the Soviet Ungon fo obiain
these new missibes, 36 well 45 to obimn the German sciea
s who bad developed them The United Sqams
waccersdd in capturing hoth omberper snd von Brauna
will as more than ne Vs irwas nob evealod precisdy
what for whoe} the Soviets caprured. Howeser, pives the
selative Imenatuciey of lnlisic missile lechaolopy at tha
tame, neither country achirved ssable ballistic missiies foe
some tme. Dhiring che bate 15408 s earlv 19508 mast of
thie gracledr competivion hivween the 1o countries desls
ﬂtl‘lm{ﬁthﬂtﬂlﬂl Em.tlm:m.hnrrrrr.rrdqpml
ikl contest.

Tux Finst ICHEMs

In gy thie Soviers lisached 2 muduistage ballistiy misale
fhazer piven che NATO desigiarion 556 Sapswood) = well
as the first man-made stefbite, Sputnik This promgaedd
the *masile pap” debace in the Unised Stares and reseited
in higher pricaitbes for the L5 Thoe aml Jupieer [REM.
Alehuugh vcigially chedule o eglyment i the ety
Tebort, these proprams were scotlerated, with Ther being
cheplniil 1w Englinil s Jupites oo Daly el Turkey in
158, That and Jujsizer were both sdnge-stage. Dokl fuekel
missiles with ineriwl gusdance spstems and warheads of 1.5
megatcan, Politics! Eiteeliies in deplovin these missdes
nn Baresg wail peompted the Uajied Siates 1o develap

e



T i r-u.quq v an | inpeerant cggerinlabis
st @ | angee famch rehickn
i—ufﬂur.ﬂ;.iﬁ-ﬂ' Tius |, the: lrm Jathe
Jl.llui'.-'qlf-inhkjrﬁ' Bl
Frsier mawmnd ganeay il -""r
anel wcliary amd sviion ol 115, | Martin Comuanry (ltex
Air Fomor; phvaggmiph prowisked by | Lockieed Stamn Cor-
Pviesdi] liselfing o) i ike LR

wpri & ne-stage ICEM fecled by bemwene snd Lt
uTyzed, i ww denpoed o delver 2 4 omegon mocs
warhiesd s tarpeis in che Soviet Uiy msne thes o000
miler (Ho00 km) wway Between 196z and ey sevenl
wimhﬂwkﬂlmﬁiﬂ:mu
the westem United Staes. The missiles s stored sader-
e i reinficeed concrete sihi bur had i be cised m
e bevel for baeich and soguiredta minimes of o oo
minimes {ii ]

Ty ratig Titan [ bad becn roplaced by Toes 11, s much
larges TEHM, (appeusimately 0 feet 5o m] ong) b
\termally seored hypenysie foels (elf.igniting Lepuich such
1 hydeacine: sl nitropen tetmwdel. Tippedd with s nime-

et i 1 cenal ek wemem Unisd Soaes, Ticm Tl wes
the prinripad wrapo i He lmelascd 1% reciear asmal
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w1t v el by solii facledd 1AM
sk s Mimiteman, The b Than 15 weie deatisstnl
(P ASA) as Laenchers s Cemin manned spececeafl during
the vgtron, i i shearication s an [CHM, Titan 11 wis
mﬂli:lhg!.ntﬂmdﬂ-tihl-m:hndlﬂu&ﬂl

el v,

[CHMs, 5o that by iz 1665 Thor and |upster hail been ter
mipated. {The missdes ihemiefers were usod ormensively
l.n1|'|-r:|.ntri1mﬂr.lm.:l

The hoeviet 55— sydem was an apparent e, Goen
its Bmied range Gess than 3,500 miles [5604 k), it bl
1y B banschiesd] from noithern [stitodes in coder w resch
it [ mited Seates. 1he severe wenther condisons ar thews
hunch Facilides fNovaya fembya and che Arctc mainland
bases of Movlsk and Yockue) sericesly depraded opecs
titial effectiveness, pamps for figuid propellasts (o,
mital e wis exrreme, and lirhricston of movng parts
wa niardy imposaiile. Tn i o misals enpine axploded
ilurisy 2 test, killing Mivmifan Fasavich Medein, chiel
al the Stratepic Rocket Foroes, and several Bondred
ohservers

Possibly ab o resule of these techiicsd Gifuees fand pos
lH'g'l.n ERpIISE B the |h11.|-.1‘|rmr- al Thor n:djup-irﬂ:l‘,
the Srvipts stempied to base the 554 Sandal—an TREM
with 3 i Ml warhezd and 5 ETITEY i G-, D
imilis '[i,.q.-|.|:|-l.|‘i|.-u einj— cloder 1o the Unated States aml
in @ warmer climate [his precipitaten] the Cathen misale
critts of g6z, after which the 55 4 war wiibdrawn w
Central Auia, (It way onclesr whether the Usnited Sraps”

o
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imctivatlon of Thor and Jupdeés was o conlizion of this
withrrawal §

In the enceskime, the Ueted States was developes oper
il BB E b basd im LS eoami ooy Thie firstvecsians
were the Atlan amd ibe Tigan | The Atbas-D e frst venaon
thephmyed: bunl aliquid-fuelod engine that penersed 16o,060
pmsmedsi, 0 killonewtons) of thrst. The misstle wis radie-
ernial puided, Livnchied alseve pround, sed bl 1 ange o
rsocmilesies, oo kml, The follme-on Arlas-EF incoeased
thiru e oo potmd (1,714 kloneyoes), sl off énertial

(il e from an shovepromsnd i Bortoontad can
ister fawnchim the I and, fmally, o sifo-stomsd verticl bunch
im the F. The Atfas E carmed & 3-megaron, and che Achs F o
g-mepatan, warhead, The Titan | was & rwo-stape, boad
Fuuededd radio-inectial geided silo-bunched ITHM caervinog
i g-mepabon warhead end capable of raveling 6 joo maes
(e, oo buinh: Both systems became operstiooal in wis.

NUCLEARWEAPONS

Mocloar weapom are devices that prodice emocmam
erpilmive enerpy a2 et of ouclear fisdion, oucle
fuzing, or & coamhisabion of the ten processes. Flssion
weipie aie camsanly refeel o aomic bembis,
P wesippois age feferred 1o as thermonodesr S
o, mese commenly, ndrpen bombs, The fing stomic
fombs weee built by the Unsted States during Woed Wir
11 aiml weee dosjpedd on Hicushima and Nagasak |, fapan,
I g, Adter the war American t.:uli.ﬂll:lﬁeh‘ptd the
first hytdmpen bomb, which was tested in g5

Tue Frast dtowc Bomzs

Is early January 1439, Austrisn phvsicist Oibio Frisch
iushed o Copenbapen ts infurm the Danish scientist

)
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Mighs Buhr of w0 insportant discovery: Genman scienib
had rusedd & wranium meclens o Sssion, o heeak: apare
inbe reen smaller pieces, by bombarding the ursnium with
borw ageed mewicrone. Bobr was shaut o besnn B g sl o
the United Seates, whese be reported the ness to ol
keapuzs. The nevelation sec off experiments af masy
Eabogatones, end nedrly 1oo anecles woe published shoat
ibe exciting phenomenon by the el of the vesr. Balu
postulsced that the nranium pabope uransm-235 wis the
one anderpeng fssioe; the other isotope, ursmium 24,
mirely absarbed the prutres. [n addition, @ was discoy
ervd that neutrom were also produced during the Fasion
process; on averkge, cach fesoning atom produced mare
ifn two pestrons. B the: proper amount of matersal
were el these free neutrons might creare 3 chain
reection. Under special conditions, a very fast chain mrac-
iy et p ool o ey Largee releass of enerpy - inshom,
d weapon of Earesiic power niplht be fessibile:
Propucime & Coxmeoeen Cuwrs Brwcmion

Tha possibalicy that an-stoanic bomb might fest be deved
epe] by Mt Crenmany alarmes] ouany scientists sl was
elrawen oo the arteston.af U5, Pres, Fonklin 1) Boosevele
by Adbert Eiesigin, this living s the United Suates, The
presickent appoisted a0 Advisry Consnlries on Urmion.
which reparted nm Mew 1, gy, that a chaim reaction in
wraniuen wes posstble, thouph ungroved. In March roge it
wis confnmned thar the Botope uramium- 1y was indesdl
mﬂmﬂkfru’hn—q}mfln:tﬂqmlini‘.'nnﬁum The
Mabvisoey Commitoee on Uranism creased s suppart
af chadn segetin exjreimenly anl snanged foe 4 suily of
posilble metlsods i sepurating the oreniom. 2 sotope
from the much mare abuncans wanium- 38, Ten spars-
o processes were explonad: the cenimifage process, in
which the lesnier isotope & spin ti the owtside, anil the

.y
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pasevus diffesbon process, in which gaseous wrinivm
hexadluncide is diffused through barriers, or fliers,

Eharimg the ssmmer of 140, researchens ar the:Uni
vegsiny uf Califoanes at Beriveley discovessd 2 new element,
elmment g}']'hq' namisi] the new Slemen Erlum'nm._i
imferred that this element woald decay into yet another
new element, clement g, which in turn mipht also fission
usder et bombanlmesl. Element g was discoversd
nm Feb. 23, 152; duning, the iodknamg vear the resesrchers
mimed b1 plutonhem end established tha it did indecsd
uschespo fission - ani af o cate moch bipher thes thet-of
urmnium-235. Flutunism became moognized as another
posmhble fued for ao gtomic bomb, o addmon w
Tl T

InMay 1ag 1 areview comimities peported that 2 nucleat
expinsive probably could noé be prmlable hefore 1045 A
chsin réscrion ko nabural urinkem wis probably 18 months
o, el It whoriihil veakee ai Beast nhvadidivional vear o peudoce
encuph pletoaium sl three 1o five vesn b0 separate
ennuph urenium- 235 for o bomb. [n the &l of roq the
chain resction etpetiments 51 Cobambia Usiersity in
e ek Uity yiehlsl negative resalts. Al sulseguent
wr was frans ferred 1o the Ennversicy of Chivagn, where
the workls B conmalls] petlea chus nactiog was
schisved by Tndban phevsicist Encico Feemd and his group
ne Lo, 1, vggt, in the squash court ueeler the stamls of
the universiy's hoothall feld.

T Manmarras Pangucy

The Unéved Stazes” entry into World War 11 im December
it W deeiciaive bn provicling funik fod & masahe pessrh
aid prodaction effon for chialging issioaibie maresiale
The U5, Army Corps of Engineers was given the job of
constructing ibe peodurtion planis; and in Aupes 1gys
the proect wai offcially ghven the nume Mashattan

a5
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Ve i wimic ol b, e lempords. M, [l 16, 1y Jack
Al Tn Alamios Mumsnad 1wy

Engancer Deamnct — hence Manbartan Project, the name
by which: thes effort would be enmwn ever sterwend Gen
Lealie B Garoves, welisctid o head the project, chiose the
tharee ey prodection sites—Oak Ridpe, Teon; Loz Alimos
MM and Hanford, Wash, - and silecied thie lape oo
porations 1o bl anid epenire the domic facnees. In
| cember onndrety wroe '|.Il|,.l'l'|'I'1‘| with ihe Dhalbine
Company to desipn, constpect, and operate the plutopsum
productbon reaceos and to develup the pladvaium segura
tion faralities: T Eypen of kactaries o ennch urarmm
v bulle at Ok Ricdge.

la Mevember togr Cooves and plvsecise | Roben
':'.'|||-|'.'¢|.ﬂ:ﬂ:nrﬂ viiiei thie Lo Alamise Banch S hood, e
= miles (o kmd north ol Alwsquernpse, b M. wnd Ciemves
appaoved 0 2 the site for the men swieatifc Bhegatary
eifien eeferied twhy it cole name Faoe Y Oppenheimes

e
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worithd] bee thie scienuific direcion of the Lilsuatary, whese
the design, devebapment, and final munsfacture of the
wignnn would take pluce,

Racrss 1o Bun 1 Bosus

The emphasis funag the smmer and fall 58 ra4q was on
the ptin method of sssembly, (o which o proectile, 3 sub
erithcal plece of urasium- xiy for pleoaiom- 25, would be
placed im a gum barred and fired into @ fanget, another nib-
crtical piece. Adter the mass wis joined (el now
supercritcall, @ newtion smre wosld be wsed o st the
chain reaction. A probdem: lendoped with apphang the gun
metheed 1o plutogaum, hrewerer, Some neutrins woulkd
ewwys be present in 2 pluionium sssembly pmd would cose
It i explocde premuturely, producing comparatively lidde
enerpy The probiem was overtome by the imveatinn of
o wecued pun desipn .. the implesson mebod, o which o
bilie] sphere of pluinediim would be. ompressed aod
hq'm;l'lrmql;ri'tinllm tg]mplﬂq!‘knﬁ*rﬂ'hiﬂ
exphisive surrounding the sphere.

By tagy the Manhoman Project wis spending moeey
at arate of more than §a bilon per vear. Delave meant
ghmast -certmnly that the war in Farope woald be over
b ke weapon coekd be ready The alimate taget
changed from Cremuny v fapan. After Rocnevelt's death
o April 12,1545, Pres, Hlamry & Tresmas was given an exten-
sive breeding on che status of the project: the urenfum 235
it aliesipn el besa fnalived, bnst & sufficieos quanticy
" | MR- winghl mot b acoumulate! until shout

Asgest 1. Encaigh pletonium-23g woull be svailabl: foran
lemiplisiion sssembdy b be vested s early July; 3 secoeed

wirnikd b residly i Asgrust Sevieral docen Boag bombers
hert v modified g0 carry the wespons, anid constriction
rf 2 staping bese was under wy ol Tinlen, in the Marans
Inkanihs, ¢ goe imiles (1 oo ko soth of |mpus

1
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The test of the
plutonium  weapan
wis - mamed Trimity
it weay el 81 §-viegq
s oo July 66, wiggs,
at the Alsmoporhs
Bombing Ranpe in g
sonith-central - Wew
Meoon, The theo-
mists’ peeidictions of
the -enepy. relese,
of yickd, of the
device mnped From
ibe equivalent of s
than voon mns bl
TWT o the eqars- g g
lent 4F 45000 1N (i Pl U Thibens T, pul-f the B
{uhan i, roam g no g Dy obe o cher deapasd b smini
kilotons of TNT), et e Fleniding, o, dug &t
The it ' actaslly [IE Air Baoco phaossgeagh

piinlicesd 3 vield o
bt 31 oo Luna,

Tux Weirons axe Dsan

A single Bz bombes mmed Fal Gay few over
[ livvmbuma, fapam, on Manday, Aug, &, rg45, at §r5 a8, The
untested ursnlume-zys pun-assembly bomb, nickpamed
Little B, was airbmind i goo feet {yio mb aleve the ciry
I maximlee dernar i & was later edimated o yiehl
15 killorons. Fwo-thirds of the city area was destroved. The
popialt kit prusint 3¢ dhe me wis eitimared 4 ge oo
il IliHE, 140,000 higd b tlie sl o ehis yedd, Thie secvml
weapns, @ doplicate of the phicnium-1go implioson
assembly tested in Trinity sod aicknsmed Far Man, was
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TR 5. s rdere aloa e dvenanng J wrewner i asm hemd
oy et g che Loy’ e aipedl o el fieed aveey I
Pl e iy Lpamnr o of Mgy’ 115, Diepartmwene of Dieferee
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drapped v Aupust y over Napasakl, where a8 eeied an
the weapnn was gishurst at 1,850 feet isoo ml; it was later
esrimmted bt the explosion yielded 0 kdotons. Ao
Bl oof Mgtk was destrosed, s oo 7o, 500 4F sime
170,000 peiple presot o the time if the bl disd h?
e enid nf the year

Tax Finst Horoces Bomes

15 ressarch an thermpenc hsir wespons was stamed by a
conreEIton o Seplember fugl between Perml and
Hungarian-American phsicst Edwand Teller. Fermi
wandered if the explosion of a fission wespon could geeite
i mass of deitectum sufficlencly o bepin oudear Fesion.
{Dleuierinm b an [sotope of Indiogen with soe prodon and
ane newtron in the nwclew ) Teller presented his fndings
10 8 proup of theoncl physicise, wh suppestsd dat
thie use of tritium be ievestigated oo well (Toisem i dn
motope of hydmpss with ooz probon end o neutroos in
ihe sercleus.) When the Los Alamos Bhorstony was being
plaunned, 3 wmal reseasch peogirem an the Super, = e
ihermamiclear design caise bo be knowa, was included,
though the mom wypent sk of dreckoping @ fssion
i alwys ik preceilence.

Tax “Svrvw Boun®™ i Arrpoven

In che §68 of 1q45, after the socoess of the somic bomb
anid the end of Wark] War 11, the future of the Manhaman
|-'m|ﬂ:l, ||1|.'I-u£|iqlp'|. Alamions ane the ather r.u.IHuu, Wi
uncicar. [n Apad 10y 3 conference bd by Teller st Los
Abimies revlewl e status of the Sapec One ceatal
chsiipn penbilesn wis how 1o ipnite the thermiso: lear fuel
It was recognieed early oo that @ mixture of et erisem and

wicum theoreticaly could be grased st lowes iemperinres
anid wosdd have o faster peactEm time Chan deitesam

JEn
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e, Butthe gaestivn ofbow o schisve bradUon remained
armesnlved, T reanbr if wookd be 2 inrmiclable bk, amel
thi limated rescesrees of Los Alsmns condd nat suppon sa
ENIEISIVE [IOSEM

Thes furst Soviet resx of an atomsc bimdin gy stimi-
lated an infemse secrer debute about whether o protesd
with the hvdropes bomb project. Ohoe of the srongest
stalements ggainst provesiling with the “mper boaml”
ramee from @ rommatter chaired by Oppeshramer, of
ntjchim;uﬂrybe!xud'imthummdqgenm
mnkeind leherent in the propesa wholly
ity arhantapes,* hh:rﬂ'dn-,l}r_lirmfhdndhﬁ
Stz Deparemeni, Defense Diepartmens, [oist Commires
i Atomic Energy, and a spectal sabcommittes of the
Matingal Security Cosncl o recommendesd proceeding,
Ies fanuary 1950, Tromen directed that work confines on
ull Forme iof puckear weapons, inchiding bwdropen bomba.

Toon Wiearow 13 Boner

T thie vcavtbes tha Followsed Treman's decision. fesearc hers
ot Loy Alumos singgppled with the prolilem of budding a
thermonudesr weapin, particalarly the frobiem of how
bo dpnite the fuel. Afeer months of discoursging calculs-
b, Beskcthroughs were achisved betwies Febosary
il Apell mgr O Brzakthiogh wa the recognition
that th bniming of thermoauclesr fuel would b moee
efficsent (f 8 hiph density were achieved theouphost the
fued priot o aiog it 1empetue. A swoosd break
Ih‘#"l]l"!ﬁl;ﬂﬂ'l]n thnlh:l.:rmd.':ﬁnm—ll.lm
compression and hiph cemperafurr thecaghout the feel —
boald be schievel by tontining s conveming the
rackiation from io expboding Bodtn wiapon sl then aving
Phies energy 1 (Ompress § SEpITE Componend confaming
the thermoesclesr fuel The major Speres in these break
theusephes were Teller asd Palish-Amenican mathematician

i
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dmnsindar Pt anll i ot Marchasl! Tifonsh; Mo 1, are TEvae
o e o bopraple radvm o o ailiiiaale 4714 o ot g e ) gu
il [ b Froem 1w alevmernan iz 105, Aie b photopragh

i
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Stanicliw M. Ulim. The owo-stage radisthon implusion
desipn proposed in their repoets, which led o the meodem
cancept of thermeauthesr weanons, beceme keown s the
Tellex Ulam conf

Withoat hestation, Teller =mil Ukim's colleagmnies
sdopied the new desipn, a8d in Scptember 1951 Los
Alsmios proposed a test of the Teller-Ulam concept, £ be
pole pamal Mike Tille aml Ulam’s thearetical kdeas
werr tramviormed wto 8 device that weighed Fa tans, m
part becamse af cryopenic Chow- temperature) refrjperation
ejuipament neveisary iskeep the dewrermm is Hoguid foom.
Tt s scressiully detonated oo Now, 1, so5z, 0t Epewetak
wiedl im the western Pacific. The explosicn ochsered o vickd
iof 1oy megaioas fmdllion ronsd, so0 mmes laper then
the Magacki bamly, s it prodeced 3 crater 6 20 feet
[1 g ml i ddinmeter and 16y feet (5o m) decp



hapter 7:
(Observation and

apivede - especially e mapnitude of dme aml
o Md.l.l-t.ll':—n a properey that bos alwas defeil
human heings but that people in turn have atways trieid
o master Aed so we hive e ewvenstbon of clocks el
calencbaes fur ilividiog thme Into decrete undts, or of e
wenpes and microsmpes for viewing ohiects o small or
o i wwey for the ey tosee, The imennioos profiled
hese, unlike those peobdéd elsewhers in this book, di noe
atigept to move, manipolai=, of change oo srosdice
wnchl; rathies, they attempt oo felp uy quantify anid com-
ek it
THEGREGORIAN CALFNDAR
The calendar now in pesecsl worklwide e s known 2
ihe {rregoanam calenelar, having been prslaimed in riéz by
Pope Carepory XE11 a2 meform of the [ulinn caliendar,
weitich had Desen in e for same 1,600 yeads, sande the relpn
of Julius Caemr The new calendar bad ies origin im the
chesize for w anlar calenedar thut kept in step with the s
sons and poesessed fixed nedes of imbercalation, thar is, the
inseniin ul'diphmhulspﬁunhﬂl:lnlrﬂukhr[u
bring bt m bine with the year of the seasnns (tropscal yreark
Berause it was devcboped in Western Christeadom, the new
cabenhir Hal siliir 1o previcle 8 meaka for iuring movable
religivam femsts such as Faster, the timing of which hal
bueeen rasedd nam @ bunsr recknning
The hulizn calendar year of 36525 e wug (oo loeg
senie the curmect value for the tropical year b 9644200

Mg
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ke This erro of s eninutes Ly secomnds per vear smouiied
b almost pee and a hall days in two cenburies, apd seven
s I 1o years, el as o result the calendar hecamo
i risEngdy vof of phiss with the segsons. Frum dme
I!i.-t_.l.‘thrr.dd.rm.lnlplﬂdhﬂ’lntl‘m‘rhlmurﬂ:,lmt
net wetion was taken because the astronnmen who were
consulted doubtcd whether: enough preeise infonmation
was availabile fur o really sccurate vabos of die tropécl year
i e phdaimed.

By 1545, howeser, the vernad equinox, whidh was usid
i rletermining Faster, hail moved an intolerable 1o days
iy ity proper date; and im December, when the Council
nf Tient met for the s of its sessines, it aithnoized Fope
Paul 101 to ke sction to cormeet the: e Codeotion
peetjuires] 4 solution, heweves, that nelther Paol 1T mor bis
snccessors were dhle fo obdnin i satistactory fsom ot
wealy 1572, the year of elettion of Pope Gregory XIIL
Gaeepory Found varices proposals swairing him and apreed
b fssue a puagul bull, or deceer, that the fesuir sstonomer
Christopher Clavids f1537-1612) began oo doow up, using
duppestions made by the ssaroeomer amd phyictan Euipl
Litins (s kenoown ax Aloyalies Lilius; died 15750

Thee: papal bull durer gresimims o the gravest con-
perny was dssutad on Fele pg, 1582 Farst, i ondier 1o bring
the vesrmal e ack s March 20, the day fulkiwing the
Fesst sl 50, Framcis (ibat s, October 57 was i beoome
Dcrober 15, thus omdtting 1o days, Setond, w beog the
wear choser o the rue eroplcal yes, o vabue of iga g0 days
Wil tnrp‘nl'lhi:rﬁ.ﬁk‘ndhfnm}ﬂrh:npuyw
from the Jelian cabvedes. reckoning, smeunting & 078
ikivs per cenlury, uf 13 days Bvery joo yea It wis
therefied promulgared that thiee ot of every foor cén.
tennial years shosdd be commeon vears, that &, ot leap
vears; and this practice Jed o the rule that oo ceatemmial
wesars whinuldl be leap vears unless excely divisibie by oo

fi ]



“FUN ST ANNAC GATITE Tr EVYENTIONT
THAT 1 bl T b Ml LD

Thiss, ke, 1800, and o were not leap vean 38 theywl
have: been in the Julian calendar, bt the year 2000w,
The Gregorisn calendar Grmly estabiehiod linsary 125
ihe bepimning of it e, and i wes widely referred i 28
thie New Stvie cilemlar, with the fulian Becomisg the (i
Syl The redorm: was woll reoevenl by such astronnoers
2 Johannes Kepler anil Techo Brahe sod by the Carholc
princes. of Furope, However, becase of the diveson
hetwoen the Fasiern und Western Chnstion cherches
and berween Protestants and Homan Cothodics, che
ofirus aidvetapes of the Greporan calendar were s
accopted everpwhere, and in some places aidogtion wa
extremdy slow En Fronce, Joaly, Laxembourg, Pormogpal,
anif Spamm, the New Style calendar wos sdopred in réiz, aud
I was i mse by most of the Geeman Homan Cachobic saies
azwrell as by Helgum and part of the Metbeelanits by 1584
Swicpelemls chanpe wad pradul, on the oter hand
bepimning i 158y and being compleved only @ oiBie
Hlungary adopted the New Style im 0587, and then there
wis 0 pmse of more than a cenfury before the e
Peotesiane countries made the tromition fiom the (il
Sty calemcdar, In atgg-i7o0, Denmark and the Dech
and German Pméestans states embraced the New Stde,
although the Gemaes declined to adept the. nales Lkl
dhowrm bl iletermining Eastee The Germans prefeseed in
ehy mstead n astroncmical sables and specified the e
of the. Takulse Rudibieer (627 “Rudolphine TablesT,
basedl on the vith century obsesvations of Tl Brake
'I'I:.E}.'mfh:d.lnﬂn l:;'l'\'I.'EI.IT-I.n cemdar rales for baster
anly m ryoe. Sweden adopred the New Sivie in 179).
although the Swedes, because ey kel n 170 follined
the Gorman Protestants in asing thesr sapuacemical meth
oty fir che bermmaning Faster, declined o adiog-the (reporian
cabenchr ndes until shgq. Bpan sdopied the Mew Siyle in
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iy Epype sdopted it in i87; and berween ez aod gy
it was arcepted by Alasia, lefoaria, China, Estonia,
Larviz, Lithisinia, Romanis, and Tuckey, The poe-defiinct
Bowliet Union sdopaed the New Sryle i igid, end Greece
i\ 1y

In Tantain and the Porish desminions, the dhinge was
e in 172, when the differeoce betmern the Mewand Cild
Stvie calenclan amomtted i 1 days: the lap was coversd
by namimg, the dday alter Sepd. 2, 753, as Sept. o, Rz
Theze waswadespecad misunderstanding among: the pablic,
horwever, even thoegh legtslation suthonizieg the change
haael e Framed bo aricd imjaticn and fmancial hardship,
The Alaskan terriciry retiined the Gl Strle calendar

upad £%67, when it wan transferred from Russis o the
Ulniieeel Seies

JLIECLOCK

A clnck s machine for displaving time inwhich 2 ilesice
that periorms pegulsr movements in equal ingervals is
linked to a comnting meckuniom e reconds ihe samber
of mowements. All chocks, of whatever farm, are maile on
this prEnciple:

Thes arigin of the: all mechanicsl escapement dock s
sk nown; the Gre such devices oy have been Brvenexd
wmd ez in moeastenes 1o toll o bell chat called the mosis
oo prayers. The fira mechenical clocks moowhich clear ref
efeitces exist werk iepe, welght-deiven machines firted ihvg
tarweers and keemen oy s furret chocks. Thes esdy devines
struck anly e howrs snd did not have hasds or g disl

The ahlest sviviag chick in Eogind b that o
Salidiury Cathedial, which dibs fom 186 A cladk
erevted af Bouen, Franee, in r3bs s still extane, and one
bt Fr Weells Cathedrl in Eapland is presorved in the




“FUN ST ANNAC GATITE Tr EVYENTIONT
THAT 1 bl T b Ml LD

Selence Misiem im London The Salidury chock seriles the
heawirs, el these of Rousn sne Wells shan hae mechanisms
fie chiming at the quarter bour Theso docks aee birge,
brnn-framisd iruiteres deven by falling wedphta artsehel
h:.:-:lmlrrqq:ﬂ] areninl 3 drinnand r@.lhﬂ.“l:umn;h-
anizm Eremem ak 4 verpe (or crwn wheel) escapement.
Thatr errors probably were &5 lupe 35 g half bour per
dhay The st domestic clocks were smaller wall moumsed
werdaan af thess larpe public clocky, They appeared ke in
e Lgth contucy, amd few examples have sarvreed; most of

Rerpertrucinm &f s mmmm-h&
Jmfnt-u_,l.h.'iq.uﬂt.L i b | Prasiesmen e foraed Meeahre
@ afl Cosctewy of e Exe Asian Hlamey of Scence Liboary
(arshnidgr, xad Cambnitge Unfeenoy Pres
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them, sebremely sustere i desipn, b oo coses o mesns
of probectinn from dust

Abpuit 150, clork mekers working probably in south-
prn Crimrny of aorthern fuly begran o meke wmall clocks
\risen Ih:l' :.q.rin;.']"hmmerh:r'qﬂ Furu]:k time-
pieces, representing an mmportant landmard im homdepy
The vime-selling dials of these docks ssally had an bour
hand valy (mineste hends oid sot penemlly sppear wnil
the 1) ani were exposed to the air; there was nocmally
e foemm of cover such as @ plass antil the 17th cenfury,
thossgh the mechaniim was enclosed, sl the caes were
e ol s

About 1581 the proar Tatiss soientrst Galileo noticed
the charsctecistic umekeepiog propeety of the pendidem,
The Duteh astranumes s physici Cheistian Huypens
wins responsihie for the practical spplicstion of the peodu-
lgm 58 g tome coneroller i clocks from sss cmand.
Hetypenss investion brought abowt  prear incregss in the
impoctance and extent of clotk making, Clocks, wright-
riieren snid with staort pendefame, were encased inweod
ancl made 15 hang an the wall, bt these new exhacly
weall el ks bl weery hesawy weiphiee, and nian y fell ndf weak
plaster walls and were destroped, The ot stop was o
extend the case (o.the Boor, and the grandfaher dock
wias bomn. 1n 1670 the long, of woosds, pentdum was
femrdured by Fogloh dock makers with the mwhu
ESEpemenL

THEWATCH

The &irat pertalle dmegiecs dppesred shorly after igea,
eisly examples being mace by Peuer Henlein, 4 locksmith
bm Miirnbeng, Ger, The sapement used i the carfy watchis
wits the same 15 that wed (o che sty elocks, the verge:




T ot 41 sl whind Fan ybquebs Brasisa e |

Earty wabrfies wiere matle sothby i Csermamy and at Blois
in Frpce, among other countries, and were. peocrally
carmed (n the bued or worn on 8 dhan srcand the aeck.
They ussally el tindy tine Fand for the bours,

Chme: af thee maim defects of the earty watches was the
varmtioe in the oque exened by the mainspring. The
madnipcing i the diment har drives the wanh; i s
sests of @ flat sprinp-steed fand stressed in benafing or
cotleng, When the watch, or other sproog driven mechs
aiun, bs wound, the carvature of the spiding b inceeased,
anid enengy i thes dored. This eneney i tranmitted to
the nacillwtng soction of the wabch Goalled the balancel by
e whediraim sl eacapement, the motios of the bilance
itsedf combrelfing the relesst of the enapemeat dnd cog-
serientty the timing of the watch. I carly watches, the
foece of the muinspeiey was prester when Fully woend than
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when It w almsost pon down. Sioce the Umekeeping of @
watch fitted with & verge escapement was greatly infls-
enced by the Force driving i, this problem was guiie
serhiiiis. Sifuthon of the pralilim was sivaneed sbmie oy
mnlhm.ﬁqti:gmmﬂnlhiuﬂ%ﬂlq!h:
applicatican of the fusee, a cone-shaped, grooved palley
used] inpether with a barrel contuining the maisspring.
Witk thivarranpement, the mainsprng wes mmile w rotile
# barrel in whach it was hoesed; 1 bength of mtgat, later
replaond by & chain, was wousd on it the ciber eod being
ootled around the fusee. When the mainsprng was fully
woninl, the gt or chain pulled om the sosliest radis of
the cone-shapod fusee; us the mainspring mn down, the
leversge was progressively incressed as the put o chatn
prdibedd v 2 latper padius, With coerect peopuctinaing nf
mainspring anid fusee mdii, an almost comstant torque was
imimstainid 35 the masnspring arwound

Cormralling chi oscillations of 3 halinee with & spring
wis @ importunt step in the history of timeékeeping,
English physicisi Rober Hooke desipoed o wach wich
Imalance spring in the e 5o there ajpean oo be &o
eviclenie, hiwever, that the sprinp was in the foom of a
spiral, & crucal element thae woukl become widely
emphoyed. Dutch soisiist Chissan Husgens was prals
ghily the fust 1o design {i674-760 a warch with a2 spiral
halance spring. The balance speing o a delicate ribbon of
steel or osher sultsble spring metertsl, penerally woesd
ety o spiial fuerm. The ner end bs pinoed into 5 colle (2
vl l;.vnu"::rl‘r which s l'l:l-rl:|rl:-1'H1|: an the helimce
stafl, while the ooter end s hebd & a stud fved oo the
mivesnenl. This spuing seis on the labises o praviey
dioss o6 the pendaberm. 1Fthe hibioee i dixphiced 10 oos
side, the spring s wound and energy soeed @i this
eneryy is then restored w the balance, cosing it oo swing
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rearly the cime distance 1o the ather slde if the bafancs i
released.

I thers worn no- frictioned Insses Gop, air fnction.
interenl fricuios i the sprng mateckl, sed friction ot the
Fhm-.],lheluhmr:iﬂ swing precisely the wmme e
tance o thi-oeherside andcomtinae tocscillane inde fini ey,
Became of thess bosses, bowrver, the osclleteons in prac-
i diie wway. 1 Is thie encapy sineed in the mainspring aml
Ied tohe balance thrmugh the wheel tran and escapemene
that maintuses the ascillston.

THE TELESCOPE

Calieo Is credived with-Baving devedoped selescopes for
astpuncamnical lservition s sbog. While the Eirgest ofhis
instrumenty was aoly abeat 48 inches (r2o omb long amd
Bud an cbjecive diameter of @ inches G omd, @ was
evuiiped with =6 evepie that provided en upright e
erect) imape. Ciallen el his modest mstrument te
exploge such ordestinl phe somend 45 the valleys and meen
tair o the Moo, the phases of Ve, and the foar birpess
Jowlan satellites, which kol mever been opitematically
odeprved before,

Cralilien’s inserumest was 3 refractiog telesoope, ooe in
which the incomizng light is bent, o refracted owand 3
fical point om passing throuph the lens. The reflecting
telpscope B an instrumeat in which a mirror refleces the
Eghit buck 10 o' focel poing iostesd of refeacting Ie This
rﬂrnf I:hn'q'r:m{hnﬂrpﬂ.li:n [T Ir:r II:E'FEI
Enghish mathematscian and physicist Sir Isaic Newtod,
ihisiiph the Scitish setronsme s Gregory hail
inidependently conceivid of an alienarive reflectar desipn
in t6A1. The Freachman |surent Casseprain imtroduced
anibier varlsteon of the reflecens o ss7a. Mear the end of
the century, others attempeed o construct pefractin as

ja
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THE HALE TELESCOPFE

The Cienege Bllery Hale Tebronpe, e of ehe waidd's b
it amd most EI_:EI‘.' mbl::lq;t:hnp:.hklhﬂ‘i
the Palimus Dncrvitony, Missis Paloins, Callf Pinanend
by the Rinchefeller Foundation:, the telesoope ot Paomos
i vompilcied in i wiel maied in b of the senl
Hc desning of the insrumend;

The mum serree of the Flade Telesoype: measimes 200
inchees (o ol armie md wrighs 45 s, b s made ol
ﬁnmﬂfﬂmiuﬁpnlddmtmmtm
tw ek onates] wiih akamviom o ger @ devahle, highty
peffinctzre mrface. The entre moable part of the elescope
wrighs mare than yoo fom, et i o smoothly srpponml
ind delicaely balsaced os hydwstatic bearings thar &
“bupmapower midtes can tun B o et the s
rmazing of the tkg The tube, of ooen-pander consrucoon,
I s feet LiE mib e The bebestope was the et in the
wnrld to barer an obeerving ceg Sor the anronomer maide
ihe v bemrnpe bl o ped e focu in )i wbos dlacratioms
maile fram this reee i lere remed thar quasars were the mia
ilivam cbsjrern i i unieeie

o a5 200 foet Gonml, but these mstruments wee too
rbeward 1o be efective

Tl st :uinmﬁrlnl ot beticmn tr|-1i'u-||rw=||?u1.|.-:||l
o the felesonpe i the 18th centurywas that of Sar Willizm
Hesschel, Hemichel, whise interest in telosopes wis
kindlid by Grepiry's modes pinch (5em) feflectoe
desigs, persumiled the king of England ty finance the
construcion of a-feffector with ¥ yo oo {2 o Rcal
length and s g7-inch {ro-con) mirr Herschel is coedite]

M3
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withy bervlnng aveed ohis Inseruerend o Loy che observational
prouncenk for the concept of extragalactic *neblas™—
L., pabiries oo de Moy Wiy systom.

Refocturs continssd w evilve during the igth tentiry
with ik wark of Willizm Parsns, gl Earl of Rosse, aml
William Lassell. [nadgs Lowd Bemse constructed in reland
arefleciorwitha 73-inch (185-cmb mirror and a focal leapth
uif mbout 43 et (16 ma. For 74 years this telestope ranked
as the largest in the wnrld and was wed to explone thow-
sands of nebules and st cleters. Lassell bl several
mefectans, the birpest of which was oo Malo; chis e
menit bad @ gg-inch (ry-cm) primary mirmor anid 2 focal
kength of more than 3 feet Do m). His tolescope had
presses reflecting power than hat of Parsans, and i1
estathile] hism o catalog foo new nebubis as wellas o de
cover seveml mtellites of the outer plmets—Tnton
Meplunes Lergisr moond, Hvperion Satus Sty moo,
anid A sowd Unssboried (owa of Uraniss meansd,

Hefractor t=lescopes, tod, underwent develnpment
during the 1ch and rgth centaries. The lest sipnifscant ooe
o be buili was the po-inch {im) reftactor ar Yedies
Obervatary Installed i thag, it remains the lirpest
refracting spstem in the wnaid & objectve was designeil
anid constructed by the opticias Aban Clrk, while the
i as Bl by che G of Wamner & Swasex

The reflecting teleseope predominsted in the 2oth
century. The rapld proliferacion of larper e larger instro
ments of this type bepan with the isallation of the
wo-anch {2544mb reflector st the Mosat Wilon
Chsetvabory near Pasadena, Celif The technodogy dor
mifrus uncderwent 3 mgor dibvance when the Carnisg
{lann Wharks {in Steaben Cousty, N.Y) developed Py
Thes borasilicabe glass, which sndemgnes sohstastally s
expamiog tun codinary s, wis wsed in the 2o04-ioch
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(podamm) Hale reflecios baili in e ot the Palomar
{Miservatory Pyrex abso way sidiped in the main mirror
i the warld's largest telescope; the 136-inch (6.mj
reflecior of the Spectal Astrupisscsl Dlservsiony i
Felenchokskam, Ressla

JLIE MICROSCOPE

Thecomeepe of magnificatinn has kang been kncon. About
1267 Eglish philosopher Roger Bacomwrote in lerpeciiod,
“['Wel mery cmber the smallest partiches of dost anil sazel
brmm ol the greatmess of the angle under which we
may see themy” and in i538 Emlon physician Girolame
Frucaspors wiode o Homoceorice, “1 anrone shoubl ook
thromghy fwo gpeciacle plosses, one lieing soperimposs] on
the ather, he will see everything mech lager”

Thiree Dutch spectacde makirs - Hans fansén, his son
Faharias Jansen, amb Flans Lipperhey - bave receiwed
credit for Ementing the compoumnd mirroscope shout
w55, The Arst postrayel of & macrnscope wis doen st
163 in the Nethechals It was cleady of 2 compous]
mmicroscnie, with an eyeplece and an chijective lens. This
kind of instrument. which caee to b made of wood imd
caf i, ifien sdorned wih palishel mh skin, bicanie
e pestabngdy popukar in tie mid-rmh cemary and was used
oy the Enpfesh nataral phifosopher Brlsers Heoke o pee-
vide cepular demonstrations For che aew Roval Soclety,
These demosisatinn commenced in 1667, anl o pean
[ater Hooke palilished o folio volume tited Mrragraping,
which introdaced o wide mnge of microscopic views of
Eimdliar oljecis (Beds, v, anid necdes smang deem), [n
this bk B ol the term vall

Fidden in the ennimbered pages of Mimmabas
pereface s 3 description of how 3 sinpde high powened lens
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Miirascape svode by Awinase 1w Laevesrmbosk. © Comstork: Emagesd
Jnperimape

reiild he nuaide info 8 srviceable micrsoope, and it was
using this design thet the Dutch ol servant Anfonse
van Lesinrenhosk bejan bis pioasering observation of
Ireshwater microvsganizing in the wros He sade his
pastage-stamp-ined msroscopes by kand, and the bes ol
ibsemn ciulif rescve derds mound o7 m His Bne spect
mens dmcovieed in escellonl comdition ar ak= Kival
Secicty more than three centunes biber prove what a great
ichnicien he was. Using his simple. microstope,
Leeuwenhoek effectively luseched microhiokey ia by,
l:l:l\u‘d.:—kmmlrnmmuq‘nrmuu‘rdmﬂhmfﬂlh:
tégos, In p¥zy they wore used by Scottish botanist Robers
Pacrin i chemeinsreate the ihaquiny of the coll nuclss, 4
teiin lie eodned b6 1830

fimplr microsropes using single lemses G genemte
fine imapes bowever, they can abso prodece spurious
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cakiur due o chiomatic abermadon, 6 which different
wavelengths of light do ot come to the same focas, The
sherrabhins were warse i the compoo mecrmacopes of
the time, lcaise the kense mapnibed the aberratioes u
lemst gz much as ll:q' :l:.p;u.lﬁﬂl e imapes .'lJIJu:ru#:
the roampoimil micrescnpes were Beautiful sbyects that
ponferred states on thea awners, they producod inderior
lmapes. In 73y the smsteur Enplish optician Clistet
e | Lall ianscd B trsal andd prror thet 8 combinatios od n
ponvex crown-phiss bens amiEa concave Rint-Hass bens coudd
haelp b0 coeroet chemeane abermation i pelesoope, amd
1774 Henjamin Manio of Loedon produced & pioreering
set of cobour-comrectnd Berses for @ microscope.

The spprarence of new varetes of opticd plisses
encuufaped ootinued developmest of the microstape in
the wgh century, el considersbile improvementy were
imiide b1 understunding the peometnic optics of mage
purmation. The conceps of 18 schavmatic (nom codour
ifistoeting) mirmosenpe obyectrve was fmalky introdoced in
17l by Dutch optician Framoods Betldenijder, and the
Englich sientist Joseph Jackson Lister is iRy polsbchad 2
winrk describing a thearetical approach to the comglee
ilesipn of mivrosoape chjectrees. The phsics of ks con-
struction was ecamined by German physicist Ernst Alibe.
In 1853 he Imventad 2o apochiomatic ssem of knses,
which el even better enlius correction than schromarnc
lenses, and in th7) he published & comprebe psive apalvsis
o dees thedey Light microacopes were produted in the
I.'hl.r“ quarter ol the ui|I!|'|. cepdury that reached the
effective lmits of optical microscopy Subsequent instru-
ey bl as plise contrast mic s, intefeience
amicaenicipes; dnd vodifocd microeopes — wolved specific
packiiems thet kad previnisly made shadpag mmporrant
rbaects such i living cells very defboulr,
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RADAR

Sertons developmentsl work oe redur radio

und ranjing”y bepan i the 1e3es, but the basic ides of
nzitbar had s mj,gimi.lm:d.n:ir.ﬂﬂ,pﬂ]mﬂhm:h'-
wremagnctic radkation condscied by Gemman physiciss
Heinnech Hert durieg the Jae 1850s. Heroe set oat m
verlfy experimentally the earlier theoretical work of
Fenarish physicist [emes Clerk Marwell, which had ked to
the comchesion thar radic waves can be reilected fram
metallic edjects and mefrcved by @ disbectric meilsam,
st a5 fight waves can, Hertz demonstrated thess prop-
erties in pibE, using redic waves st wavelenpth of 66 cm
fwhich comesponds to'a fesoeocy of abomt 457 mwpa

bieriz | M H].

The potential utility of [erte's wook s the basis ine
the devection of tiepets of pracucal inteest did ot po
miifitiosd 20 the time, bet thife was Do econsie, soo
etal, o mlitary need for radar unkil the esdy wyos, when
bong- renge milicary bombens capsble of carrying large pae
becaibs were ibeweloped. This prompaed the mojur cousniies
el the wrelil b ook for 3 means whib swhich bo detect the
appeoach of hostile abrraft. The Undted Stages, Girear
Britain, Germany, France, the Sovier Unson, Taly the
Teetbeclands, s Tapan all began experimentiog with radas
within abyout bwe vears of oae another anil covbharked, with

varyig deprees of motivatbon and sucoess, on s develop
ment for milivery purpoies. Severdl of these: countries

hﬂumpqumdqtﬂllml] rlh:uiu.'qinmtmnlﬂtu]'
sepvice at the stant of Wodd War 11,

The first olservitiog of the adki sfec an the s
Mival Research Libovatoey (NRL) in Washington, [C
wis macle in 1gre MEL researchen positioned o radin
iransmetter oo oee shore of the Motomac River and a3
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reeiver o the cther A ship saling on tlee river anegpect
edly cased Bactuations in the etenssty of the reoeveed
spnals when it passed berwoon the transmitter iod
receiver (Todmy such @ confperavion winikl be called
letniic ralar) In apite ol the prommising resulty al 1hiy
exponiment, LS Navy offeials were upwilling i sponsor
furtherwark. The pneciple of cadarwas “eediscrversd” at
MEL i g wheees 1. A Hylaoe] observed chat an gieeeafi
iyang; rharoughs the heasn of a trensmitting sntenna caused
o fructuarion in the recesved sipnsl. Ahbouph Hilend
haw smwormites @ ML were enthusiastic abour the pros-
peect o deterting tarpecs by ranio mesny andd were e to
prse ins development in eamnest, |irde inerest wes shwm
Ly higher authoniies in the oavy Not antl i@ wes darned
harw £ e 5 single amtenog for both tansivting o
receiving (now termed monnstatic radar] was the valee of
racdir For detecting ond eracking sirtraft snd ships fully
recipiided, Sucho system was demonserieed at ses on the
Isattieship L85 New Tord in gariy oy

Thee first racdars developed by che U8 Amy were the
SCR-268 (at d frequency ab 20§ MEr) i controting anil-
aircralt gmnfee and the U170 (at 2 fequency of oo
MEeb for detecting arcraft. Both. of these mdam were
avallabile at the stan of Weald War T1, 28 wes the mavs
CXAN shipbeand surveillance radar (al 3 frequescy of
sow MEL It way an SCB-amm, e of six sysilable m
Hawaiiar che rime, thae decocred the spproschof Tepanese
warfanes ewanl Peadd Harboe, sesr Honolulu, an Bet 3,
141, hirwever, the ligniﬁum't af the mifar pheeceations
was not apprecieted until hombis bepan o fall

Buriteain coimmetisd b researvh o aencedt detecia
e vy By Sepiembes 158 the hist British milss snem,
the Chun [inme, had grae info g-hour apention, snd it
remained operaticny theoerbout ihe wa, The Chan
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Homeé raidets albowed Britsin b0 deploy- setcessfully i
bimites] aor defemses againak the heavy German alr attacks
coeduceed dunng the early part of the war They opecatad
at aburit o MHE - i what s called the shormwave, of
hiﬂmmj‘{llifl,hd—dﬁ:hhuﬂuﬂrqdmlh
frequency for radar, It might nos kave bean che opeEmam
sohition, bui the inventor of Drensh e, S Roberm
Watsinn Wart, befieved thar something that worked and
wis gvailable was better than s kheal salution that was
only a promise or might arive oo ke,

The Siwviet Uition abso stareed working an raiar during
the 1g3ea A the time of the Coerman attack on their
coumaty im hune 1541, the Sovees hal developed several
differean rypes of tadars and bl (v prodactios oo srooet-
deteetion radar that operaied a1 5 MI: {a the
wery-high-freqeency [VIIF] bunedl, Their devedapment
aitid manuficture of redar epeipmenr wes desruped by the
oisrenad isnvasini, aod the work Bad b relocarsd

At the beginnong of Wedd War 11, Germany bard pro-
pressed further in the development of rder than any odher
enustiy. The Cremmans employed rabar an the prousd and
ini the dlr for defenee sgainee Allied bombers. Hakie was
installed on g German pocket hartleship as eery as tayo
Ralar development vwas kalied by the Germass o laie
iy beaums thiey befieved the war was almost o, The
Lndtedd States and Brtais, however, soelersied cheir
etfioris. By thee time the Germans pealized thedr mistake, i@
rhhn.ll.ir!ul:].l.-l.ﬁq.l.

I"_'u.'l:-pl frr same- {xerean radary that I'.F'l'ﬂ'l.‘il.ll_;‘li
and 560 MHz, ol of ihe siccessfel mdar systems deved
eipresdd el b ehee starn o8 Wil War 11 wire | the VEHF
band,| belew gheot aoo MHe The wse of VHF posed
sevrral probilems, Firt, VHF beamwidths are - had
(Mariow  beammwidths yield preaces acosnacy, betier
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resdilution, ond the exchoiss of uewanteld echoes fom
the ground or other cluter) Seconed, the VIIF portion of
the eleccromagnetic spectnam doss no peesut the wide
banibwiifths required for the shoer palses thar sllow far
presiter aovutacy in mnge defermintion. Third, YHF iy
subgect o simnaphenc nodse, which limets receiver sensi-
tvity In spete of these devwhacks. WHE represented the
frontier wf pacio bechnoogy i the igpos, amd ralar devel-
npment at thes frequency mnge constituted § provioe
peaneering wcoom plsshme .

THE ATOMIC CLOCE

I 150y the Damish phyysicist Mieks Bobr postsiaced that
abittes exdsh bn srates of discrete enerpy and thar any
hmﬂmhﬁwmrwnmnwmm“lmrqnmdhv
EhsOrpio O emiconof & oo of 3 speciie feguency.
T ssvpeervarbeed arom fohet b an stom pot affecied by
neiphbouning atoms or external hekh), the enepes of the
varios states depend ooly apon minnsic featuies of
stomic strocture, which are osdesioed oot 1o vary A
pradetion letween 3 poir of thee stites, thereloe,
imrodyes the sheprptiog o emEssion of 2 phiton with an
b arkalile frequency; that freguency is desipnared te fun
darnenral necpuesecy af the iensition

In many st anil molersdes, transitioas between
enery states lovolve sharply defied frogetectes in the
virinley af 1060 herts. After dependable methods of gen-
:priq; spch J'rl,-.ip,-:n.r_lu WETE &'vdufrttqlurlugm
War 11 for microwme radar, these transitions wers applhid
b fevldemn of dmekeeping. i g6 priciples of the ok
iof atomic and moleculsr transitions foe repulsting the
Frequency 4l electronas oacillators were desnbsd, and i
147 3 cecilfatnr wos cosstracend that was contrulled by
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ey ipvdibony of the amanonis eookcule. An ammonks
enpfrrlled clock wes built i myg at the Natlosal Burcan
of Standards, Wishanpron, 1IVC; in this dock: the fre
gy il nod wary by mode than ooe e b e,

I 153k the so-callel reomines Iuhu]i.p.l.enl'mqj]m-
lating 1 beam of stems ar molecubes was insrodeced, This
technigs: was adapeed in sevel stempts o construct 3
cislum-beam siomic click, aml i oiggg the fis such
clock was placed in operstion @ the National Physical
Laborswry, Tedidngion, Eng, Berwoea tos and taqd the
Mool Physcal laborsiory and the TS Naval
{hmersatory moniducted & joins experiment. ¢ determine
ihe froquency maintmned by the cesbum-team clock an
Eddingron in tomes of the ephemers second, as esab
Eshid by precise ohwervations of the Moo from
Washington, 1L The radution sssociated with the par-
tbcialar cransgticn of the cesdam- 1) etom was fowed v have
thie fusclimenial frequency of 950 618,77 herc foyckes
per secoed) of Epberseris Time. In 17 the ryth General
Ciomference on Wit and Measeres redefined the sec
aindl, the unit of tines in the Tatematsanal System of Units,
s *the damtios af g,0a2,641,770 periods of the xlitan
eoeTesponding o the transition between the o hypes
fine: beveds o the prennd stae of the cesum:- 19y acme.”

Uil 1bse o dle cesinm besm atomic clock wis the
mast pccurwte standnrd of atfomic time s frequeny The
principle underlying the cestum clock s that o atome of
cesitm-ryj are kdentical and, when they almedh or rdesse
EnEEY, anﬁ.u.'r radeting af :Ill.'lh’“! L I'rl:q.l:qc:q
which makes the stnes perfect tmepseces. Since that
tmie, Bl aties sreend e weirkd lisve stealily lmpaemed
ihe accminey of ceibom foetile siemid clicks Thee
clocks get their neme from the fountainlike motion nd the

consiinent ceshum pos. The dming process begies by
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lertroducing cesium pas Inowd vacuuns chamber sl direct
img; six imfrared kasers (ocated at right angles to one
snither) o compect and cood {slow down) the cestam
loms 1 4 EmgerEiuee e dbelite e Then twa
vervicyl Baners are usel 1o I:I.I.I? the st up:]n.l.n
metre irreating 8 “foundain’} through o microweve-filled
covity The microwave frequency 18 tuned o maximess
the ibseryvesl foorescence, which ovours at the nsteral
resnnance frequency fpaeeng 7o bertel of the cosm
wtom. . Becmise the rounif-mp throagh the mecrowsre
caviry takes ahout & second, conrmol of the mctowae
irerpeency hus resulted in preater timekeeping accumacy
The best cestum fountun atomic clocks are now pre-
e o be off by Jess than aoesecoed o more than 5o
iedllive years,



L

hapter §;
Agriculture and
Industry

b prowing: of Inang things and the Bhricating of

new material and objects are fendamenmal o the
imainiemance of life. They e alst fundamental to defining
human Esimgs as separate irom ol nther living, creatures
From the first feagisg of hronze i the crestion of micro
scopit tirhon backyballs, brom the Gsbdonleg of looms
1 the building of the combine karvester, the inmvations
profifed bere demonstrase the resolee of human beings
iy meke their material lves wafe, comionable, aml

o,

DRONZE

Ab some time in the jth millenmium BCE, during the
peniod of the sariiest use of copper, 1 sew kind of “copper”
happened 1o be mude by smeiting opether tvo sumiz
ores, one bearing coppes, the other tin. The resulting
metal was recopnined a5 being £ moer weful than copper
alome, amil the shorn period of coppaer wols camee 1o an enil
The mew metal, a copper-tin alloy of mostly copper, was
brarmee, bt way prosluced i the fuid stabe at @ tTempensture
bess than thar needed for copper, coutd be formed eco
nomically by casting and could be hummer hardeoed
mate than copper. The tin noticeahly increased the liquidity
af the melr, checked the absoeption of oxygen and ciher
gaos, anil sippiessed che Formatien of e dekle, all
features that facilituted the casting operation. A fwo-
pitee, or split, mold, impeacticable for copper, woked
sery will wizh bronze. Brones shso oxpanded pest o hie
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Isetiane sclaclifplegy anl thus pheked ap the diail of 2 mekd
hefare ik contracted in caoling.

Thee production of Baoode wes an |avenHng | ks
senmse, anil the pedied of W exteneive aed charsetecistic
ulriuh\tulh'w.llrdih ﬁm.u.ﬂ.p True boewe
seems (0 have sppearcdd berween joao i 2500 BCE,
beepinnéng in the Tipris- Euphostes delrs. While there may
hiave lisen seene (nclepescen development of brooee @
varying localities, it in most [skely that the broaoe culture
speoid throuph trade and ohe migratica of peoples from
the Middle Exst ro Egvm. From Epypa ihe e of hrose
rapidly spread over the Meiditerraneen area: 1o Crete in
e BCE, o Seily in eyea BCE, o Fanee end ocher
paris of Ewnpe in 2oo0 BCE, 20d o Brain and the
Seandinavian area b soo BCE

The cardiest bronzes were of wntven compositon
Laneer, whae tin conest wus contoallsd st shoul g0 percent, 8
Liede dess e hammisred gooeds, & livre maore for ormemesstal
castingx. The edpes of hammereel branee fmals of this
compaston wore more then tewce = hard & those
inbstained From coppe.

(e of the miost Enportant new implemests wa the
sl With the swonl there was for the st time i
Furpean history an obijecs entirely dedicated w fghting
sl ot clibling 2= 2 wol. Fighting is evident fiom eacdie
perinds ay well, bt during the Brmee Ape it was ol
fzeed. Toward the Lete Bronze Ape the wartior emerped,
aheathed b0 an assemblape of defensive o the armct,
Hwﬂphlniﬂmlqthnrhﬂﬂmaﬂlhcurmqurhr
warrlor's indndadl shepe, wore commonplece among
henvy inEnry s elii covaliy. Gresvis, defonses foe the
liwwer leg, closely followel e breastplane, As fou thess
wene (nrped of heogee plates; some classical Gevek examypies
spenng opoa and oot be snapped onbo e calf Defenses

g
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i mare: et poeelons oF e body, secly os vambiraces
e the forrarm sl deferes for the ankle peembling
sgaey, wore intleded in Greel tepegile dedications, b
ibwey wete peotably sot commen i Gl service. Brongs
wr the most common metal ri:rln:l,drﬁ-nmn-l]rtn
the Irmn Ape. 2 eosmequence of the fact that it oeld be
worked in lurge pieces without exteocked hand foepieg
inill carsful tempering, while ion bad t be fogped fom
refativety smmall hillets.

The develnpaseat of brosee, mmil & er iran, wechanolopy
ek 1o che muabcing of mestad ponls Fog wodking wood, sechuas
axes wnil v, Less effort was thus requinnd o fell and
wark lepe tees This led in tum to new developments in
brullding technigees; tmbers were cut and shaped exten
savedy, bewnd Ineo spere posts, swed it planks, and
splif- it shimgfes. |.og cabin constroction appeard i the
foeested srews of Europe, anid timber Frameng became
mure sophisticavsd. Aluhesiph the escavated remin are
fragmentary, endoobtedly majer svances wers marde in
nmber tochnolopy in this pemod. Some of the producs,
wach an e sl plank acad che shisele, s ot ol s

When copper and heomue were fral used in Asia b
niol keemem. The cpics of the Shiging menfion the e of
copper in China 35 esty a8 Hoo BCE, but nothdng s
Ensswn of the seste of the art ab that time o of the wse of
the metal prior to that tire, mnee vesels of great beauty
made during the Shanp dynasty {1766-eeaz. BUEY have
bwen hlhllﬂt‘lﬂnﬂ_uthlﬂ.mmtrhiﬂ'u
metaly, hiwever, is unkoown

The Copper Ape in the Amesicas probably dewned
beeweeii joo ail soo CE Mathe copper wis minsl anid
e extegmively dnd, thiuph wme Linate dppeansd @n
Sowith America, iy e developed sowly anril siter the
arrival of Columbns sl sther Esopean axplorers. Boch
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Mok sed South Americs passed more o lesd dicecely
from the Coppes Age info the Imn Age.

Bosidies 18 racionboinad st i weapoos 1md toals, bioaes
heis sl been widsly e 18 cunape; mest “vop per” Cidns
e actually bironze, bypically with about § percent tin amd
1 percend Fine, {lther mesdern bronees cosdain alleying
meetnb ocher than tn. Befl metal, charsctenaed by i
sossceii uadity when struck, s @ beonee with 3 high tn
cantent od 2035 percent, Statuary hronge, with @ fm con-
peat o bess chan vo peecea and an sdméture of xiee and
lead, is rechnically a bhrss. Bronee i unproved io handness
uned semength by the adidition of 2 small amount of phis-
phorus; phosphor bromee may contam 1 or @ percent

pos pheorus i the et and & mere trace dfter casting, but
ins sttespthls nooetheles enbanced fur sech applicasions

s pasmp plungers, vabves, and bushings. Also- weeful in
imechanical snpineeriay are minganese broaees, in wiich
there may be livde or oo tin bit coosklenable smoon of
win and wp to 5 pervent mangmese, Aluminum bonres,
containing up o th perceat alumenum end small amesnts
inf ctbees mestals wichy 5 irumor nickel, are sspecially strong
anil cuieroaics-resistant; they dre cast of wrmeghe inbn pije
Eittumges, pamps, geas, ship propeiers, aed turtene Madies,

IRON

There s evidence thar meeonmes wene wsed o 3 s iof
o efiare pacss BOCE, but evtraction of the metal foom
vres dates frum abost 1000 HOE. Peoduction seems 1o
herve started i the copper-peodusing rogions of Anitolia
il Persia, whee the e of inon compeninils 55 Bene) @
maint in melting may have secldentelly casdd metallic
lgmn to aorwmulate on the battoms of copper smelting
furnsces, Whea ioa muking was propedy established,
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senehing bmvobredl cresting a bed of el bot dhascaal o
which irvm cre mieel with more chancoal that was added
Chemical reduction of te o then ooowmed, bur snoe
primitive formces were incipable of raching empes
s I:J]_;h.l.-r than 7,000°F (1,i%o0), the noammal product
wis @ il fump o mefal kneem 52 A Bloom, This may
havewoipbed up o pounds (5 kpdand cosststed of almost

pure lranwith somie entrapped slag isd preces of charcal
The manufarture of iroa artiiacts then required & shaping

operation, which ievobvsd hesting blooms 5 o fre aml
hammering the redhor mersl o prodece the desired
abijects, loun made in this way is kan a2 wooght imn.
Somenimes e mich charcoal serms m have been psed,
and sroa-carbon aBoyy, which have kower multing poings and
can bee casi finton shomple shiapes, were made unlniestbonaliy
The spplications of this cass iron werr: limiged becmse of
its bstdeness, and in the eardy Irom Ape only the Chinise
sepm 1o have exploied it Elewhere, wiopht nm wis
ﬁnrﬂ':l’m'rdml.m'i.l.l.

Althouph the Eomans bl furnaces with o pit inio
which st could be run o, litte dhange in iros making
imethuck ccruned uetil meeval times, By the igth enturs
many bl oomecies used o shaft [ersaces with waterpowes
A lrive il bellows, and che Bloam, which magkn welgh
ervel dpo pouiiils fooa ki, was extracred through the wp
al the shadt, The fined verson of this kind of bloomery
hearth was the Catalan forpe, which ssrvived bn Spain
wnitil the sth ceatury Another desipp, che high bloomeny
!mm,hdlhﬂud‘qﬁn]qﬂ.ﬂh:dlﬁnlh 1k
high iy ml Seickojim, which produced blooms o large
ihiey beied e big semisvil thiouph 4 frond spening o the
fuinare.

The blast farnace appearsd in Fumpe in the isth
ciepiury whes i was reebived chat cost dron oo be ssed

i make anepisce puis with pood pressore-retaining

il
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propertien. Al firig, e differeoees levween o hlass furmsce
unil a Sebafon were slight, Both bad squase cooss sections,
enif b main chanpes reqaired for biast-furnzes operaiog
wern @ (ncresse in the g of dharcosl (s ore o the
ﬂm‘g:l.rd:lqﬂthﬁ:l humuldlhpﬂlmﬁ:
peesduct of the blast Firnasce hecame kesrem as “pig imn”
from the method of casting, wiidh ievobved runaing the
iyl bt min chenned connecid st right snghes oo
peember of shorter channels, The while arrangement
rescanhled & sow suckling ber ler, snd so dw lenpths of
wiilicd i from the sherter chumnels were known 26 “plge”

[espite the mikitary densand for cast irma, most civil
mpplications required mallesble iron, which uncll then
bad boen made bwectly in g bdoomery. The aroval of biast
Furnaces, hisweves, opensil wp a0 aiecmtive oo
img route; this iovnbeed converting cast imn fo wroaght
v by 1 process known 5 finfog, Peeces of cost ime were
placed oa 4 finery hearth, on which charvol was being
Isrned with a plentitol supphy of air, sa that carboa
the iron was removed by omedstsan, beaving semisolid
rallgabe i bebind From the eqch century on, this tws
itage process pradmlly replaced disect i making, whidh
meverthaelesy survived ento the tath cenfury,

B the misdkllic of che vt contury, blas furnace weee
Ieingr cperatel more of less contimecusly i southescem
England, Increasesd ivon presfuctiom led 1o a scarciy of
wond fir charcoal and oo ms subsequest roplacement by
ciul i the foes of ooke — 2 diecvery i iy wolly codined

hl.‘dlrlhl.l:ll!q'hri.lr_rcq |lerause I|'|t|1iﬂ'|ﬂ' ll:rql;lhnl'
coke enabled it b0 sappoet & bigpor charpe, mruch larger
Furtisces became potsible, anid woekly sutpurs of § @ 5o
vt of g iron wese achieved

Nent, the avent of the seam engine n drive hiwing
culirdors meant that che bast femace could be provided
wath moee air. This crested the potential problem that pip

L
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iron productioe woeld B exceed the capacity of the
finery process, Aovelerating the romeersion of pig irom fo
malfeahle iron was atteenpted by 8 sumber of inventoss,
buit. the mast successfl was the Enplishman Henry Cont.
wliia rn[qﬂ.uilhhruﬂ.‘irgl’urﬂ:zinﬂlq.{h el a
enal-fired reverheratory iemace ' melt o charpn of pig
dron b whick ron oo e was scded toomake 3 shap. Apitating
ihe tesoltani “puklle” of metal cusel caban o ke
removedd by coviedating (together with silicon, phosphorus,
ancd manpanest]. As o result, the neelcing paing of the metal
moes g b (§ Became semsolil, although the shg
remained quite fluid, The metalwas then (ormedinto halls
ind freed from o5 much slap as possible before. being
remowed] froam the Furnas o and squeesed in a hammer. Foo
4 shiry teme, pracklliog Furnsces were abde fo provide
eecagh pon fo-meet the demands for machinery, Soon,
thsouph, blist furnpes capacity meed skead a5 g reslt of
ihe Seomman James Beaomiong Nielen's imvention in
12k v the ot blast stove for prehesting blast airand the
rearmtion thar & round fermace performed better thae a
JUALE O

The eventual decline in the o of wioughi mos was
brovught sbout by a-senies of imvesitkns that aliowed fus
Ma06S (D e ke 1 Emperates high cnitphm mdt o
Towas then pevalhle 1o produce stesl

THE PLOWSHARE

The antecedent of the |'|I-ru' 15 e |'r|r|1.l|t|1-ri.|.' rimm
stick. The carliest phows wone doibtless dipping sticks
Fadhlismedd with beincdles e prdliiip or peabiling. Fron Age
techiolepy was applied 1o agriculiwe duting Poman vimes
in thie foem of lighit, wheelless ion {or ima-tipped plow-
stetres drawn by osen, which openied up the possibility of
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deeper phowisy sl of cidtivating heavies soids chan those
norrmally workesd in the Greco-Homan perod. The oon-
structinn of phows improved slowly during these centuries,
bt the meddhoard for urming over the earth dill sot
apipear antil the teth cestury CF, wa that the capaciey if
furming the sod depemded moge oo the wnists af the
plorrmen than oi tie swength of bis deaf e, This dis
oouragel tackling hewvy pround. The potengilives of the
hemvy plow were thees pof fully explnited inthe temperste
greas of Europe snl afuer the Romaen peaod.

Thaugh the Bimsan histoarisn Pling tbe Fider chiime
luﬁ:hﬂ[ﬂ:ﬂmuﬂlml'.iﬂl]ﬂmﬂm| {northern |h|:f:|
wbout the fme of Christ, there is a good deal of doabt
il thae. A whe el sovmmetidol plow was certanly i
use I wiime rarts of westedn Esrope by the bie joth céa.
bury Ulminated maniscripts and samewhet Bter cilendars
show 3 plow with teo wheels fitted with 2 rudimentary
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mmkeflscianl unel s heenvy ke, oo coulte, bo dip unier the se.
face, Whereas earber plows had merely scratched the
srfpee of thi soll, this plow coudd invert the soll and tam
i imee ferrow, this making 3 bever wedbed. [is se lef
high riclpes oo the lani, praces of which can sull b sen
in snme places. Yot hecmis the new pliow required a team
of eight owen - mere than any sagle peastat owaoed-—
pliwing was pooled Such 3 system allowed Eivle roam
for incivickaal indfsative; everyone (oliowrd establishied
o tines, with the pace of the woek set by the ox team.
The barse collar, which meplaced the obd harmess and
thuat pressed upon the animals wisdpipe, everely ostnct-
ing Its imective poser, wis one of the most (mpartang
reentbons i the Bistory of sgricalture. Appareoddy
inventedl la China, ihe rigid, padded hose collar alliwel
the amimal fo cxert its full strempeh, cablmg it to do
heavier work, plowing a5 well 8 baileps, Mony pessans
cutiMimied 10 use e, hivwever, because hoduss wete mone

A ot puaing o Ly cival o, Conareoss of babrs Diere |
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expegnive to buy and i keep. Soase plowlng was doos by
rwo omen s in Enrmer fimes; [oar, eight, o mone were
ecasioaully necessany for very difficedt land.

Thee alith century siddmion of the mildbapd, which
quthfmmﬁ:uththﬂwﬁm,mmthl
impartent mhance. In the midroth cenmiry the Back
prairie sodls of the Amencen Midwest challenged the
strength of the exiating plok and Amesican mechanic
John Deere imventerd the all-steel one-piece share amd
mokdboard. The three wheel sulky plow Followed s,
with the introdection of the pasoline esgane, the tractar
e plom

in ity simplest forme the moldboard plow consests of
the share, the beoad blade that cets thaooph the soll; the
skl fof tuening the hevw dice; amd the hailslile,
o plute on the opposier side from the moldhoard that
bt thee sicle thipust oof thet Vaiming eetion. Horse drawn
masklloard plows had 3 single bomom (shae doel mold
by, while tractorslrawn plows have from ane o o

hrpdrmidically Bfted and controled booms staggered in
cantem. Lisiers aod mililelaeters ae dosbile maldlar

pliorwrs that deave & furiew by throwimg thie dirt boih ways,

Uik plows umgatly have: theee or evore indimidsially
mointed copcave disks that sre inclined backward w
chdsve mavimum depib. They are particulaly adaperd
far st i hand, dry sods, shrabibe ar bshy bind, or on
rocky land. Dhisk cillers, aso called karvow plows o oo
sty disk: ploses, weelly cossior of & pang of many disks
mmhgﬂmmrm;}r.‘l.wilnllrr#in hmf.lil.-_rml.p-
ully Jeave some subhle o help roduce wind erosion wmsd
inflien lcive sedlinng sigipment. Toe: way (neversibdeh plows
leave dlisks o mildbasnks that can be sither apposad,
that caoe: (il the trench made by the other, or st to thos
the soil estiraly 1w che right or e

fa b
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THEPFOWER LOOM

Woven diothi 8 pormally ewichs bonper in one direction
ten ke ather Thie beagehwise threads are saillis] che warp.
Theother thready, which ufmn‘dinﬂ!lw:iﬁlhrlwp aml
e witthewise, are cafied the weit. A mlividiml threnf
fevem the warp, of indefite lenpth, & called an end. Each
inndhivi it Jemgath oof wift, metencing froem one sdos of the
cloth o the ather, m called a pick, or shos, Consecutive
jpichs arc wsually consecutive lenpths of une piece of weft
yrarm thaat s sepeatedly dolied back on imelf

Twur Basic Weavmss ProcEss

h:ﬂrﬁ:&u:hdimiﬂg:hll!,lﬁu:ulu‘lhli"uﬁ i&
mueried] im-the warp, the warp is separated—over o short
kenpth extensding from the eleth snesdy fiemsed - o veo
sheds, The process s cullid shedding, s the space
bietween, the sheets is called the sheil A pick of welt is
ihwem Lo bsewoeen ohet: rwrn shivets of v, in the cperation
v s ik ki, A e whied s i Fonned o sccandanee
with ke desirm] were structare, with wwme or all of the
ercl m cah shect moving over (o the: pesition provicesty
otcufed b the other shees. Tn this way the wefi is chisped
beaween twn Layers of warp,

Sinee it s not possitie i by the wadt oo tothe junetion
oo the warp and the cloab pirvady woven, a funtker operacion
callend *hesting " o "beatiop up.” 15 necesary wo push
Ih.-pp:l; rnlh:ﬂ:liruﬂﬁﬂmmflmlhrw [Hi
inserted peovicusy Although beatieg in ussally tafes place
wliile the shied I changtng, it bs pormally vompsted befere
the e shead i fully farmed.

The sequence of primary opertions in oo weeving
ycle b thus shediding, picking, und beating in. Asy st of
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tevices peomiting s warp o be tensiored and o shedto be
brrmed i called o foom (from Middle English b, Stool®
I mest fnoems, the warp sheid is frmmed with the id of
tvices called hodies, sl the weit & sapplied From g
shale, 2 hodlerw pﬂp:l.ﬁ inuiile which 2 wen package iv
et iee] im mee b way that the wedt can he frnely mmamumd
thrveph ap eyelet leadenp from the tesde o the-outside,
Thee shuttle entes the thid and terversss the warp, leaving
u brmll of wefi hehized

Avtomaren axt Poweg-Daives Looms

The tirst doczsre stop orvard sirmmarion of the oo ws
the invention of the fying shustle patented o 1743 by the
Englishman [ohn Kay, a weaver of broadeom Eleics
Because of their width, broadioom fsbrics required two
weavers 1o et sbde by side, one dhrowing the shortle from
the right 1o the centre, the mber reaching berwesn the
warps aned seniling it oo its wey o the [eff and then retuen-
iy it to the contre. The stopping of the shintle and the
resching betwesn the warps caused imperiectiom in
the cath, Kay devived a mechanical mrachment contrallsd
by ool gerknd iy the wewver that st the shustle fying
throsgh nhe sbvedd. Terking ohe o in 1be opposiqe (Bnec-
tiod el the shenle an ity fetam i Daing the dving
shuttle, one wegver roukl weave fabrics of any width more
rpuac by than e cosdd befone. A moge impontant virrue of
Ky imventlon, hewever, biy in s sdipeabiliny s st
mbin weaving,

The first power-driven meching for weaving fabric-
widdrh gosids v pavented i rrig by Edims] Canvwright,
an Heplish clegprvman Tt wos inadegpete biv s it consid-
ererd onby theee meginns: shedding, picking, and winding
the woves cioth oato the cloth beam. Carrerighe's seccad
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patent (1788] proved oo usbitioes, but his concept of o
weaving machine became the basis dne the suocesshul
o o,

Ding of the pret obstaclis i the seccess of the power
foom wis the necesity nosop the loom frequently in
arder 1 direes (e, apply sizng W) the warp, This was an
aperation thet. ke many otbers, hed been dooe @ pro
portinmizly resonable ime when the wesving was idooe
by hamt. Wiahi ehe power knom 3 secoed mam had 1o be
cimphoyved connnuiusly o di this work, s there wis ni
saving of expese ar tme. o the sudy wth. centary 2
tlressimg, machine was developed that prepared the wanp
after it had been wmand onto the warp beam and s i was
pazsed vo the cloth Brame Altheeph beter superseded by an
irmpersrial slzing apparatis, this device made the powes
konm g practical tool. Modern looms shill weave by repeat-
inp in seeence the operticss of sheddng, plicking, and
beating in.

CANNING

Canning |aa methid ol presendng food from spoliaps by
MoEkng i in confaeners that are heemetically seaded anil
ilsen vizrilized by heat. The peocess was smenced aftes
prolonged research by Necclas Appert ol France, Inspizel
by the French Direcmeys offer of & prize for s way fo ion-
serve fond far trensport, Appert began o 1y-vear piricd of
exfierimentatbon in i7g5 Using corked plas tontiinen
reindoered with muﬂﬂﬂmﬂm :.:Ithe-pl in |:l1||.|.ql
waker for varying kesgths of time, he preseoved soaps, linets
wisgetables, julees, dairy prodocts, marmalsdes, jellis, and
syrupa. A 11 poo-Frne ewerd in %o specified ibat ke
publishs his findings, which appearcd that vear as L o
R, perlont RS EAT s, iverer o T el
ot vl Tl Are of Proeromg AF Kmali of Ao s

14



—  AGHITITYRLAND iEsdwTy  —

Subsance for Sevwrad Tl He used the moaey 1o
estahlish the frst commencial casmery; the | louse of Appest,
gt Magsy which operated from B2 uneil 1oy

T was o ey before Liviils Pastiurwas sl o eeplain
why the food w treated did ook spail: the heat killel
the microonganisms inth food, snd the sesbing kept other
microorpanisms from oetering e g oo riio Peme
Draranil oof Enigfand priteitisd the nse uf tin-custsd iron cans
wtead of battes, and by 1820 he was supplying camned
Fond oo the Roval Navy n birpe quanticies. Esropean can-
nang mithnids resched the United Scates soon thereafie,
el that country eventually became the woekd leader m
both astomated camning processes amd total can produr-
diom, I the late tech century, Semud C. Prescort asd
Witliam Uniderwosnl of the Unbted Staves set canaing on 2
scientific basis by descriling specific Bme-temperstuce
beeating requirements for steriiing oinped fods,

Dviginally, cans comsisted of @ shies of vin-plated man
that was milel indo g cpfinder (known ay the bedyd, oong
which the top snd botom were mansnlly soldered. This
fain was fepliced in the iy 1oth cemtary by the mod.
B AN, GF Dpess- bop, C30, Whoss comstitoend pants ae
jnizied hy inceriocking folds shat ane crimgped, or peessed
tuebeer. Polvmed sealing compiouceds are apgilied 10 the
el ar i, seamy, anid the biady szams can be salsd on
the pestridde: by soblering, The modemn tin can iy meide of
ot percent sheer stoed with o thin coatbng of un fL.e. to-
plated. I i manufactured oo wholly sdvematic lines of
ml.'}dmryqthh:;uthm&rdlnl‘ﬂ.m[!:mi.pﬂu

Most wepotables, Frurts, meat and dairy peodiscts, ded
jrotussisl foiids are stored i tin i, bl st drinks
ail mzny sther beveripes ane pow commonaly doted in
glumimum rcans, which e lighter and da oot orust,
Alumsnim cans are mde by Impact sommesion: the hody
Lll’lhmhpm.hﬂ:ll.-.lnu!phrﬁmlli:#r

T



VU BT ANNEC GITDE T ENVENTIONS
THET 0 il T NS WL

alumsinum sheet by o stampdop die. Ths seamless plece.
which has s ounded botbom, is then capped with 8 second
puioce e e il The cabs used is pop- op cans ere also made
af ghimismim. Bimeta] cans sre made of dhuminms bodses
anid speel lide

REFRIGERATION

Petore mechsmical refmgeranon sysnemms were momduced,
ancient peoples, iBcludeng thi Greeks and Romans cooleil
s o] with joe mansported fom the mouetain
Wealthy famibizs matke use of s’ ceffan, pits that were
dlup ine the pround snd insulated wih wood and st o
s thee soe. In chis munnes, packed spow gnd e ookl be
preserved dne muoaths, Soeed ice was the principa means
of redrigeration unfil the bepinaing of the zoth cenbory
atnid 0 i o] s i sanme s

Ton Tonehis 5] gy evvagptirative: eoviilings v emplened.
b a fiepuirk s rapactty vapeirized, it expands quicidy The rising
molecules of vapour shrupdy incresse their kinetic eoeepx
Much of this inceesse B dedwn Bom ibe imemedise e
romuniliogs ol the vapuur, which are thersinee rooked. Thus,
if water 15 placed in-shallow trays during the coal mopical
inights, its rapikil evaperation can ciuse doe i fonm in the
Ay, Evei I ehe air thoes nis fall ndbow freeing 1empera
s, Iby contirdling che conditions of evaporsten, i i
pussilde to form even larpe bocks of foe dn this manner.

Couling comed by the raphl expansion of pases s the
primary mEns of n,-.irJFl:Iinn h‘lh}' The hn'.hmqu: of
evaporative cooling, as described herctofore, has been
Enswn fur centutles, bl the fuscdusesial sty of
mechunical refilgeration were oaly diwoversd o the
miidedie of the 1uth century

The ferst known arificld refriperation wes demos
saraied by William Collen 2 the Usiversity of Glsgow in

i
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1748, Cullen levethyl viher boil invo 2 partisl vaceuwny, he
ificd nod, hererrver, s the result bouny practical pepose, [n
1804 an Amenican inventoc, (Hiver Evans, designod the first
refrigerarion maching that wed vapoor mateed of lgeil.
Fvans never conatruc bed his rmachine, bat ose simitar o it
was buile by an Americas phypsician, John (orrie, @i
Commescial refriperating is beliowed 10 have bern
letianed by an Ametecan busioesman, Aesder
Twinrang, im 1855, Shortly sfterwsard, an Australian, [ames
Harrisoe, exsmined the refnjpersss ssed by Cocce ad
gnge and entrdoced vapourcompression refigers
tiom 1 the hrewing sml meat-packing indestries. A
somewhat more complor sesmem wes develoged by
Ferdimami Carré of France w téq. Unliki carlier vapour
pampiesslon mackines, which used dira acosane, Carrds
equipment  confamned rapedly  expewling  ammonia,
CAmmiges lquefies ot o mech lower temperatume thas
weibed a] i thess sbile ter abisoty neore hear Carrés refiig
eratoes wese widely  useid, and vapor-compression
rﬁrlgummh«:m and sl &, the mast widely used
el of coaling
The bersic cimponents of a misdenn vap-cimprmeon

FEMRErAioG VT are o COMPresscr; @ condeeser; an
epavion device, which caa be a valve, a capillary cube,
n enging, of 3 tuibine; amian evapocsiod. The gas costant
b firet compressesd, wsaally by # piston, and then pushed
theoeph @ tube fotoothe condeesec In the condenser, the
winding tube containing the vapow I passed through
ither ri:l.'u]:.ll.gur oo & bath ol 'lrl.l-.r,'l'hi.rﬁ FEICVES
soene of the heat eoergy of the compressed pas. The cooled
veiprat i paseed thevesh an expansicn vilve a6 died of
mach lower pressure; is the vapoor expasds, i deaws
the energy of its expanssnn fmen itk ssmsandings or the
o limm bk contect wath il Evaporators may disecty tool
a wjace hy lettimg the vapour come int contact with the

149
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ared i be chillsd, o they may oor indirecdy — e, by
rmoling s serondary medinm sechaswates, Inmaost domes-
tic refnperivors, the coll contmining the eveparsior directy
cumtarts the i m che Sood compenment. At the pod of
wmﬂlhhﬂphhrﬁrnmﬁﬂrmm.
TImspite ol ke scresstal carly we of ammonia as the
cotant, that sehstance had & severe disatvantape: i it
lealiml, @ was unplezsaot o weldl as tusle. Retriperation
engineers searvhed for acoeptable sabwtiutes until the
1520, when s sambserod svnchotic sefrigermtswens devel
opedd. Thee best known of these ssbstances was patested
under the brand pame of Freoa, Chemically, Freon was
createe b the sebmation od rew chlomne and twa fucs
riné: 3o for the fous bydrogen atooss n methane {CH &
the ieslt, dichloroffunmmethane (EC1F 1 s doutless
anid is tere only in extremely lape doses, [loweves, in the
mid ty7ed, phoochemical dissucistion of Freons andd
rebared chlieofuorocarboss (CFCE) was impdicated as 4
major cone o the apparest degradation of the Farth’s
it |aper. Depletion of the oeone ool cocste 3 thiear
1o asdmmd life an the Farbs Diseause oo absor olizs
wiodet raifiation that can indoce wkin cuncer. The use ol
Frecas &n aecosol-spray cootaioers was bmnned im0 the
Unéted Seates m the ke gros By the ey sggo8, aceu
muilsing evidence of seane depletiva in the polar regions
$urd heiphtened workheide pubdic alarm over the problem,
and by 1ooh most of the devedoped nations had banned
production of searky o Freons.

STEE]

The must empostant deselopment of the pyth cearury wis
the larpe-seale production of cheap steel. As mentioned

previusty, prior i sbout ie, wrought b wus produced
by prrocess knowen ax podiSing mel el 1y the techniguee

a5
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o crucille mefting, Ta the puddling process, invested in
Lareat linitain in 17k, bat gases were drawn over a charge

i pedg: iron. and iron ore bedd oo the Fernace heandy The
et it wes st with droo cebililes draked), and,
m it lecims pasty with b 6l carbem, it was worksl
vty halls, wivich wern subsequently forged or rolled ioa
usetfid shape. In the crueihle process, introdiced &
Englanilin rrgo, bar iron and added mavertls wire placid
im tlay crucibdes hested by coboe fires, which mesulbed ina
rolizhiz soecl.

Both gl sed cruchle melving wene conducned m
simsill-scale units withoet signifcant mechanization. The
Farst chanpe was the development of the apen-hearth fur
maice by William and Friedrich Slemens s Brican amd by
Pieerse and Fmie Martin ln France Emgkoning the regen-
erative principle, in which nulgning combushed gases are
iigeed] to szt thee ngant cyche of fue fres and sie, thes enalilisd
b temperatiires o he sthieved while siving on fuel. Pig
irca ronkd then be taken theoagh to moltes imn or low.
carkson szl without sofidifcation, scrap coedd be sdded
uiud mefred, and ifon ore could be mefed ot the dag
ahiowe the metal to g 3 relatively raphl cxidation of
carbom and silicon—all on & misch enlarped scale, Anncher
mtfit ailvasce wis Henry Bessemer's process, paented i
aligy aml Gt operated in b, 1o which air wa Lilown
thrvsph melten pre irme from tuyesess st intn the bottom
0 a pear shaped vessel called a vonvester. Pt rodeased by
the txhlation of ilkelved silivon, manganese, snd cacbon
Wil n'umghh:rqu: the I':lnpmturri:wer.lun'lﬂum
pount of ithe nehned metal fwhich rose as the carbon con-
vl wea Lerwereald il chesebn milistain i (o ohe i
aeate. Very wisn Bissaimer bad iling comeren proslue.
iy § bons in 8 hewt of nne bour, compared with foar fosiz
bueetirs fior 1 pounds Go kiloprams) of crotble swel sd

i fucvars Bof 50 pommily {50 kilogram) of paddisd ion

a5
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THE BESSEMER CONVERTER

The Ft mctiund discmeeemn| Fe mass-prochicing serl v
named after i s !i:I-Enlj&mmﬂ'nfruﬂhnﬂ.
althimph the provrss wos appaeciitly coneteecl mdepen-
deasly aml shmost mocemeatly by Bessemer and by
Wilisim Rally of the Pnited Seave Assaily s iy r, Kelly
sbusines snen: scienist of Fiosburph, Pa | epan expeniments
umed m hovcinping 3 volutoney seam of removing
Emimy pig iron by an sir blast Kelly theosimnd thee
ek sy the ain impeeteed imtn the ssdten i, sapply
micvaen bo teact with the impmrties, cooverting them ini
ks weparalibe sy, bet st Lie hoe ol m these
reacions woshl incpesse the tesperarure of the mase, keep
ing it froum solidfibing during the pproaion. Alicr wosal
failarrs, he suroeeded i pryemp his theary enil mpndiv pee
thezing v it
[n :8p% Brsscmre, worimp independendly in Saefficld,
ibeveligwsl aml jaisohs] the sme prass Whenes Kelly
had been wmable v perfecr the process eaap 1o s bok af
fmmacial resnimoey, Teiscmerer was shle o deechop ik b a
romromeeroial sooces: The Meveemers comvrrterwae o cyfinsdneal
st | et apuerimatly i Feen 4 md high, originally linnl
with o siliceons redracoory A frwas bown i Seough open-
iags Stuyoed ean e oo, crating maidos al o
md mangeeese, wiich boceme part of the elep, st of cr
Loy, wilichy weeie wanped aret by il s vemi ol sl Wizhin s
fewr mitrtes an koot of weel comid he produced, roady foe
the fringe o milling mill
The onpms Bewsmer tomverner was pot effecime in
ity ing G s jiheaiin sl i viadie s a s
fintish and Eurnpean tzae ons The irventon m Eapland.
h-:r "i.hh:’ Ghilchrint Thownss, of wha & ses calksl the
Thomas-Cnfcheiet comeecter, mvemome this problem. The

Lo
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immrrerr was fiieid with & lssic matersd sech s ol

limestone cocher Thes an {eckl) dliroous manened. Loothes
iltawhack 10 Pewemer sterl was the sroention of o smaldl

mdmhmjhuﬂrﬂ-mq:ﬂ-ﬁnnﬂl

oo, winch way dovcloped m thie 14tcn, def aot il

prooxce i ooome Ehe dominami stockmaking procem onil

the mid-2eeh cermury when i was i i repiaced by the

hasir oxvpen prces,

Meither the cpen-hesnh femace noc the Bemsemer
panverter ciulld remove phiosphorus bom the metal, s
lowphsomphomy. ww matenaly had to be med. This
pestrecrid cheir use from sress where phosphonc oges,
iich &5 those of the Mineie ranpe in Lordise, were 3
meins Eurmpean source of iran. The peobilem was sabved by
Sifney Gilchrist Thames, who demonstraced inid7e that
o basic furnace baing coassting of calcined dolomite,
bewtead of an scidic lining of sliceous materils, mads it
pesadhle ik use 8 Bijph-leme slag mo ilissolve the phosphates
parmed Dy the cxidaion of phosplans in the pig don.
This principle was eventually applisd v both open-beanh
burnaces anil Hesemer commverten

s steel was now vadlable at a fracoon of ies formaer
ol B s’ an eermously incrised we for eopiesriop
soil construciinn Soon afier the end of the century 1l
repleced wecsght mon in virrually every Geid. Then, with
the swadbilality of slecine powet, slecimican: furnmtis
it intriduced for makiog ipeial and high-alloy sreeli.
The next sipnificant stape was the intrmbuction of cheap
rvpen, made possibde by the investon of te Lisde
Franked eyl for the Beuefection and frctwml diviillaton

L
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of gie. The Linz Donawice peocess, brvensed 6 Ausisis
sharthy aiter Wikl War 11, wed oxypen sepplicd 2 2 gas
fivon & tonnape ewypen plant, blowing in af supersops:
widocaty uneo the top of the molved e in o Comenes v
sel. A the ulvimate devedopmest of the BessemenThomus
protess, axypen bowieg became eniversally emploved in
Bk stecl prodloction.

ALUMINUM

Before suco BCE people im Mesopotama. were making
line pattery fram a clay that consised barpely of an alums-
num campound, and smost geoo vears gpo Epypiians
anid Babwlomtans wsed sluminum compoonds i vanins
chemicals anid medicioes, Py vefers toalumen.” kacwn
e a3 alum, a coampouskd of sheminsm widdy empored
in the snelent snd medievad wodld vo fxdyes in nomdes. By
thie 18ch cestury, the earthy e aluming wis recogadeed
as the potential soarce ol 3 metal

Eanwy Lasogairory Extauction

The Esgdish chemist Humphey Pavy in o7 sstempied to
expract thie metal. Thowph sseuccessiul, he satished him
seli thiat aluming had 3 meeallic base, which he mmel
“whimim” and biter chasged o “shuminum” The mme
s been remmined in che United Sisoes bun modied o
Falumisium” in many other countrie

anedy rﬁ}'lnu and chemmt Fans Christian Girgesl
finally produced aluminum = 132 “Tt forme” Grsted
peportied, *d luemng of mel whiel (neoboi and ket sme
weliiat peseemihilesd tin ™ A Few Vears lsfer Friednch Wiokder 4
Csprman chemust af the Univeraty of Gottimgen, made
metallic aluminum in particles a5 lape a5 pinheads and
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fart: hetermiged the following propestics of suminea:
speriiic granvity, dectility, cnlows, and stabsdity i aar,

Abimbmesm remsined o lshocatory ciunosey unl a
Frinch wientist, Hean Sante Clasrs Tieille, sanmced
B magar improvement in Wihler's method, which per-
matted Wikhler's “pinheads”™ to (oalesce into lumgs the
slze of markdes Dieville's process became the foonds
tican o the aluminem sy, Bars of dumiis, maile
wt Javed {hemecal Works and exhibered in 1355 ot the
Paris Espaosition Universelli, istrodated the new nwol @
the public,

ErecTRoLyTic PRODUCTION

Alchougpl enough was then knowa shout the priperties of
whumimsm to inddicate & promisng future, the cost of the
chemicsl process for prodecing the mecd was wo high w
peermil widespread wie, Bur imponung impoovements
Fq':imﬂ'r h.rnLﬁhrllrutrhmghl.m twn fmints:; fime, the
Deville process was Improved and, sooond, the develop
e of N dysamo made availahle 2 e pevver source
feii- ebctridyuin, which prove] highly successful in sepanit
i thi el from iscompaunds.

The mmbern elecmalyie method of prodecing alu
mdin wias  discerers] aliness  simefraneously, aad
rompieeety mwlepemdently by Charkes M, Ball of the
Ulniced Siaves and Poed- Louis Tousssine Heénoulr of Frano
i w490, The essentialy of the Hall-Heemsh [lsCeasey
were identical and remain the hasss for inday’s deminem
industry. Panfied alumsna i dissobeed m maolten cryolie
sl electrolvied with disvi conemt Ul the i
eiice af the current, the cavees oftbe aluming i depesited
na the carhen ancde anid is released as carben dicxide,
while free molten ahuminums - which & beavier than the



“FUN ST ANNAC GATITE Tr EVYENTIONT
THAT 1 bl T b Ml LD

elecoralyte — i depodted oa thé carboa lining s the bottam
al the ol

Hall immeeeddistoly recoprioed the value of bis discovery
He applied July 4, 1588, for o U5 patent sod wode] sne
getivally @ developing the peocess. Hevoul, on the other
fani, shbossph B applivd seversl months earbier for patenms,
apparenty failed bo prasp the spnifeance of the process. He
enftitsd work o 2 sectnd secressful procies Ui prodeced
an aleminum-capper alloy Comenicath m skAH an Asstran
chimist, Eard foseph Tape alisoovered an impooved methol
fir meaking pure ahumiss fom low s hawse ofs

all and a prowp of businessmen establishisd the
Prrsberph Reducon Comgany i 185 in Pictshurgh. The
first baypod was poured in Nevember that year, Demand for
alursdnum gres and 3 Licper reduction plant wad bl 2
Meew Kensington, ', uning stram-penevated ebectmicity to
produce oae o oF buminem per day by 18g4. The need
fie chewp, pleniful Bydrelecirie poer lod the joung
oy o Miagars Falls, where in 155 it became the g
custnmer for the nrw Nispars Falls power development.
L e bty vl thae ddemand foe alumino e ssded Falls
mot aptimistic expectationg e iea7 the company
chanprd #= name 1o Alemirem Company of America
b, Uensl Waesrld War 1T & comstned ife sole 15, pro
thoer of primary alumsinnm

Meuhausen, Switre., s the *nanery” of the Fsopean
dlumdnum indestry. There, to take udvastape of watee
power dvailable Fom ihe flls of the Bhine, Tévule buils
his st lhﬂrlln-b{l:lmr[l:d-'lu- {llri.l'_h'lhhh.lﬂ
became the Alumanium- Industrie- Alktien-Coenellschadl,

SHEET AND PLATE GLASS

The Romans were perhaps the Brst oo develop fat phes
o e s winilerwns: o bathlesse window of greenish |l

b
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coloer, most likely cbrained by casting, wis discovered
im the ruies of Fompeii. In the Mididie Ages the coown
pmscesss- i otking window phiss was developed by the
Marmeine. A mass of plisy was patheced aod blown (st
l#ﬂ!ﬂﬂlu‘tﬂdlhﬂh‘i‘!ﬁﬂndmln:
canical shape. & poatd med was stteched to the cther end,
end the blowng dron was coacked off, leaving g jappod
opeming. The pliomiker then iook the plobe @io the
*piory hole” tthe mouth) of the furnace, reheating it and at
the same time spinmiog: it oo keep o Gom sagping. A some
oL, foece i ihe globe o Hmh™ intn a
fat: ik, which prew laperweib continuesd spinning, Upan
conling, the disk was cracked off the pontil md. Such
plass was nod wouly flat. The disk was very unewen, being
tlickest near the contre and macked by concentic ciresbar
waves at the very mithile was the fractured nish, nr comem,
imarking the poinr of formes sitschment w the posl.
Diisks more rhan shour § fied (L m) @0 dismetesr wees
hardly practical

Mosr mechieynd chrirc b windows wene mude from broacd
jans. In this proce, which eomtinued o b practiced
with vasiatings inbi the 3otk century, 2 lage cfamder, as
mwrch a5 10 inches {5 omb in diameter sl 7o inches {175
e biog, was made by repeaind pahering, blowang, il
iwinging. The cylinder was slit when cold and pradlly
ppened with moderste reheating o berome fat, Glass
made from this process wes flatter chan coown pless pod
] mut lrave chee selleale cooven in 1he mildle; moveover, [t
rotlil b e in much |:II:EEI' piTes The e ol com-
pamssid agr in the cary oo allowed the cyfinders to be
I s Laepeis s o ke bt (7 contd it denmistes and s 1
Jor feet 1 o) i eyl

[lespite its pvantages aver orown plass, hrnod glass
headd surface wavieess amd vanations in thickness. Fora
higheer dhegree of Aamess, plass bad 1o be cast (geoenlly on

5T



VU BT ANNEC GITDE T ENVENTIONS
THET 0 il T NS WL

o steed tabled and rolled. Tow continooes machises fu
dhaing thes were intmelured shout the turn of the 1oth
century: the epdrawmachine, desigaed by Emile Frurcaule
of Belptam; sod the Irving Collnrn machine, developed 2
the Libshey{wens Crliss Company in Chardeston, W,
1A In the Faurrault peecess, 2 3 fo f-Fank (- fe2-mbwde
sied mesh bait wus introduced into malten pless at the
warking enel of the furnsce The coaled ples albensl i
the bpit and wan palied upward heteren water-cooled
babves that welichitoed the shieer odges. The sheet was then
pripped at the edpes by ponchillisg shesos rolles and
grulled fxtleer wp the draw bwes The Colbem machine
borrowed its desipn from the papermaking process The
sheet was drawa vectically from the plass surface, bat, after
theing only & few metres, it was gradlually bens over 3 pal
whee] nickel-alloy wler in become kormatal, ultimabedy
ravelieg ineo the annesbing lehe

Inboab che Founcaulr sl the Colivirn processes, plis
wan parkes] with unchdatines cased by the pulfing and
molling pear. In sddizion, the plss sheecs, i ol fat plasses
produced by s processs, had 1o be groend aoil pal
el for eptical clisity The development of the twin
grimding wnil polishing machine in 1935 &t the Pliingron
Baoitbwers wiks im Doncastsr, Eng, made ir pusailde joe
phate ter be made by Boriaontal Bow through @ doohile
mller process and then ground and polishied on-line.

Finally, after seven vears of kotense development,
Abastais Pilkisgron dtroduced in 1909 the flost plass pro-
m,ﬂﬁ*l;ﬁﬁnﬂiﬂnﬂd&znﬁdﬁtm
and pelishing, In the floaf process, molten gass is hroapht
enver the i of 4 bevdd spout, alliveed 16 paes berwesn
ellern aiied (hevpe] over 3 baih of mislien 1B i 8 el coa.
tainer: {almms enters the contuner wt & bemperture preates
ke ¢ Fon F oo "CL I s cooled over the lenpth of the

158
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thim Dok, wihicly hiss 3 meliing polne o 450°F (272", sl
exits in d peasly slidified sheet form, Under such oondi-
tions plass spreads by praviey e g thickness of o238 inch
i7 o, biiit, 1€ it &5 comprussisd with praphive paddles oo
urﬂnl‘u{.ﬁrhi:mﬁllldhs.#;umlyt!mlhhﬂiﬂ-
messs of ool 00 7 inchiL2 te 25 mim) and in widtds ap i
Foet g mb

BAYON

Rarron, the st man-made fibve, was developed in the e
tgth century av & sabstitute for silk. 1t & composed of
regenerated and penficd cellufos: derfved from plant
sources Ravon i describod a5 4 repenerated Gbre because
the cellulime, eflitaimes] from s woods o from e dhon
fibres {linters) adhering bo- cotfonseeds, is converied in a
Ligusbil evampioissd, squeesed chevegph doy holes in o device
callied s spanneresee, nd then convered back w cellulose
i the: Frmem aaf filhre.

T farst. prwctical soeps coward producing such o fiboe
were repiesenied by anempts o wock with ibe highly
flamanatile canpounid mitrocdlulee, preehiced by teeat:
irgg codtom celliose with-nitric scid. In o854 sed 13657in
Lidan, Brirish chesmin Sir foseph Wilsen Swan vebils
i filses made of nltrocellulvee that bod hess greaed
with chemicals in ooder to changs the material back o
ponffammabde collulose, Swan did not Ellow wp the dem:
pestrathons of his investion, wo that the develipment of
FapOE 35 3 [qt!irﬂﬁllrrpqﬂrlr:ﬂ:nmﬁm,u’iﬁﬁr
wionk of indtustrial chemist Tlelire Bernigaud, comte de
Chardunset, wha ls Ereguenily callid the “Fachet af the
rayod lidetry” 1o 138y Chadoone sxchilvited filiees oide
by wpeezing & nitrooeiulras slutinn throesgh sannereifes,
hardening the ‘emenping jels i warm s aed then
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reconverting theen to cellulose by chensical Eremmen.
Mansfacture of “Chardoneet silk,” an early iype of rayon
and e Gret commercially prodeced mee-maids Bhee,
Eegisam i 13 30 3 Ectary (s Bessgne

Mhnd!ihﬂjnﬂ'ipmmﬁqﬁnlhnm
A minimm of wastn, i was e expensne, and potencially
dangerous. In iégo ancdber French chemist, Louls-Fenr
Dengieisaty, patemied 1 process for suking s fom
cuprameanim rayn. This materol was hesed an the
Swisi chemist Maothios Fduand Schwetzer’s discovery
in 1847 b cellulnse could be dissolved (oo solution of
enpper malty and ammoni anil, siter extrusion, be repen-
eruted in 8 coapulming hathe In oyl the German teile
firm [\-P Bemberp bepan o prodece csprammosum
et s Beberg silke

Acthird type of cellubest — and the type mast commosty
mide ooy - was prodeced ie 8 from 3 syropy velle
s cmelling L] that thiee Baedh chemssts -
(harles ¥ Crnss, Edward | Hevan, and Cleyton
Beadle— discovened by dissolving ceflulose smnthete in
dlifute: siliven bpdnide. Hy agog the Brivish ailk firm
Sarnuel Coortankl & Company was producing thes b,
which kecame Enrwmn 2= viscose rayem for simpdy visonae)
L ke Ameriean Yisoose Conporation begas productiong
in ke Ulnikesd Saates.

Mrsckern manudac ture of viseose payon kas ot changeid
in its essentls. Tendied coliubose 5 fren ireaced with
st sl (uotlimm vkl Adeer the alleali cellufose
hulnnl,r;ﬁqlhﬂiﬁ:imiﬂrdmhmu{hbtn}
thaie, whach s descéved in sodium hvdroide, Thisvesoous
sobutin frisetise] i fanced dirph spinnerseies. Emernping
fenim the hiles, ehe jets enter § coapilating hath of acids
andd salts, in which they are reonverrl i cellidose and
coapabived oo form 5 sobid Bhiment. The filsment may be

e
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ianipulated snd mdefied during the susefacturiog pes
pews i contmmd baxtre, streagth, elnagation, iiliment s,
enif croas soction o5 demanded.

Bayon has many properties simibie g cocton and can
ghas e magde b reseEmble ilk |[ﬂ.|i|:|'|::ne!rluihrm,
the e swells and leses stresgeh when wet. It o be
washed inomild sfieilioe solutions hut ks strenpth IFsub-
fjectid 1) hah alkalien. Comimon dey-cleaning sofvents
re mwt harmiul. Inappared, ravon is used alose orin blesds
with ather Sbes in applcations wheoe cotoon s nocmally
wsed. High serength rayom, produced by deswing istreiching)
the filamemixsluring mapafectire b0 imluce coystallizaton
nd the cellulnse polymers, s made into tirecord For use m
gutomokile tires. Rayoa ts also blonded with wood pelg
I papes muaking

Rayon fhre remains an important e, although
paoduciion hus declined o mdustrisd countnes bectise
oo edivEraninentsl coeceins coninected with the relegse of
carban disadficde inte the air and salt by-peodiices into
strrams. Such concerns hive bed o the devdlopment of
aew mfjes of rayon sauch ax lvocell. Lyocell is prodeosd by
ifiemndying wrod cellulows tna nont e amine oxide sabvent,
witkh is washed from the regpeaecssod fibees and reooverrd
B fene.

BAKELITE

The begimning of the modern plastics isdustry i often
iated i Helpiznbom Amencan chemiv Leo Hendek
Hackeland's ferst patent epplication in 1eo7 for Hakelife
il by thie fowticling of liy Generl Bakebie Coomprioy b
oo, Bakelite, a bunl, nfullde, snd cheimeeally reistant
plastic, was based on g chemical combination of phemal
ond - Farmaklefwde, owo compoands tas were detived

et
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from coal tar and wood seolol (methasel), respeciivedy
at that time. This made it the: fist ey synihetic resin,
reprostnting 8 spnifcant sdvance over sarlier plastics thar
wide Leasid] e maeidifed naborml macesals, Becase of e
excellent insukating peoperties, Fakelive was alsy the
enmmercially prodecod synthetic resin, roplacing shells
anid hard neiber im parts for the chectnic powet industry s
welll at bome appliances. bn the pyzos it was widely uedin
knobs, dinks, corcmrry pascts, and even catinets for mdio,
anid 1t was also cmployed i the electncal spstems of auto
mirbiies. Innbe by od cast Bakedite, alosg wich meny otber
eompeting phesalic resing, esgoyed 4 wogue in colourful
costume vk and novelnies,

Experimenss with phenoic resins had suslly poe
erden] Baekebinds wick, bepinming in iy with the wock
of Crerman chemist Adolil v Bacyer, but these triaks had
succeeded ooby i producing viscous lguids or bomls sof
ils of no apparent value. Ty was Baekeland whi succssded
in coatilling the phenolformakichyde condensation
reaction e produce the firvt syachetic resin. Backeland
wizs alile 1o stop che resctinn while the cesin was atill in g
Bipuiil state (which he called the A stape). The A resin
treacd) coull be made directly info a usable plastic, or it
cotithed het bt v a siliel B stape fresiool), where, though
almeest infusibhe and iesobiile, it coudd stll be ground inm
powter and then softened by heat oo final shape ina mold
Both A and B coudd be brogght 1oa complerely cared.
thermanét C atape (lakefire O or true Hakelere) by being
I'erdl.n:hfprrmr.

Im rgs Backelamd made the frst public snounce
sl i by wresnilon, (6 2 bectus befods e Mew Yok
section of the Amedidsn Chemicd Socisy By igeo
Parklsnd had § semirnmmerrial prodsction operation
escablished in his lsborsmey, which led him i fom his
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LEO BAEKELANTY

Lo Hemlelk Rachelansl, the mekistrial cheiet whe helpl
Elmdlhﬂ.md:n[hmnlu.h‘rldum;ihm
il ekttt wak basen ain Mow iy, 8y, i Chean, Belg, [ls
mereived hin doctomie mumms con |agle fmm the
Univerbiy of Gl @ ihe age of 21 sl paght thees amill
1640, whea be went b che Lished Sones and jooed &
photogrephic fum, He soon sct up his wen company
munnfictiee his mvemon, Vel o photogrphic papes
that vl be developol sder i lighe. Velnswas the
Blackrtam| sofid lis compmy amd rights w0 the peper o dhe
% mwvernmr Greorpe Fartman for f1,000000,

P kedaml’s ssarch, begun in oy, i o spinbesic ils
siute for sheliar bed to e discovery i p5o7nf Bakelie, 2
rndensation ke of hirssddehple and phean| St s
pociuced ot iigh tempersme ind pressare. Thooph the
miaterial bal baen iejuowicnl eacler, Poske bl was the i
t find & meshod of formag it e the thomosteting
jlastin:, Flackelaou sece oo mainy e fur his syention
i served s president of the Asvencm Chemical Societry
I g, Ve diedton Beli, v g, i Tlescin, WY

coanpany, and in tan Geoerad Baoelive began operatioos in
Perth Aebwy, ML In 2 plastics market virually mooopo
Jiae=d h}' cethdid, = higﬂ'r Eammable maiedal that
thssolwed readdy and softened with heat. Haeelite Found
resiely diceptanie lecanie 1 could be made sbobde and
lnfuiibhls . B, thie pesln would tolerate consides slils
umounts of imert mprecdients and Cherefore onuld be
madified theveph the incorponstion of various Bllers. For

153
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peenieral mesbde pars wood Jows was preferred, but, where
heat resistinee, impact strength, or dectrical propertes
wege invobved. other Bllers such as cortoa flock, sabesnns,
unil chegped Exheie were esal For the meking of lamingted
strmctures, shests ol paper o tahric were hwu.ﬂl
with 1 resim in alcohil sobation amd then hested under
pressure to foem tough, righl sssemblies, Chong o the
inchesian of flle il relndorcemenl, Bakelite producs
were aloast shaays apanue and dars-coloemsd

Im 157 the Bakelse patent expired. In the prowing
ouimene maket of the syjos snd e, Bekelise also faced
eompetition fom other thermasetting resin sech s ure
formaldelrale anf melamise formaldeyde and from e
thermoplastic redins such 15 celldose acetatr, polyviepl
chiodde, polvmethyd methaerdaie, and polwryrese,
1hnrﬂpbamumh1hrum1m[ﬂmhuhuﬁuﬁl
products in virpsally sy boe and i varving degres of
chasiry. ls ta30 Baekelund sodd the Bakeliee tademark o
thee Unicm Carhice and Carbon Corporation tnow Union
Carbiide Cogpanating). Uneon Carhide sold the trademark
in g o the Creocpiz Pacihe Coporation, which
emphived lkakelite o 3 himacling apent far phowl and
particleboant lakelite psnllcommanbyased for dominaes
i ooy Ciles, chisckiers, and chess pheces.

THE COMBINE HARVESTER
The ¢ cunhise harvestes, ensploved ia developed cooniries
- the h.l'ltl.l'lm i wheeat and other cereabs,in the modem

muchanized squivalent of the ancient scythe, ackle, aml
fail. The mes hesniesd steea of incki's birgs comlsines wis

e MiCaimnick deapes, Btroduced i thy and frolleed
by sedl-rakcing reapers thet delivered the cuf praim is funches
ot the pround wbe bound by hand. Tnviyy s “swipper™ was

oy



—  AGHITITYRLAND iEsdwTy  —

Cout i usrralis thar nanoved the whes heads from
the plantsand theeshed] them inasingde operation, Threshing
msachines wire poweced frse by moa o animebs. ofien sing
trsaetmitls, Esver bry stesm and inseseal-combestice ogines.
An erly primitive combine was o hiese-donm “mombing-
tiodn harvester-thresher™ imtrodeced m Michipas in 1856
enil fater wed in California, Modem combimes wone not
proerally whopeed untll ihe mgos, when tractoddeown
vy became available. In pogo seli-penpelled combines
capable of cutting swaibs B 6018 foet (25 60 55 m wide
wege intrluced. Seli” propelled combanes bave broaghi o
striking rediection in harvesting time and labour; in 182y
harvestag © aore of whest required 14 man-hours, while
the modern vombine requines s than yo mnutes, In che
eaely part of the syeh cenrury burvesing abushel of wheat
recquied theve man-hoors™ sock; by i takes foe minifes

In desipn, the combine is esseotially o binder type
citting device that deliven e grain 1w 3 threshing
machice modiied towork ax it muves acrom the Belil. The
cutting-patheniag component, desipned o take the prain
wilth a méniren of vieew, s sometimes called the * e
A threshing cvfinder rubs praim ot of the heads apios 2
concaye surface. Some praim asd chaff powith the straw to
the sarew deck, onwhach prain is shaken aut and deliversd
pir the deaning shoe. Some of the grain aod chff poes
ety e the cleaming shoe, oo which seves and o Bast
of air are used to separste and clean the prain. After pass-
Ilglhllm.w Ih#”aﬂ,ﬂugﬂnlhtpii-nlthﬁ-pﬁ
guger thal comveys it fan elevarng and info a storage teak.
Straw drops oot of the back of the combine in @ windrow
Fuir laling e 40 scatvensd over the pround by o fanlike
ipieider: Bome tombins for uie on seeply ollisg Lised
have @ body supported in s frame by fvdraulic cvdinders
that sutrmatically adjust (o keep the body kvl
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INDUSTRIAL ROBOTS

Thoaph oot bemasnoid bn form, machines with Bexible
behaviour and o few hamanlike phyvsscal arinlubes have
IHEHIFHJ fur -IIL.I.II‘I!: The firaa :Iqrjlﬂ.rr.l.ﬂmm
ot was the propmmemable Unimate, an clectronicaly
controliad bpdredic heavy-iifting s et could repeat
arbierery secjuemces of moticns, Irwe el in gy by
the Amencan engineer Creorge Devol and wa developest
by Unimabive, e, o company foumded o 1956 by
American enginees Joseph Ergelbenpec [n iggy a proto
type o the Unémate was introdeced in 2 Genesil Moton
Crogpomiion (M) die-cosuing fecomry inTrenmn, M) In
1561 Conder Coep. (after porchasing Unisnation the pre
ceadlng year) ilelversl the winlds Bra jrobective liee
robot to the CGM factory; it had the asmoury tesk (for
hmm}irmqm:mtugb:tmpimﬁm.t
dig-casting mechine, Uaintare arms contime © be deved
apesd and solel Dy licensers arnued the wodd, with the
mitomobile industry remainisg the largest buyec

More advanced computer-comeollad eleceric arin
puided by semmorm wise developesd] in the ke oo amd
1arces gt the Massachusetts Instinwee of Technology (MIT)
anid af Sranford Universioy, whete they were wsisl with
cameras in robaotic amd-eye reesrc Sty Vi
Scheinmun, working with Unimation for GM, designerd
the first such arm wsed in indusory Called THUIAEA
(Feograminalile Universal Machize fue Asienibly}, ihey
hﬂuheeq.uﬂ]ﬂu.u:llﬂilnmdﬁlu]nmﬁruﬂ:—
components =och oy cash panels and lights, FUMA was
wlidely imdtated, aned its deseundings, b anl imall e
w1l i for ight ssembly indectionics and othe indes
tries, Mince the 1mons small dectric arms have beeome
imporant (s moleculis beolopy. nboratonses, precisely

yiv
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hetraalisng tent-Rubee srrave and pipeting intrlcate s<qoences
rd TeRpenin

Minbie inchestrial rohoes also e appearsd in 195y, [n
that wer o dovedess e cart, made by Ramett
Flectromics Corpoestion, h:!;-: rlu]].luﬂ_ lezirhs arvmned a
Sowth Camling procery warehowse. Such  machines,
dubbed ALY (Automanic Guiled Vehscles), commuonby
iavigate |y iollowing sipnal emining wires entfenched in
roncrrte oo, In the 1ofos AL Ve acpaeed miroprooessor
voncrollers tha alfowed more complex Befaviours than
those affirded by simple decomaniccantrols. n dhe g
# ooew mavigation method became popular for e inware.
hocruses: ALS Vs pquipped with o scanning faser tnangulate
their position by messenng redlections from fxed et
veflectin (at least thiree of which st be visibde from any
Iecation),

Abwugh bedustrial robots fres appesred in che Uniosd
Bustes, by he ppbios companies i Japan and Europs began
b vigormuly eater the feld The prospert of an aging
popidation e consequent worker shomope, as well s
ldgts Eabimar coants, bave encourape] the adupion of bt

aubszitugics

FULLERENES

Feiflerrnes are ol cartnn mokecules that form cithera
chosed cagre lin which case they are knows s *bockybalb™)
i & cplinder (earbon “nasotubes™). The sy fulleness was
dincrvered in g by Sie Hamdd W, Koo of the Unieed
Kmpdom and by Richard E. Smalley asd Robert F. Carl
Je af the Uniged States. Krow, wairkisg witk

at the University of Susser, Briphson, e, was esing bils.
Aoy mecnrwave spectroarnpy techaiques e amalyre
the spectrs of cishom chains. These mesaremaat leter
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bed to the detectiva, by radicastronomy, of chainlike
milerules corssting of § o r1 carbon atoms in inferséellar
s clowids and in the srmosphices of carbon-rich red gant
auars. The g viste (o B Uneeersety, Hoston, Teass, in
|q;|l.||.,f'J.u:|., n.u;lll:l'n:r (m i e mnd ilreredl AL
tmecnpy, suppesied that Kmofm see a0 inpeainis
biser-supersonic chester besm apperatus developed by
Semilbey Thie apparatus couhl vapotize any materis into 2
plasena of stoms and then be wed to study the resulting
chesters of stoms. Dharenp thet visit, Kroto pealized tha
the technicoe might be wsed to sinmdste the chemical oo
ditinns m the stmosphere of carbon stars aed s provide
compelling evadence for his coajectune that the chains
originated in stars o8 now Fomous 11-day senes of expes-
iments condoersd bn Sepiember g8 ot Bice Univesiny by
Kroto; Smalley, and Cirl and fheir student coworken
Jomies Heuth, Yiizn Lin, s Sean O'Brien, Smallev's appa
i wasused o dimidare e chemisary inthe it mesphers
af gant stars by turning the vaportratinn laser oato praph-
e in e atmesphee of belim pas. The stedy not only
enpfirmed tha cares chains were prodoced but alio
sbwrwedl, serencdipitously, that a hitheria unknoen carbion
sofcies containing fo etoms formed spantenooesly in -
ativelyhiphabwundance. Asempetoesplain the rentarialde
staliliny of the C_ cheer lad the scientises to ihe conchs
s thut the cluster must b @ sphermidad desed capr in
the e of a truncated (cosabedron—a polypon with so
vertices and g faces, 13 of which se pentapoes and 20
I'I#Ilﬂ:ml—l dﬂ.‘u that resembles g soccer ball Thr}'
chose the imaginstive aame buckminsterfullerene for the
lustes b b o dhe A restesn apchivee | B Buclmens e
Fillies, the desisnes vt of th proaleie dimes whose
ileas hail miluences] their stricture conjectureIn 1906
ibe Lrin was awarded the Mobed Prize for their pioneering
eflsrin

e
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The donpated cousins oF buckybells, cubon sane
fubes, were ientified i rogr by fijima Sumio of NEC
Corpogation’s Fentemental Research Laboraenry, Tk uba
Setence Ciny, Tapan, while brvestizating materid eorscpd
fmmﬂhhlh!gﬂmmutlrmfnrlmt&!ruiuaﬁﬂ
heing dlischarped wnder C formation conditions. [ijima
Found that the silids conststad of tny tubes made wp of
iesmerous concentrlc “praphens” cylisders, each evlindes
wall coemasting of a sheet of carbon atos armnped in hex:
mpoinad rings. The cvlinders usisally had closed 0/ ends aed
ramiped from 2 00 b micromeres {millioehs of o metrel m
Iength amd 5 15 g0 nanometres thillioathe of 4 metre) m
dameter. High-resclution trensmission electmn micrns-
copy lster revealed that these moltiwalled cabon
sttt (MW e seamless and that ehe spacings
Fetwren adjacent lpyers is ghout 0,34 mnometre, cbose o
the spacing obsved bevween shests of praphive. The
nesniber of concentric cylindens in @ piven whe anged
from 1 e g, and the ends were generally capped by fuller-
ene domes that included pentaponad rings inecessary For
chesure of the tofes). T was soom shown ibar sinphe walled
nctrictibes (5 W I ool he prochiced by this method if
i -oobabi-nicke] catalyst was wsed Inassh o group led by
amlley prudeced SWINT in bigh perety by laser vagsr
izatton of curbon imgwepnated with cobalr and sickel.
These nanotubeyare essentially elonpated fullerenes

Thet fudfervncs, partsutardy the hiphly srmmetncd ©,

splsére, huve a beauty snd elepance that excites the laagi
naiting of sientiEs @l nomcientives :|||i},.|:|:||. rh:! hn:hr
pesthetic gaps between the stienoes, schitechare, methe
mitled, enpineiring, s the viswal ars, Prive o chei
diwcemery, only 1w well-defineil sllotropes of carbon
wert: kpown—ilamond icomposed of § theve-dimensinnal
crysualline array of cabon atoms and graphite icomposed
isf wtacked sheets of twulimensional lexaponal sy of

160
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carbsan avtims). The halleremis constinute 2 thind fomm, aml
it is remarkable that ther existence evaded discovery until
dlmeet the end of che soth century Their discovery bas
fed 3 eonbrely new endersiandsng of the bebaviour of
ﬂrm:ﬂﬁhﬁihlwmmiﬁyﬂrhqm
of nareinnee and nanofechnolngy — the *sew chemisiry”
of enmplex systems ot the stoambc scale chat exiihic
aivanced materials behaviour, Nasotabes b particalas
exhibiit 8 wide range af novel mechanical and chectroes
propertis. They are excellons comlocioes of beat mml
elerineiry, amd possess. am astonichieg tensde strength
Suchy propesties hold the pronsise of exviting applications
indiectronics, sirsrtur] materids. mnd medicine: Practil
applicavions, howevet, will only be realized when acnsate
stroctural conepul has been achivved iver the spatheis of
ihese now materish



lossa ry

lbopraft Comft of Ussse taken froom 3 doocs of the sene
AjEcies as I'J1.EI'=.']FI':|1I:,I|:E.'=I:| the ilnmoe sl
reciphént e sufficienddy unhke genntically

msfrlabe Compact instrument wsod o observe g
atlombate the posithon of celitil bodses before the
inwention of the sextant -

eellulndd Toupgh, Sammable thermoplit: momposed
ezsentially of cellulose nitrase and comphioe

Cosle of Hammurshi Well-preserved scient code of
lww; ereated wround rreo BCE im ancient Rabvion, T
wirs efacbod by §lammnverahl, the sooh Babylootn king.

eplgraphy Study of anclent inecriptions.

fange A rib or rim #or strength, for puiding, o foe
anne bt v s olgect

bieregplyphee Weirtes in or beloeging w3 spem of
writing, mainky in pictaril charctemn.

bnmenstasis Relatrrody stabde state of equilibnsmor o
teswdency tivwand such 2 staes beteen the diffsrent
biut interdepencent elements or gronpsal elements
af an arpaniaton, gopulatian, of group.

kilopaseal 1,000 pascls; 3 pascs B 2 uml of mesure in
thie megei-kilogram-seoom svstem equivalent 1o one
MEWTTA [IET K[USEE MEter

Bpature The action of bndieg or tyieg,

ngua franca Any of various Linguapes used o
tnﬂmmmrlitlmﬂaﬂmﬂ[ﬁqﬂﬂnr
diverse speech.

Mesoppolamis Regeon of sootbwst Ak bevwesis the
Tigris and Euplates civers exvending from the
messtriains i eust Asia Minor o the Persiss Gall,

EETOR0CEsRar A cOmErsier PrOTessiy (ontained om an
integrated-aircnii thip

am
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nudlbrsee A canal bnwhich warer Bows w and froem a
] whed

paleogrephy The stedy of ancient writings and
s lpstians,

pnh?ﬂ: l:"Ju.l.iq;m: |:l|':|Hﬂ|i cauing civesise.

piezosedeceric O relatng tn, marked by, or functionisg
b meais of elecincity of slectar podaricy dese to
s, especially in a crystalliss substance such
B rqaarte

plesrm Bk space in @ scrutture, especially ane
that gecelves sir frone 8 blower o distrilution
thiossgh vemtiation

poecumatic Maved orwoeked by air pressure.

ookl Metal pod used for Eshéoning hot s,

riparian Helating to or Bing of locatsd do the buok of
B IFPEL

serotype Gooup of imtimetely nélsted microogngsms
distinpoivhed by 8 comennn set of antiges.

Silicon Valley Sowthern part of the San Frascison Bay
Area in Northern California, mnsed For the peplos’s
meany allioan chip manolacuen.

sivhes An initrument o wiiting, marking, of incling.

trepdle. Swiveling orlever device pressed by the faot o
ifewve-a machise.

trmpenipe Pl Savle of padnting in which obgects are
ifepueted with photegraghically relistic detul
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