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Lir Force Began proguction af an advaiced cruse mas
e, whch would imcorporate f1gaith ech naloges Sweeh &S
raldr-aiorbenr matenals and smocih. nonfellective fwr-
face shapes. The advanced cruse misuile would Bave &
range of gver | 200 mides. IS0F

Noclear wedpons

Nuclear weapons denve thewr enormous explosive farce
fromn eitber 1he fisson or fusson of atomic nucler. Ther
ugnificance may best be apprecated by the coimng af
o words kalowon | OO0 1ons) and megiton jone million
peefis) 1o descmbe theer blas effect 10 squivalent wesghts of
TT, For example. the Rrst nuclear fssion bomb, the one
dropped on Hiroshama. Japan. o 15945, released energy
aqgualing 15,000 fons (15 kilotonsi of chemical sxplosave
from less than 130 pounds (&0 kdogramsl of wramom
Fusion bombs, on the other hand, have gven wields up
o0 almos &0 megaons. The Arst nuciear weapons were
bosmbrs delivered by wrerafl warbeads for siratege ballstic
mussibes. however, have become by far the most impomant
nuckzar weapons (see above Sirosegve mugsties). There zre
uso smaller acucal nuclear weapons thay include amllery
progectibes, demolitson muminons (land mumes). anusub-
manne depth bombs. orpedoss, and shom-range Ballisne
asd cruise msstes. The LS. siockmie of nuclear weapons
reached ois peak on 1967 wall more than 32000 warkeads
of 30 defferent types; the Sowicl fockpibe neached iz peak
al about 33,000 warkeads i 1988,

The basic pnnople of nweclear fision weapons (alwo
glled atomic bombs) imwalves the assembly of a suff-
oent amount of fssile matenal (e g the uranwm IS0MPe
unmum-23% or the pluiomium soope plutoswm-219]
i “g0 supercrncal “—ihan 15 for neutrons (wheh cause
femon amd are in urn released dunng Bssson ) o be pro-
duced a1 a mwch fasser rabe 1ham [hey <an escape [rom
the gasembly. There &rt two wayvs o which & subcriucl
ustmbly of Buonable matermal can be rendered super-
mixal and made to explode. The subcmbcal assembily
mav conss of two parts. each of whch i3 100 small 1o
e 3 posstive multiplication race; the 1wo pans can be
ihat iogsther by 3 gum-1ype desice Altermanvely. 3 sub-
ibcal assembly surrounded by a chemical hagh eaplosive
=ay be compresssd iALD A supeTomnical ane By GElORIEAE
he expiosive

The bassc pronciple of the fusson weapon (also called 1he
thermonuciear of hvdrogen bomii 5 10 produce (gmition
conditians i 4 ihermonuclear fuel such s deutenum. an
dotope ol hwdrogen wath double the weyght of normal Ry-
drogen. or lithium devtersde. The Sum may be consicdersd
# tsermoneclear device; its masn feel 15 deviernum, which
% consumes 1n 13 core ar emperaiures af |E 0000000 10
30000 000" F 1 100000000 1@ 20,000,000° C1. Te acheve
Sefnparabie empEraluTes in 4 weapon. § fission 1mppenng
device 1 ke

THE DEYELOPMENT OF FISANON WEAFONY

Follpwing the discovery of artificial radioactivity in the
154 the lualsan phymcist Ennoe Fermi performed a se-
M3l enpenments in which he exposed many elements 10
I seinciny neutrons. When he exposed thonum and ura-
fum, chemically different mdicacive products resulved,
Idicaging that new clemenis had been formed. rather
than merely isoropes of the ongnal elemenis. Fermi con-
Cluded ghat he had produced shemems Bevond wranmum
Itiemeny 921, then the las ehement 16 1he periodic Labie:
fe called \hem transurans edements and named two of
Betn gusenium relement 93 and hesperium (elemens 940,
fng the autumn of 1938, however, when Fermm was
Metiving the ™obel Prze for has work, CAto Hahn and
f‘"-! Srassmann of Germany dscoversd 1hat ane of the
Bfw® glemenis was actually banum |zlement 565
The Danash scenust Niels Bobr visted the Unated States
'8 lanuary 1932 carming with hum am explanavion, de-
M by the Ausinan refugee sciemtist Lese Meiner and
b7 nephew Otic Frisch. of the process behund Haha's sur-
Pang data Low-velocily newtrons caused the uranwum
fucleus 1o Assion, or break apam. 1o reo smaller preces:
be combeped atomic numbers of the wo piecs—I{or
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exampile, BEfum and kfplon=——egqualied 18at of the ura-
fAlum nuclews. Much energy was released in the process
This news w1 off eaperiments at many laboratones Bong
warked wath Jabn Wheeler ai Princeton: thes postulaved
that the urdmum motope wamum-23% was the one un.
dergoang fusen. 1he alher S00pe. wramum-238. merely
amgorted the neulrond. 10 wad discoversd that newtromns
wife produced dunng the hmnon process: on the average,
cach famoning aiom produced more than fwo neutmoos
If the preper amaum of matenal sere assembied, thess
fres newtrons maght cheate 4 chan reacon. Under special
condisons. @ very (a0 chan reacison might produce 2
very large releass of enemgy; in short. a weapon of fananis
povever Mgkl be (easible.

The furmt wtomic bomb. The posmbeiity that ssch &
weapon meght Arst be developed by SNan Cermans
alarmed many soEnbsts and was draen 1o he anEnnon
of Pressdent Frankbie D, Rocsevenl by Alben Esnsiain
then living in the Lfnmed Suanes. The prendent appoumied
an Adwisory Commines on Liransem. i1 reponed that a
chaun reacison in UrERiUm wid podsible. (hough unproved
Chain-resction expenments with carbon amd wramum
were guared in Mew York Chy ar Columbia Universaty.
and im March 1980 1 was confirmed that the soiope
araneum-235 wid responisbie for lew-velociy neutron fis-
20n N uramum. The Advsory Commuttee on Lranoum
incTeised 114 suippart of the Colamina expemments and
arranged for & siudy of posible methods for separaimg
the uramium-215 soiope from the much more abundant
urdnsum-234. {Mormal ursRium ContEIne approxemacely
0.7 percent wraniem-213%, mos of the remunder being
uranium-238.) The ceninfuge process. in which the Beivi-
Er EMOPe 6 Spun 10 the sulude, 48 16 & CTEAM sEparaiot.
ai first seemed the most useful, but &1 Columbia 4 rival
proceis was proposed |0 thal proots. paseous uramiam
mesaflonnde o diffused \hrowgh bamers. or Bliers: more
modecubts contaming the lighter sotope. wranmum-2133,
would pats through the Siter than those contarming the
heaveer odope. shightly ennching the mizture on the far
wde. A seguence of several thousand mages would be
nesded o ennch the minure o % perceny uranmem-2535
the 1ol barmer area would be many acres.

Cruneg the summer of 1540, Edwan MeMillan and Philip
Abelsan of ke University of Califormia sy Berkeley dis-
cowered element %3, nemed neplunium: they inferred tha
s ebement would decay amo element 94, The Bohr and
Wheeier fasion theory suggesied thal one of 1he sMopes.
mass number 239, of this new element might abs fssion
under low-velocily neutron bombardment. The cwclotron
a1 the University of California at Berleiey was put 10 waork
1o make enough ehement 94 for experiments; by mod= | S46 .,
ehement %4 had been frmily sdensified and named pluto-
newm, and ity Asason charsctensucs had been established
Low-velosny mewtrons did indeed cause v 10 undergo fs-
won. and &1 & rale much hapher than kel of uraniwm-
2135 The Berkebey group. woder Ermen LasTonoe. wis
alsn conudenng prodeong lage quantibies ol iaraim-
215 by twurming one af thewr cyclotrons mio a Super mass
wpectrograph. A mass specirograph employs a magnetic
field 1o Bend a current of wramum ons; the heaver ons
iuranium-2 38 bend at a larger radaus than the [sghier 1ons
iurmnm-2 351 allowing the e sparaied cumenis o be
calbecied in Separsle recsivers.

Im May 15941 a review commanes repomed that 8 muclear
eaplosave probably could mot be avalable before 1943,
1hat & chan rescison en natural aranmm wis probabls 18
months off, and that i would take at leasn an Bdditional
vear o produce snough plutonium for a bomb and three
1o five years to separaie enough wranium-135 Further. o
was held that all of these sstymates were oplimisee. In liie
June 1941 President Roosevelt established the Office of
Scientfic Ressarch and Development under the derection
af the soembisd Vannevar Bush

Im the fall of 194 the Colambia cham-reacison expers:
ment with natsral ureeum and carbon yelded negative
reswlis. A reswew communes concluded thai boron mmpu-
nties might B powaring it by absortwng neutrons. It was
decided 10 vmnsfer all such work o the Unaversity of
Checape and repes the expenment there with lugh-puniy

Dhacaven
af
plutcnium
fission
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carban. &1 Berketey, the coclotron, cofwerted inio a mass
spectrograph (later called & calutron|, was exceeding ex-
DECIALCNL iN EPATALnG erafium-213, and 1 was enlamged
to a |D-calutron svmem capable of producing onesenth of
an ounce (abowt three gramsl of uranium-135 per day

The LIS enwry vt World War [ in December |94
wis OeCIHVE In providing funds for 3 massise ressarch
and production efon for abmng issionatle matenals,
and im May 1942 the momenious decision wal mEde 10
oreceed Umullaneaushy on all promising production meth-
ods. Bush decided 1har the army should be Brought mio
the produtisin plant construcion acusvises. The Corps alf
Empneers opened an office in MNew York Cuy and named
il the “ianhanan Engimeer Dhsirgt Ofce ARer conud-
eraiie JTRUMEN] OveF pronbel. a workable srrangement
Wit achigvad wilh the formaton of 3 thiee-man polcy
board chawred by Bush ard the appointment on Seprem-
ner | T uf Colomel Leshe Crroves g4 head of the Manhaman
Enpneer Chanst. Giroves armanged contracts for & gaseous
difumion weparilion plani. a pluteaem producton facl-
itw, and a calutron pibor plane, whech might be expanded
laver, The day before the success of Fermi's chaun-resc-
N expenment AL ihe Linmversay of Checago on Dec. 1
1941, CGiroves (mow 8 brogadeer general] ugned the cos-
Sructson comract or 1he plutonium produchion reacton
Mlany problems were sl wnsobesd. Bowever Fursl. ihe
paseous diffution bamer had not vel been demonsirated
a2 practical. Second, Berieley had been successdful wath
15 emmncally demgred caluiron. but the Cak Ridge pilor
plamt contranions wene undersandably uneasy about 1he
rough specificatons asalable for ihe mMAasmve SEQEMALIOR
of uranium-253, whech was demgnaved 1he ¥-12 effon
Thitd. plutonium Chem isiry w&s Amost unkenswn. in
1 wad nof known whether ar aol plutenium gave off
aeutrons dunng fasson, ac. of 0. e many,

Mearume. & part of the June |94 reorganczatson. J.
Robert Oppenhesmer became, in October, the director of
Prossct ', the group that was o desugn the actual weapon.
This eform was spread over several locanions. On Movem-
ber |6 Groves and Oppenhaimer visned the former Los
Alamos Banch Schoal, some &0 mues (100 kslometres)
narth of Albuguergue. ™. M., and on November 25 Groves
approved it a8 the site for the Los Alamoa Scienbific Labe-
armiory. By July two essenual and encouraging pieces of
sapermental data had beem obwmined —plutonium did pve
aff neusrons i fsson, more than yranaem-233 and he
nEUlFoRs were emitied 1A 4 thorm fime compared 10 That
needed 10 BARE the weapon maienald nie 4 swpememin-
cal aseemnbly. The 1heonss contfboted Ghe doseouriging
nate; therr estimabe of the critscal mass for wranium-235
had msen owver threcfold. to something between 50 and
10} pounds,

The emphasis dunng the summer and fall of 1943 was
on the gun meshod of assembly, in whech the prosecuile,
& subcrncal puce of wrasium-2115 lor plutosium-239),
wioukl be placed 1@ a gun barrel and fired tao the warget.
another subcritical peece of urfium-23%. Afer the mass
was poaned jand ndw superchbicalh a peulron sowroe would
be used o start the chae reaction. A problem developed
wiih applying the gun method to platonium, however, In
manufactunag plutonium-23% from yranum-238 i a re.
actadr, some of the plutoniom-2 19 absorbs & neutron and
mecomes plulomium-240, The maenal undergoess spon-
uneous Faon, productng aeulrond. Some newlnons wll
always be present in 8 plutoaium assembly and cause i
to begrn mudtiplying &8 spof a8 F poes critical, befode o
reaches supercninscality; il will then explode prematurely
and produce comparutively liile energy. The gun dessgne
ers need 10 peal this problem by achisving higher projectibs
speeds. Bur they |ost owur in the ead 0 @ better idea—the
cmplosian meihod.

In aprl 1943 a Project % physicst, Seih Meddermeyer,
oropused 10 assemble & supercriscal mass from many di-
rections. Astedd of jus rwoe as n the gun. In pamcular,
i number of shaped charges placed on the surface of a
sphere would Are many suNCATICAl pecss RLD ONE Come-
mon bakl at the centre of the sphere. lohn von Meumann, a
mathemancian whe had had expenence in shaped-change,
armour-peetaing work, suppomed the impheson method

enthasastically and posnied oul 1RAL Ihe gremier
avembly might solve the plutamiuem-240 mm‘:nmr:
physics Edward Teller suggested (ol the convermng m,
fenal might aiso become compressed. afenng the po
Bubsry that bess matenal would be needed. By lase (4
the impiotivn method was besng gven an incfEaNng,
Pigher prionty; by July 1944 1t had become chear thas i,
Plutamium gus could not be bult The onky =av ta gy
PlLIORIUM i @ weapon was by the implcaion mesad

By 1944 ke Manhattan Project was spending mone, @
# raie of more than $1 ilhon per year The Wiuduon ey
likened 16 & neghimangs homse e a0 ome coald
which of the Rorses (the calutran plant, the diffaswon plas;
or the plutomuam reaciorsk was likelv 1o wn or - they
any al 1hem would even Bmish e race |0 Julv (9ad i
fir ¥- 12 caluirons had been running for Beee g By
w&fe aperating at bess than M) percens sficiency. the map
prodlem was in recovening the lanpe amounts of mMaeng)
that reached menber the uranium-235% nor arafium-1 1y
boxes and, thus. had to be rerun through the sviem The
pusevus diffusion plant »as far from compéeison. i pro.
duction ul'!.l.l.tﬂ'lt'l-m'r barmers remasming 1he magpor proh
lemn. And the Grel plutomam rescior an Hanford, Waay
bl been tamed on i Seplember, bl o had prompo,
turmed et off Solwing this problem. shich proved g
be cagsed by absorpuon of neutrons by one of 1Be Ruon
products. toak several moniks. Thess delays meant almog
cerainly that the war in Europe wowld be over kefare tag
wikpon ooubd he ready. The wibimaie anpet was s,
changing from CGermany 1o Japan.

Withan 214 howurs of Rooseveit's deaih on Apml 12 1940

Harry 5 Trumam was 1old brefly abow the
ilomae bomb by Secretary of War Henry Sumson, On
apnl 2% Sumson, with Groves's asasance, gave Trusas
a more extenuve bnefing on 1he st of the projest: the
uramum-£35 gun design had been frozem. but sufficem
uranum-23% would o be sccumualated until arcund Ay-
gust | Enough plutonrum-239 would be avalabie for 1a
implofon asssmbly to Be lesied 1o oearly Julv: 3 weoosy
woukd be ready rn August. Several B-19 had besn mod-
thed ta carry the weapons, and support conErUCTIon wai
under way at Tinan, n the Mamana Islards, | 300 miles
wuth of Japan.

The 1688 i the pluiorium weapon was named T
i was Ared a1 309045 aw (local umel on July 18 %45
ar e Alamogordo Bombang Range i south cenirad s
Mexca. The mheonss predctons of the energy eelease
ranged from the equvalent of lets than | 000 wwas of TNT
ty 45000 pons. The test produced as epengy. of vl
eguavaleni to 21000 tons of TWT.

A& mungle B-F bomber, named the Erola Gav. few aver
Hiroshima, Japan., om Monday, Awg 6. 1945 a1 E:f
in the morming, local time. The wniested uranium.235
gur-gsembly bomb. mcknamed Linbe Boy, was arbam
15900 feer (H80 mewres) above the city 10 manimize de
sruction. Two-thirds of 1he oy ares was demrosed. The
population sctuslly present &t the nme wis smemaned ai
10000 af these, |40.000 died by the end of the wear
The second weapon, a duplicate ol the plubfnwm-2 5%
implosion assembly tested im0 Tomaty and nucknamed Fu
blan, was 10 be dropped on Kokura on Awgust | & thisd
=25 beng prepared im the Unicsd $tates for possibile use
in late August or early Sepeember. To avoud bad weather
ihe schedule was moved up two days 10 August 9. The
B-29, named Sock’y Car spent 10 minuies over Kokurk
withoul sighting s am point: it then procesded 1o the
secondary target of MNagaaki where af | 102 aw losl
umie, the weapon was air-bsrst @ 1,630 feg1 with a fors
later estimated at 2| kalotons ABout hall 1the oty wis
Jestroved, and. of the estimabed 270000 people present &
the timie, about TH000 dsed by the exd of the vear

The spresd of stomic weapois. Soenists op severd
couninies performed ecperiments in Conmeclen wih nu
clear reactors and fiion weapons dunng World War (L
but mo country other than the Unied Swaves cammed o
prajects as far as sepamating uranum-235% of manufacten
ing plutondum-2349.

The Axis powers By the time the war began on 55t
1. 1939, Germany had = special office for the il
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applvcanion of nuclear Admon; chan-reaction s2perments
wGh wranum and carbon sere bing planned, and wayy of
WwPArIUAE e UWIENILM SOL00E) were under study . Some
measaremeniy on carbon, [#er shown 10 be 8 efror. led
the phyuogt Werner Hesenberg 10 recommend that heavy
wiler b used. mnsemd fof the moderitor. This depen-
dence on wAce heavy waleT was @ magor reason the Ger-
man expenfmenld mever resched a suoceislul cenclusion
The isot0pe epaabon Rudies were onented towand low
ennchménts (about | percent urknoum=234) for the chain
TEACIION eLpERTEEnE USEY REver got pam che |aboratory
apparalus stage, and several umes these peobolyped were
defuoyed 18 bombing atacks As (o7 the Fson weapon
isedl. 1l was 4 racher disaant goal. and pracucally nothang
hut ~Eack-ol-ibe-envelope ™ studsss were done om it
Like her counierparis elieehere, Japaress scoeniests -
paisd nesearch on an atomac bomb. In Decemiber 194
lapan's leachng soenos, ™ishina Yosheo, undertook &
wndll-scale research effon supponed By 1he armed forces
el ot progress beyond (ke laborakery awing bo lack of
govErmmEn] Suppart, resourcel. and uranism
Grredd Sritgin.  The Brush weapon propect sared nior-
makty, a5 1n 1he United Stades. among university phyucing
In Apnl 1540 a shom paper by Omio Frisch and Rudolf
Prieris, expanding on the wea of crviscad mass, ssumaned
that § supsresapon cowld be buil using several pounds of
pare aranium-215 and that chis amount of marenal maght
o obtaunable (rom & cham of difusion wbes. Thas three-
magr memorandiam was the firsl reporl o foreted wath
wentibe convicTion the praciscal possibility of making a
b and the hormors it woald bong. A groap of soentisis
iocwn as the MALD commatbee was sel wp in the Ains
oty of Asrcrafi Production in Aprl |940 1o decde of a
uramgm bomi could be made The commaties approved
areport an July 14, 1941, concluding that the scheme fior
i urzpiufm bomb was practicable, thar =ork should con-
unue o0 1he highest pronty, and thar colisbormuon with
the amencans shoubd bBe conunuad and cxpanded. &s the
war ok it oll on the ecomemy. the Brush posson
evalved 1Rrowgh 1942 and 1943 10 one of full sapport for
Te Amertcan progecl wit the reahzation that Briam's
magr effort would come after the war., Whale 1he Briush
mrogram was sharply reduced a1 home. approwimately 50
KRS and emgineers wenl o the Uindved States ai the
™R od |94 and dunng 1944 o work on vanous aspecis
i the Manhanan Progeci The valuable knowledge and
fipnenge they acquired sped the development of the
bomb afer 1943
The formal posvesr decison 1o manufsciure o British
liomi; bomb was made by Prime Mimster Clement An-
By government dunng & meeting of be Defence Sube
“mmites of the Cabwnet o early January 1947, The
of a first resclor o produce fissale matenal
ind gseocianed facibities had gotien under way the year
ore Willam Penney, 3 member of the Brish team
i Los ajamos durng the war, was phaced in charge of
ng and wesung the bomb, which was 10 b of &
Hetomuen type similer oo the one dropped on Magasaks,
Brgun was develomeg nuclcar wdapons was pod
Rade publse wnul Prme Minamer Wonston Churckill an-
"ounced an Feb, 17, 1951, plans 1o test the frsl Brnsh-
Bkl momic bomb 4t bt Monie Bello lilands off ihe
coas of sAusiraha. There, on Oct. 3, 1952, the
irn Briush aomic wespoms iest, called Humecane, was
Mesciylly conducied aboard the fngate HMS Pipm By
Sy 1934 Royal Air Force Canberra bambers were armed

T AOmC b
“""-Fthm Lineam  In the decade bhefore the war. Sovies
Yiocms were acuvely enpaged i puclear and alommic
By 1534 they had emablaned (nat, oHce Wranium
famoned. cach MuckEus emils NEWLIUNs aRd can
ar leadl oo theory. BERID & CRAIR reaction. ThHe
vear, physciss concladed that such & chan
be ighited i Either nalural uraBiudo of
wranum-235, and that thus rescton could be
andl controlied wiih & moderalor such ad heavy
Jupe 1940 the Soviel Academy of Soences
Uramum Coffmaston 10 sludy he ~urs-
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In February 1939, news had reached Soviet phsiscises
of the discovery of nuclear fssian vn the West Tne i
ary amplssanons of wuch 3 discovers were immediatels
apparEnl. Bl Sowel reseanch was brasghn oo hadt Ba
the Leefman invason 8 June 941 [r eary 1942 me
phyviicul Creafgy ™ Flerov nonced that arscles on ausiear
fssion were no longer appeanng in wvern journaly thi
indicased that research om ihe subject Bad became se-
cret In responise. Fleros wfobe 1o, among athers, Premeer
loseph Swalin, imsusung (hat “we must buikd the yramium
bomb withawl delay.” In (941 Swalin osdered he com.
mencEment of a research project under the superPasion
of lgor V. Korchamos. who had been disectar of 15 fiu-
clear phymics laborsiory at the Physico-Technical Instinute
in Lemmgrad. Kurchatos smbated work on 18 (ronl
achueving & chasn macton 0 2 wranium pale. Geugning
Btk wramium-211% and plutonsum Bambs. and senarating
sabopes ITom these maeniali

By the end of 1984, 100 saentisis were working under
Kurchaloy. and by the ume af the Powsdam Conference.
which brougnt 1he Allied lesders vogether Uhe day afer the
Trinsty iest, the propect on (he alomic bomb was senousls
under way. Dunng one session at the conference. Truman
remarked o Swkin that the Unrted States had bailt a “new
weapdn of uRusisal destructive foroe ™ Siadin replied that
he would like 1o see the Unated Siates make “good use of
it &g&ing the Japaness.™

Upon has return from Pogsdam. Salin cedered that work
un e [Eon bomb proceed st @ fusver pace On Aag. 7
%3, the day afier the bombang of Hiroshuma. Br placed
Lavrenty P. Bena, the chuefl of secrel palsce. 1n charge
af the Soviet wermon of the Mankstan Progeci The Ars
Soveet chain reaction ook place 10 Mowcow on Dec 15,
1546, unng an expenmenial graphote-moderated natwral
wramigm pale, and 1he Bt pltomum prodscuon reactor
pecame operalional &1 Kyihtye. vn the Ut Meounans,
on June |9 1948 The Brst Soviel weapon 151 occwrmed
of Auag 2% 1949 gung plutonaum: 1t had a weld of 10
18 20 kilsons.

Frioace  Fremch scewfisia. such as Henpn Beoguensd,
Mane and Peerre Cume, and Fredence apd leme Jo-
liatCune, made imporam contribusons 10 Jh-cenwery
atormic physics. Dunng World War 11 several French scien-
st parucipaied inoan Anglo-Canadian project in Cansds,
where eveniually a heswy adier rescor was bualy a1 Chalk
Raver, Oma.. an %43

On Oen, 1B 1945, the Avamae Energy Commussacn (Cam-
missaral & FEnerpe Atomigue: CEA) was established by
Creneral Chardes de Gaulle with the objective of exploiting
the wwenisfic, ndusinal, and miliary potental of atomc
emergy. The rmaliary appiication of atomac energy did not
begin wpill 1950, In July 1942 the Mauonal Assembly
adopted a five-vezr plan, a pnmary goal of whach was
o buikd pluroniem proderon resnorn. Work began on
a reactor at Marcogle i che summer of 1994 and on a
plutorium separaung plant the [olkesing vear
Omn Deeg, 36, 1954, 1he rswe of proooeding with a Fremch
bomb was Fased 41 Cabenet level. The oulcame was chat
Prime Minisser Prerre Mendés-France launched & seerel
program to develop a bomb. On MNow 30, 1956, & prodo-
col was uigned speaifving tasks ihe CEA and Lhe Defense
Minestry would perform. These included prossding the
pluiomum, assembling a device, and prepanng a besl mce.
Om July 21, 1950, de Gaalle, wha had resumed poser as
preme micnssier, sy the dake for the TSL Z00mic eaplosion
o accur within the first 1hree moniks of 19640, O Feb.
13, 1960, the French detonated 1heir i aomw Bampb
from & 330-Tool 1ower of Lhe Sakra a whal wds then
Fremch Algena
Chrag. On Jan. 15 1938, Mao Jedong Mac Toe-rung:
and e Chinese leadership decided 1o obtamn 1heir own
nuchesr arsenal From 1955 10 [958 the Chiness were par-
Uy dependent upon the Sowviel Unson for scientine and
technclogcdl assstance. Bul [fom 1958 unlul the Bresk o6
relations i 1960 they became mare and more seil-saf-
cienl. Facilities were bualt 16 prodece and proceis uragium
and pluionium af tbe Lan-chou Caseous Difusion Plans
and the Chiu-cl'Gas Alomee Energy Comples. bl s
the menhessmm provines of Kansue A deugn @borsiory
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icalied the Minth Academy) was smypdjoned ot Haesven
Eadl of the Koko Sar in Tumu proswnce & HESD SIE AU
Lop Nof, o far nombweitern Chana. was emablished in
Chcrober 1955 Oreerall leaderihig amd direction was pice
viged by e Rongzhen | Nieh Jungschen . director of the
Defense Soence and Techaolegy Commisson.

Unlke the imraal U5 or Soviet e ghe Airst Chanese
detonation—an Ok 16 196d—used uranum-139 18 an
imphoson-tvpe configuranon, Plumonium was naot wsed
uniil e eghth explosion. on Cee. 17 1988

Cher courarerer On Mawv 18, 1974, India detonated a
rughear device in the Bdgasthan desert mear Pokaran wath
3 repored wield of 1Y kilstons. India characiemzesd ke
123l a3 bewng for peacedful purposes and apparently did nat
urhpile weapons. Paksien declared s nuckear program
1o e solely (or peacelful purpeses, but it acquered the mec-
esiary nirasifuciure of (BSliaes 1o prodece weapons and
was gemerally Believed 10 posssss IRem

Several other counines were believed 16 havé Buall Au-
chear wespons or 10 have acquired the capability of as
sembling them on shor monce. lwrael was believed io
have Balt an srsenal of mor thas 200 weapons, -
cluding thermonuclear bombs. In Augus 1988 ihe Souih
Afncan loreign mumisier said thas South Afnca had “the
capahility to [produce a nuchear bombj should we wam
19, Amgentina. Brazl, South Korea. and Tawsn also had
the sceenisfic ard industnal base o develop sl prodess
fucieal weapons, bul they dad not weem 10 hawve Kuwe
prOgrams, W IFETBC /REM

FHE GEVELOPMEMT OF FUSION WEAPDNS

The United Stwtes. U5 research on chermanuclesr
weapons started from a conversanon in Sepember (5941
bevween Fermi amd Teller Fermi wondered of the svplo-
ss0 of @ fsson weapon could gnale 4 mass of dewiemum
sufficiently o begin thermonuclear fusian. | Deuterum,
an sotepe of hvdrogen with one proian and one nEERon
in the nuelews—i e . pedos the normal wesghi—makes up
0.015 percent af natural hvidrogen and can be separated in
quantity by electrolvas and disnllasen. 11 exisis in lsguid
farm anly below about =417° F, or =250° ) Teller un-
deriook o anadvre the thermonuclear processes i some
derail snd presenied his Andingd 10 8 grousp of cheorer-
ical phasicims convened by Chppenhermer in Berketes on
the summes of 1542, Ome partcspani. Emil Kosognk.
suggested 1han the wse of tnarum be mvestigated as 4 ther-
moruckesr fuel. an insaght thar =ould laper be impomant
to mosl designs, | Tritum, an isotope of hydragen with
ane proton and Ped Aeutrons 0 the Rucleus—i . IOree
rimees the mormal weaghl—does mid EX95 IR Rature suoept
W race amounis. buil i1 can be mede By irradianng lithrum
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A Bl DM i) Tl fmpAOsann maeTee 4] wia drooceed
on Nagasak 3 gun-ausambey o (B) SeEIroyed Heppneme
Boauned-fidon Gudsgna (T) are T poncinl meies of
IRy MOO0eT Mermohucielr seEbofd. Mol moden
rusinil selSehE B8 MUl Memonucissr geugne (21

in a Awclear reaciar 1 13 Rdioactve nd has & Rl
ol 12,0 veii )

A5 & reswlt of these doscusiions the pamicipanLs FORE e
TREL @ SeEagof based af iBermonuclear fUSaR wat pee
Ble When the Los dlamos aborsory was beiag DlAnnes
4 ymall resdarch program on the Super as o0 e "
be known. was included Seversl conferences wee w,
at ihe laboratory in lase Apnl 1943 10 CQUEBIRL the ge,
wafl members with 1he exanng stile of knowetge 4p.
ke darecien af the research program. The conmenyyg W
ihat modest ihermoneciear meseanch should be gy
along theorenical ines. Teller proposed mare inbessiw .-
vESLIgALIORS, and some work ded procesd. Bul 1B mgn
urgent sk of develapimg o Fauon weapon alwavg ey
prcedence—a REcessar, prerequesite far 3 Redrogen moms,
N ERY EvERL

In the fall of 1945, after the sucoms of 1B MOMIC Bompy
and the end of Waorld War (1. 1B future ol 1he Manhg,,
tan Progect. including Lo Alamos and 1k cifer E:.u;'|||p_.=
was unClear, Government funding was stvenely reg
many scienmsts refemed 0 wnavertabes and to ther o,
reer. and contracior companies turmed 10 other pursen
The Atomic Enengy Act, mgred by President Truman gs
Aug 1, 1988, esabhished the stomic Energy Commmmay
i4EC). replacung the Manharan Engineer Dwsingr g
gave il civilean auchonty over all aspects of slomi sreng
including overught of nuclear warhead research. deveinp
MERL, TERINE. and producisen

From Apnl 1E 10 20, 1944, 3 conference led by Teller 5
Lios Alamos revsewed the suarus of the Super Ar thal nme
it was believed that & fuwon svapon could b wed g
igmite one end of & cylamder af liqud deutenum and g
the resulisng 1hermonuclear reaction would self-propages
to the ather end. This conceptisal desagn was Efows g
the “classical Super.”

Ome of the rea central dewgn problems was haw B igsee
i Thermoneciear fuel |1 was recogmized carly o o
a misture of dewenum and tnuum chearetically could
be gruted &t lower semperasures and would have @ (e
reaction rme 1han deuterum alone, but the quemion of
how to achieve ignibion femaned unresolsed. The cohe
problem. egually difficult. wad wheiber and under shai
conditions burming maighi procesd of thermonucier fen
amce sgrinion had taken place. An explading chermoss.
clear weapon mvolves many eximemely complicaied, o
eracting phymcal and noclear processes The spesds of
ihe exploding matenaks can be ap o mdloas of fee p=
second, remperaiures and pressares are greater than thise
it the cemere of the Sun, amd tme scalel are Balliomb
of a seeond. To resolve whether the “classical Super of
any other design woubd work required accurile fumencl
models af these proceses—a formidable task, snce the
compuiers thal would be mesded to perform the cilcul-
tiams were still under development. Also. the requasite &
SION IMggeTs were nol vel ready, and the imied resous
af Los Alamos could not SUPPORT &N EXIERSIvE progras

O Sept. 23, 1949, Truman anfounced thal “we haee
evidence thai wnthin recent weekd &N SL0MMIc exphokcd
securred m the USSR " Tha hm Soaer test samu-
lated an iniense, four-month, secrel debate Bbowt whethe
o proceed Wil the hydrogen bomb projert. Ome o
the strongest sElemMents of CPPOSILON dglinst proceedy
with & hvdrogen bomb program came from the General
advisory Commistes (GAC) of the AEC, chasred by Op
penheimer. In ther repon of Oct. 3L 1949, 1he magonty
recommended “srongly AgRNs" initiating an ail-out =
fort. belisving “that extreme damgers to mankind ipheren!
in the proposal wholly ourwsigh any military sd-asiags
1har could come from this development.™ ~A sapef bomb
they went on 10 sy, “might become 2 weapon of pene
cube.” They believed that “a super bomb should neve
be produced.” Meverbeleis the Joint Cheefs of Saf. 1B
Siate and Defense departments. the Jownt Commimee 20
sromic Enengy, and a special subcommities of the M
visnal Security Coundl all recommended proceedi i wiil
the hydrogen bamb. Truman announced an fan. 31, 195
that he hsd directed the AEC 1o contnue ik wark on 3
forms of aomic weapons including hydrogen bomes (8
March, Los Alamos went on & sin-day sorcweek
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In the mombs than followed Truman's decson e
proapect of actually being abde 19 butld 3 hvidsogen bomib
wecamne less and less hkely. The mathemancan Swnisiaw
W Ulam, snh the assistance of Comelius ) Everett bad
undertaken calculavons of che amouns of tAuum that
sould be nesded for griuon of the classical Super Ther
resalis were speciacalar and. o Teller. ducouraging the
amouni needed wEs smimalsd 16 be spnarmous. |n the
summer of 1950 mone dewiibed and thorough cakculaisons
b ather membert of the Los Alamos Taearencal Dyvision
confirmed Ulam's esumates, This meant that the cost of
the Super program wauld be prahibinve

&lan am ke summer of 1950 Fermi and Ulam calculased
that lgusd deusenum probably sould nol bum=—that 5
ihere would proballs Be Ao Hu—llﬂlnhﬂlh‘ and propagat.
ing remcton. Bamng surpnses. therefore, the ibheorenical
wirk o 1950 indicated ihat every importan EsEmpLion
regarding the viabiliny of ibe chassical Super was wrang. If
SUCCELS WS 10 come. i would have 1o B sccompluthed by
ol REANS.

The oiher means became appareni between February
and April 1951, followang breakibroughs acheeved as Los
Alamos. One breakthrough wis the recogruison that the
burmung of thermonuchssr futl woubd be more efficeens of
& kaph dendsty -were - achstved  throughout the (oel pnor
I rapng s bemperature. ralber than the classcal Super
pproach of just rasng the iemperature in one ares and
then reiving on the propagation of thermonuchear reac-
ucns o kest the remaining fuel & second breakhrough
wis e FECOgRInOn tRat these conditsons—high comphes-
won and hagh remperaune throughoun the fusl—could be
chieved By conwaimng and copverung the radiation ram
an explodmg fasion weapon snd then ulmg this energy
I3 compress & Separdle componenl oontluning ke ther.
manuchear fuel.

The mapor Bgures 1n these breakthroughs were Lilam
ind Telier. In December 1950 Ulam bad proposed a new
fAsmion weapon dewmgn, wsing the mechanscal shock of an
ordinary Assaon bomb 0 cCOMPRESS 0 & very hagh densiny
2 weond hasile core. | Thes 1wo-fage Gsmion device waid
conceived enbifely independenty of 1he thermonuclear
wogram. s aim being Lo use Hionable malenald more
seonamecally i Early m 9% Ulam went 10 see Teller and
Poposed that the two-stage approach be used 1o compresa
ind sgnipe a thermonucheas secondary. Teller suggested
rhation implosson. rather ihan mechamcal shock, as the
mechanism for compresung the thermonuclear fuel in the
wrond swage O March 9. 1951, Teller and Ulam pee-
kmled @ sepon comaning both alematives, enntied “On
Heterocatalyue Devonanons |, Hydrodynamse Lenses and
Radigison Marrors.™ & second repon. dated Apnl 4, By
Teller, included some extensave caleulatons by Fredene de
Hoffmann and elaborated on how & thermonuclear Bomb
fould be consiracied. The wcevuge adiason impbosson
Ssugpn proposed by these repend. which led to the modemn
tincepi of thermonucleas weapond, became known as the
Tlller-L'I:Lm configuration.

It was immediately clear 10 all soentsts concerned than
Bt pew adeas—achieving 3 mgh denmty i the thers
Siomuclear (uel by COMpresRon uSRE 8 FES0N pRUMars—
Eroviged [ar the firm ume 2 frm bass for & fusios wespon,
Withenit hemtatson. Los Alamos sdopted the new program,
Lordon Dean, chasrman of the AEC, convensd & meetng
ikt Ingaiute for Advanced Stedy in Princeton, hosted
™ Oppephermer, on June 16=18. 195]. where the nes
e way discusssd. [o astendance were the GALD members.

C commissioners. and key scsenimts and consulianis
Led Alamcs and Princeion. The parscpants were

".?‘-lmﬂuﬂh' ifi (awour of acove and rapid pursun of the

Eller-Lilam principle.

PRar 1o ke confersnce, on May § at Enewstak atol|
the wemern Pacific, & 129 eaploson called Geonge had

Hecoemdully used & Rasion bomb 1o igmie a small quantity

wm and wwm. The cnpnal purpose ol Geonge

8 been 15 conhrm the burning of these thermonuciesr
i‘*mwnmhﬂmmnurd«wﬁhm
;”3 e mew coBcepiual understanding comtributed by

tler and Ulasm. the 1=m provided che boows of sucoes-
i‘? demonrating radistion imploudn.

War Tach nologs af
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Im Septemner 1931 Los alamos prooosed o test af the
Tebler-Lilam concepn for Masemiber 15453 Enpineenng of
I:hl![ll!"l-'ll:‘ﬂ. :I;;;I‘I.Im:ﬂ Mike. Begam in Cosoker [9% ] but
unioresssn I:I.I||I.|¢| lﬂulm Fl ar M“w I:If '.hl!
expemment in March 1932 The Hr.r:-j device wesghed B2
lars, owWing af pdf 10 Crvogenss s - pEmperatune | I'EI=I'I|'EF
20N SQEIDMENT NETEEary 10 vedd the dewieriym hgund
form. It was succendfully deronared duneg Operaon (v,
am MNov |, 1952 (ol ume), at Enesewmk The explosion
schieved @ veeld of 1002 mulhon vons of TST. or 500 nime
Inrger tham the Nagiisks bomb, and o produced & craser
6,140 feel in diameter and 164 feet deep.

With the Teller=Ulam configuration proved. deiiveratble
thermanuciear weapams were detgned and imitally ested
dunng Operation Castle i 1954, The frm tesz of the s
nes. conduced an March 1, 1954 dlocal nmel was called
Brave lv uséd solid hthium dewtende racher than |squsd
deuteniam &nd produced a yeld of |3 megatons, | 000
ismnes as large 4 the Hircshima bomb. Here the priscipal
thermonuclear reactiop was the funon of deutenum and
inuum. The inbium was produced 6 the seapon el
by newtron bombardment of ke lisRiwm-6 solope i Lhe
course of the fusion maction, Using bithum dewtende
impead of liguid dewrenum ehiminkved Lthe nesd for cum-
beEmOomE CTYORENIC SquUIpMEnl

With complenon of Castle, 1be leassbality of lightwesght,
solic-fisel thermonuclesr weapons was praved. Vast guan-
wises al tAnum would ol be peeded afier all. Mew
possimbines for adaplanen of thermonuciear weapons to
vanaias kindd of missles began 1o be explomed.

The Soviet Lnkom. In %48 Kurchatoy omganczed a the.
aretical group. under the supervison of physacist lgor Y
Tamm. o begpn work on a fusson bomb. (This grewup
included Andrey Sakharow, who. afer coninbuting sev-
eral imporianl ideas o the =fom. later became known
% the “father of the Soviet H-bomb. ") In general. the
Joviel program was e o (hree vears behand that of the
Linseed Sunes. The rem thm 100k plece on Aug. 12 1955
produced a fusion reaction n hithaum deuwende and had a
vigld af 200 1o #00 kiblotons. This 1291, however, was nol
af & hagh-veeld hvdrogen bomb based on the Teller=Llam
configuraison or something like 1t. The first such Sowel
test, with a wvield in the megaton range. took place on
Mow. 22 1955 On Oci 300 1% 1, ihe Soviei Umon tesied
tne lamgest known nuchear device, with an explowuse force
aff 5§ megaions.

Gerent Brimie.  Minsmer of Defence Harold Macmillan
announced im his Swiemens of Defence, on Feb 17, 1955,
ahat che Uinined Bingdom planned 1o develop and producs
hsdrogen bomibs. The formal decruion 10 procesd had been
made sarler 0 secnel by A wmall Defence wubcommimes
o June |6 1954, and put oo ike Cabwnen in July. The
decion was uRaccompaned by ihe offbcal debare thar
characterzed the Amencan eapenence five vears carlsr

L remained unclear exactly when the Grs: Baush ther-
monuclear test ococarmed. Three hugh-vield 10218 10 May
and June 1957 near Malden lsland n the Facihic Oosan
were probably of boomed fesion demgns (e below) The
mcst likely date for the first wo-sage thermonucleas 1est.
using the Teller-Ulam configurabon or a vananb, was
Mas B 1947 Thos tem and three oqbers thar Sollowed
n Apnl and September 1958 contnbuted novel weas o
modern thermonudleir deiagng.

Framce. Well before their first alomse 1ess, the Fremch
assumed they would eveniually have (0 BECOME 3 PR
monueciear power as weldl. The Arsl French thermonuciear
teg was conducted on Aug T4 196E.

Chims. Plans 1o procesd toward a Chinese hsdemogen
bomb were begun in F360, wath the lormation of & group
by the Insutuie of Atomic Energy 1o do research on iher-
monuciksar materals and rescisons. [n lave 1963, afRer the
dengn of the Rsuon bomb was complete. 1he Theoneucal
Department of the MNinth Academy. under 1he direction
af Deng Jiaxian (Teng Chia-hmen), wad ondered 10 shaf
1o ihermomsciear work. By the end of 195 e theoret-
ical work for 3 mulusiage bomb had boen acomphiihed
Afier tesing teo boosied fsmon dewviess o |B48, the
frs Chines multstage faton device was detonaied on
June |7, |47,
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Fram e late |54l L' 5 muchear =eapon deugn de-
wibgped and temed warheadi fo improve ther |;..j|,|::|, o
samdardize designi for mass production. o Herease vields
vy improve viekd-io-wenght and vield-io-volume oo and
I !-lud'!«' thesr efiects These improvemens relulied o ke
crestson of meclear warheads fof 3 wide waAELy af SirTiEgE
ardd Ecucal dehvery swsiems.

Fissbon. The fm advances came ihrough 1Be et senes
Operanion Sandnone. conducied vn the spong of L9448
These (nfge 18308 uded imphiscn desgns of 2 s2cond
generaion. which moomporaied composie and bevised
SOres & composine core consified of conceminc shelly of
toth uwfafum-215 and plutomum-219, permutning mone
efficient wse of these Assle matenals, Higher compressaon
of 1he Asgile matenal wid schoewed by lvilaning the cone—
that o introducing an ar gap into the =eapon to sbuun
2 hagher vield for the same amownt of fasile maenal,

Tems dunng Operanon Ranger eh early (93] iscluded
implosion devices wih cores conlwmag 4 (mcon of a
cnial mass—a concepi ongnaied m 1944 dunng the
Manhattam Progect. Lalike the ongnal Fat Man demgn.
chese “fraceonal onr” weapons reldd on compresing the
fisgile core 16 B mgher deniny 0 arder 6 achieve a su-
pererbical mass, These designs could achieve appreciable
wurleds wath bedd mavenial.

Ohee technague far enhancang the vield of a fsson explo=
sian was called ~hoosting ™ Boosting refermed 10 3 process
wherety 1hermonuckear reactions were gsed 25 2 source of
neutrons for inducing AzEons at & much higher m@e than
could be achieved wilh neutrons from fssion chasm reac-
uons alone The concepn was inwenbed by Teller by ihe
middle of 1943 By icorporairg deutenum and wntium
iALe the core of the Aasde macendl a Migher wuid could
be abluned (fom & geen quantty of hsule mabefial—
ar. dvermativefy, the ame wield coubd be achiesed wath a
smaller amount. The fourth test of Operaton Greenhoune.
am May 24, (951, was the first proof cest of 2 boosser de-
wgn. In sabseguent decades approvimately 90 perceat of
nuclear weapans i ihe U5, sockpie relied on booling.

Fasion, Refnemens af the basic res-sage Teller-Lilam
confguraten resulled 16 thefmonuckesar seapons with a
aqde vanets of chamacienyys and applicatons. Some hagh-
vield defiverable weapons ncorporaied addrbional ther-
monuckear fuel (bithium deuiende | and hasionable matenal
furanium-23% and uranaum-1330 in 2 third stage While
imere wad no thearencal limin @ che vield thar could be
schueved (rom & thermonuckear bomb (for example. by
slding MArE Wages), 1here wene practacel limits on the ane
and weight of weapans that could be carmed by arerafi of
rrustiled. The lasges LS. bombs had viebds of from 10 o
20 megatons and weighed up to 20 tons. Beginning in the
garty 19604 however. the United States built a vanety of
smalier, ighter weapons that exhibited sizadidy tmproving
vield-ag-weight and vicld-tosvolume ming

& nuclear explosion nebeases energy in & vanety of forms,
imgliedimg blast, heat. and radiation { X Ays. gamma v,
amd neutrons), By varving & weapon's design. these ef-
ieets could be wibored for a spesific military purpose. [n
an enhanced-radaon weEapon. Mo commonly called &
neutron bamb, the ofeclse wi@d o Moncmebe the Blaa
tv reducing the Baion yweld and o enhance ibe neatron
radiation. Such a weapon would prove lethal to invading
troops withoud. it was hoped, destroying the defending
coumiry's owns and countryside. 1t was aciually a small
igm the order of ane kalowon), two-stage thermonuclear
wespan thEl atiliped deuteriom and mmoum. racher than
lithuum dewrendé. to maumize the release of fast meu-
irans. The frst U5 applcation of thas pAsciple was an
antrbaliiste: masicle warbesd m the msd- 1970 Enhanced-
faduion warteads were prodeced [or the Lince shor-
range ballstic mile and for an esght-inch arallery shell
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Chemical and biological weapons

CHEMICAL WwaRFamE

Chermical warfare agenis are substanors. whether gaseous.
lequud, or sohd. miended For use in warfare because of

thew direct toasc effects On PEODIE. AMMAlL of piapy
Worldwide revultion towand cHEMBE] wEDUNS o e
e 1 the Ceneva Protocol of (925, prohabiting “ite 4y,
16 =ar of ABhvaung posencus ar other gases, ang of
ﬂﬂ'ﬂﬂ:mﬂll:;;uﬂi matenals or devices.” Mare jag,

i1, 1 ing all m NATENE. AT Paflaes 13 o

Protoeal of 1923 -~ P

History of wse.  Tonic smokes and ather 1onic 1ubmance,
witfe wied occauonally in war from ancent bmew by
the earben large-scale use of chemical warfare agenny o,
im Warkd War | Preceded by both wded sporadic use o
Vanous tear ghses n artiblery and gher propeciibes mam
in 1914, 0 was the German siack wiih chlonoe
fram ihousands of cvlinders along 4 fowr-mile (8o,
metrel frone 4 Ypres om Aprl 22, 1915 that iniased [
massive use of chemcals s chai conflicr The nnd.hw
clowd towallv broke the lines of the unprepared Feency,
Termional and Algenan unrs in ks path. But the @y
ers faaled 1o explon the opportunity. Although numegy,
chlonne gas-<hoed aitacks were subseguently carmed sy
by both sides, ihey accomplished limie, awing 10 18 sy
dsctson of gas masis and other prOGECTIvE MERsaies.

As other gawes and more effecuve delivers meihog,
were inirogduced. 50 100 wene imroved defenses. “aouni
among offenuve (Mprowiments were reIpICAIOnY dems
mare posonous than chlonne such as phosgens. ang
chemicals 1hay blimered the skun and afiacked the ewsy
eapecially mustind gas The defense kept pace, with ke
imiroduction of better gas masks, protective clathing. asd
Fanlefeld @oucy or minumizing evpodune, Mo thag
| o000 iona of varous chemecal warfae agents wom o
il World War | bul gas wai @0 ufdmponan] stadon m
overall military terms, lasgely because of ke effectivenes
of defenses agasnat i

In World War [, chemical weapons =t stockmbed b
both sides, bt they were nol used dnd s 0ol iniegrased
into military planfung. Reconds indicated vanous reasoes
far this: ( | ) military eprison that chemical weapans would
ke o more effective than convenbonal =eapons and
wivild complicate and delay operations, (21 fear aof rew.
ynon etpenially against crvilian cenirex, amd |31 avemuon
b0 gas warfare by political and milisary lesgen, reflecting
the proscripuions of the Ceneva Prosecol
Chemical weapons were wied 1n ofly 3 fes of 1he mors
than 200 wanm fought afver Workd War [ In esch clse—
&% in Echsoga ( 1935-36), China (191847} the Yemen
(D865 T), ard [rag-iran | | 9d4=BE —chemsals were wed
agmanst (oot smtaldly lacking gas masks,

The weipoms. Modern lethal chemucal weaponi em-
plower] the organophosphomnas nerve agents frst produoced
bt oot used by Germany dunng World War (1. Rela=d
10 certain macticides but moch more oRic (o man, ey
would couse miense yeeating, filling of the bronchial
paizages with mucus, dimming of wimon, unconiroilasi
vorminng and defecaton. convulsions, and finally pamlyms
and respirasory fslure, Desth would result from asphyaa,
generally within a few minuess afleT FEMpETRIONY ELpORU
ar wathin howrs of eipodure was 1Rrough a liguid nerve
agpent on the skin.

The L5 mockmbe of chemical warfare agemis. |oaded
1mbd msmbions of fiored o Bulk. ineluded the nerve agens
wrn and VX, whale the Soviet Unoa stocked ihe e
agenis sann, V. and soman. OF these three nerve sgens
dadl liguids), sarin woubd evaporute the most rapsdly and
would pose mainly a respiriory hazard W the l@=
volatile, would act primanly as 3 coniact poison. Soman,
with volauliny intermediate between that of sanm and VX
would poss both reapiralory and coneact hazards

Im additien 1o seres apenia. Bath natens siocked musand
gas and e e OS5 which was also used by police. The
Soviets alss seocked lewane, a Bliner agent developed but
nal used by the Unied Sotes dunng World War |, Mus
wrd gad and lewasine would ol be nearly 50 leanal as ibe
nefve ApEnti. chusing casoalves princvpally from incapsc-
iatng Blimers and semporary blindness. Their full efecs
wittald LAk several hours 1o develop, alihough lewisite 2
CONITEST 16 mumard g, woubd casse immediate pamn 19
isé skin and eves.

Lequsd chemical warfare agenta, swch as musiard @i
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