
A 60-million-degree plasma 
brings science closer to an 
unlimited source of power 

By eDWARD EDELSON 

PIIINCEiOl<. N.J . 
It'. an ordinary day at the Prince
Ion Large Tol'Ull (PL T ) , one of the 
world'. leading fusion~nerlY Til
_rch centerll. I'm in the control 
room, watchin, red numbel'll on a 
digital counter dick backward in a 
countdown. At zero, imageA on 
video monitol'll bulge outward for 
an iflJltant, as if 10 register the 
violence of the fusion reaction lak
ing place in the P LT. A willi-to
wall bank of computen; behind me 
records millions of bita of data 
from the reactioll3. The console 
operatol'll prepare for the nellt run . 
due in 21,1.. minutes. 

It 'a a scene 1'Vi! witne&lied oflen 
in _ 15 yean of covering the 
ellort to harne&ll fusion energy for 
peacefulllUIIMJI P' But there's a big 
difference Ihis lime, and the differ_ 
ence, believe it or not, iR repre
aenled by nothing mort! than a hole 
in the ground at this Princeton 
UniVi!l'IIity facility. 

BrlNlk-even fution 
I leave the PL T control room 

and stroll ac:J'06a a field to watch 
workmen in an excavation over a 
hundred yards equare. Right now, 
there', nothing in the exeavation 
but a huge, oddly &haped concrete 
foundation. But thill is the lite of 
the Tokamak Fusion Test Reactor 
(Tf"IR) , the next generation of 
fWlion research machinell. And thil 
construction si te i" the Ita rt of a 
leientitic dream come true-a. 

Princeton tokamak 
heats up the race for 

fusion 
power 

dream that could haul humanity 
into a new era of energy richell. 

'The 'J'F'In will not be an ordi
narr fusion nrorch device. For 
!lOme 30 year'll, phYAicillu have befon 
trying to achieve break-even fUll inn 
energy- to get out more enerD' 
than they put in. 'The TF'j'R S!elllB 

likely to reach that IJOIII in the 
early 1980'L When that happens, 
lICientista will have proved that 
fusion power is lICientifically feasi
ble. 'The next slep will be to COIl_ 

struct a fusion reactor that gen
eratell electricity. 

But there are lIIill major prob
lems to be overcome before our 
hornet! are lighted by fusion power. 
Theae are problems of politiCII, ero. 
nomica, and engineering, however
not of basic &cieooe. For the tiMlt 
tiIll(!, the allDOllt infinite power 
80urce of the sta1"1l IIeO'IDlI 10 be 
within the gnl8p of mankind. 

URing that power 80Urce is sim
ple in principle bul aatoundingly 
dilficult in practice. It atarb! with 
the familiar Eil18l ... in !onnula E -
mc', which rneallB that a Iittl ... 
matt ... r can be transformed inlo an 
enormous amount of energy. One 
energy-releasing lechnique inwlvell 
fiSRion, IJPlittinll v ... ry heavy 
atoms- the ... nergy source in today'. 
nuclear reacto1"1l. A more effective 
method il with fusion, Mlueezing 
tog ... ther light atoms 10 release even 
more ('nergy. 

Fi&&ion energy beeame practical 
fi1"1lt becauee very heavy atOffiB 
&lIch lUi uranium_235 aplil .pants. 
neously. By conlrBllt, ligh t aloma 
auch Ill! hydrogen !'eIIisl being 
f~. In natur ... , hydrog('n aloms 
fUIIe only in the utreme \('mJ)('f8-
tures and d"'llIIities that exist in the 
COrell 01 atll1"1l. On earth, we'v ... lulled 

hydrogen atoms only by uaing a 
fiBgjon bomb to act oft the violent ly 
unoontrolled fusion reactions of the 
hydro!!: ... n bomb. 

lawton c r iterio n 

To build a fusion reactor, pbyli. 
cists mwst flnJt strip away the out ..... 
electrons of hydrogen alomB to pro. 
duce the hot, _thing 11M called 
plUmB. Then they must heat that 
plasma and contain it long enough 
for luaion to occur. 'They muat 
achieve a temJ)('ratu..., of llbout 100 
million degteell C in a plasma with 
about lOW (that'. a one followed by 
14 zeroe) to 10" perticlea per cubic 
centimeter (about 10,000 times 
thinner than ai r ) for a time span 
between a t ... nth of a Iif!COnd and a 
full fI(!COI>d.. PhYllicists call thil 
combination or density, temJ)('f8-
ture, and confinement time the 
"l..a~ criterion. ~ 

Fusion ... nerlJY is a ,littering 
pri%e because it could be both safe 
and inexhaustibl .... Fuel is no pro!> 
lern. A fusion reactor probably will 
uac deuterium, a hydrogen isotope 
with one proton a nd one neutron, 
and tritium, which ha.8 Om! proton 
and two neutrons. The ooear\I con· 
tain enough deuterium to meet hu· 
manity'a need. ror thousands of 
centuriell. and a fUllion reactor 
could elQily be ... ngineered to bre«i 
mo..., tri tium than it uses. Aa for 
safety, plasma in a fusion reactor 
would cool down automatically if 
the magn ... ticx:onftnement IIYstem 
failed, and the nuclea r reaction 
would atop. 

The bruiic problem in haion 
Ie leerch can be limply atated : Con
tain ing a plasma i, • damned sillh t 
more difficult than physiciala orig;. 

COllIi"u~d 
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nally thought. You a m't hold plas
ma in anything tolid , bo!c::ause it 
cools instantly when it toucheJi a 
wall. TIM! major ellort in fusion 
r !Bearch hili been to build a mag
netic "bottle" that will hold the 
p ...... 

1 M.w how tough that chaJlen~ 
can be when I yiaited Princeton 
fiye y .... ,.. ago. Workmen were just 
bui lding the Princeton Large To
roa, fabricating 18 huge ooil .. each 
weighing 11,000 pOl.mda, to produce 
the PL 1". main magnetic field. 
Two other !leta of ooila produce 
o~ magnetic fieldB. All of thill 
magnetic energy ill needed to 001\

lain just ooe milligram or plasma 
fOf a spli t &ecOnd in a torua-a 
doughnut_shape tube-36 inchetl 
~ 

Tempera ture breakthrough 1 
nu. time I came to the PL T at 

Princeton UniYel"flity'. Formotal 
Campus because phyBicillB had 
just achieYed the highKt tempera_ 
ture yet produced in thill kind of 
fusion machine. It waR widely de
acribed in news rep0r\.8 all a major 
breakthrwllb., FrnlJdy, 1 ~u 1le9"" 
tical. Time and again in the p&IIt, 
I've aeen pl"(!lll8ture atories about 
"significant breakthroughll" that 
tumed out to be nothing of the 
~rt. 

But 811 1 talked to the people who 
built the PLT and are building the 
TFTR, 1 learned that the tl'mpera_ 
lure record ia indeed signilkant. It 
ill one more goal that fusion lleien
tiata !let for themselva and reached 
on IIChedule. After many yeal"fl dur
ing which disappointment WIll the 
rule. fusion Il errchel"fl now rou
tine]y reach p], on echedule. 
··The key scientific illllue8 of fusion 
lnergy haYe ~ re!IOlved." IIIlYI 
Anne DaYi .... who head, the no.. 
partment of Energy's tokamak. re
_reb eftort. 

I did Il108t of my learning al 

Princeton from Shoichi YOIIhikawB, 
who about 10 yetll"fl agO gO! the 
basic idee that made the PLT 
posilible. Yosh ikawa'l idea ill M P d 
on a major adYance made in the 
Scw:iet Union. RFFl rchen in both 
oountri ... worked for a long time on 
toroa-llhaped fUllion machine& with 
frUlt .... ting reaul te. PhYlliciate could 
not make a toroidal magnetic field 
to keep the plasma l table long 
enough. 

AmeriCllIlll had endless problema 
with our version of the torus., called 
H l tellerator. TIM! atellerator hal 
two magnetic fields. one within the 

" TFTR wilt achieve not 
just a power break-even. 
but w i ll be a net power 
producer. in terms of 
heat ' , 

_""".0." .... Dept. 01 Ene,gy 

other. to con tain the plllSll"lll . But 
U\( R"si' '\l I'lld. ffilQ.' I I! imPQr
lant adwnce. TIle late Lev Artai
movich UIIed a tranafonner to pro
duce a CU!Tent in the plasma itAelf. 
Thi. current produced ita own 
magnetic Held. which helped oon
tain the plasma. '!bey called the 
machine a tollama • . 

Yosh ikawa improved the basic 
tokamak. He designed a ton.tll 
who8e plaama-oontaining tube ie 
fatter- and whole doughnut hole i9 
smaller. Yoshikawl calculated that 
l uch a machine wou ld have lleYen l 
advantage8. including one that i. 
brilliantly simple: A lsrger rad ius 
met\lUI particles take longer to lelk 
out because they haye a greate!" 
d istanoe to trayel. 

Bllllm healIng 
Other new idea. were coming 

MajorU.S. tokamak machines and their goa ls 
Aie.,o< (Min: U.I1\9 uttom.ly Int.n.e 
t;eld.. AlcatOf prodllCft v. ry hl{lh. 
denllty p l .. m... It II dlllgn.d. In 
Pin. to t •• t the poallb ilhy 01 buildi,,!! 
..... 11 lutton '''''IOf'. It ,110 N""" .. 
• Itft btd lot the UN 01 ,"dlo WI .... 10 
,.IN pl .. mo '.","'"Iu,. 10 .he iu.1on 
•• n~. 

D<wbl., 11/ IGIne .. , A.omle) : It i. 
d •• lgn.d '0 .,udV pi .. ", .. lho. do no. 
l\Iy •• el, euloo, crall uctlon. Eo, li .. 
".._Ion. o f Ooubl., h.d 1Illt>IIcai .nd 
O·_PI pl ....... : the Curt..,1 mod.1 
1\11 • PMnut· ..... pe pl ....... . Th •••• to 
Ind lcallon. INI .... eII pl •• m .. mo y ~ 
more 'tabl' thin those Wllh • clrcul.r 
....... Melion. 

70 I ~O~ULAft StitH"! 

Polold.1 0 ••• "", E"IH,irnlm (P,lnoo.. 
.on]: POX I. d.'1gned to 1 .. 1 the 
concept 01 ,_11\9 1",!W,ItI •• lrom 
lho pi .. ",. by 11\1 u.. of _III 
....._tlc·fi.ld coil. 10 d ly.n .he 1m"" . 
,111 .. '0 • coll..: tlon chl",~, . Ev.n I 
liny .moun. 01 l~u,ltl.1 can ,aduC' 
lhe per/Of ..... "". 01 I lu.1on m.chln. 
d, .. lIcally. A ... ..,.I~ ··IC,apo-oll ·· 
Ioo~ 01 pi ....... will ~ uHd II • 
lIfo • ..:. I". .... .. Id IlIIin" Impu, lty 
I'om, I,om the .;n.mbe, w.Il • . POX I, 
,1.0 • •• IUlllng m. It&blill y ot e D-
• h.lpe p la...,l. 

Impu,iII .. Stud ... C"IH"_m (O.k 
Rldgel : O, lglnally " .. lgoId tQ INdv 
'he , fI.CIf ot Impu. llI .. . net r.on-dlv .. • 

along. Fiye yeaJ"8 agO. Mllf'Iin E . 
Gottlieb, head of the Princeton lab. 
told me about a new technique 
called neutral_beem heating that 
IIOWlded promilling. 

Early magnetic-confinement ma
chines used only ohmic heating, 
the same principle that mak.,. your 
loallter toast. Run an electric CUt
rent through • wire or a pluma 
and it gelll hot. But ohmic heating 
isn' t enough to put a plasma into 
the fusion temperature range. The 
neutral-beam idea, pioneered at 
Oak Ridge National Laboratory, ;. 
to hea t the plasma further by 
shooting in a beam of hydl"'OJl!ll 
atonll. 1be alom6 peoetraie the 
magnetic field because they are 
electrically neutral. IfIIIide the 
plasma, the atoma lose their elec
lrona in oollisions and become part 
of the plasma, adding heat in the 
prt< EA. 

On thi~ yiait, Yoshikawa told me 
that the neutral·beAm IICheIDe had 
indeed worked, but not without 
&Orne trouble. At finlt. the neutn l 
beam juat wouldn't giye the eJt

peeled healing eIIect. It developed 
thal ~1OmiI in tho.! ~!l' w~~ in~r
actina" with one aoother. reducing 
the beam', eifectivenE EF The IIOlu· 
lion: a nozzle with dozellll of tiny 
openinp. IIf'parating the aror-n. juat 
enough to prevent inleract>ona. 
"With one stroke, we gOt a hun
dredfold improvement in heating." 
Yoshikawa ..aid . 

TIM! Pl.T hal four neutral beilmrJ 
with a total of four megawatts or 
pOWer. Neutral ·bum heating a l_ 
lowed the PLT 10 !let ita tempera
ture record, Yoshikawa told me. 
With all the neutral beams gOing 
and the machine adjUllied for maxi
mum temperature, PL T achieved 
ill!Yeral runa at 60 million degfflell 
C. 

To reach the Lawaon criterion 
and break-even fusion . I II that ;1 
needed ia greater pluma det\llity 

'ot lechnlq u .. of rM"IOYlna Itnpu, ltI ••. 
ISX I. now beh'9 uMd 10 .tudy pi .. · 
mol wl,h • high ·· ~te ·· (th. ,ello 01 
ploo ...... pr ... u,. 10 the pr ...... ,. 01 the 
contelnlng mo_lle field " Ellictoncy 
_. "" wi.h Inc ... llng bete. but .0 
dOH .hI "ll'IIcully 01 contelnlng the 
p l ....... . ISX will Opt,.t. wilh 1 ~te of 
.1 . 10 10 per.,.n!. In IhI •• ng.o 
e_clad In. lu.lon ,,, c~o<. 

O,m.k Io.k I'I ld~l : O .. lgnod 10 
1""'.1111111 ..... ". I ·~.m hI.tlng Ind 
10 •• ud y III. In","ction ot the pl ....... 
willi the contelnl"" WIll. O,mok h .. 
II ... ~.n uNd 10 .,udy .11.,",II"e 
W.VI 01 h .. llng pll...,. • • ue/> .. III. 
UM 01 ,.dlo w ..... . 
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and confi .... ment time.. The PLT 
won't do that. Indeed, none of the 
fUIoIon onachirws now ope,.,.tin, will 
~ the La~ criterion. Each 

in ....... tipt'" 

; 
injecton with. total po~. 
mefUOwal\3. fiW! timm 
PLT. 

Trlthlm confinement 
Eq ... lly important, the TFTR 

will be buill 10 work wilh the 
hyd""cn ioolopeJ e><pecteci to fuel 
the 11 ... 1 _ •• producin, f""ion 
reector: deutf!rium and tritium. Un· 
der the !!lOme confinement condi. 
110..... thiA 0DIIIbi ... 11on hili 100 
limm lhe enet"1D" of deute. ium 
a]ooo- . >e fuel ..-i II> far lor pial-
n\lll~mlain""enl . Iud iea. But tri
lium ia \.he tricky el~1 .......... 
it il hilhly r&dioKtiW! (.Ithou.h 
Iihort-lived ) . To make allY lillian 
ruclor .fe, eIIKineers will have to 
odli ............. . . perfect confil>$lIenl nl 
tri tium, a ooet lacto. not included 
in f""ion I ... t reector.. The TFTR 
i. e><peo:-tf!<I \0 provide emellent 
worlLi"ll practice in tritium con· 

tainme"',""n The TE'] R iA in whal ....-.nil 
10 a friflndly intf!matlonal competi. 
lion wilh limil... machi,-, al
lhough il ,"en. 10 INd lhe field 
3Ii,hUy. A Eu,Oi :c n <:OnIOrIium ill 
pLanninll • ne><l-ICf'e .. lion lob· 
malo callrd JET (Joint EU' O~!An 
Torus) , but IIqUIObbLln, aboul the 
aitll ""'" Mlayed • l lart. JET will 
be built nefOr Odord. En,Land, And 
ill expectec:\ to """'" on line in 19&'1, 
a yNir or more .fter the TFTR', 
Ia~ date, The JA_ .,., 
bui ld ing a mac:hine Clliled J T -60, 
which iA aleo ~ 10 ....m 
elM!ray b ...... k eUli. But JT-60 will 
not ... lritium in ita pluma. 

But the tobmok iAn'l the only 
ho....... in thil race. The,., are a loo 
malIl"tic-mirro. mach;""" which 
allow the phuma 10 110.), bock And 
forth bel~ two _Ita 01 mqnet_ 
ic foro!. The Departmenl of Ener· 
RY io planni .... Mirror Fusion 
Teot Facility, the nexl.ge ...... tion 
mirror·machine oounterperl 01 the 
I F'II{, a t LaW"""" LiH" "'rie 
Labonlltory in California. 

-
Fuolon ,., ... u l,. "," dl __ by 
',_on ,_, ...... H .. oId Eo.obt ..... 
Moly", Gemittl. H.,oId F__ _ 

And lbe,., ill .Lao inert;"1 00<>. 
linemenl. a lotally dill"erenl con· 
cept mo ... or 1_ 1>0-' on lbe 
hydrolllln bomb. Ul inK e>:tremely 
po:rwerful blaall 01 Ialler lido!, ion 
beamo, Or ROmelhina .imilar. re
_,chell .Itt uyin, to implode 
tiny pellell of hydrotlen. in ell"ect 
c:re&tirIJI .n in~ ...... I..:ombwolion lu· 
lion engine l PS. 0...:. '761. 

Bul " the momenl. the tokamak 
_ to hold omte. flta",. And in 
lbe Iob"",k field. lhe DiI:~rItnen, 
01 Ene. gy', money ia on the 'l"f'l'R. 

"All 01 thio """k ill leodin~ up 10 
the TFTR." Anne DolYieol told me. 
" We really think 01 the PLT u • 
...... ll...,.le tmt of the I f 'r R. In 
lhe mal(Mtic-oonfinement Pl'Ol'am, 
the 'l'F'I 'R ill llie nat lCf'e .. tion. It 
ill whe ........ Iry 10 gel OUI .. much 
energy u we pul in." 

I IOI.n idea 01 ...... dil!icull lhat 
milht be when I ,tf!~ inlo the 
10 ..... mom houain. the P LT'. lIen
.,,.,.'inK equipment. VOIlhlka .... H _ 
plained the inl.atf!. po:rwe.· huniry 
JIIIlquel>Ce 01 ""en" thaI goI!II into. 
.in~le PLT run. F irst, bydr~n 
PI' iA injected inlo the tonu., kept 
" , nea.· perfect ~aeuum. Then the 
network 01 ohmic llealin, roill, 
which run ", .. Ilel 10 lhe torus. io 
pU]eed .. pid]y 10 bresk down the 
.... .,....,linl the pllwnlo. A hull" 
IX: pul ... then IIowo inlo a third 
oet of coil,., the equ ilibrium field 
""il,., which help conlain the plas.
ma by pushing il in_rd. All 01 
Ih io iA 10 achieve a confinement 01 
.boul Eill milli~. 

Flywheel power 

To ~. the (lOila, • 96-ton 
/lywMeI. run by a 700-hp engi ..... 
dropoo suddenly lrom 3Eill ,""""Iu_ 
lion. • -.:on<! 10 250 ...... oluliono • 
.. oond. putting thot enerl)' into a 
renera tor. The P LT hal! th ..... 8uch 
IIYllems, IJO thot _ 200 runJI can 
be made In • H'·hoUr work day. 
'Il>e TFTR will neM ft .... ti,,- al 
much pOWflr. 

But whal c:orrn . fter lhe TFTR? 

, 
Wollgonv' 1111t 'e ,11Ifo'1 If> the p,_ la,,,,, Tor ... control ,oom. TV 
monlt"'. _ nT If> _olion. 

AI 110;" momenl, no one eIIn 1lIIY for 
IU,"", .lthough ,I..-t ...... )<If>e in 
lhe field ill wo.kmll lurlously on 
lhe IUbj<!cl. So many optlorut are 
op.n thai _ry .. .-t of the 
tnIIChine'. design, from the method 
it ....... to achieve l.won 10 ill 
pU'JX Ie. 10 open to q ..... tlon. One 
ochooJ 01 thought hoklo tha i the 
tokamak. while a fine I t! " reb tool. 
will never be able to '"""'" .. the 
"",., of a workinl f .... ion reactor. 

Hvdrogen producl lon 1 

Anothe • • :bool iIIlllDI de8ipoin{ 
and OOI!tin, fuaion re.cton built 
.round IokamaIr. """"'. There ill 
unoertointy about whether the ...... 
chine will be ueed 10 generate el~ 
Iricily. 10 make hydrotren PI' ... 
p ...... iflw 01 the "hyd' Oien ec0no
my" lhat may ...... 11 when oil and 
natural pi a,., very ~, or 10 
run a mind flllion IfuoIion cycle, 
... g., ...... ,ing fUi!1 .....w. fn>m rurrent 
nuclear plart ll by imldililion. 

One IhillJl certain, In the won;b; 
01 Anne n.~;.,.., ill thaI -I FI'R 
will adtieve not.;....!. po",er brettk_ 
even. but will be • net power 
producer, in I.,..,... 01 Met." And 
that'. tnllmlOl.Olly lignifioanl. be
CIIwte il maru, new _y oIt.ttlkin, 
in 1<Won _rei>. Unti l " , ... "lly, 
lulion """",Iilll talked aboul. tnOY_ 

inti Iar..,l. Any ,i~en year, they 
would 1lIIY thaI a """kin, flllion 
t"Mi!lor .... 20 y ..... in the future. 
Bul now. the 1995 taf1lCl date that 
.... ~ing ,iven 6ve y ...... • 1(0 for 
the fi ... t po~. ·produein, lulion 
reactor , til l hold& n..1 mmns tbe 
t-ic ""iflntific QUNlionil .boul lu
Ilion have largely been Il\IIW€red. 

But il .1"" ..-"" thai \ot.tgh 
<I.-tionlt 01 """I, lize, and engi
neering lor a luaion I " . It>< eIIn no 
Ionce' be put olt: until the ha~ 
fulu~ Fusion .-rche ... now .... 
fac:ed with a lon, lil t 01 prlctiall 
queoolionlt : the QUNIIon of CIIpilal 
"""ta ( in doU .... per ILilowall ), the 
" .... Iion 01 gelleratin, 00I!t.a ( in 

[C .... ' ifWHon _ ISOI 
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Fualon power 

(C"","'-<I ,,"'" /Hge 1 f J 

""",Is per kilowatt-hour) , the que. 
lion 01 "",in~nance COIIW [ in dol · 
la,.. peT Yf!IlJ' ). 

1lw:y'", abo laced with. "" ...... 
01 feroaou. technical probleml.. 
For e>:ampt.e. "".\ "'e fl.Llion fMO. 

tor'. ~""l'JY will "'" in the form of 
highly _fietic """,trona. The 
)H'('8ef\\ plan ;. \(I trap thoee oou_ 
trolls In • ''blanket~ \hilt will 
become heated; tho! tw.t will be 
\I8Ied to ItneI'IIte elect.icity. n.e 
bi, -..e ~ to find matHia]. thoot 
am eland up to jn\enle fluu. or 
neull'OOll for lon, perioo:b. 'The 
"I'PI'R will "".." ... INI bed 
when! materiaL. and compOnents 
con be ulland to condltloM much 
like th<:>oIo in I ~I lWlCtor. 

The .i... of • ~ 0!0n! ia 
another tough problem. Bi, ia bad 
becaUie it ..-nIl bi. (and expe ... 
&I .... ) magnetic coila Small ia tr.d 
beoluee it "-011 that • _11 .... 
.~ mUll ahM>rb • '-Y~r /l.w: 01 
_'_;;W~. R. PlIlkilll of Atomics 

~-: I about the 
power , Ifi ..... 

- . 
d iffe rent telil 
Whl" !O!,. B .. ,d,lIv·, __ Io/IOn. 
Ing hot· ....... "._ ' ..... I ......... E .... . 
gy Ad.""'........ s.pl.] I •• n .... 1 .... 1 
<Io.I{In. I, mly be .. 1.I .. dlng ' 0 d."" 
tho, I, .. II! !>N, 70 II'IIant of ... , ... 
I,om. eold ...... to 1110' by """". Tho 
pho'o lrocIioa, .. tho, ..... of .... wo ... 
""'P" "'w ___ l1\li<10 by biNding • 
•• "'_ ._ .... 10" ...... "'Pu' "om 
11>00 «>l1ec11ng POne!. Sine. ,,*,,-1-
~Ing er .. , •• .,.,., 111111 _ ........ 
"e" .. " ... .... '"I ... ,,_1,. Tlwt . .... 
''''1*'1''''' .. .... ''''' 01 11>00 ...... \or _,I, 11 .. 1,. c .... Id ... bI, hot, .. ""'n 
tho ...... 11' IO<'A ,., ..... "", boa_ 
of ,hi • . tho IUrprilillgly h~ I .. imlil 
01 15_,*", _....." I ... !hi oyotOM 

tiel of the pi.allmll.o;lfltsinin. _I 
at the core of ..... ctor : 

''Tbe _I "' ..... , malnlsin vac-
uum tight.-, operate at e]"".ted 
tomlpen.ture, wla-taOO re~ :.ted 
thermal cydC!Ol and aU ' " I 2 from 
"",,..,..,1 p ....... "' and non·uniform 
temper_ture d lilributiona, be cor
l'OIIion·resistant to the primary 0001-
ant .nd il.l impurit., retain ade
quate rnedIanleal propertl. and 
di~1 .\.obility while 1Ub
jected to intft\M rad;'tion, and be 
.... ill;ble ;n b.rp! quanl;ty . t .n 
economic price. N 

Fu.lon economic. 

I t i. entirely pouIble WI all 
lhe!ie requiremen l.l, and """"'" of 
oille .. 1""\ a pply to other pam of 
a f\I$ion .... <:tor, Ctlnnot be met at 
lUI ~lIy oornpel itl .... COllI. 
It could tum out that mankind will 
not want end l_ suppli ... of po ... , 
from fuam bec:aUM _Ihinr 
elM wet. u photovoltaic po .. e. 
from ... 1.0.. oel'--~ d>eaper. That 
s tory will be told In the 1>61 
decade 01' .... 8i1 

Co< .. cdon.: In .... Sept., bot "'lie". 
" Solo, Si, .. CI>t," 11>0 Sunil",,;' 11>00 
photo·CNd I, lin. wOO ... d ..... "" 
oml\lld. O~, • .oon ... " "",,'00 __ 
Ilk." by ~_ Gold ... ",. 

In "TI.. • C"""'IIIOp" Is.p, ., . 
W_·B ... , d, .... c;oncr.,. _lay· 
tMnt uNd. "' .. dlo<,l_ .. "' ..... _ I. WIlli. 11>00 prod"", \or ""' ~OCI'" 
by _.... It " noI. ttrlctlV _~Ing • 
",", __ I . My'''' bo/Iind W"'-· 
aH,d ""', ...... t be k_ ..... 11, dry 
_Id be c_td .. I'" • .. .. _001 
.... rnbt ..... 

In "_,'1 N .... In E~ .... IcI" 
{Sept.] . till br.nd ".,... 01 !too " No
WI,. CS" Intwv-. IIIoukl hi ... '1111 
"'nn,1 ........ ·fantom. _ "'_om. 0 
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