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Pilgrims, Saints and 
Spacemen 

Art11•ork '"' j nmP.\ !3nbrock 

by Freeman }. Dyson 

CoH·111or \\'illiam Btadrord or tlw Ph m­
m11h Cololl\. P1 c,idl·111 Br igha111 Yo1111g 

or I hr ( h1111 h of J t°S US Ch risr or La 11('1 ·day 
. ai11h. and my fri end Pror<,~•o• C:t•r;11d 
O ' Nt·ill or 1ht· P rince1on l ' nin-rsi1 y phy~­

ir~ dq>a 11 llH'll I ha\'(' much i 11 < 0 111111011. 
Each of tlw rlHCl' i, a man of vi~io11 . Ea< h 
bdi t• vt·:. p a ,siona1dy in 1he ahili1y of o rdi ­
nan m<"n a11d women to go out in1 0 1111· 
wildl·111l'' ' a11d huild therr a :.ocil'IV lw11c-1 
than llw <11w the) left be hind . Each h as 
wri11t·11 a boo!.. 10 record fo1 po~ 1c1 i1~ hi, 
\ isio11 a nd hi~ ,11 uggle . Each has hi~ fl'(' t 
fir llll) 011 till' g'l'OUnd in the rea l wm ld or 
poli1ic.,and rinancc. Each i\aCuld )'a warc 
ol lhl' imp()llanc<' of dollars and <l'llt\, 0 1 

poumb and ,hillings. in making his 
dn·a ms <'ClllH' 1r11e. 

Tlw hi•10ri1·s of Br~rdforcl and Yo1111g 
\\'Cll' 1101 pr i111C'll during 1lwi1 lirt·tintt·, but 
\\'ell· lt·lt in 111;111u,cript ror111 ror thl' gui· 
dam{' of tlwir followers. Bradfr>rd\ m a 11u­

"Tip1 \\';I\ publi:.hed t\\'O CCntUI it'\ lat l'I 

1111d1·1 till' 11th- History of Plymouth Plan­
tatio n . \'ou11g\ 111a1111,crip1 i, q1101nl 
<·x1t·n\l\1·h. hut not in full. i11 tlw orfic ial 
hi,tol\' ol tl1t· ;\ lo1111on ( htll( h . o ·;-.:1·ilJ ', 

bool... T he High Fron1ier. ro111111:1 1<' ly did 
1101 h:iw to \\':ti1 lor p(hli1111no11:. puhli­
< at ion. 

Th<' human and tTonomic problrms that 
the <>pace coloni~h of 101110 110\\' \\'ill race 
ar<' not es:.e111ially difft·11·111f1om1lw prob­
ll'nts fac<'d by Bradfmd in 1620 and by 
Young in 18•17. l ' nlortunat('ly. 1hc cxtr<r\'· 
ai.:a111 sty le a nd l'Xorhitant t'O:.ts of the 
Apollo C'Xpl'di1io11' 10 1hc Moon havl' 

The huma 11 and rco11oniic prob­
Ir, ms that the s/H1 ce colo11ists of 
tomorrow will /arr are not es­
sentially different from the 
problems faced by Bradford m 
1620 and by Young in 1847. 

<Tt'<ltt'cl in the mind, o r tht• public the 
imptc~sion 1ha1 an} human ani, ·i1ies in 
Space lllllSt lll'Ct' .... aril} tmt ten., or billions 
or dollars. I lwli1•\T thi ~ impr e"ion to be 
fundamentally mistakt·n. If \\'l' reject tlw 
,1~ le- of Apo llo and foli o\\' llw ~tyle of the 
,\/ny/lou1era11tl till' i\101 mom. w1·~hall find 
th <' l'Osts of spa«: ro)()11i1111io n comi11g 
down to a reaso11abk h·wl. By a reasonable 
IC'\•c·I or costs I ml'an a sum of money com -

para bl r wt h t' "' m" which the Pilg rim, and 
tlw ;\ lo r m<>rh '"rcessfull y raised . 

Bradford and Yo ung provid<' abundant 
doc lltlll°nta1ion or the dirricullit•\ they 
fon·d in nri~ing funds. Bradford t•mpha­
sill·• in his book tha t the 1011glwst problem 
int ht• whol<' \'(' lllurt· of colonizatio n wa' 10 
ckfi m· a M 'I of objt'Cl i ves upon \\'h ic It t lw 
brethrt'll could agret': 

Hut '" in .ii I hu'i lll'\\t'' rlw au in~ 1><11 t i, 11111\t 

diHic 1111. np1·nall1 ''°here rht· wo1I. nf 111a11\ 
ag1·11h 111thl 1 onuir. 'o wa' ir found i n 1hi,, Fm 
\01111· of t hm1· rhat 'ho uld ha\'t• goni• in ~.ngl:i nd 
f1·ll off .ind \\'IHild not go: o ther 1111•1< h.1nh .ind 

f11t'ntl' that had offt.11·d <o adH·n1uu· 1lw 11 
nwnt·) ' willulrl'\\' a nd p1e1t·ndnl 111anl' t•xc-11,t·,; 

,on1t• di,liking- rht') ,,·c·111 1101 w C:uiana: o llw1' 

again \\'Otdd :idvC'n111rr not hing t'Xll'Pt lht')' 
wt·n1 10 \ 'i1ginia. Sonw aga in (and 1hmC' 1ha1 
\\'(' II' nlll\I lt'li11l 1111 ) ld l ill tllll' I di,lil..t' of \ 0 i1 · 

~i 11 ia and would do no th 1 ng if 1 ""' w1 ·111 tl111 lw1 . 
\\' i1ho11t agrtc-mcnt upon objcc tin·,. tlw 

t<l\k o r fund raising bernmt'~ i111pm\ihlt". 
Thb i, a fact or life which n ·maim ;r., llU(' 

wda\ a ' it \\'a~ in 1620. Btadfotd anti 
Young dt"\OI(" lll()f(' pages o r their hi\lol il'S 
to till' prdi111i11ary hanks O\'l'I' objl'fli\'C'S 
and fi 11anc 1· t h;r n t lwy cl('\'Olt' tot ht• tk~c rip· 
Lion o f thl"ir \'Oyag{"S. For both of 1lw111, i1 
n 11m· a~ a bl('~~t'd rel id \\'hc-n the mi:.1·1 it·~ of 

indt·< i~ion wcr<' ovC"r. tlw ex1wditio1i.. \\'t•n· 



ready to go. a nd 1hl'Y \\'C'rt· finally able 10 
wrn their a11c·1Hio n away from polilical 
a nd finan cial ma11c·1 ~ to th(' s implC'r pro b­

lrm~ of phy,ical \lll\'i\'al. I IC'1e i~ Young 

wri1ing from hi~ winte1 quanrr~ in Febru­

ary 1847. ~ix Wt'l'K\ bdon· ~taning hi~ jour­

n ey across 1hl' plaius: 
I lt·t· l lil.t·J l.11ht0 1 \\' llh ,1 All'oll l.11111h ol <hil· 

d1t·n a101111tl nH'. 111 a "1111t·1 ''mm, .11111 I am 
lool.ing "'ith < almnt·,.~. < onricknc t' ;and pal it·11te. 
ro1 tll<' t loud, to hn·al. and''"' 'iun '"'hint'. ' " 
1ha1 I can nm 0111 and plant :111d ' o '" and g;11hc1 
in the corn and \\'hea t <llld '"'· <hildrcn. <onw 
home. wintt·r i• approarhing aA<•in and I ha\'<' 
homt'' and wood and flour and nwal and mt•at 
;and pntalc>t'' and ''llla,h1·, and onion, and rah· 
hagt'' and all rhing' in ahunclanc<', a nd I :1111 

n ·ad r to kill tlw fa11t•cl 1alf and makt· a jo)·ful 
ftoa ,1 10 all who wi II nmw and panakc" \\I(' haw 
dont· all wt· could ht·1t· anda1t· ,; 11 isfkd it will ht' 
all right in thl' 1'11cl . 

But I musl come back fro m these idyll ic 

sentime nt s to qut·s1ion,. or dollars a n d 

cen I!> . • rwo Y''':tr" t•arl it·r. Young repo1 It'd: 
Fm a110111fi11h:11 t'\l'q faani l) o f fi\'e pt·r,.01h 

would ac·qutll': 0 111· good '"agon. tl1rt•t• H>kl' of 

<au Ito. ""o co'"'· 1wo l)('d c .11tlc" ihac·t· 'ha·t·p. om· Artwork b y Hobt•rt Ca1111 0 11 

... it came as n blessed relief 
when the misPries of indecision 
were ouer. !hf' expeditions were 
read y to go . nnd they ioere 
finall y nble to turn their allen­
lionfrom political and finnncinl 
mntters to lite simpler problems 
of physical sun1h1al. 

1ho 11:.and p<>111Hb of flou r. l' ' 'C'lll )' pour1tb of 
ugar. mtt• ri fle· and a111111 11nilion, ;1 1c·n1 and 

1c111-pult's-1hc· CChl wou ld bt• ahou1 S250 pro· 
\

0 idt"d lht• family had nm hi ng Ill ht·gi n \\' i 1h . o n I) 
bl'dding and <0oki11g 1111°1hih, and thl' wc·igh1 
would bt• abou1 l\\'t'lll ) ·w\'l'n hunch ed [pounds] 
including th<' l:imil) . 

The ans '''t'rc: al o included in Yo ung's 
budget. On N o \'e mber I . 18·15. lw paid Sl50 

to purchase ins11 ume nt l> for the brass band. 

This wal> a wi <' im'l'S tmc·nt. for the band 

\\'as >Ollll'I imt•:. in\itt·d 10 giH' lOnc<'rt• at \il ­
lagt'> rwar to tht• lrnc· of mare h. which did murh 
to cha11g1· the· fr1·li11g, o f hostilit' which occa· 
'ionalh was m anifl-Mt'd in rnrh plare, , Thm tht' 
band pro\'t'da \ l't\ gr<'a t IX'rwfit to thc marrhing 
column. he'id(·, c hn•1 inA tht· spirit of the 
pilgrim>. 

The actual numbers tha t c rossed the 

plains with Youniz wrre: 1,89 1 sou ls, 623 

wagons. 13 1 horses. ·1'1 mu I rs. 2.0 12 oxrn. 

983 cows. 334 loose• caulc. 654 sh eep. 237 
pigs, 904 chick('ns. 

So we can esti matt· 1hc tota l payload o f 

Young's c:xprclition 10 ()(' 3.500 to n s. 

mainl y consis ting of animals o n the h oof, 

2 

and thr total coi.1 10 he S 150.000 111 18·17 
dolla rs . 

Bradford unfortunatdy dm·s 110 1 pro\'idc 

;,uch an e xact al'Counting for the .\la\'­
flowrr. H e quotes a le 11e 1 from R obe11 
Cushman. dated June 10. 1Ci20. in l .omlo 11 . 

two months befo 1e 1lw :.aili n g. Cushman 

was one of the people· in c harge of pt 0\ i­
s ioning for thr \'Oyagr: 

Lo \'ing Frit'nd. I han•r<'n°i\'ed ft om )011 o;crnw 
IC" 11 rrs. full o f affcc 1ion and complain1;,, and 
\\'hat it is you \\'Ou)d h:l\'t' or n11· I kilo\\' not : fot 
your crying out. "NC'glig1·nn'. m ·gligt·nr t". m·g­
ligl'nrt'.00 I mat\01·1 '''h ) "' 111·glig1·111 a 111:111 w:" 
usnl in tht• lrn,im·""-Cou111ing upon 150 p1·1-
so 11s. 1 h('rt• rn11not he· fou nd ahcl\'t' £ 1200 and odd 
nt<lnt'ys of ;tll th (· \ ' t 0111urn you can tt·c kon . 
lwsiclcs somt' cloth , Mc1tki11g' a nd >hon \\'hie h 
are 1101 cotmt<'d. 'o \\'l' 'hall tont t' 'hor 1 a t k :m 
£300 or £·!00. I \\'ould haH· had '""11·1 hing 'hm 1-
t'11t'd <11 fir\l of ht•t•r and <>1lw1 ptcl\ i'"""· itt 
hope of other ad\'t'nturc>: and no\\' " '''could. 
both in Amstt'rdam and Kt·n1 . h::t\l' ht·t·r enough 
10 srn ·t' our 1un1, but now \\'t' ca nno t .11<t·p1 i1 
wi1hou1 prrj udi<t·-£500 you '"" \\'Ill \l0 n1·: for 
tht• re~• which her<' and in I lolland b to bt· u,c·d. 
we ma} go scrarch for it .- Thinl. tht• be,t o f all 
and bear \\'ith patit·n«• \\'hat b wanring. and tlw 
Lord guide us all. 

You1 lo\'ing fricnd. Robt·t1 C:1"hman 

Th is IC'11rr s how that Cushman was pa­

sonall y responsible for m ee1ingl'xpc•n rs 10 
1hc tune o r £1500. , , does not i.ay whrthC'r 

a ll the expc·nscs. a nd in partintlar 1h1· H·n1 -
a l fee for the Ma yflown. wc·n· included in 
this figure. 

Three weeks la ter. on J 1tly I. 1620. a n 
agreemen t was s ig ned bt•twecn the Plan ters 

a nd 1he Adventurers. T h e P lanters wen· the 

colo nis ts. The Advcniurcrs were 1he sh are-

holder~ who in"es tcd money in rlw c·n1rr­
p1 isc· a n d s tayed a t h o m e. Th<" agreement 

,.tipulatcd " that at the end of th<" ~t· , en 

~rar~. tht' capital and pro fits. ' ' iL. rlw 
hom<•s. land\, goods a nd cha11d~. h<· 
divided equally betwixt 1hc Ath e nturer" 

and Pla nters." Ano ther claust· of 1hr 
ag1ccm r n1 gave o n e share 10 t•ach of tlw 
Plan tcrs as a bonus for the ir St' \'C' n yC'a r' of 
hard labor: " E very person that goeth ht•ing 

ag<'d 16 years and up,,·ard be rated a t £ 10. 

a nd £10 to ht' accounted a si ng le sh a 1f' ... 

Any cash that the Pla nt e rs con 11i b111nl 

wou ld (0 nti 1Jto the m 10 addi 1iomil sh a res. 
T h t 1620 agrl'em e nt proved 11nsa1 is fa!'­

tory to bot h s id es a n d cau sed con srant fric­
t ion. In 1626. a yea r before the planned 

division of assC"ts, th r who le 111a 11e r was 
re negot iatl'cl a nd a new agreement was 

signtd, "dra\\'n by the best counsel of law 

tht·y cou ld get. to make it firm ." The 1626 
agrt'l' tllC'lll ,.1 ip11la1cd that the Ad''<'nturrr" 
,ell 1<> tht· Planters. "in considt"ratio n of the 

~um o f o n e thousand a nd r ight hundred 
pounds s te rling lO be paid in manm·1 a nd 

form follow ing.- all and e \'er}' 1he s tocks. 
s ha1cs. lands, merch andise and c ha11eb­

any way accruing or be longing 10 1he gen­
t'ra lity of 1hr said Ad,·enturers aforesaid." 
H a ,·ing bought ou1 the Ach·enwrrrs' 

shares. the Pla nters we re left with a d ebt of 

£ 1800. which they finally su cceedt' d in pay­
ing off 1we111y-1wo years later. 

I do n o t know how muc h profit or loi.s 
th r Adventure rs took in the 1626 sr111l'­

t11l·n1. I a lso do not kno w h ow large a frac­

tion of 1he orig ina l cost or 1he cxpedi1ion 

wa~ paid by 1he Pla nters. As 10 llw first 

point , it is unlike ly that the Adventu rC"rs 
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iook a lo ... s. for the colony was 11ot bankrupt 
in W26 and thl' Ad\·enturers wl'1 e not in the 
habit of lending their money for nothing. 
:\ ~ to tlw ,ernnd poi nt. it i unlikely thar 
1h1· Pla111en. paid as much as half of tlw 
orig inal w ... 1 .... If thl·y had been in a posi­
tion IO pay half, they ,,·ould prohably hi1ve 
manaA('d 10 squt•cte the expc·nse ... down 10 
sur ha point that theycoulddowi1hou1 ilw 
Adn·nwrl'ri. alroge1her and avoid the 
innumc·rablc headaches that tht' panncr­
... hip brought \\'ith it. I thcrdort· condud<· 
ftom tht' e \idence of the 1626 M't1knwn1 
that £3600 i, a ... are upper limit to the 01 igi-

... both the Ma yflower and the 
Mormon expeditions were ex ­
trem f ly e.\' jJensi11e operations. 
In their time, each of them 
stretched the limits of w hat a 
group of private people without 
government support co uld 
accomplish. 

nal co,1 of renting and provi ... io ning tht' 
Ma )•/lower. Tlw t'vidence of the· Cushman 
k11er imp I ie ... a lower I imi1 of£ 1500. I sh al I 
adopt £2500 a~ m y estimate of thl' cost of 
rhec..: p t•dirion in 1620 pound~. This figun• 
ca 11 hardly bc wro ng by a fano1 o f two 
ci1he1 wa}. The payload of the Mn )'/lowrr 
is .'>WlC'd <·xplicitly by Bradford. It wa,., 180 
ton ... . 

:\h nc·xt problcm is IO com ·t·rt thc 1620 
<iml 18·17 <Ost figure!> into their modc·rn 
t•q ui\'a l1·11t .... A good source of informatio n 
a ho111 1 lw his tory o f wages ;rncl pric ei. i 11 

England i~ the work of Erm·s t Phr lps 
Brown and Shei la 1 lopki ns, publisllC'd in 
1wo arti< ll'~ in rhr journal Econom ica and 
rt'pt ir11t·d in a i.eril'.'> calkd Essays in Eco­
nomic History. put o ut by 1h1· Et onmni< 
I l i,tor} ocic t}' · The first articledcals \\' ith 
wagei.. the "Nond wirh prices. It i ... a quc~­
tion of taste whether o ne· p1eferi. to ust· 
wag('i. m priccs as the basis for comparing 
cost\ bl·twten different centurit·s. If we ll.'>C' 
wagt·,.,, we· are saying tha1 an hour of a 
workingman's 1 i me in 1620 is eq ui va 11·111 10 
an ho ur i11 1979. If we use prin·i.. wt· arC' 
saying 1ha1 a pound o f buuer in 1()20 ii. 
cquivaknt to a po und of buuer today. My 
per ona l opinion is that \\'ages gi\'e a truer 
tanda1d of comparison th<in prices. ~ly 

purpoi.e in making the comparison is 10 try 
to defirw in a roughly quantitative fashion 
tlw si1e of chc human efforts that the Ma y­
/ lowrr <1nd 1 he Mormo n ex pedi 1 ions 
dc·manded. 

According to Phelps Brown and Hop · 
kins. th C' wages of workers in the building 
trade in 1620 were in the range from 8 to 12 

pence per day. In 18117 tlw range \,·as from 
33 10 49 pence. F01 tlw modern eq ui\'a lent 
of these number'> I takt• the minimum rate 
of S9.63 per hour imposed by building 
trade union contracts in New York in 1975. 
The exchange rate.'> on the basis of wages 
are thcn: 

£1 ( 1620) eq uals S2500 ( 1975) 
SI {1847) equa ls SIOO ( 1975) 

These are very approximate numbers. A 
rough check on 1he numbers for 1620 is 
provided by the fan. a lread}' mentioned . 
that t'ach Planter recei\•cd a credi t of£ IO for 
going to Pl ymout h and wo1king for the 
commu nit y for l>t'\ 't'll icari. without wages. 

The· estimated to tal cost'\ in 1975 dollars 
a re then 6 million fc>t 1he Af n)'/lower and 15 
million for 1he Mormons. On this basis I 
ha\'C drawn up 1ht first two columns of 
Table I . Th<' point I am trying- to ernphas-

Artwork b\• jamr.1' Hali<ork 

TA BLE I : Comparison of Four Expcdi rions 

tC."r ''" h.111g1· 1:111•, h:M·d 011 building trade· 

\\,1g1·, ) 

I :\I 1111·:11" 111ilic11i-1 

Home· 
hi a nd steading 

:\ht)'- Mor· Om· L5 rhe 
Expedition flown 11ro ns C.o lo n )' Asreroids 

Dare 1620 18·17 1990+ 2000+ 
Number of 

PC'oplr 103 1891 10000 23 
Payload 

(tons) 180 3500 3.6M 50 
Pay load 

(tOn~) p1•r 
person 1.8 2 360 2 

Cost ( 1975 
dollars S6M Sl 5~ 1 S96000:\I SI:\! 

Cosr per 
pound 
( 1975 dol. ) Sl 5 S2 SI !! SIO 

Cosr in man· 
years per 
fami ly 7.5 2.5 1!'>00 6 

1zt· with thesc numbers is that both the 
J\ln y/lower and i\ lormon expedition ... wen· 
extremely cxpensi\'e operation~. 111 their 
tinw. e<ich o f them stretched thl' limits of 
what a group of private people without 
gowrnnwntal support could accomplish . 

The numbers in the bottom row of Table 
I g ivt an <'S I imatc of 1he number of years an 
average wage ea rner would ha ve had tO 

sa\lt' hi~ t ntirc income 10 pay the passage 
for his family. Although the avt·ragc Mor­
mon family was twice as large as thc aver­
age J\la)•/lower family. the cost in man· 
year~ pt·r family was three times a ... large for 
the Mayflower as it was for the i\101 mon .... 
This diffcrcncc had a decisive e ffen on the 
financing o f the colo nies. An average per­
son. with s ing-le-minded dedica tion to a 
cause and with a li11k he lp from his 
fri ends. can save two or thr<'l' timl'S his 

annual income. An average person wiih a 
family 10 feed. no matter how dl'dicattd he 
ma y he, canno t save seven times his 
income. So the Mormons were able 10 pay 
their way. while the Plantcr o n the J\ln y­
/lower werc fo rced to borrow heavi ly from 
the Advcn1urcrs and to run up debt which 
too k twent y- two years to pay off. Some­
where· be tween 1wo and seven man -years 
pt1 family comes the breaking point. 
btyond which s imple do-it·yourst:lf fi ­
na11ci11g by ordinary people becomcs 
impossible. 

I said nothing yet about the lasr two 
columns in my table. These represent two 
contras ting s tyles of space coloni1;11io n. 
bo th taken from O''.\leill 's boo k. with some 
changes for which I am responsible. 
Co lumn 3 comes from O'Neill's Chaptcr 8, 
which he cntitlcs "The First New World. " 
describing space colonization organized by 
the American government in the official 
NASA style. Column 4 comes from 
O'Neill's Chapler 11, with the title 
" H omesteading the Asteroids." in which 
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he describes s pace colo ni za lio n done in the 
Mayflower style by a bunch of enthusiastic 
amateurs. 

The cost of the "" Is land One" project is 
S96 billion. Ma n y people, m yself included. 
feel that S96 billio n is a preposterously 
large a mount o f money 10 spend on a n y 
single enterprise. But still we have 10 take 
this number eriously. 11 wa arri"ed a1 by a 
group o f competent engin <'c rs and ac­
countants familia1 with the ways of the 
go\'ernmem and 1ht• acro~pace industry. h 
is probably the most accurate o f all the cost 
es1ima1es 1ha1 1 have included in T able I. 
Fo t this S96 billion you can buy a g reat deal 
of hardware. You can buy a complete fl oat­
ing c it y to house a nd s uppo n 1en tho usand 
people with a ll modern cOll\'eniences a t the 
magic point L5. which is just as far from 
1he Earth a nd fro m the Moon as these 
bodies 11re from each other. You can buy 
enough synthetic farm la nd 10 make a 
closed ('cological system which s upplies 
the colo nists with food and water and air. 
Yo u can buy a spacehorne faoory in which 
1he colo nis ts m a nufacture solar power sta­
tio ns 10 1ransmi1 huge amounts of energy 
in the form of microwave beams 10 recei\'­
ers o n the Eanh. All these things may o ne 
day come 10 pass. h may well be true. as 
O "Nei ll claims. 1ha1 the in\'{'Stmen1 or S96 
billion will be repaid in IW<'nt)-four years 
o ut o f the profits accruing from the sa le o f 
l'll'<"lriC"i 1y. If 1he dl'hl C"ould he p;iid off in 
twenty-four years. that would be a lmost as 
quic k as the Al av/lower Pl a nters could do 
it. But there i one inescapablt• difference 
between Is land One <1nd thl· Ma )1/lower. 
The bo u om row of T able I sho ws that 1ht· 

Can a famil y. bringiug a total 
weight of only two tons per 
person , arrive al an asteroid, 
build lhemsehies a home and a 
greenhouse, plant serds and 
raise crops in the soi l as they 
find it and sun1ive? 

Island One colon i t wou Id have 10 work for 
1500 years 10 pay his famil)'°:. share of the 
costs. This m ea ns 1ha1 Is land One canno t 
by anv :.11e1rh of the imagina1 ion be consid­
ered a:. a pri,·a1c·;11hl·n1ur<•. 11111 11:.1 i11e\'i1a­
bly be a gowrnnwn1 ptojt'rl. with hu1 ea11-
cra1ic management. ,,·i1h na1ional pres1ige 
a1 stake. and with occupa tiona l health a nd 
safety regula tions rig id ly enforced. A~ soon 
a:. our governme nt iakes rc:.ponsibli1y for 
such a project. m1y Sl' riou risk of fail11rc o1 
o f lo:.:. of li fe heconws politica lly u11acc<'pt­
abll' . Thl' costs o f Island Om· bt·rnml' hig h 
for the sam e reason 1ha1 1hc costs of 1he 

Apo llo expeditions were high. Th(• gov­
ernment can a ffo rd 10 waste m o ney but it 
cannot afford Lo be responsible for a 
disaster. 

After this brief vis it to the superh ygit·nic 
" ·elfare state a t Island One. kt m go 0 11 10 
Lhe last column o f T able I. The last column 
describes O"Neill's vision o f a g roup of 
young pio neers who sa\•e enough money 10 
move out o n their own from 1 ht· L5 colony 
into the wilderness o r the asteroid belt . 
They are going on a o ne-way trip a1 their 
own risk. The cost estimates here dt·sc1 ibc 
hopes rather tha n facts. Nobody can possi­
bl)' know today whe1he1 it will bt' feasiblt· 
for a group of twe nt}'· three pri\'ate peoplt' 
to equip such a n expedition a t a total rns1 
o f a millio n do llars. Anyhod~ who i:. pro­
fessionall y qua lifi t'd to t·st imatt cost ~ will 
say 1ha 1 this fi gure is absurd ly low. I do 110 1 
believe that it is absurdl y low. 11 is no acci­
d ent tha t the per capita cost t•s1imatc:. fo r 
1he as teroid colony turn o ut 10 be s imil:u 10 
those of the Ma yflower. This i:. the 1m1xi­
mum level o f costs a t which the span· 
beyond the Ea rth will give back w us the 
open fro ntier that we no lo nge1 po,:.c·~' o n 
this plane1. 

According 10 th!' third a nd fourt h 
columns of T a ble I. the co:.1 pt•r pound of 
the as teroid expedit ion i:. 1101 :.ignifi rnntl y 
less than that o f Island Om·. T he hig differ­
e nces between the two expedi tion lie in 1hr 
number of people and in 1he ,,·eigh1 r;i11 it'd 
per person. The feasibility of cheap ,pace 
colonizatio n in 1hr siyk of the a steroid 
expeditio n depends upon o ne crucial qm·s-
1io n. Can a family. bringing a 101a l weigh1 
o f onlr two tons per person. a11i\'f· a1 1111 

as1ero id. build the mselves a home and a 
greenhouse. pla nt st·C'ds a nd rai~c· crops in 
the soil as lh<'y find it. and :.urvivt·? This i~ 
what the Mn )'/lower and Mo rmon colo nists 
did. a nd iii what 1hr s pa<'l' colo nists must 
do if they are 10 lw trul y fret• a nd 
i ndependen 1. 

No span· probe has yt' I \'i:.i1t·d a n a~ 1n­

o id . No sc·ientific i11stru1m·111~ han- t•wn 
been flown by a n asteroid 10 gi \'Cu:. a do:.c·r 
look at it. \\'e are sti ll a:. ignorant of tl1t• 
topography and dwmi:.1ry of the as teroid, 
as we were ignoram of tht• topog1aphy of 
Mars before 1he ~ lari ner a nd \'iking mi'­
sions. l 1ntil some of the· as1t•1oids ha\'e bet•n 
surveyed with in 11 urnen1:.. it i' poin1(e,s 10 
try to foresee in detail the ptoblc·ms 1ha1 
colo nists would fan· in making 1hemseh·c•s 
a1 home there. Cost c 1ima1e~ for farming 
o n an asteroid are meaningle~~ until \W 

kno"· whether the soil i~ ,oft c·nough 10 bt• 
dug wi1hou1 using dynamite. Instead of 
specula ting a bout the mechanic, or :.pa<t· 
colo nization in an unknown e nviro nnwn1. 
I wi l I o nl y mentio n some in :.1 i1u1 ional n ·a­
sons wh y i1 may no 1 be· absurd w i111aginc a 
reduction in ms1s br a fa cto r o f 100.000 
from the S96 bi II io n or Island One IO I hes I 

million of the as teroid colo n y. First we save 
a factor o f four hundred by reducing the 
number of people fro m ten 1ho usa nd 10 
1wellt )•-three. That leaves a factor or 250 
still to be found. We may hopl' to saw a 
fa ctor of ten by accepting r isks and hard­
ships that no gm·e rnment would impo~e 
upon its employees, and anmher facto r of 
fi"e by e liminating trade union rules and 
bureaucratic management. The last factor 
o f five will be ha rderio find. h might come 
from new technology. o r more p robably 
from sa lvagi ng and reu ing equipmen1 ld1 
O\'er from earlier go,·ernmen1 projecb . 

A r/w()rk b)' James Babcock 

Thrr<· are already today se, ·eral hundred 
ckrel ict ~pacecrah in orbi1 around the 
F;mh. bc~ide~ a number on the ~loon. 

waiting for o ur asteroid pioneers w collect 
and refurbish 1hem. 

The Isla nd One a nd the <tS lt'rnid home­
s1e<1ding expeditions arC' ex1re m<' case·:.. I 
r hosl' 1hC' m 10 illustra te high and low e:. ti ­
m a trs of 1 he costs o f coloniza1 io n . Tht' true 
costs. when colo niza tio n begins. will prob­
ably li e· som ewhere in between . In so diffi ­
cult a nd long-rangC' a vt n11trt'. there is 
room for a mixwrc o f styles. C overnmt·n1-
a l. industrial a nd pri\'ale opera tion~ must 
all go fo rward, learning and borrowing 
from om· a no 1h(' r. befo re wr sha ll find ou1 
ho w 1<> l'stablish colonies ~afely a nd 
r hc•aply. Tht· pri,·a 1e ad,·entun' r~ will m·<·d 
all thl' hdp 1hc-y can get from governnwn1 -
al and commercial rx(J<'rienn•. In thi, 
conm•c lion. it i~ wonh rememberini.; 1ha1 
128 yt·ar~ pa sed bet ween 1 he ,·oyage:. of 
Columbus and the.Hay/lower. In 1host• 128 
yea i s. the kings and quc·em a nd princes of 
Spain and Pon ugal. England and I lol­
land. were building the shop~ and e\t<tb­
li ~hing tht· commercial infra~1runure that 
would make 1he Mn\'flowrr po:.sibk. 

O 'Nei ll and I ha\'t'a d1eam.1ha1 o nl'dar 
1 het t' wi II hl" ;1 fret' l'X pansion nf :.ma II 
g 10 11p' of pri\'al(• citilt·ns all O\'t' I tlH" 'olar 
~ys1t·m a nd beyond. Perhap~ it i~ an idle 
dream . II is a question ol d o llars and cc·n1 s. 
a:. Bradford a nd Young wt'll knew. \\'t• 
'ha ll lll'\'C'I" rind Olll wha t i:. p<»~ibk Ulltil 
Wl' II )' it. m 



The Environmental "Impact" of 
Not Mining the Asteroids 

by Gregory L. Mallo// 

U1ilizaiion of ma1erial from Eanh­
approachi ng (Apollo and Amo1 ) as1croids 
has b('en con~idl'l l'cl in plan, 10 1 la1 gt•span• 
co 11 s t r u c Lio 11 p 1 o j t' 1 1 ~ ~ 111 h as spa c <' 

habiia1~ 0 1 mla1 pow<·• ~a 1 elli1 c~ . 1 1~'Eanh 
app r oac h aHl' r oids ar« ~hn 1 t - li,· ecl. 
impani n g \ll' l111'>. Earth. 01 l\loon in 
107- 1 0~ yeai~. Cu11t•111 c51imatt•., of 101al 
Arnot and A pol lo population ar<' 1600'±800 
for<1 diame 1t•1 g1t·a1t·1 drnn 11..m. and a bo ut 

I~ a~te1oid~ a1c la1gr1 1han 100 m . 11 

In additio n. tht'H' 11111\t h1• man} .,mailer 
boclic•., hr longing 10 tlw Eanh-approach 
fa mi I i1·'· On . \ 11g. I 0. 1972. an a ppro x i · 
ma1eh 1.000 wn drnrrl.. of rnck wi1h ~111 

eH ima1rd dianH'((' I of I m g 1a1ed 1hr 
E<111h \ atmo~ph{' l t'. tea< hing p«rig<'<' ahou1 
60 km abO\l' Salt L al..e Cit\, l ' tah . 1 

Becat1'>I' \111 h a l.n ge ohj1·c 1 wo11ld n o 1 b1· 
1ompl1·11·l) ck cd1·1a1('d h) pa.,.,ag1· 1h1 0 11gh 
I h t• Ea11h \ ,11 mo5ph1·H·. " tlw ('nl'fgy 
1rl ea~c·cl b,· it' impact upon the Earth\ 
surfac(' would han• l>l'('ll 1·q11ival<·n1 to 20 
kiloton., of r N r-abo111 dw 5a 1111· as the 
I l i1o~hi11w Nag<.l'>aki al()m bomb~. It ha~ 
ber n <'~ Ii mall'd 1ha1 5ll< ha col 1 i~ion ~hmrld 

OCClll '>('V('l a l 1i11w .. a H'llllll). wi1h o nl } I "~ 

of tht• a~ 11·1 oid' ho1111ring h1·1 .. '" a~ did thf' 
Salt l.ak1· C ity 1m·11·01 . 

It i ~ pm'>ibk lO g1·1wr;111· an t'' tima1<· or 
'>llCh impat h upon a glohal < ivili1atinn if 
method~ of 11•11 it•ving 01 ddkning 1h1·M· 
obje1 t' a1t· 110 1 1n11,11nl. Fm '>impli1 it~ w1· 
,,. i II a cl() pl a 111()d1· I r ()I .1 n t'\ l ' n l ll :ti 
stt·~1d\ ·'>tall' \\'Ol Id population h<h <'d upo n 
"0 Ill(' Cl r I ht' Ill() It' ()p t i Ill i 'I i ( i ll i l i a I 
p1 ojt·c 110 11' of 1lw "Club of Ronw.""' It 
will bt· .1"11nwd that till' wo1 Id population 
e ' e ntualh 11•\ 1•1' o ff at Ii hillion 1wopk. 
decenu,di11·.,. ,1 11d 1 O\ t'h lll<hl of tlw la nd 
(20"0of tlw l-;111h\ ,111fac l') w11h a uniform 
populatio n d1°11\11\ . 1'111' t'\'t•ntual popula­
tion dl'mit\ ol thl' Faith '., land ~u1face will 
thl'1dm1· hl' about 60 peopll' 1..m!. 

So f a 1 '' t' h,1\t' ht·t· n l11c k\ . L a 1ge 
Ill (' I ('() I i I l' ' h a \ t. i Ill p .. ( ll' d i II r (' Ill 0 I t' 

loca1io 11,,a1 l1·a,1 i11 n·<1·nt time~. I lo wewr. 
w1· can expl'c 1 1h1· impac 1 of ~ 111 ha la 1gt· 
mt• tt•o 1 itic hod~ to lw 'imilar 10 th at of 
a tOlll i c bomb,. a I lt•a \I ill lt' l'lllS Of 
imnwdi a tt' b l ai. 1 dft'CI!> . Th e bomb that 
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destroyed Hiroshima comple1e ly de,·asrn 1ecl 
11 km 2 : the less-effective 'agasaki weapon 
compleiely burned o u1 •1.7 km.~. ri> 

T hus . we can <>xpec1 <in average of 300 
persons to be killed by each impact o f a n 
Aug us1 I 0. 1972 sized 111e tC'o ri1c upon the 
land. It also seems rea o nable 10 expec1 a1 
leas t o n e s u c h impac 11 0 occ u 1 eac h 
cen 1u1 y. This i s lik e l y to be a \'Cr y 
consen ·a tiv<' estima1c. Larger objects such 
as the 1908 Tunguska "me1eori1e" have no1 
been considered .'~' 

It is possible to compare 1his conservative 
estima te of 300 persons killl'd per ccn1ury 
with possible environmenta l con eq uenccs 
o f various huma n acti vii ics. According to a 
critique of 1he " Rasm usse n" rcpor1 on 
nuclca1·s<1fc1.y,'!" thc risk wan indi1•idua l of 
being kill ed by <1 n accident in 100 
light-water nuclea r reactors is so low 1hat 
in a CC!llury WC ca n expeCI <I populatio n o f 
6 hi Ilio n persons to suffer 120 deaths fro m 
such a system . 

11 seems.1herefore. 1hat the risk 10 a po p­
u la tion by mc tcoriLic impac t is comparable 
in magniwdc to the risk experie nced in a 
nuclear-powered world. It is now nearl y in 
o ur power to re trieve o r de flcc1 la rge mete­
orites before they e nter 1hc Eanh's aunos­
phere. Since enormous sums o f money arc 
be ing invested in a l ternate energy systems 
to reduce the risk expected from a nuclear 
world. inves tmen1 of the much sm<1 lie r sum 
required 10 develop a n as1croid re1rieva l 
system seems juslified. 
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L-5 Hosts 
Giant 

by Carolyn Henson 

Painting by IVilliam K. 1-Jartmann 

Although astronomers have ye t to locate 
so muc h as a whi:.p o f dus1 a t the 
Earth / Mo o n libration poin1s. the 
Jupiter Sun L-4 and L -5 libratio n poin1s 
are crowded with huge asteroids. Often 

. called the Trojan points beca use their as­
teroids are named after the heroes of the 
Trojan War. these libration points may 
someday becom e the center of major 
mining ac1ivi ties. 

Las1 Nove mber, astro nomers William K. 
Hartmann of Tucson's Plane1a ry Science 
lnstitu1e and Dale P. Cruikshank of the 
University of H a wa ii announced the 

Peanut 

l ls teroids rluster in the J upiter St111 L-1 
011d /_.; libratio11 points. 

discovery of the most unusual Trojan body 
o f all: 624 H cktor. Shaped li ke a g ia nt 
peanut 180 mi ks lo ng b y 90 miles across. it 
may have bel·n formed when two aste ro ids 
bumped into each 0 1her a1 spc·l·<ls s low 
e noug h to weld 1hem together. 

Wags have proposed renaming the 
peanut-shaped asteroid "Jimmy," after 
U.S. Preside nt and former peanu1 farmer· 
Jimmy Caner. Perhaps a namesake 
asteroid o ut a1 L-5 would encourage Carter 
10 put a li1tlc more money into NASA' 
fla gging space efforts. 

L -5 News, August 1979 



The Asteroids: 
Supply Stations for 

Elements 
by Dr. J\lichael A. Peliz::.ari 

Reprinted from The Colonist, 
the fewsleller of the Texas L -5 

ociety. 

Tht' ;\loon comains mol>I of rhl' dt·111t•111 ~ 

1ha1 huma1h Ul>(' in abundanct rlit· l'a\t' or 
la unching 1hings fro m itl> surface will mal..C' 
Lht• ;\foon an important 'Our«' o r lht0 \t0 l'ft•­
nwnr'> ror building o u r fir l IX'rmam·n1 Olll ­

JX>'>I\ bno nd Eanh. Bui se' er.ii dt·nwnh 
arl',t't'n IO bt• in , ·crv ho n suppl) tlwr e. As 
a resull or lt'r rt·~rriaJ volcanic and lwch oJogic 
proce5~t''>. 11acc r lr mr ms o hcn <>Cn ll in con­
c1•111n11rd drposi ts. making 1 hem ac ct·,,i bl r 
10 mim·r,. Rut similar depol>its an· unlik<'ly 
10 bt• found on the quie1. wau:rk~'> ;\loon. 
making 1Tcm•ery of i1s 1racc elcmt•nt' diffi ­
cu lt or unpm"blr. 

nw r lt•mc•11ts carbon, hydr ogen. c hlor int. 
ni11 ogen. and p<>'>sibly sulfur. amongo1ht•r5, 
cannm bt· tx1racied from the :\loon in '>Uffi· 

cien1 qua111i1i1cs 10 upply human n<'C'cb. 
:\lust ~pacrfarcr~ import these clement'> r1 om 
Ea11h? A "S1anrord Torui." i.pace < o lony 
\\"Olild rnnrnin roughly a million to ns or 
them. rns r ing a1 least S 15 billion 10 drag 01 11 

or tht• l::anh's "gravity well." Mo I of thar 
cost is fm carbon and ror water, ba ic cc>1Hti1 -
11ent ~ o r all Ji re. and both complt•1ely mi.,.,ing 
from the ;\ loon rocks sampled so far. 

But hark! What light Lhrough yonder l>pcx · 
1ropho1omc·tt·r breaks? ·Ti sunlight rc­
nt·c it'd from an asteroid which ap1x>arc1h 
migh1i l} like a carbonaceouscho ndr i1eor up 
10 5"0 ca1 bon 1111d 20°0 wa1er-ju~1 what 1lw 
To r ui. o rdered ! H undreds of thousands o f 
llw~e mouniain-sizccl objec1s orbi r lx·1ween 
i\lars and .Jupiter. whi le somr ro11y or 1hem 
(the \O·calll'd Apollo and Amor as1t·roids) 
have bc<'n obs<'rved on o rbits muth do~er 10 
Ear1h·,. Althoug h the origin o r a'>1t'roid~ is 
\till a nw51t•n·. their parent bod) or bodies 
ha\'(· undergone more material difrt•1r n1ia-
1ion tha n the i\ loon's surfan·. \ 'aluabl<· con­
cenm11io ns o f Lrace e lements can therefore be 
expecwd among the asteroids. If o ne with 
Mti1ablc composi1 io n and proximil)' ca n hr 
cli~covere<l. i 1 can be rNric vrd 10 provide 
some o r the r lemems missing rrom 1hc 
Moon. An clcc1romagne1ic mass driver (pro-

.-1 "S/(1 11 /ord Torri,,"''""'' 10/011\• u •l11f'h would 1011/(lllt obo111 r1 mill1<J11 10111of1/11· 

t'lt'111r1111 carbon. hwlro~1·11. < hlor11u•. 111trog<'n a11d otl11•r.1. Jl'/11/r l11ghlv l' \fJ1' 11111•t• to 

ob/(1111 from Earth. thr1<' t'lr111r11/s could be ob1<11111·d from 11.1/t'rouk 

posed 10 launch H ll face material i1110 space) 
can be lraPJX'd onto an a'1 r roid and u eel a!> 
a rocket engine. t•jt'< ting \01111· of the aster­
o id's 0 \\' 11 ma~s to prnpd 1lw res1 into Eanh 
orbi1. 

Once lhc mass driw1 1tchnology has been 
developed. rc1ri<•ntl cos1 or as1croidal mass 
could be as lo w a~ 20C pt•t kg ror an Eanh­
crossing asteroid I 00 mcwrs across. Abo ut 
150,000such objects are believed 1oexi 1, and 
ii is s imply a mailer or "pwspecting the 
skies" to find o nes rirh in 1hc· de ired cle­
mcms. Compositional information is ob­
tained by refleciance spectrophotometry. a 
way of measuring how much ligh1 of each 
color is rencc1ed hy 1hc o bserved object. 

Besides carbon a n<l war<'r. 1he carbona­
ceous chondri1ic asteroids arr likely to con-

1ain e no ug h ni1rogl'n and ~ulfur 10 '><llisr} 
human tkmand. This lea 1·es ch lcn ill<' a~ th(' 
o nly major r lrnw111 missing hom 1h1· 5pan· 
rt'l>Ollrn·' likd) 10 bt' tapped in dw n<·x1 30 
yt'ar~. On a longer time sca le. human~ 
·hou ld bl' tt•coveri ng ('Vt'n ch lo1 ine from 
ou t<·1 i.pac <'. pe rhaps b)' tapping 1 ht· sa I 1) 
~urfac t' or j upi ttr' i. lllOSI bi 1.arrt• ~(fl(•(( i It', lo . 

Tlw c.·,1imntccl future demand fo t ~pace 
re~ourcc:~ is based o n today's human 
comump1ion pa11erns. and docs not tak<· 
account or allerna1ivcconsump1ion pa1wrm 
peculia1 10 li\'ing in pace. o r lht• mt• or 
sub~1i1u1t• materials as a mea ns o f striking a 
lx•11t·r balance br1ween d('mand a nd ~t1pply. 
So, the reader iscau1ioned IO take lhe nunwri­
ca l pr('(ision or 1his article wi 1h a grain of 
1ha1 Io nian salt! m 
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Gas Entrained Solids­
A Heat Transfer Fluid 

For Use In Space· 
H. Keith Henson 

Analog Precision, Inc. 

by 

Even witho ut zero gravity tes t results. we 
can say a/ ew wo rds and wri tc som e si m pie 
eq ua tions a bo ut the d esign o f radiators 
using gas eniraincd solids. 

Assuming that lo w d ensity gas strea ms 
loaded with fin e solids a re well behaved. 
i.e. they s tay well mixed a nd do not e xhibit 
slug flow o r o the r undesira ble characte ris­
tics, then the design o f a ga entrained sol­
ids radiator wil I ta ke o ff fro m a d e termina­
tio n o f the maximum veloci ty o f the 
g as/ solid mix which will n o1 wear away 
the radia to r from the inside. 

Wear d ecreases essentia ll y LO zero whe n 
the particle veloci ty perpendic ula r to the 
wa ll. V s in a. is less tha n a cons ta nt, K. K is 
a func tio n o f the ph ysical propl'rties o f the 
particle and the wall .!• 

1r2 
K= I y5 2 

2v 10 

where 

I [ I- qi 1 -q ~] 
- - -+ - -v:i E1 E2 

Y is the e las tic limit o f the wall m a terial. 
E1 a nd E2 a re Yo ung's mod ulus for the 

wall and particle. 
q1 a nd cp are Poisson's ra tio for 1hc wall 

a nd particle. 
d is the effective de nsity o f 1hc particle. 
Note that particle siu: does n o t en ter the 

eq ua tion. a llo wing thl' size 10 be d eter­
mined by o ther c haracte ristics o r therm a l 
properties. Particle shape does cnrer the 
equatio n. however. Sharp corners o n the 
particles have the effect o f inc reasing the 
effective d ensity. The physical properties 
o f the solids will be dete rmined by wh a t is 

~Copyright Amnirnn !11s tit11/1' of Astro-
11a111ics and Aero11a111ics. /H1 /Jl'I' t=79-I J82. 
( H.eprinled by per111issio11. ) 
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K. Eric Drexler 
Massachusetts Institute of 
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c heaply available. and radiato r walls mus t 
be bui lt of som e thing easy to fabricate, 
most like ly steel or a luminum. S teel unre­
fin ed fro m asteroids wou ld be just about 
idea l. Aluminum has a very lo w yield 
strength for mos t avai la ble alloys. but it 
can be a nodized which creates a lig htl y 
adhering, hig h yie ld point layer of a lumi­
n um o xidl' o n 1he s urface. 

For materials like ly to be used, rhe com­
puted and experimentall y de termined 
val ues of K arc of th l' o rder o f I meter per 
second . In straight 1 ubcs n o wear wo uld bC' 
expected for veloci ties up to a 1 least 10 
m eters per second. Wear is like ly w occur 
where the tubes change direnion o r join 
head ers. Either th<' velocity could be 
redu ced at these points. or replaceable wear 
plates insta lled . T aking 10 me ters per 
second as the veloci 1y of 1he hca1 transfer 
fluid as it flows a round 1 he radiator circu i 1, 
a numbt·rof o ther factors can be developed 
from the velocity a nd simple ph ysical a nd 
geometric concepts. 

An interesting s ideeffecr of the use o f gas 
e ntra ined solids is tha 1 1he de nsi ty ca n be 
adj ustcd by 1 h e si m pie expedient of saying 
"whe n" as the dust is bC' ing poured in. The 
optima l de nsity pis determined by: 

p = 

where: 

4aR 

VcLff 

R is the radiation ra te in kW/ m2 
a is the aspect ratio (length to diameter ) 

ratio o f a ra dia tor tube (// 2r) 
\I is the velocity throug h a radiator tube 
c is th<' h C'a l nipaciry k\V:;' kg0 c (= I for 

lunar din ) 
ll.T is th<' input minus 1lw o u1pu1 

temperalllrc. 
This funn y looking e xpressio n comes 

from the conte mplatio n o f a s ingle radia­
to r tube o f radius r a nd le ngth /, Fig. D. 

Part 11 of a two-part article. 

r 
I 

Fig. D. 

The area o f the tube a nd 1he rad iatio n 
ra te determine the h ea t fl o w QR. 

QR=A<)I R 
The fl o w ra te for h ea t in (out ) is 
Qnfou1•=A.:~ \ 'pc· 1"1n(lUJI) 

where A,>, is the a rea o f 1hecy linderand A", 
is the c ross sectio n area of the tube. 

or 

Energy ba la nce g ives: 
Q1t=Qn·Qou1 

A,,,R =:\<, \' pcll.T 
so lving fo r p, 

p= 4aR 

Yell. T 

Fo r a n aspect ra tio of 50. a radiation rate 
o l 0.2:> kw Ill~ . \'docity ol I 0 mt·1ers sC'c· 
oncl. and a ll.T o f 20 degrees C. thl' d l'nsi ry 
is 0.25 kg / m ' . This is abou t l/•I o f the 
densi 1y o f a ir. If the ga~ (assume o xygen ) 10 
solid mass ratio were 10%. the pressure 
would be 2.5% of a n a tmosphere. The 10% 
fig ure is arbitrary. If zero gravi ty 1.es1sshow 
less is necessary. we would use less. 

While the de nsity d epends o n the aspect 
ratio. the mass per 11ni1 of radiation does 
n o t. Mass per u11i1 o f radia tio n clrpends 
o n ly o n the le ngth o f the individua l radia ­
tor 1Ubes. i.e. many sm a ll 1ubes o r a few 
large o n es o f the same lc 11g 1h m ay be used 
in a g iven rad iator without c hangi ng the 
mass. 
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tr as above. \'c~T=200. then m R (in 
kg kW) is equa l to l (in meters) 200. This 
conclusion i in kee ping with the logic-al 
arguments sta ted abO\·e. The 500 i\ I W . om· 
quare kilometer radiato r wou ld u e 1000 

me1e1 lo ng tubes. a nd the heat transfer 
fluid wo11ld mass five kilogram~ pe1 
ki lo watt. 

T h ere· ~1 r(• limi1 s on 1hl' ran gt• of 1hc 
aspcr1 ratio. Ver y sh o rt fat 1 u bes wou Id n o t 
allow 1he h ea 1 tra nsfer fluid in the center o f 
the tubci. 10 com e in contaet with the w:ill 
resulti n g in poor heat transfer. As 1hc• 111he~ 
get lo nger and thinner. the necrssary fluid 
dens ity would approach that o f o lid 1cxk! 

A strange effect of adjustable dcnsi t) 
fluid (with a consta nt percentage of gal>) i ~ 
tha t llw 111br wa ll thic kness 111rns <111110 be· 
constant as the aspect ra t io i:. va1il'd. 
Cha nging 1he aspen ratio from 50 10 500 
decreases the d iameter of the example I 000 
me1e1 long tube from I 0 10 I me1c·1. Tht• 
fluid drmity need ed fo1 heat 1ramft•1 
would increase bya fac tor of IOand. fen tht· 
samt• ratio of gas to olid~. th l' pH'S,utC· 
would go up exaet ly e n o ugh to rc·quirt· the 
:.ame wall thic kness with the :.mallrt 
dianw1t•1. 

From 1ht· abo\'e, ii ca n be :.ecn that fac-­
wr' o thC'r than econom y of wall nrn 1r1 ia l 
or fluid mass will determim· tlw best 111bt· 
aspen ra1io. Lo w pumping lossc' and lo w 
leak rates <111d the effi cient de ign o f lwa1 
exchanger' an' som e of the'e fciuorl>. rtw 
first two would be reduced h) low a\p1·c I 

rat i<>S and the attendc·nt low ptt''\lllt'. 
High a~pc•ct ratios (result ing in high dc•nsi­
tie, a nd high pressures) would makt· tlw 
heat exc hangers less mas:.in'. • Fo t th r 1efrr­
en c-e dnign. ~tee! o r a luminum :.lll':.wd to 
15.000 l>'i wo u Id bt I 8 mm or 0.005 i ndw~ 

thic k. i\k1eoroid d a m age co11~trai111s an· 
likel y 10 require thic ke r wa lb .•• If tht· 
walh wc•n · 0.008 inches thick ( I 5 111111 ) till' 
wall ma~~ would be about 2kg k\\' fo1 

• 1 l'e mnv br able to hni•e our rnke nm/ t•nt 11 

too. The \Ol1d f rnctum could be lnrgrlv 
.1epnrnted f ro111 thr gns prior to entering thr 
hell/ t•w·hnngn nnd the ga1 (tt•hu h <lllrlf'.1 
Ii Ille ht•fll ) bv· /JnssPd around thr hN1t 
t•xtlu111.1.1:t•r and rrintroduad lo t l1t• flm1•. 

.. 111
(1 )'.I to f111d {I /Id f i-.: /r{l/i .1. 

I ) 1'111 a lot of s1:ed rubber ball.1 111 thr 
radiator /IJ plug leak!> (a pa.1.111•1• 11u•thod J. 

2 J l 'le 111oln11lar bea111ca111era111101111/rd 
0111 011 long 1tr11ts to locate leak.1 . • I I 

kg da\' leak 1<'011ld be fa1rlv t•a.1\• to .1/wt 
11•11/i n11 elr<tro11 bram ffn1111111gof a frr1/i, 
n1 /ll'f' mrtnl 111rfnU'. 

]) llwld a 111br crnwlrr which could be 
dirt•ctrd ma111w/ly or b)• computer to f111d 
and fix leaks by plugging them with a sheet 
metal screw or pop rivet. 

aluminum or 4 kg k\\' for ~tee l. 

Assuming lunardi1 tor :.lag at S5 per kg. 
fabricated lunar aluminum a t S25 per kg, 
a nd a facior of 2 for the h eaders. radia tors 
operating a t near th<' freezing point o f 
water could be comtruc tc'd for SJ 50 per 
kW. H eat e xc hangc· rs and fan s might run 
anoth er S 100 pr r k \o\1 if they could also be 
constructed largely 0111 of lunar mater ials. 
In this case. tht' rdt'rt' n r<' d esign 500 MW 
waste h eat radiator would cost Sl25 mil ­
lio n . Vsing more opt imistic numbers 
based o n solar sai l 1etu1 n o f asteroid mate­
ria l. a nd advancc·d manufacturing tech ­
niques such as "apo1 pha~e fabrication. the 
cost might be brou~ht down . Gi\·en fillin g 

Whal are some of the implica­
tions these ' 'd11st filled radia­
tors" might /im 1e 011 the t>arly 
use of exlrntenestrial resou rces? 

for 50C' kg. and :,tt'<'I for SI kg. 1 he radia t01 
and headrr~ \\'Otild co'' S 13 k \\' . If 1 h e cost 
of fans, perhaps dri1•t• 11 by small 111rbines. 
and h ea t exd1angr1:, wughly d o ubkd this 
cost 10 $25 kW. tlw 1de1t·ncc· 500 M\\' raclia-
1o r coulcl beordt·1w l f1 om tilt' Drexler H C'n· 
son radiawr shop (1110 11 0. ··No Joh Tnn 
Large") for Sl2.5 million. 

To put thest' numbr" i1110 perspectil'<'. 
the inw·~tmcnt in radiato" pl'r inhabi1<1111 
of a space colon ) would l'ary from $20.000 
to S2.000. 

If engi neering \lucli<·'> and IC'ro gra\'i ty 
tests bea r out tht•st• idc'a'· " ·hat a1T some of 
1he implin 11iom for tlwrma l cycle SPS 
d esigns and t•xtra-1<•1 n·:.tria I rt·source cit .. 
velopment? 

One possibilit). gi\'C'n th l' po1r111ial for 
lo wer 1emprra1 11tt•:, (wht•rr water b liquid). 
is to use stl'am nnbim•, . G1 a\'it) is nor· 
mally 11 eel 10 0 11 0111 thr liquid gas 
phases in boilt•r:, and condensers. The 
boiler problem ca n lw .11oided by opera­
tio n atsupe1n itical 1<·111paawresand prr~­
s11rc~. This might n o t he nr c e~~ary as e x per· 
ime n1a l boiler~ h a 1·c· hrrn built \\' here 
water was in 1 rod uccd a 1 1 lw top and steam 
removed from 1 he bo110111 . Tht· condenser 
may bt- a liuk 11icki<'1. Wt· t'n\'ision th t• 
~ 1eam turbim· <·xlwu,ting into a large 
drum. Tangt•ntial cold \\':1te1 spray:. would 
pro\'ide the condt·1Hi11g ~111 lac e and impart 
enough angular momc·n11111 10 the conden­
sate· for it 10 swi1 I a 10 11nd the in~ide wall of 
the drum shaped comlt·n s<T. coops placed 
in the flow would dil·c·rt the condensate 
into pumps. 

Condcnsalt' flow would bt' split. wi1h 
some going to tlw :.ola r hoilt'r and the rest 
to a heat exchangt'r wh1·re the was te hea t 

would be tra nsferred to the gas 1·n1rnined 
olids. 

A steam SPS would look somewha t dif· 
ferent from the c urre nt therma l P 

desigm. Of course. the radia101s would 
d o minate 1he appeara nce. But mon· in1e1-
rs1i11g 111igh1 be the use of a larg<• number 
or wrbines. 1, 4 CW or s ma ller. Beca use 
high hea1 fluxes can be carried br small 
111as.s flows of steam and boiler feed water. a 
ft'w lwat absorber ca1•i1ies mig ht '"pply 
team for a number of turbo·g<'rl<' rators 

sprl'ad o u1 a t interva ls O\'er th<' radiator 
urface area. Radia tors a nd turbines might 

be located behind the s unlig ht collee101 
ar ea. 

If tlwre is an r merit in the:.c concc·pts. 
(a nd a comiderable a m o unt of t' ng i 1wcri n g 
a nd span· tt•sting will be 111·1·tkd 10 tdl ) 
thnc· an· som e very nice· dwraneristics o f 
s t<'am 1111hines. One is tha t the•} p1c·sen1 a 
low ckwlop111en1 risk . Yo u could probablr 
o rckr thc·m from General Eknric today. 
,\notlwr i' 1lwi1 high effic it' ll< 1 . . \1 ;111 <·a" 
to obtain 10°0. 1h1·ir t'ffic i1·111' i, about 
twice till' theoretical maximum for ,ili1011 
sola1 1dl~ and ro ug hl y fi1e 1imt·, th t· C'igh t 
pl'1< 1·r11 now projected for a photO\ o lta ic 
SPS. Of coursC'. cost. no t site is tlw deter· 
111ini11g faCl or. b u t couming th<' radia101 
arl'a. a low 1e mp<·rau11T t ht·rma l S PS 
wo u Id ha\/(' on I y fi0°b o f th t area of a photo· 
\'Olla i1 S PS. 

What arl' mmc· of the implicatiom th('se 
"d11s1 fillrd radia1ors"migh1 ha\<' o n 1he 
earh · u~e of t' xt ra tt' rrcs trial re~o111C 1•, ? Ont· 
pos ibility. if low co 1 asteroidal ' ' t·t•I can 
be mad<' arn ila ble. " ·ould h1· 10 cmhidc·r 
building S I'S, a t a spa«· 111an11fa<1111ing 
fa1 ility " 'hie h initi:tl l) ha, no 1 lw111irn l 
pron·s,ing a t ;di. 

Fo r an i lllt' I med ia1e s tep. with SOTllt' srs 
111a1t·1 ial' suppli ed fro m Eari h . thl' rock 
d11~1 pan of tlw mass of a s1eam turbine . PS 
might b1· a:. much as 50°0. Th<' "do it from 
th(' g 1011 11d " p10pon('nt:. m;1k<' a good «1'<' 
that it'' a long way from l1111a1 1ocl.. 10 
fi ni ,h1·d S PS pans. But. ii <ill \'OU 11c·td w 
mal..t• that t0cl.. L1:.dul for a l;ngt• pa11 of 
tht'm;i-,ofanSPSi~a:.mall 1ib1atol\ hall 
mi 11. 0 1 l ' \ <'II a , crc1·n. i 1 i' going 10 ht• ha1 d 
o n 1 lwi r co11:.cie 11c('S not w ta kt' a ~1·rio11~ 
look at the c·arly use of ex1ra1e11 es1rial 
n·sourn·s . 
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NEWS BRIEFS 
The Office of Technology Assessment (OTA), one of the U. S . Congress' 

fact-finding arms, will award $400,000 in contracts to study space tech­
nology applications. Remote sensing, communications and space processing 
manufacturing will be emphasized. 

At the request of the Senate Commerce Committee , another OTA group 
is evaluating sol~ower satellites . This OTA study was first proposed 
by futurist Barbara Marx Hubbard in a Congressional resolution in 1978. 

These two studies represent the first time the OTA has studied space 
activities. OTA was founded in 1973 . 

Between June 6 and August 20, special briefings for educators will 
be held three times each week at Johnson Space Center on Monday, Wednes­
day and Friday at 10 AM . Topics to be covered include lunar science, 
Landsat and the space shuttle. Free materials will be available at each 
session, which will last two hours . Attendance will be limited to the 
first 35 to register for each session. For more information call (713) 
483-4241 or write to James Poindexter, Educational Progams Officer , Public 
services branch (AP4) , NASA Johnson Space Center, Houston , TX 77058 . 

The space shuttle has been further delayed by main engine troubles , 
forcing NASA to reschedule at least four or five commercial payloads for 
expendable boosters. There is only a 50/50 chance that the first shuttle 
will be able to fly by June 1980. 

On July 1, Thomas A. Mutch of Brown University was appointed NASA ' s 
Associate Administrator of Space Science . He succeeded Noel Hinners, 
who had resigned March 31 . 

Mutch has been leader of the Viking lander imaging team and a member 
of the Lunar Science Review Board. His responsibilities as Administrator 
for Space Science will include working with the Congresspeople who fund 
space sciences . 

The U.S . House Appropriations Subcommittee on Military Construction 
has deleted the funds needed to install space shuttle launch facilities 
at Vandenberg Air Force Base. These launch facilities would enable the 
shuttle to reach polar orbits . These orbits are needed for spy and other 
military satellites as well as for Earth Resources satellites . If launch­
ed from Kennedy Space Center the shuttle would follow the heavily popu­
lated Eastern Seaboard, opening the possibility of a major disaster . 

If this cut is upheld by the Senate, it will delay the first oolar 
shuttle launch until at least 1984 and will force the government to buy 
$200 million worth of Titan launches to orbit already scheduled payloads. 
The Vandenberg shuttle facilities were budgeted for $78 . 2 million this 
year . 

Solar power satellite boosters are rejoicing over the nomination 
of John Deutch for Undersecretary of Energy in the U. S . Dept . of Energy. 
Deutch , formerly an M.I . T. chemistry professor and a Rand Corp. and U. S . 
Dept. of Defense consultant, is well known as a progress-oriented , opti­
mistic backer of energy R & D. Researchers say that Deutch is expected 
to give power satellites an even break. 
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Book 
Reviews 

Rei•iewnl b)' Clm.\ Pelersu11 
Repr111ted from Hubcap , th<' News/el/er 
of lite Nf'w England L-5 ociel)'. 

\\"hat do you ..ay wtwn tlw qut''I ion< omes 
up. "" \\'h\ are you in1c·1<·.,1ed in thi, 'f>aH' 
stuff. anyway?" i\ lost of us are p1l'll) good a t 
explai ning why sparl' utilitation i' a good 
idea ernnomicall) but poor at explaining 

wh~ it':. important 111 ollwr rt'SJX'CI\ fo1 the 
human ntec· as a whole•. 

In a non-technical. c·ven phi lo~ophiccll 

tone. J. Pt•t t'1 \'ajk ' , Doomsd ay Has Been 
Cancelled examine~ the pm~ihilitil's of 
spact' fwm man~ diffc·tent pel~JX'< the'>. He 
rxplaim wh} it's humam• and MX ially desir­
able fo1 a wt•althy. highly devC'lo1x·d natio n 
10 allocatt• ~orne of ii.. l<''><>urres fm <,pace· 
de,·elopnwnt rathe1 than attempting to fi1 1 
f ulfi II 1lw ba5ic sur\'i ,·al nerds of e\ e1 y inhab­
i 1ant of Earth. Hc also descr ibl's, in tc·rms a 
layman can under~tand. how a :.pact '>t't1lc­
men1 p1ogram cotald H'duce the threat of 
nuclea1 w;11, inCT<'aM' agricultural p1oduc­
tion. and improve th<' ~iandard of lh ing fot 
everyont'. The· book focuses throughout o n 
method .. or continuoush imprO\ing th(' 
human condition. and thus sucn·eds in 
demoli~hing 1hecu11entl) popular limits-to­
growth and doomsday sn·11arios. 

It i~ 1a1t• 10 find ;1 ~cientist (hen'. a physi­
cist) \\'ho can write 50 well. It i~ e\t'll rarer 10 
find o nt• who can write :.o eHeoiH·h· for an 
audience that has been tradi1io11all>• hostile 
to the idea of space u1ili1.;11ion. Although the 
book ha' wide-ranging appeal. a ca1eful look 
re,·eals that \'ajk s('('1m 10 be add1cs!>ing th(' 
concern~ of those holding anti-wchnology, 
"small is beautiful... pro-dece111ralinnion 

perspective:. ( "soft-t<'rhnologist~ ... as they 

,onw1 ime' c .1ll 1ht·nbt•ht·\ ). I k mal..t•, a 1x·1-
'11a'>iVl' ca,<· 1ha1 ~pact• dn·dopnl('nl i' a 
c:111-.c the:.l' 1x·oplc should adopt. (I k i' r igl11, 
of course. rht•\, likt· m .• 11c· int<'H''>lt'<I in 
rmp1ming tlw q11ali1' of h111m111 lik. \'ajl.. 
,imply point' out that 111ili1a1ion of 'Jla<t· i5 
tht· !>1·s1 war w achicw that goal.) And .. inct 
hi, p11blisht1. Peace PH·"· ,<•ems to ca1e1 10 
the..r intelt''>h (1hei1 li .. 1 or publi< ati<m'> 
indrn.Jes ~uc h titk~ as The Art of Zen .\ledi ta­
tion . Chinese H ealing Arts. l\lystcrio us 

H erbs and Roots. Solar Cookery, and Sur­
\'h ·al Greenhouse). man\ .. ,oft-It'< hnolo­
gi.,..,·· " ·ill ht· t''po~t·d to \ 'ajl.. ·., bool.. . 

I IO\\"C'H't. Doom sday H as Been Cancelled 
i:.11rn just for dw "soh·tl'C hnnlogi:.t~ ... Si n«: 

thi' bool.. is bo1h high I" idmJi,ti< ;ind ea'>\ to 

read. it\ 1he 1x·1ft·1 t hool.. fm 1hmc· invohi·d 
in the ~pace movt•mc•nt w han· lrnndy wht·n 
in m•t•d of inspir;11io11 or rrinfm<t•ment. It i., 
iclt·al fot tinw!> likt' jmt bdmt• an L-:i mc>t•ting 
whC'n you do11·1 ft•t•l likC' H'lllUI ing out in thl' 
rain 01 thl' night hdor<' 11·~1ifying 10 a ro11-

grt•,.,ional committt't' on why the~ 'hou ld 
indudt• mon• f umb for~.\~.\ in an aul>ter it\ 
h11dgt·t. \ 'ajk\ lxx>k will 11•mi11d you j1r..1 
how impom1111 'pace utilitation is-for all 

of ll'>. 
Doomsd ay H as Been Cancelled ran ht· 

01d1·H·d from Pea«' Prei.:.. In<., :3828 \\'illat 
t\\('., C11he1 Cit'. Ca .. 90230. fo1 S7.95 (plm 
()QC' rm shipping and handling). 

Clarke's "Hyperfilaments" 
Fishing in Space? 

b)' Ed Ba., 

Jmagint• a '>pool of fi'>hi11g Jim'. thin \t't 
tough enough to .,Ji<l' \Olli fi11gc·1 wh1·n 
\Ou go to lm·al.. it . l magim· fishing l111t· 
thomands of 1inw:. 1hi11nt·1. molt•< ula1 I~ 
t•ngim·eH·d for p{·rfrn. 1 law l t·~~ ny .. iallim· 
a11 angemt•nt. fi.,hing Ii ll<' '>fHI n f rum lilt' ta I 
and ablt· to <·a11' a ch;ugl'. l ntt'rt''>ting. hut 
what\ tlw point? 

Toss the c 01H l'Jl l 1n :i \'1•1£•ran "i1·111 ,. 
finion wii1c·r likl' Artlw1 C:. Clarke. and 
tht• idea tu11l\ imo an a\alanclw. 

Scit·nce fie tion i:. the litt·ratur<' of id(·a ... 
You can read it for a11n1w11w111 anti fik it 
a,ick as you go back 10 rra l it~ and 
Avia tion \\'eek and Spare Tcchnolo~n­
But Clar l..t• dt·w1 n·s ht·t1t·1. I-or 11011-f,u". 
Clarke co-authored 200 1: a Space Odyssey 
and. in 1918. The Promise o f Space. lk i., 
one o f 1he two or thH·1· most-honor<•d 
.. nc•nce and '>< icnct' fie 1ion \\' t llt'I '>. 

pioneering the· concept of< ommunu at ion 
sa1dli1cs bdoH· any exi .. tt·d. 

When C:J;nk<' say:. ~omt·th i ng. it\ good 
to stand up a nd li~tl'n. 

In his lat t''>l no,·<·I. The Fountains of 
Paradise, Clar kt• begim \\' ith the ron«·pt of 
a hyperfilam<'nt. i\lanufactur<'d in 1t·ro· 
gra\'ity conditions of tht• fir~t .. pa< e 
colonies. thl' molecuk -thick fibc1 i' an 
('ngi nee1 ·., dr<'am: a p<'t feet < 1 > '>tal 
strucwre i, produced without g t avity 
pushing it:.<' If in a st'arc h for ranclomm·,~. 

So what? Wdl. C larkt• suppose·'>. thi., 
nw tallic h}p<:1filamcn1 «mid catt\ an 
ckctrical charge. right? Suppose }Ou had 
enough of 'u< ha filamen t 10 stretch ft om a 
p lace on tlw Earth up 10 a sa1dli1e 
a n chored in geosynch ronous Earth 01 bit? 
\\'ith near-u11lirni1ed electrical cnerg" 
ftom Su1v,al'>. you han· the potential for 
th<' world's largest d('va101-or bridg{', as 
C:larke"s main charac1c1 p1efers LO ra ll it. 

'\'011 han· a 1d;1ti\'l'lv cheap. t•xhau,tk"> 
I k;I\' Lift I .~11111c h \ "d1i< k-and olll 

probabh mmt· .. uitl'd to tht' 21..t tt·nt1n\ 
1ha11 the fat. indfirit·nt < ht·mi1al mmkt.. 
wliith mar bt· tht· only a ltt·111a1i\'<' 10 dlt' 
'P<I< t ' .. huttk. 

(.J.n 1..t• dot'\n '1 ptt·tentl th.11 a .. nap of 1 lw 

fingt'I' and hand\-damh 'pool of 
hytx•dilanw111 would do Jfw ti ic I.. . 

;\Joke 11k~·thic I.. 01 llOI. \C111'1t• going to ht• 
dt·altng with an :rn ful lot or Illa\\ in •• 
" bt 1tlgt•" that long. Chu l..c· h,1, done '11111t• 

talc ulatimh 10 '""" that .111 anc hot ma" 
of tht• Olht'I t' lld of th i~ 1)1 idgt• wo11Jd h it\(' 

to ht· higgt·1 than an} 01hi1i11g 'f>"'l' 
,talion- it ,,·ould ha\e 10 h1· llt'<ll a'1t'toid­

'>ltt'. 
h n tlw Ea11h-n1d ol llH' h1 idg<'. C:J;u \..t• 

p101x1~1·~ a 'POI on th1· 1·quatot. prekrahh 
a high mou111.ii11 with good ''Tatht·r . 

nw nmd IX\11'> 1t·adi11g [OJ 1110lt' th.111 
11' tt·c hni<al \\' h11-b.111g. B11111.t1 .. ode,1·1\t'' 
ta1d1il reading hy <' ng illt'<'l"S, 'Pa<t' 
,< i1·11ti .. 1~ and potn11ial '>J>.t<t· colonitt'I'>. 
Clarl..t• '>t·cm:. IO ht• \aying. "Yt·'>. of 1mn\t' 
,,T'll have '>p.tct· tolonit•<,. B111 no"' k t' , 
kap ahead and 'flt'< ulalt' 1111 wha1 \\'ill 
follm,-." 

.\1101ht·1 "it'll<t' fiction '"'it<'• and 
'i~io11a1'. Rolx·11 I ki11l1·i11. wrote about 
tht• moon·, fit .. 1 ma"·driH'I hac I.. in I !J()i. 
in The Moo n is a H arsh l\lis trcss. It '":1' 
\('a" hdmt· ()';'frill ;111d tht· :'\llT 111<..,,­
d1 "t•r mode· I'>. 

Both Fountain s and Miscress grablx·d 
hold of space t1onornics and wrapp<·d 
thC'm in advenw1c l>tories. Both shout that 
space will belong to peopk onl} after the\ 
ar<' capable or reaching it a .. t•asi l} as th<' ) 
pull o nto the fteeway 10 go home from 
work every nigh1. 
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O'Neill Shows the Way 

by Ken l\lcCormick 

When the Congressional Clearinghouse 
011 the Future i11vi1ed Dr. Gerard O 'Neill to 
spea k 10 Congressio nal staff persons o n 
June 27. they were 1n:a1ed 10 a n expositio n 
of technology a nd even phi losophy. 
o· ei ll outlinnl a plan for "Near T enn 
Uses of Non-Terrestrial Materia l for 
Human Bt'ndit " citing various studies 
including o ne of his o wn projects. He a lso 
expressed thoughts o n tlH' eventual c frects 
on society of 1101 moving into space. 

The tensions involved in the 
zero-sum game of'·/ win - )IOU 

lose" are very niuch a part of our 
lives; they're a parl of our lives 
every time we gel in a gas line ... 

O 'Ncilrs pres<·n1a1io11 dealt with work 
which ha~ bt('n c·ompkwd during 1lw last 
year on the u5<' of lunar 1mlll'liab in tht· 
con 1runio n of solar power sa1c lli1es. 
o· eill ra iled SPS the "presem apparent 
larges t single result that Wl' could have 
from using this ma terial," but he a lso 
explained 1ha1 there cou ld be o ther uses for 
lunar-derived co11s1ruc1io n materials, such 
as for very larg1· co mmunications 
amen nae. , 1udies indica t<' that.al least 5.000 
10 15.000 tons per yC"a r of large objtcts cou ld 
ht· needt·d in span' fcH the next 30-y<·ar 
period. said O'Ndll. An S PS program 
would n•quire 120.000 ton:. pe1 yem. 

T lw work he ou tl ined was aimed at 
using l'xisting techno logy 10 place in orbi t 
one power satellite p('r year using the 
Span· huttk a~ tht· on ly bno~tt'r 10 low 
Eanh orbit. Thi~ can only I><" done through 
tlw u~C'ol non-tcrrl·~1ri;i l 111a1c·rials (NTM). 
since an S PS would require 20 times the 
mass that 1he prl'sent shu11 lc program 
could launch in a year's 1ime. 

O'Nc·i ll rcfC'rred to three NASA­
sponsored studies which were completed 
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this spring . 
A study by General Dynam ics1Convair 

establislll'd tht' on-ra il t•conornics of lunar 
materials use. Tlw two conclusions of 1ht: 
swdy which O 'Neill feels are most 
sign ificant <1rt tha t al least 90% of the mass 
of a n SPS could be constructed from lunar 
matcri;ils. a nd 1ha1 the use of lunar 
materials would reduce the overa ll cost of 
SPS without delaying the implementati o n 
of an SPS program. The sllldy has been 
verified by an in-house review a l J ohnson 
Space Centn. 

An M IT sllldy o f the fabricatio n o f large 
ohj C'cts in space· concluded that a t leas1 96% 
of tlw mass of an S I'S cou Id be nms1ructed 
from lunar matcrials. This a lso supports 
the conclusions of the aforeme111ioned 
study. 

A s tudy by the Lun;ir and Planetary 
Sci<'nce ln~1i1uH·i 11 lloustone1w111int'd the 
tt·chnology of tht' d1l·mical pron·~sing of 
lunar soi l a nd concludes that a processing 
plant in space would have a throug hput of 
100 times the mass o f the p lant it elf per 
ytar. In o the r words. the p la n t wou ld 
produn· its O\\'n weight in usable e lements 
C'very three to four days. 

Dr. O'Neill then o utlinl'd one possible 
scenario for an NTM u1ilirn1ion project 
which lw a nd his collcagucs had worked 
ou t ovet the past yea 1. fn thi s 
"bootstrapping" approach. a 125-1011 
elcc1romagne1ic mass-driver, a chemical 
processing p lant. and a pla111 for 
fabrica ting solar cells would be placed on 
the: lunar surface by the shuttle. an orbi tal 
transfer vehic lt. and a lunar lander deri vc·d 
from tht• Apollo program vehicle. 

S ince the solar cd l a rray w hich wou ld 
pro\'idc power fort he mass dr iver would be 
tt·n times as massiv(' as that device. lunar 
·ilicatcs would bt· used 10 g radually bui ld 
up a 60 mega wall power array. The power 
array would then enable the mass driver 10 
launch 300,000 tons per year of lunar 
mrt ll'riaJs. rht'Sl' :!00.000 ton~ wou ld pro­
\'idc• about I 00.000 tons of fini~lwd prod­
ucts in orbi1. 

Thus. 1hroug h "bootstrapping" the 
li fting of 6.000 tons over a two- or three­
year period from thl' Earth's s urface would 
ultimately provide a bout 100.000 LOns of 
cons1ruc1io n material in spare per year. 

The funding level for this resea rch has 
been a t abou1 one pan in a mi llio n of the 
ft'tleral b lldget. ·'The reason that we can do 
so much with so li11le." sa id O'Neill. "is 
tha t bas ica ll y we're not trying 10 push in 
a ny new scit·nce. There is no thing here as 
far o ut as. lei's say, fusion power. This is 
s traightforward engineering carried o ut in 
the way we\·c done it before." 

Dr. 0'1 eill's elegant exposition seemed 
to haVt.' bc·cn wasted o n many of the 
assembled s taffers. One staffer asked if Lhe 
people who had condllctcd the studies had 
remembered that a human work force 
\,•ou ld have lO be maintaintd on tht Moon. 
O 'Neill assured him tha t they had 
remembered tha t and had included it in 
their caku la ti o n s. Another person 
expresst'd the fear that the re moval of lunar 
soi l mig ht have a grave effect on tidal or 
o ther forces. O'Nei ll poi111ed ou t 1ha 1 
300.000 tons is not a great amou111 o f 

I f your fundamental belief is 
that humanity is evil, then lhe 
o nly way that you can deal with 
it is lo hedge it around with a 
very rigid set of laws. 

material when compared with the iota! 
mas~ of thl' .\ loon. but added that "lunar 
ecologists" such as himself see the 
asteroids as being tht' best long-term 
reserve. 

Near the end of the ques1ion -;md-answer 
period, Dr. O'Nei ll expounded some 
phi losophica l underpinnings or his 
i mere~t in space colonila tion. "Thi nk of 
two altl'rnative situa tions," he said. ''One 
is 1ha 1 we stay within the very tigh t set of 
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bounds or our p resent p lanetary biosphere. 
We alread, see the effec ts o f this 
confincmt•n1 wi thin the biosphere with 1he 
increase in popu lation tha t's going on. 
Th(•re was a recem study. for example. 
indicating that the number or wars is now 
about four times as high as i i was 50 or 75 
years ago. The tensions in\'Olved in 1he 
zero-"nn game of ' I win-you lose.' are 
ve1 )' much a part of o ur Ii \'CS: thC)•' re a pan 
of our li ve~ l'\l'ry time we get in a gas line ... 

". uch qua.,i-religious wri1t•r, as H uxlC\ 
and Z.amia1in have looked inw 1hcq11cs1ion 
of 1he long-term implications o f thC' 
steady-state .,ocitt}. They conclude tha1 it 
mu\! Ix- high I) rigid. a nd 1ha1 rigidity mm1 
l'Xtc•ncl i1110 1he spi1 i1ua l H'a hn <IS w1·ll a'> 
the physical. I think we ce that dfl'Ct 
a h eady around us now. because as soon as 
you begin 10 pu1 tigh1 bounds o n 
!>onw1hing. then 1h<'H' will alwa\'I be 
millions of peopl<' who will jump in and 
tell you how you ha w to run your lift· ... 
Thi'! gives all of tlw peopk who'd H'ally 
like to run o ther pt•oplc 's li\ CS the lict·nse 
to lcgitimattly do so. a nd tha 1·s what 
hap1x·ns in a totalitarian state. 

"So I 1hink that the chann·s or 
maintaining ourschc' within this finite 
bio,phcrc and a lso extending pe1mnal 
f tt•edom o f choice a re \ 'C!1. wry sma 11. 

" On 1 he 01 her hand . .. . [ llw ou 1conw of] 
thl' 111m•t·m1·n 1 in10 space [wou ld lw] a \1•n· 
di'>l'X'N'd '()( i1•1y .. , 

" I 1hink that you'it• deali ng in 1h1· one 
emit' with a \'l'ry grt•a t pn·s~un· to\\'ard 
rigid it). :.rngnation a11d monotony. In the 
other. )Ou 0 1e open ing up a \'ery large 
11 umbt•r of paths ro1 the dl'\dopnwnt o f 
!>mall huma n m cl\·1•111ent !> - ten!> of 
thOu!><111d!> 0t e\ en a~ k\'" pc1 haps. a~ 20 or 
50. Tlw ,\fn)•flouwr colonists \\'ere \('ry 
small in number. lrnt \\'ha t tht·y did \\'a!> 
rather imp<>rtant. T here could be many. 
many set!> of ,\In )'/ l0tN' T coloni!>tS in '>pare, 
doi ng a wide va rit·1 y o t different things. 
Ou1 ann'!>lOI!> \\·eit• non-con formi!>t!> . I 
thin!.. that there would be thl' freedom to 
non-con rorm in tha1 new si111ation. 

.. ro Ill(' that doc, approach a rel igious 
comparison . and ce11ainly a ~pi1i1t1al 011c. 
If )Ollf rundanll'lltal bdief i!> that 
hunrnnity i' nil. tlw11 thl' on lv wa\' 1ha1 
\ OU can dt•al \\' ith it is to hedge it a101111d 
with a \Cr) rigid '>t't o f laws. If )Olli 

fundamental belit'f is that ir g iwn a 
rt·a.,onablt• c hanct'. ordinal\ peoplt• will 
de\elop in intt·1t' '>t1ng wa)S and do 
inll're.,1ing 1hi11g.,, 1ht'11 you wi ll \\'a111 10 
gi\l' tht•m llw 111ai..i11111111opprn1uni1' 10 do 
!><>. l"hat gt'h a t the 1oo t of humanit) . if not 
of 1l'ligion.' ' 

I 1 \\'<I!> not 1 ea di h a µparent ho w 
re«·ptin· kgi~latiH· aide., wne to Dr. 
O ' Nei lrs aigumt·nt!>. 

Reading News 
Aviation Week and Space Technology 

Rf'printed from H ubcap, the .Vewslf'tter 
of lite N<'W England L -5 Society. 

One maga1i11e 1ha1 is a must f01 1hosc 
interested in the la11•,1 clevelopmen1., in 1he 
spaet· industry i Aviation Week a nd Space 
Tech nology (published b) ~kGraw- 1 lill ). 
Aviatio n Week 1egularly f(·a1ures a major 
!>t'Ction o n !>pace te< h11o logy including 11<'\\''> 
about the 5cwie1 i.par<' progrnm. the c u1Tent 
Shuu le m·w~ (or iu, most 1 en•111 trouble~ and 
delays! ). 01her NASA devdopmt•ntl!. a nd 
n•n·nt acli\·i1ies i11 ind11s1n (;I'> well "' the 
t111rc•nt news in tlw:r l'iatio n indus11 y). Also. 
i1 fC'alure~ a n "Ac·ro~pace Cakndar" which 
lists all the majm confererHt'~ on a\'iatio11 
and :.par<• dc\·elopnwnts. 

Aviat ion Week 11010111 } rt'prn 1s i.ci1·111 ific 
a11d engi11t't' r i11g dt·\t'lop1111·11h. h111 al:.o 
1t•pon 011 111ili1a1). politi<<.11 and indu~n ial 
acti"i tie:.. SinrC' i1 is publi,lll'd \\'t't:kl). tht' 

Government 
Publications 

·nw folh1"·i11g hook' ait· i"nt·d h\ : 
Su1x·1 i11temk11t of Ooc umt•nt' 
l ·.s. C:m1·111nw111 Prir11ing Office 
\\'a.,hi11g1011. n.c. 20 I02 

The ~lartian l..ancbcape 
On·1 1:-10 piu111n. 't'H'lal in full 10101. 

taken 011 1ht' rnrfan· of i\ la1' hy tlw \'il..ing I 
and 2 land1·"· 12.()() 

Wa tch L"po n a Siar 
Desn i bt·, 1 h(' mi "ion a11d :ic r i vi tit·' of 1lw 

\pan· Emir 011mt·n1 'it·r \ icl'' ( A'llll"I. "hi<-h i, 
< hargc·d wi1h nw1111111i11g 1lw \11n Im t'\t'lll' 
\\'hie h afft•< 1 lift' on F:111h. a nd di,1·11,M'' llw 
111aj01 pll\·,i<al a11d lx·ha' ioral 1 ha1.1< tt'ri'>· 
11<' of thi,, 1-:.111h', °''" ,1;11 , 

Sk yla b ER EP In vest igatio ns S ummary 

Thr '>< i1•n1ific ,111d ll'Chnological a<hil'\'l'· 
1111'nh hom 1 ht· St..\ lab :.pa< t' prog1 ,1111 are 
n11mc· ro11' a nd i11c lude 11('\\' l..nowkdg-1· or 
~olar plw11omena. of hurnan «apabilit\ fo1 
long-du1 ,11 ion spa<t' fl ight and ortlw Earth 
through 1he :.ophi~1ica1t·cl ,enso" 1ha1 
romprbl• tlw Ea11h RrsourcC's Expt·riment 
Pac t..age. rhi !> book summa1 iLe:. tht· a11a­
l\'I irnl n ·"1 Its of I !!9 i m e!>t igawr:. \\'ho u!>ed 
EREP data in llwi1 ~tudy or problt·111., in 
th1· aica' of ag1it11h111t'. 1a11g1'. a11d fmt·,1· 
I\: land t"1· and ca11<>graph': gt·olog\ and 
h }drnlo~n: a nd on·ans and a tmo,phert. 
Contain~ man~ color photog1aµh:.. 

new~< m·c'l'cd i~ a I ways cu1 rent. In one week·., 
issue 1 h<·rc was. fo1 example. an extensi \'I' 

article on "Shutt le ~lis'>ion C.onuol Train· 
ing" 1eponing on 1he missio11 co1111ol H'11Le1. 
variom shuule pr eparntion~. a ncl l' Vt'll sonw 
of the latt'St aMro11aut training prngrams a1 
l\ larshall Spart' Fligh1 Ccme1. II aho 
induckd seveial b1 ief article!> 011 recent 
Soviet a<ti\·ity. payload imuran<t' for llw 
. huule. and l..amhat new'>. 

l\lo~t libra1ie:. '>t1hscrilx· 10 Aviation Weck 
(if yolll loca l library clot·, not. vm1 migh1 
'>ugg<'M 1hcy sta11 a subsn iption). I lo\\'e\·e1. 
1hi mag-Mint i!> H'r) pop11li1r and doesn't 
remain in 1hc library long. 

If vou a1e i111t·1e,1ed in '>llbS<tihing. the• 
rate isS33.00 y1. (with reduced raw' rm 201 3 
yt'ar subs< ripiio11, ). \\'ri1c• w: 

Aviation \\'l't'I.. and . JXIH' T ec hnolog} 
P.O. Box 503 
Hig lrn1own. 1.J. 08520 

Princeton Space 
Manufacturing 
Conference Papers 
Available 

The· 1110.,1 U JH<>·da u· It'< h n ica I p:t pns 011 
the habitation and i11d1"1ria li1.11ion ol 
'>pan· all' a \·ailahk from Al.\.\. 1290 .\\'(', 
of thl' A11wrica~. Nt'w Ymk. NY IOCJI!) fen 

l.75l·a< h for .\I ;\ ,\ rlll'lll ll<'r~or 2.50each 
rrn .\1,\ ,\ 110n·l1Wmbtl\. fht• arnilable 
papt·1•,, which W('lt' pH''>l'nll'd al llw .\fa} 
·79 Pr in1<·1o n Spat<• ~ lanrrfac 1t11ing C:onft·1· 
t•nce. a11•; 

"C11nt•11/ SJJat I' I la/n/al l . f'ga/ /)t•i•t•lojJ · 
1111' 11/.1," Edwa rd R. Finch. Fi11ch & 
'>< hadl1·1 (79-1371 1 

"Ca1bo11 DtcJ\ulc• t.lrt trof,•s1.1 l 'm1g a 
Cem111u l ':J<.ctmfvtr." Ri< lwrd J. \\'illiam,. 
rhoma, Erstkld. ;'\ .\ liA-.Jolrn!>Oll 'ipan· 

Ct·111c·1 (79-137.5) 
" £ .\lr11•a t 1m1 (.'r)s/.1 for I . 111ta r ,\/a tn1a f.\." 

\\' . Dadd Ca11i1•r. Ill. l~1kdand. FL. 
(79-1 376) 

··£/N/rosta/11 "it•/)(lra/ io11 of L111111 rSm/." 
la11 l11<11ll·t. lf11iH'l'!il) of \\'e;u·1 n0111a1io 

(79-1 378) 
"Chl'l111cal Pr1JU'.1's111g of l .i111m ,\fatrri· 

a/.1, .. Rohen D. Waldron. Lunar & Plane· 
tar} lm1inue (79-1379) 

" F./rt1mrh1•11111trv of l .1111ar Notl1s," 
Larq .\ . I laskin. \\'a;hi11A"10n l lninTsil\ 

(79-1380) 
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··(; /(111 fllld Crramie1 from / .1111(11 ,\lfl­
frrl(l/I. .. J ohn 0 . .\la< k<·n1it'. Rt·x Cl.it idg<'. 
l'<.L..\ (79- 1381 ) 

··c;a1 t.11tra111t'd ol1ds- a /Jeat Tra11I/er 
Flwd for l 'Ie 111 Space." H . Kt>ith I lemon. 
ru«1o n . At i10na. K. Etic Dt<·xl<• t. .\llT 

(79- l :l82) 
· ·s /Jfllf' .\/ f1 1111fae111 rh1g r111d />11/J /I( l'ol 1f'\' 

For111/1/tl tim1." J o h11 Log~do11. T ill· C:l'!ltgc 
\\"a,hington l1nin•rsi1v (79- l :Ht!) 

··1-.d11W/lfm for tltr l:m of S/)(1((' l11d111-
trwl1:11tum."" Kc111 .\I. J oc:h. 'm1i1li-oni.111 
J11, 1i1111trn1 C79- l:l81) 

"l111/11rw111~ tlir jmt1fufllum fm 'i/Hll(' 

/11dtf\t1wl1:ntum. ·· J ohn (.. ll.11 111111. 
\ 'ic·nn.1. \ '. \ (i!l- 1:!8:>) 

'". / 11 . /1w/vH1 of tlir Socm· l'o/1tufll 
'ilfllll\ of !-.!forts Toward /ht• l k1•,•lo/>111r111 
of S /Hut' ,\I a 1111/a< I 11 r111g Fa r 1 Ii I""'.·· Roht·11 
n. i\ ( ( \\'illia m,. l l ni1t·r~i11 o f i\ li,,i,,ippi 

(79- 1:llm 
··T/u• Uoli• of Public /11trr1'.1/ (;rr>11/J.1111 

S/Hll (' l'o/ /( \'. .. C:h;:11 (c<, Cha rc·t. Fou nda I ion 
rm Puhltt \ff,tit ~ (79- 1388) 

· · F111a m 111~. l/trrna t wr.1 for S pac r Ind ti\· 
tnali:atu111."" J . Pt·ter \ "ajl... ~ut·n<t· .\pplt­
c a 1 ioti- . Inc. (i!l- 1 :H!9) 

·· T/11• l:r mwmu 1 o/ 'ilnk1•1 and l frl'ol/1 
/) 111111~ J·.ar/\• )/uur Colo11i:at1011 ... .\lark 
.\I. llopl..in,, Ra n d C:o1prna1ion (7!1- 1:!!15) 

""01•1•n•1t•w find 0 11t li11 (' of .\/f1 .1.1- l>1'111f'r 

T t1•<J. .. C:l·r a 1d K. O'Nt'ill. William R . 
!'.1tO\\' . l'r in<l'IOn l ' niH·r~it\' (i!l- 1:1!16) 

··cr\'og1·11ir )rn•icr )tatw11 for .\/a1\· 
/ )rll'l'T Tu•o.·· Ke1i11 Fine. l klll' Kolm. 
P<•tt'I .\longc-.111. F1 edt•ricl.. \\'i lli.1111' . .\II I 

C 7!l- I :l!IX l 

.. L111ra ri :.11 I /Oii of .1111, ,.[)rh•rr (;(•emu· try 
b\' 811ckrt )tr1• n11~. ·· Jona1han Lea1 itt. 
P1 incC'1on l"niH·1~111 (79- 1399) 

·· Electronw ~nrl u l'w/m /,um." I lc•nr' 
Kolm. Kl" in l·i m'. P1·1t·r .\longrau. Fr<'cl­
e rick \\' illiarm . .\II r (79-1 -IOO) 

'" /)uct-81m1111g T 11r/Jofn11for011 Earth­
to-Orbit l 'eli iclr IJ00.1 trr... .James A. 
Ma nin. Shclhy .J . Mo 11is, Jr .. NASA­
La ngley Resea rch 0•111t·r (79-1'105) 

··s, .. 11rm.1 flltt'grat1<m 111 thr D('Pt'lop-
111e111 of C()l1/ rollt'll l:< olog1rn I Lift• '\11 pfwrt 
1n\/('ms."" J ohn L. C:ard<·n . GC'orgia lmli­
tut<" or l'l'drnolog\ (79-1-106) 

·· 1rn.1/t' Trratmr11t Optw111 for l "1r /11 

Cl<Hrd )y1/r11n. ··.\ Ii< had L Sh11l1•1. C:or-
11dl l "n i1t·"i1' (79-1 !09) 

" Dr1•rlo p11u• 111 of S pru r ,\/ r11111/nrt 11 r111g 
)vs/('111.1 <:011u•pt.1 l ' t1/1:i11g l.u11ar R r­
.w11rrrs.'" Ed\\'ald 11. Bo1 k. C:l'ncral Oy­
namio Conl'ai1 (79- 1 11 1) 

· · f. t111a r Hr• 1011r1t•1 l 't ii 1 :(It w11-. I /1 1-;, 0-
110111 it . l.1\1'\\/llt'll/." Roht'll R i,11·1. Gc·n­
t•ral 0111amic, C:o111.1i r (79-1 1121 

··.\ 'rw ,\Jt.tlwtil of \olar to J<nc/1 0 Fre­
q11r11n• t./('( tm111a~11rtu r.11rr~,. Co111•n-
1w11. ··John \\" . h1T111.111. \\'i lli.tm C:ohon. 
St'dgwitk <;imon ,. ~p.1cc· P111n·1 ln3ri1Ltte 

(79- 14 16) 

" ll igh l'rrfor11u111u• ';olt11· Sail.t r111d 
R rla tn l !fr//('( /Ing 01'1•1u'.1.°" K. Eric 
Or rxll'r. i\111 (79-H 18) 

"Solar l'Olr(' r Sa tl'il 1 t1• lk11 m /)1~/ 11rbo 11a 
of thr /o110.1/1lil'Tf'." .Janw' Orummond. 
Powr1 C:<>m t•1,ion I n hnolog'. Inc. 

(79- 1122) 
··.·It 11w1/>lin11 • I 111·111wt 11111 of (.t'l1/ 1mrt1•r 

Announcements 
The High Frontier 
Trading Post 

,\ tWW rraturrof the L -5 News lx·ginn ing 
in 0 < 1o bn. rhe High Fro nttt•r r1 adi ng 
PoM will g iH• L -5 m t:mber )I an oppo111111i1' 
IO gt•1 tn IC>ltch wi1h om· anotlwr. E<1< h 
n o ncomnwrdal rneml>t'r i ~ t•111 itkd 10 om· 
r.c•(• ad prt yrar, not ('XCeC'ding •10 wrnd~ in 
ll·n g 1h. Exmr or longl'r ads will bt· diargt·d 
a l a ralt' of S .20 per word (or $•1.30 pt•r 
sq11aH' in c- h ). Please allow 3- 1 month~ tor 
ym11 a d to apJ>t'ar. All ad~ will bt· 11 uhjl'< 110 
ediwrial revi<'w. SC'nd )Our ad w: 

nw I l igh Fro ntier Tra ding Post 
Thi: L-5 Socir t) 
1620 N. Park Ave. 
rucson. At. 85719 

FutureExpo 
Fut111 r l·'.xpo. dC'scribccl as ""a vi~ion of 1hr 

l ·I 

fuiure."" i> 10 b1• hdd on Oc ro lw1 ·1-7. 1979 in 
dw San Ma ll'O Fa irg1 0 1t11d'>. San i\la1eo. 
California. P<·opll· wi1h nl'w 1t•c hno logprnd 
innm·a tiom a rl' lllgcd to panicipatc: and 
p1C:.<'nt 1lwi1 idt•a, w 1hc· public. For moH· 

infonnation c on1ac t: 
11w Griffin Peopk Inc. 
~300 . t('\('IH Crt'(•I.. Bhd. 27.i 

San .Jose. CA 95 129 
(408) 2•17-7 11 5 

"Issues for 
Tomorrow" 

Th is will be th<· t henwor 1he sou theast­
ern regional con kr<•nc<' of the World 
Future Societ) chap1e" to lw held O nobet 
12 a nd 13 ;11 Gt·orgia SHii t" l 1nivrrsi ty's 
Urban Lifr Cc·n1t•1 in Atla111a, Georgia. 
Cosponsored bv Fu1L11 t•s 1 c·1wo rk and the 
L -5 Society. tht" co11ft•1en « • will provide a 
forum for anal) si' and d<'ha1e among p o l­
icy makers and p rogram implementers 

,\I" row<n1r .1. ·· \\'at rrn Ziq~k 1 . (.odda1d 
lr1'1i111u· fo1 <;pan· S1udie~ (79- 1 12:1) 

·· c.1111/111u r TraJl'Ctorv om/ (.afJt11r(' of 
l .1111n1 ,\Jatnial~ ... r .. \ . I kpp<·nht·r1111·1. 
C<•ntl'I frn Span- <;til·nn• (79- 1 121) 

""OfJ/11al S1r11111111g of ,\lm•111~ l'11vload 
l'o.11/um.,. •· Rai nc t l\htltbl'ndt·r . 1'1111' c•wn 
U 11iH01\i t) (7!)- 11 2[>) 

·· 1.ight l' rt•.1.111rrnnd "o for ll' 111d l'n t11 r­
bntw111 to Pn)•lond Trojr'ctonr.1." B1 inn ? . 
\ 'on I lt-11t' 11 , P rincl'ton l ' ni1 t"l\i11 

(79 1126) 
"'. l1•1thN11 <:011.11deratw111 111 llr•nl(I/ 

\/)/i(•1r /)r\1~11."" .\ larjot ie !.. \111ar 1. Plan· 
douw. :-\\" (i!l- 1128) 

"" T//1• l'alru• of 1l11thro/Jolo11;v for \/Jatt• 
\1•1/ ft'llll'llf \, •• 1),11 k il t' J110111a '>. ( , (I( I.. h,I\ I'll 

Sta1<· Col kg(' C7!1- l 129) 
'"(.°011 11/011.1111'.1.1 .-1/trrntion 111 S/Jfl!I'. ·• 

B . .f . Bl111h . California !-.1<111· ll11iwl\il\ 

c7!>- 11:w i 
"".l\/(•1md f>m.1pec ling and Urt11l'l•11 / ... 

Br ian r. O"l.<·an. P1inc 1•1<>11 l ' 11i1C·r,111 
(7!1-11:!2) 

·· 1.ow T/111111 • lltrrnt1tm of . /ltrwulal 
Orbit ... 1),1\ id Rm,. Stanford l "nl\t'r'>il\ 

Ci!l-1 J:l:l) 
··<.ol/11101111/ Or/ntal Clu111~1· of . ll­

trro11/al .\latt•nal.1.'" Cliff Si11gl'1. l'tirnc•ton 
Pla,111:1 I'll\ ,i1' I ..;1 bom1rn" (7!1- 1 l:l I) 

" T/i 1'.'it•111 <Ii fo1 .·btaoid.1 111 t !tr I .- I 1111d 
1.- 'i l .1b111tm11 Po111/.1 in 1/,,. l:a1/ /i -S1111 
)\•1/1'111." R . !-.corr 01111ha1. Prin11·1r111 
I ' 11i11·"il\ (7!1- 1 l:li) 

Pl l'il\( 11\l' Ill<" p:tp!'r n11mhc•r ( 111 p.lll'll· 
I ht'\(\) \\ ht"ll 0 1 dt"I i ng. 

IC'pll'\l'llling 11nivr1 s iti l'~. profr~,iona1'. 

govt·r n1111·n1. businesi. a nd i11dt1.,ll\ . Fm 
n10H· inro1 mat io n , contaC'l E'l1dl<' C:1t•c•11t'. 
Co11rc·r1•n«' Coordinator. Dil'i'>ion of P ub­
lic Sl'11 in·. Ct'mgia tat(' l ' ni H·r ,it'. l 111i-
1<"1.,it1 Pl;11a. Atlanta. C:t•mgi;r 30303. 
I ekph orw ( 10 I) 658-3-166. 

Lunar 
Electrochemistry 
Workshop 

fh <· Ekn1od1C'rnical Sodl'I\' and d w 
Luna1 a nd Pla n etary lnMitul t" aH' co­
l>pomm in g a t hrt·c-day work\ hop dt•\ oted 
to tlw adapta1ion o f techn iq 11 <''> in dt·c110-
d wrni'>ll) to the proct's~ing of lunm mal<'­
tiab o n an indu:.irial scalr in '>pa<l' and on 
d w l\ loon . The m t'eting b pt <'~l·111ly 

plannrcl tc> be hdd Sep1embt1 12- 14. 1979 
:11 tlw l.1111<11 and Planetary lmtilllt t'. Pa r-
1icipa1io n by me mbers of th <.· lunar and 
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planerary rom rnu 11ity i, e11co111 agl·d. ;\I any 

or tlw iechnical topin will bl· ol 1elt•\.lll(l' 
10 the lunar ,;rmpk H'\t•arch <ommunity. 
Yow a:.sisu11we is rcq Ut'St<'d i 11 bri ngi Ilg 
1hi~ work,hop to tlw at1t•111ion of «>l­

lrag1w' in tlw field~ of phy!>ical rhemi!>llV. 
clwrnical l'ngineering and anmpan· l'ngi­
m·t•ti ng. Elt•ct IC)< htrn ital ~) s1<·1m ofk1 the 
po"ibili1~ ol obtaining indll\rrial fl'C'd­
MO< k .• from lunar and t'\•en111allv aSll'roi­
da l material, with 111i11imum complt-xir} 
and high 1l'Liabili1~. Fo1mo1t·1nformation 
abotll thi, \\'Cll kshop conrnn eithl'I Dr. 
Dadd R. Cii,wdl (7 1 :I ·186-2 152) 0 1 Dr. 
Rol>l'll D. \\'a ld1 on (7 13 ·186-2158) a1 rhe 
Lu11a1 Pl;u1C·ra1) l1hritu1r. 3303 NAS,\ 
Road One. I louston. TX 77058. 

International 
Aviation and Space 
Medicine Congress 

I lw 01 g.111 iii ng Comm i 111·1· ol rlw 
XX\' Jl1h l111<·rna 1io11a l C:o11gH''' of ,\via ­
tion and 'ipact· ;\ Jnlic i11l'. w he· hdd 
Ocrohc·1 8-12. l!li9a1 tlw Philippim· l'lata 
I lord. ;\ la11i l.1. 1<·po1 h n·gi,11:11io11' :Ill' 
~Ii II l11·i ng 11·ct·i H·d f 1 om t 111 oughout rill' 
world. Oq.~a11i1ing C:ommi111·1· Chair man 
.\11g11\IO E. 1 loc,on. ,\l. D .. ha' .r nnou1H1·d 
1h,11 n ku~" n111nlw1 ol " ·otld kad"" i11 
,\, i,uion and '>pact• ;\kdici1w \\' ill Ix· in 
<llll'IHlanc I'. Dr. H oc \Oil ;1dtkd ... rhl' C:on­
gl\'\\ i~ opc·n ro parn111t'<lical pt·l\onrwl and 
01h1·1 p1of1·"11111ah imol\nl 1, irh .\\ ia11011 

and \pac 1· ;\kdici rw. "' wd I :" ph) -.i< i,111, 
and '11rgl'01l' ~P<'< i:rli1ing in rlw di,t i­
plim'. In <iddirion. a highlight of rhe p10-
g1 am oft h<' I 9i9 C:o11g1 l':.!> wi II ht· 1 lw p.11-
1 it ipar ion ol ,\ nl!'ri<an <t\llonaurs and 
Ru"ian < O\lll<>llallh." 

Dm· 10 1h1· limirl'd .1mou111 of rime· p1 i01 
to rlw opC'11i11g of tht• Congn·,.,, rlw 01ga11 -
i1ing C:omrnim'C' i, urging all Pl'l>Oll' 
planning on am·nding Ill<' C.ongn·" 10 
imm<·diar<'h c onian rill' Congrt'S!> !-it·c 1t·­
ra1 iat. XX\' ll1 h ln1t•111.11iona l C:o11gn·,\ of 
,\\i.11ion and Spall' :\kdici1w. P .O. Box 
7675 Ai1 ma1 I Di~tribution Cc·nrt•r. Do11H'\-

1ic ,\i1po11Road :l 120 1\h-110 :\ l:111ila . Ph il· 
ipp11H">. C:ablt• .\dtht·": .\ERO<..,P,\CI·. 

Moon Glass 
A workshop cn iitkd "Glass and Cc•ram­

in lndusuy in Space Ba,ed on Lunar 
;\lart•riab.. was held a1 1 ht• Lunar a ud 
Plnnciary ln~ri 1u1e 0 11 April l •l-16. 11 was 
auended b) n·prese1rn11ives from 1hc glas:. 
induMry. uni' crsit) dt·pattmen1:. ~peciali1-
ing in glass and ceramic produns, au1oma­
tion and Spact'lab re earch p1ojec1s. and 

rlw Lm .\lamo., Sdenrific Labm .11oq. 
rill'\' re' ic·1,('d tht· many pl()d11c1o; 1ha1 can 
ht• made· from lunar matt'I i:rl, and. in pa1-
tic u Ia 1. ana I y 1ed tlw romr rue ti on of a g I as:. 
produrrion facilil\ on till' ;\loon "hich 
cou Id p1 m ide gla-.;, and ce1 am ic in puh 1<> a 
~pact• powt•r :.1a1io11. 11wa.,1·,1ima1nl 1hat 

10 peopk and .'.>00 tom ol t•quipmrn1 
pla((·don 1lw :\loon could llt'used wc1<·a1t· 
a gl:t:>!> pla 111 ,,·irh a11 Olllpur ol 30.00() wns 
1x·1 )l'ar. Dr. John ;\lacl\.t·n1il'. l '11iH·l\it\' 
ol California. Leh \ngdl'' .ind Dr. 1),1\ id 
C:r i \wel I. Lu n;ir a ncl Pla11t·iary I ml i 1 ute 
wt·re co-c hairm<'n. 

,\ su111111an of 1h1· \\'Orl..,hop can I><' 
ohiained for S2.00 lrom: 

rlw Lunar and Pla11e1ar> lr1,1i1u11· 
3303 '.':AS.\ Road Ont• 
I lo11s10n. rx 77058 

Center to Study 
Life in Space 

;\lam \p;1c 1·rn1hu,ia,r- It'd 1ha1 t'<11110111ic 
.md 'oc ia I planning ., lagging f.11 lx·h rml tlw 
ll'< hnologic.rl planning 1ha1 m:r,· ~orn1 plan· 

l.11g<· 1111111ht'I\ of h111na11' i11 'pan·. 
rtw Ct·111t•1 for Ill<' 'ii 11th of 11 nman 

C:omn11111i1il·, in <..,p:11 (' i, lx·ing dnc·lopt·d .11 

N iagar:1 l r 11in·r,i1) i 11 an d'I 1111 10 "'"'' c onw 
thi, planning lag. l ' 11<lt'1 tht' di1t·c 1io11 of 

P1 oft'\'>OI\ 'ile\\':111 \\'hirn<'' ; ind \\'1lli:1111 
i\ l:rc Oanii·I. rlwCt·nu·r i"11na"i1114"a rnailing 
Ii\! of in11·11·'1l'd \t hol:n\ from a 'a1 it•I\ of 
''>< 1.11 o,< it·ncl' fid<h ,,, \\'di,,, from tla 11:11u-

1al and ph}'ical '' h·rHt''· 
l'he goal of tilt' C:l'nlt'I j, 10 dt•H·lop a 

n11cl1·t1\ of 1 nrm nwd ><ho I or" ''ho " ' i II Ix· 
pu·pau·d ro 11n•t·1 lilt' 'll>cial planning 1w1·cl., 

of tlw n;11iorwl 'Jl<t<t' program wi1h <'"Pl'­
di1·1H) ;md dfic i1·11c ' . 

rlw C1·n1t·1 will I><' 1al..i11g a majrn Mt')> 

1m,·a1dac hit·\'ingthi,goa l 111· '1 )ml \\hl'n i1 

'POlhOI \ ,1 nation.ii conft•r 1·11ct• aimt'(I al 

ich·111ific.11ion ol thl' numl'IOIJ' faclor\ 1ha1 
111ay inf1111·1Ht' a irer na ti \'C' appwa1 hr·., to 

<·,1,1bli!>hi11g ~pa<l' " '1tlt·1111·11h. rtw confe1-
t'll«' will aho.11tt·111p1 worg,111i1n111 dfic i('nt 
app1oacl1 Im inc or porn1i11g rht·se paramr-
11·1, irno 0111 f11tu1t• ,pact' pl.11111ing dforh. 

rho~1· \\ ,,hing 10 lc·a111 111nn· abo111 rhi., 
l'ffo11 ma\' c onra< 1: Cc•ntl'I for tilt' S111dy of 
1111111 <111 Crnnmu11itit•, in \par<'. Niagara 

l 1 niH·t~ia\, :°': \' 111()!). 

Space Solar 
Power Review 

\'olu11H' I . Nu111h<'r I of tlw Space Solar 
Power R eview i., to ht· publi,fll'd in tht• fall 

ol 197!1. 11 \\'ill he· a q11,111ah p111rn;il 
<Ii-die at('(I IO i111101.11iH' l('\(':11< h rn lht• 
ph> .. ic .rl .111cl \C)( ral \( iC'llC t'\ Oil 'P:ICI' 

ch•plmt•d nwrg> 11·11 in a l ,111d 11.111\lni"ion 
,, \ll'llh. 

Space Solar Power Review will .1ccq>1 
lrn l('\'i1·w ll\ 1d1·1c·1·, man11\c 1 iph p11·'t'llt­
i11g (>IC'\ 1011,h 1111p11hli,lwd inlo1 m.11io11 

on <Ill\ ·''Ill'< I ol 'l><I< c• \Ol:il C'llt'I).:\ 
11'\1';11 C h, llll'il\ll I l ' llll'll I. dt•\ dopllll'll I OI 

:rpplic.111rn1. l'h1·,t· ma' 1,11..1· tht· (<11111 ol 
\C lt'llll( IC OI C'11g111n·1111g p.l)>l'I Hlt'\C 11hing 
o riginal ,rudin ( 1000 10 liOOO 1\·111d,). rn 
,111u 11·1 11 'C h 11 i1 :r I 1 H>ll'\ (liOO I() 2000 \\'Cll cl''· 
,1a11·-of-1IW-<lll lt'\it ·\,.,.a11cl 1opic<1l 11·porh. 

:-.it·\\'' itl'lll\ and IC'\ it'"'' ol pub lic:t11011' i11 
tlti, fidd arc· a(,o ,uc1·p11·tl. 

:\la1111\C 1 ip" ,hould ht• \C'nl in q11acl-
111plic :r1t· 10 Dr. John\\'. ht•1·111an. hli1<>1-
i11-C:hit'l. Span• Solar Power Review. Ri <1· 
l ' 11iH·1,i1'. P .O . Bo" 18!J2. I lor1,io11. 

I t' ' d\ 77001 l ' .i... •. \ . Onh nwnu" 11ph in 
l·ngli,h can ht• :11cqm·d. 

J'lw Space Solar Power Review ''ill h<' 
publislwd on bl'ltalf of 1lw Surhal Fnerg) 

Coumil hy Pc·1ga111on Pi t''' Inc .. l\laxwdl 
1 l ou~c·. Fain·it·\\' Par!.. . Elm~ford. :Xe,,· 
York 10:,2:1. 

Science and 
Technology 
Hearings 

Senator H oward \\'. Cannon ( O-;o-:r\'.), 
Chairman of th<' Senate Commi1tec on 
Comntt'r<'l', Scic·nre. and T 1anspo1 ration. 
announct•d the cl\ai labili1y o f a Committee 
p11blinition of lwarings on the Orrin· of 
Science and T<'< hnolog) Polic y. held 
bdorc thC' Subcommittc•t· on !-iciencC'. 
l't·chnology. and Space on March 7 and 21. 
1979. 

Thest• hearing~ \\'Cft' ((>nductcd to 

rt'vic·w implcmr111ation of 1hc ational 
Science a n d T('chnology Policy Act or 
1976. The Act has four main objccrive: to 
provide a star t•mem on the 1 ational 
Science and Technology policy. to provide 
rhc Prt•s ide nt with ~cirntific a nd 
technological ad\·ice. 10 providr a 
mcchani,m for management of Ft·dcrnl 
scie111ific and technologirnl activities. and 
to pro\ ide a ml'chanism for developing a 
na1ional scien ce and tec hnology agenda 
for Governmen1, industry and tlw general 
public. The ht·arings assessc·cl the 
dfectivencss or 1hc Office of cience and 
Technology Policy in ca rrying our these 
provisions. The hearings also examined 
the heahh of our national scientific 
community. 

Persons imerestcd in receiving a copy of 
the hearings should send a setr-addressed 
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mai li ng labe l to the Commiuee on 
CommC'rce. Scienre . a n d T ra ns pona tio n. 
Subcomminec o n cicncc, T echno logy. 
a nd Space. l lnitcd States Senate. 
Washingto n. D.C. 205 10. Qut"stio n s 
concerning the materia l should be d irected 
LO Steven Flajser o r Stephen Me rrill. 
Proressional Siaff Me mbers. (202) 224-
935 1. 

Voyager News 
Release Films 

Then: are four 1979 NASA N e\\'s Re least· 
16 mm co lor fi I ms wh ic h can he pmcha~ed 

from: 
Stork Fil m Labora to ry Branch 
Audiovisu<il Archi\•ts Division (GSA) 
14 11 S. Fem trct·t 
Arlingto n , \ 'A 22202 
(;\ Ir. Frank Ste\•ens 703 [>57- 11 15) 

T lw New \ 'oyaget rilm~ an·: 
NASA HQ 79-426 Voyager: Jupiter En­

counters 1979 

Approxima tt:l y 812 minutes. S86 
A dcsnip1ivc sound riJm a bo ut th£' 
o bj ectives o f the \'oyagcr miss io n 

N ASA HQ 79-427 Jupiter R otation 
Approximately 21

2 minu1t·~. S26 
A hrid color rilm sh o wing rotation o l 
.Jupi ter as acwa l ly o bserwd by \'oyage1 I. 

NASA HQ 79-428 Voyager I Encounter 
Film 

Approxim<ll C' ly 3 mi1111tt•s. S30 
A comp111c r a nimation ri lm depicting 
the £l yhy o f \'oyagct I a t J upiter and it~ 

Ca Ii ka n ~atd Ii l<':. . 

NASA HQ 79-429 Jupiter 's Atmospher ic 
Dynamics 

Approximately 2'i minutes. S26 
A color rilm shmdng the atmospheric 
circulatio n obsnn·d on .Jupiter by 
\'oyaget I during jcinua ry 1979. t\ IC1ck 
from images o f Jupite r 1akr 11 rv<'ry 10 
h ollrs o f the same lo ng i111dina l regio n. 
incl11ding 1hr Grea t Reel. p o t. 
Orders m11s t be recei\·ecl in writing a n d 

be accompanied by paynwnt. The prices 
given a bove arr only approximate. Exact 
prin·s can bt' o b1ainccl by pho n<" Tlw cost 

rs timates g ive11 an· for projt'ction prints, 
not nrns t<•t copic~ or nrga1 in·~. Fi I ms a rc 
pri 11 ted to ordt'r. 1 t cakt's a hou 1 st·vt•n days 
to fi 11 an ordC'r. 

Two photo ~upplier~ h an• made lis1s of 
thl' \ 'oyagl't' pict11n·~ availabk: Mt\ 11 C:01-
p0tatio n. 2950 \\'yma11 P:11kwa y. Balti ­
more. MD 2 1211 and Photographic Illus­
tra tio n Co. (P IC) P .O. Box 6699 Burbank . 
CA 9 15 10. i\ la n y o ther dealers arr 0Ht•ri11g 
\'nyC1gt•r pin11rt·~ (st'l' tTn'nt issu es of 

As tronomy and Sky and T elescope). Tlw 
1tn·nt i s~llt' o f Astronomy ( ;\la~ 1979) ha~ 

srn'ra l colo t reprocl11ctions o r ch e pinurt•s 
a long wi 1 h d rscri pti Vl' tex 1 of t h e 111 ission. 
ThC' Photo t\ lap Library at the Lunar and 
P lant·tat) Ins titute (LPI ) h as sns o r s lides 
a nd copies o f th e fi lms a \·ai lablc for loan . 
Pl l'aSt' con1ac1 Ro n \V('hcr. LP! P ho-

10 Mcip Librat y. 7 1 ~ '18fi-2172 for infor­
ma t ion a houc thf'ir avai la bilit y. 
Encounter Dates 
\'oyagrr 2 
Pionrr1 II 
Voyager I 
Voyagt'r 2 

.J upit er 
Sa turn 
. aturn 
Saturn 

Ju I y 9. 1979 
Sl'ptemba I , 1979 
NovC'mbt•r 12. 1980 
A 11gu!> t 27. 198 1 

Inside the L-5 Society 
East Coast 
L-5 Conference 
a Success 

R e/Jrint ed from Frontiers. /he newslrtter 
of the l'/JslalP S/Jace A Ilia nee. 

by Br11('(' l 'ol'I,, 

fh c first ea!>t roas t L-5 confett·nce, 
ho~1 t·d b> th<' Sp;t<<· F11111n•<, Society. \\' <l'> 

hdd in Philadt' lphia o n ;\ l ay 19 a nd 20. 
The conf1·n·nn• 'tant'd o ff w i 1 h a scnT11i11g 
o f th t' Lihr;1 Colon>" a film a bo ut clw fiht 
space colo11~ . Set in 1lw neat future (2000) 
1 ht• ri Im pn·se11tt•d a pcssi 111 ist ic outcome of 

tilt' c urrt'nt o il crio;i:,, R) lrnilding sola1 

powt'r ~atd Ii tt· from i rw xpt'ns i vt 1 unar 
Or<'. th <' Libra Co lo n y pr<'srn ted an ulti­
ma lt' solution w 1 lw cn er g> prohlcm. 

Fo llo\\' ing 1he film. Dt. Brian J one~ o f 
\ ' illarwva l 1ni\·rrs it y g avt' a rn lk on 
"Social Svstt·ms in Spact' C:olonit's." Dr. 
.Jones first tlisntsscd sonw of th l' apparcn1 
ca 11 ~e!> for the pre~rn 1 dehumaniza tion o l 
so< i1 ·ty a nd ~11gg1·!>1t'cl t hat Olll' of tht· main 
('a ttst·s \\'as 1h e larg<' ,iLc o f hureaucraci<· 
inlwrenl in a lm g<' modl' rn socie ty. H e 
concluded tlrnt the sm a ll r 1 .s i1 C!> o r colo11i<•s 
in sparC' would provide a muc h 111on· con ­
ducive atmosphere for the dcve loprm·11 t of 
sia hl t· communities. I le was abo r n cour-

Hi 

agt'd hy clw pos~ i hi li1 y o f t'X;11ni11i11g tht· 
\·;1rio11~ types of so< ial ') Slt' lll '> that cou ld 
h(· se t u p o n a n t'X (>l' I i111t·nial has io;. 

T il l' l'n ' 11 i ng d i 1H1t·1 ntt"l't i 11g provi(lt-cl 
a n t• xcdle111 o pprnt1111it y frn a ll tht' L-5 
t haptt•r ml·mht· r~ to gl' l acquai nted a nd to 

dis< ll ~!> th t'ir loca l < haplt't projc< t:.. 
On S1tnda~ moining. th t' co11f1·tt·11n· 

< 011tin11cd \\' ith a " hrains trn ming"' ~ession 
loc 11si ng 0 11 kt•y aSp('Ct'i of span· de\'dop­

m e nt. Sou rces for funds that " '<' re men­
tio n ed included 1ht· Arab o il ba tons: 
i 11;.tead of , pend i ni; t lwi1 nw11t·y o n gold 
pla tcd i\ ((-1-cc·dt·s. 1 hq crn tld i m ·<•s t i 11 S PS. 
Ot hl' I topin \\'C'rt' tos,t'd around. 11 turn~ 
0 111 1ha1 the ddt·n~t· dt'pat cmc·nt is in ll'r­
<'StC'd in O'NC'ill 's 111a:.:.-cl1i vt·r: th l'y w:11111 0 
u se it to <tccdrr<tt<' ~1 nillary sh e lls to mach 
3. T he secon d working mass-dri Vt' I has 
a lmost bt'l' n complC'ted . Thi~ \'t'r~ion or thl' 
im 1.s-driw1 was dc~igtwd to 11sr '> ttpcrcon ­
duccing magtH't,. 0 1wrnll' in a \'t1Cu11111. anti 
a1 hic·vt· ac ce lc·rn 1io11~ of 500 gs. 

Ken 1\.kCo n11ick gave· a n informa l ta lk 
o n how to in fl ucncc Congress. a nd dis­
n1~s{'d !>OlllC of th e workings of that IT \ ert'd 
ill !> t itution. I It· '>Ug).{t'>lt'd that a lt h o ugh a 
p C'rson a I \'il>it to a rt·pn·st·rwtt i\'c \\'a;. not 
a ll that hcid. o n t got th t· impressio n 1ha1 
c·o n grc·,sm r n at ti mf'~ do 1101 like· w he 
impoi.ed upo n bv a lowl} con s1i1ucn1. Ken 
sa id that wri ting a lt't1t·1 to th t' rt'prt•st•nca­
tin .. ·s offict was n t'arh · as efrectivt• as a per-

~0 11 a l \' i ~ it a nd at ti mt·, hl'tt t'r. \incc· a \ i,it 
i;. a o rw-,hot aflai1, that n m ka\ C' a h;cd 
imp1t·,,io11 if 1101 handle-ti with rntt'. I k 
~tn·sst•d thac lt't1<·1s do <ount. Fo1 t·a<l1 k1-
tt'r that i ~ r<'cc·in·cl. it io; a• rnllll'd tha t tht•t t' 
arC' at lt'a•t I 0- 100 peopki11 t IH' cli ~ 1 ric t that 
ft't'l t ht' ;.a nw way. 

Tht· con ft· rt· me l'ndnl w i I h c·xch:rngcs of 
add1<·ssc·s ci nd co111111it11w11h fm ht• lfa 
u m1munica 1io11:. in 1lw futun" 

Dr. Brian Jones of flillanuva Unive rsity. 

( Photo courleJ)' of D011id R. Jo11r.~. J r.) 
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Errata 
An incmr<'rt addn·ss wa:. lii.1nl ro1 the 

F1t·,110 L-5 Chapter in thl' i\ lav i\,llt' of tlw 
L-5 News. i\ lail corrl'sponclt•ncT :.ho11ld lw 
\{'11 l w : 

C:l11 is (;11dg<·r 
1 HOE. Ciifft.1h Way #2 1!1 
F 1t•,110. C:1\ !l'.l 70 I 
i\11. C11di,:1·1 can be rcachl'd al (20!)) 22!i-

0768 a nd ilw FH'\110 ChapH·1 p1t·,ickn1. 
Edith I .. P1·1c '. rnn h1' 1<·adwcl at (209) 221i-
8180. 

Virginia Tech News 
The Virginia Tech Chapte1 L-5 Society 

has elected new officers for i ti. l hi rd ytar al> 
a univc1si1) -1ccognized organiJCuio n. Frank 
Quinto, an Aero pace and Ocean Engi­
nc·c•ring major wa elected p1esiden1 fo1 tlw 
upcomi_!1~ year. Other officer~ indudl' 
JoJrn". rhneider. \•ice preside111: i\tanin 
i\ianlt•\. -.1·nt·ia1): and Da,·id I laig. IH'a ' · 
llH'I. 

Thl' upcoming year will ~er the< haptt•r 
ro111in11c• as a clearinghouse o f informa­
tion fc>1 the university and s urrounding 
com m11ni1ir~ . according 10 Quin10. A 
wider variety of slide lecturc·s <ll C planned 
for presc111a11on 10 schools a nd in1c1e~1c·d 
groups along with other projern •. 

The· \ ' iiginia Tech Chap1e1 will be· fol­
lowing 1111 ough wi1h its planned Spa«· 
Week ae1ivi1 ics which include mO\ ie~. kc-
1ures. displa}s. a nd the Depu1y Projcc1 
i\lanage1 or 1he Viking program. Cary 
Spi11c1. speaki ng o n the success of 1 he Mars 
landing o n its 1hird anniversa1y. 

Quin1<> s ummed up by s<iyi ng i1 should 
be an interesting year for 1he chaptt·r and 
1he space piogram <1lso. For 111on· i11forma-
1ion. conian: 

Da' id R. Jones. Jr. 
lnfo1 maiion Officer. \'A Tt'ch L-5 
P.O . Box 2211 
Boones i\lill. VA 24065 

Is Anybody 
Out There? 

Elissa Wynn , co-chairperson o f tht 
Niagara Fron1ier L-5 Chap1er. writes to 

remind members that ir Lhey have 
indica1ed that the)' want to be ac tive 
loc-<1 ll y. 1hey will be included in the 
computer print-otlls fro m 1he Society 
he<1dquane1 s. If you wa nt to be ac1ivc· but 
haven 't lei headquarters know, you risk 
being lcf1 o ut. Elissa commen1s, "There 
must be more of us in New Yo rk !" 

Future Party '79 
L-5 has b<'en give ~1 free sui te a t Future 

Pany '79. a science fae1 fin ion convention 
10 be held 1h il> Thank~giving (T hursday 
Nov. 22 - Sunday Nov. 25. 1979) in Albany 
N.Y. Speakers will include L-5 board 
member Barbara Marx I l nhhard , as well as 
Isaac Asimm'. Jl'~(O \ 'Oii Punkamer (NASA). 
I la l Ckmcn1. Ja<que line Lichtenberg. 
rht'odo1c S1111gton and 01hr1s. 

Tht" tht"ml' o f our suite will be " Be a 
Space Activist." A~ well as an excellent 
chance to incr<'ase exposure of L-5 
concepts and recruit nwmbrrs, it ca n a lso 
be a mini-con of No11heast groups. We wi ll 
sh<1n· ideas a nd experiences. ca1a logue 
r<'gio n a l resources a n d hopefull y 
e ncourage 1hc forma1ion of new groups. 
Special emphasis wi ll be on producing 
slide and 0 1her progr,1ms and displays. so if 
you have one to sha1e. lei us know and we 
wi ll schedule it and li ~ t i1 o n the con 
program. Anyone with experience in 
gr<1phics and media would be most 
welcome to ho ld a workshop. 

A11cndann' is limi1cd 10 700, so plan 
ea rl y. For morl' information and 
regis1ration form s con tan : 

Niagara Fro111ier L·5 Socie1y 
40 Kings Trail 
William:., ilk. N.Y. 1-1221 

Space Mapping/ 
Exploration Society 

A new chaptl'r of the 1.-5 Socil'1y. dw 
Space Mapping Explmalion Soci<•ty. ha~ 
been fornwd in Spa11a, Wi,comin. Th(' 
nexl meeting ii. ~clwdukd r()I Frida). Sep-
1ember 7. For furilwr info1 mar ion. contac-1 
1he chapter p1ei.idt·n1 01 . Wilfred E. 
Beaver. 11 8 E. ;\lain . t .. Spana. \\' I 5-1656. 

. . . . . . 
. LettefS. . ;·~ ~ . .- :.~ 

. ' 

Ob' iou~h wt· (tht• L·5 nwmbc1 ) ha\ e a 
financial p1oblem if 1hc l.egi,la1ive lnro1-
mation St·rviu· (I .IS) i., IO ht• wminuallv 
working \,·i1h 1lw ~ie1y. Thl' S703.00 
mon1hly budgt'I p1opc>~<·d to cont inue 1hi~ 
service is r><·a n11t:.. If llw 1.-5 Sotie1y canno t 
gt·t i1s mf'm lx·rs 1oclona11·a1 ll'as1 150°Gof1hi s 
mon1hly fig111·l'. 1ht·n w1· should all look a t 

<HllWht•, .... phonics. who lll<l\ Ix· pall or an 
orga11i1a1io11 Wt' H·alh clo11 '1 Giit' about. ,\II 
mt•mht'h ,(10uld lw a kt·cl 10 donalt' (la"­
ckduc lihlt· rn not ) a giand total of 2.00 
api1'c<' IOI dw 11·111aining y<><11. I arn 1·,t1ma1-
ing ht'll' 1h:11 !hi' SociC'I) i, llCl\\' 'rnm· ~[>00 
'>II 011g . l"lia1 's 7.000.00 in adcll'd do11a1 ion:. 
01 I 000.00 :a mo11th. No longn can 1 hm<· 
involn'<l and in1<·rc·s1cd in llw :.111n·:.,f11I 
11<11hi1io 11 10 life in Olll l'r -,pau· ,ii h:a< k and 
lt'<td ahm11 lcgi,l;11ion. id<«•'>. ancl 01 a<han­
Cl''> «>11< t•111in14 'pac<' wi1hou1 an t":h\ ""I\ 111 

'oict• a ll''fX'< u·cl opinion. J u,1 lcx1!- ,11 wh,11 
1 lw gm 1·1 nmC'11t is propcMng w do 10 
N.\~,\\ h11dge1 cnc·1 1he m·x1 .'> \t'""· .1 I 
billion dolla1<11tl Oh. 1•xn1:.1· 1111'. I fmgrn wt· 
lll't'd i1 lrn 11:11io11al d('f(' llSl'. '>pdlt·d hond1,. 

R o11 /Jp,\/111'1111i 

Sn11 Frr111c1,1u>. (;1/ 

I sympathize with Eric Drexler 's dis­
a p pointment tha t the U.S. governmen t 
"decided to develop a 'civilian' boo ter 
for purely symbolic reasons" instead of 
using "existing ICBM booster" (L-5 "The 
l ls<'f u I l' it·cci. of Spare." L-5 News. ;\l<1}. 

1979). 8111lfccl1ha t EisPnhow1• 1 ':.1kt i ~icm 

wa:. fo1 1he bC's1 because it firml y divorced 
011r ~pan· explora1ion from ot11 militaq•. 
While the decision cost us lime, money, 
and p restige, it showed the world (and our 
own c itizens) Lhat our space efforts were 
not mi litarism in disguise. The Soviets do 
use the same boosters for ICBMs a nd space 
activity, and the world knows that their 
space p rogram is conLrolled by their m il i­
tary. 

H oward G. Bealman 
New London, Conn. 

11. K1·i1h I h•n,on·~ pi<'< l'Oll ··~p.1H· For"" 
in 1h1· .J 11111· L-5 :'l:ews " ·a,;i \\t 'l«>mt·1·x.1n1i-
11alion of dw H·n ll'al m ·nd, in 'P•"" \\'t-;1p· 
0111\. I h.1H· llit·d 10 explo1t· 1lw milit.11\ \ 
111 i I i1,11 ion of 'II( h \\'t-:1ponl\ in Ill\ nm 1·1'. 
"" h ,1, Millennium. 

It It:" ()(( 11111·<1 to llH' I h.11 ')01:11 l'O\\'l'I 
S:111·ll i fl'' Illa\' \\'t·l 1 IX' put i 1110 op1·1.11 i1111 
111111 h 'OOIH' t 1 h:i11 c·vcn 1.-."i Soc it'I\' 1111·111h1•1, 
1·xp1·c I. Ii~ 1h1· rnilit:ir) o l v:i1iou, 11:11iom. io 

fll II\ id1· 1111' dn 11 ind pO\\'t'I rm 'aid Ii 11 ' l:"l'I 
a nd rn pa1lic11· IX'a1n \,·c-:1p<111 ",u·111,, 

\\' hilt· lllChl Jlt'Opk ll'lld .llllOlll:lli<.ill\ 10 
1t·j1•< t 1111' \l'I\ idm of 'fKIC t· 11·atfa11'. 0111 ol 
l''t h1•1 i< rn 111111,11 lt':"Olh. ii i, i 111p<111.1n1 Ill 

H·al111· 1ha1 llw miliial\ p111pow,-11ot 1 I\ ii 
m h11111.111i1.11 ian idl'al-;-nw\ \l'I\ 11 di Ix· 
1111' 'Jllll IO lhl' d1·\1·lop111cn1 of ~P~. 

111•11 /Jml/I, l ·.i/1/m 

O mni 
,\ '1•11• }'mlt . .\'l' 
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The k11t'1 f10111 j allH'' ()l)('rg in yolll 
June. 19i9 i"lll' <mllain' majrn rac111al 
erioh which 111m1 I)(' <Oii<'< 1t·cl. Jdf Phillip~ 
i, no longt·ron 0111 (S.\:'\Ehrnrf. 'o I will tn 
10 <111~\\'l'I Oil hi., l>t·h,111. 

Thl' a1g11111t· 11 1 in f:l\m of .1 la1ge1 l '.S. 
.inti-.,atdlil<' p1ogi;11n H''" 011 1lw a\\ulllp· 
11011 1ha1 ilw Sm i1·1 l ' nion i, 1apidl> build­
ing up i" fo1Ct'\-1h::11 1ht•1t· j, an ",\ S.\T 
gap." ;\Ir. Olx-rg. q11011ng from rlw Air l 'ni­
"ersity Review. ( (Jlllt'IHh 1h:11 "predin ions or 
1lw Sm it•1 .,11a1q.~ir fo1<t'' wert• lx·lm,· 1hc· 
numlx·" 1ha1 1t11 1wd 0111 10 bc ac 111all} 
dt•plO}('d." In f;u 1. 1lw H'\t'ht' i., tlw rnw. \ \'c· 

wt'll' 1old. frn t•xamplt'. aho11 1 1lw "mi,'lik 
gap" in 1959 and 1960 a t a 1inw wh1·11 ilw 
So\'it•t l l11io 11 had Olli ) ;1 handful or inter­
conti11e11t:.1I mi~~iJto,a11d<o1ild nrn havt'pos­
o;ibly 1hrm1<·1wd Am<·1 irnn ,1•c111 it )'. And 
1od:t) \ v(· an• hdng wld 1ha1 Russia ha., 
achi t•vt·tl "'\11a11•gi1 1111< km 'l1 11wrio1 i1y" a1 a 
limt• whl'n ilw l'11i1n l S1at<•., ha~ neatly 
10.000 s1ra1cgic wa1h<'ad' aiml'd a1 Ru.,~ia', 
lwanland. 11\ tirnl' Wt' H·ali1c• 1h:11 1ht·rt• can 
be no gap 01 ach-aniage to l'i th l'r ~icle when 
t><tch po.,.,1.,w., rlw ahili1y 10 ohli1t·rnte ilw 
mht'r nian} 1ime' OH'I . 

Bo1h tlw l 'nitt•d (j1.i11·., .111d 1lw ~"' it•1 
l ' nion au· 11"hing i1han('h 10 load rlwi1 
satellite., and .,pa<t' \t•hidt·., wi1h militar} 
rnpabili1'. Tht· p1oc1·.,., is ab~111d. and 
l'Xtn-nwh dangt·1011., to 1he 1•nti1e woild. 
R:nlw1 than complaini ns ahout all<•gt'(I 
So' i1·1 ad\';1111ag<' in thi' J<tct'. lltl' L-3 So< itl~ 
'hould join wi1h 'A:-.:F and 01lwr publit 
int<·1t·s1g1011p\10 hah thi' clt·adly comfx·1i-
1ion and d('lll:t lld llw 1x·a<dt1l ("('or Ollll'r 
span'. 

Thell' i~ only on<· i"111· in 1he war in space 
co111 mv1·rsy: llw miliia1 )' u~<· of ~pan· m11~1 
ht· ~ 1oppC'd. 

/)1111id Co/Jrtrigltt 
t ·:'l:N·11111•t• Oirntor. S. INE 

11 1n.\l11ng1011. n.c. 

You will be pleased to learn 1ha1,accord­
i ng to a news a rticlc in Science ·I ;\la} I 9i9 
p. 4 4-486, the a1c h enemy of creative 
science William P1oxmire (D-\\'is) cau ed 
the l '. . ·nate o ffice building 10 ha,·e 
imtalkd " magnetic.. 1ode111 1epellcr5. 
Sttc h 1111i1!. may have cost (u5) SI 195. eac h . 
111e enate building 1e1x·ller~ were rt·mo,·­
ed ahe1 1ht· Envi1onmen1al P roteciion 
Agcnr'· tepo11ed the 1<•rnhs of JI? year;. of 
tl'MS LO yield absolt11el) no t('\ult~. ·111e 
"repelkri." wc1t no1 e ffective a1 a ll . and 
prod11n•d no mtarnrcablc effec 1 on 1a1s 01 
ins11 uml'nh. The artide docs no1 ~ay if 1hc 
S 11 95 vt·r..ion ""'i. 1 ht· ont· 11scd in the 
Semt ic· h11ilcli11g. hu1 1ht· va lut or 1he pan;. 
in 1hi:. "Na 1111 t• Shield " rnodt'I wa~ $20. 
and 1hc vat iom difrt•tt·nrly 111am1faumcd 
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versions arc probabl} about the :.amt• in 
effectiveness a nd price. 

Surely 1he honorable P1 oxmi1c· gt'h 1ht· 
Golden ht:ep award rm thi:. one! 

john II . Mauld111 
Canyon. Texa.~ 

I am a charter member of L-5 and a 
true belie\'er in our future in pace. Wi1h 
that established. I wi h 10 ay a few words 
in defense of Sen . P roxmire. 

Sen. Proxm ire does not oppo~e pace ex­
ploration. Sen. P roxmire ha~ :.aid 1ha t he 
would support Sate llite Solar Power Sta­
tions if the need a nd feasibility or sur h a 
project can be established. 

Sen. Proxmire is very leery o f any la rgl' 
projec1 invo lvi ng the U.S. Gove111mrn1 
and large cor pora1ion s. Graf1. boon ­
doggles. blunders, and ou trngeous mis­
representation often a re rife on such pro­
jects and en. Proxmi re ii. nm a1 a ll o ut ­
of-line for thinking that such could ex.cur 
on a project of such magnitude a\ SSPS. 

As long as pace colonization is l()man­
ticized by i1 :.upponer . ne\\' s11ppone1s 
will be hard to find. ·111e taxpayers wi ll 
no1 appro\'e of a program 10 :.pend hun­
dreds of billions or dollars to pt ovide an 
idyllic life for a fe"· thousand people. Sen. 
Proxmire and other legislator recogniLc 
thi:.. 

T o get the publi c- IO believe in space 
colonization. we have 10 i.how evidence of 
cost-effectiveness: the public i~ ab ·o lutely 
right in demanding a re turn on 1heir in­
vesunen1. Sen. Proxmire is doing his job 
by watching such propo als closely. 

If we can demonstrate solid meri 1 in o w 
program, Sen. Proxmire could he a valu­
able a lly. 

Charles S. U/)fJ 
I.a Quinta . CA 

I am interested in corre~pondence with 
other L-5 members on spare colo niauion . 
I ha"e an idea for 1he ociety that I got 
from another club that I joined. Why don't 
we p rint a small bookle1 of names and 
addresses of members intere 1ed in con es­
pondence? This would greatly increase 
communication among membct~ and 
,,·ould help to generate new ideas. It would 
a lso he lp local chapters. 

Ted 11 /Jelt 
3010 NW 16 St. Lt. llJJ5 

J\11ami. FL JJf.12 
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aren who wish to br lowlly tu111w fl l 1w 
clrnrgr fro111 thr 1.-5Sof 1t•tv-CI I 

Would the L-5 News be in terested in 
do ing some different kinds of mem ber­
ship surveys with me? What I have in m ind 
is a loose o r tear-out questionnaire in the 
News that could be folded and mailed, 
with the postage prim ed on it. I have two 
in m ind: One as a son of fluid shift simu­
lation for the readers to peform and report 
on . Another, more detailed, would be a 
food opinion survey for p rospective habit­
at colon ists. Sample question : Since maxi­
mum effic iency dic tates a closed loop life 
support system , how do you feel abou t re­
cycl ing colonists into fertilizer when they 
die? 

Absolute ly unacceptable_ 
Would ra ther noL__ 
Don 't care, bu t no t me_ 
No big deal e i1her way __ 
Preferable_ 
It's the on ly logical th ing to do __ 

By the way, I am a docto ral studen t in 
Nutri tion a t Florida Sta te University, and 
I , 100, look forward to the day when I can 
look back on the planet from a distance. 

Karl £. Simanonok 
Tallahassee, Florida 

How about it readers? Would you like to 
see surveys like the above in the L -5 News? 
- ]A 

As i1 is usually s uggested that a colony at 
L-5 '''ould be an international commun· 
i1y. and a~ 1he major swmbling block 10 
building a rolony is funding. I have a 
rerommenclation that may bring us a bit 
closer 10 bo th goa ls. At presem. a ll the 
Astronau1s and Mission Specia lists for the 
Shuu le flights a rc e ither American or 
European. Wha1 if .A.S.A. were to begin 
1raining Mission Specialists from Saudi 
Arabia and other O P EC nations? Not only 
would it strengthen American tics wiLh 
these important o i l exporting na tions, but 
1heir intcrc l in the Manned Space Pro­
gram could lead 10 part o f the funding 
m'cTs:.ary w make space colonization a 
1eali1y. 

William J • Ellis 
H uron, 01110 

I am sorry to report that ISi is not ell­
ing s tock in Michigan and that I could not 
obtain a prospectus fro m l\lr. Basler. Per­
haps you should print a list o f the sta tes 
where I I is lega lly selling stock. I reel that 
now is 1he time w press S PS since we 
hou ld be able LO capitalize o n oil decon ­

tro l and Three-Mile Island. 
Michael Strong 

·wartz Creek, Ml 

M'ashing ton State, OR, CA, AZ. TX, 
111Mh DC, MD, NJ , NY, MA. 
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