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WELCOME ADDRESS 

Welcome to the Fourth International 
symposium on Bioastronautics and 

the Exploration of Space 

Maj. Gen. Charlea H. Roadman* 

On behalf of the Aerospace Medical Division, I bid you welcon 

'’ir00“' s~"> ' 
in . noble tr^tío”“û", °f Sp,f’ ’,ou «* 'ollowi, 
« i. an ye" 
Of man's conquest of the vertical frontier vanfiruai 

within aSnteeôf aboît 400^¾ W“ hfd to the fiU of 196 
the first time theXèS b^i .T Uni,Ue 

indicate, that: rhy.ic, and Atm^" 

Jon from th« "«til, 
support manned flight without’ artii6- atmo8Phere c°uld not 
atmosphere at heÄofmtÄT*. 10 ^ end 01 

It was a self-conscious time. 
Air Force, Maj. Gen. Harry G. 
look. 

The then Surgeon General of the 
Armstrong, defended this far out 

•Commander, Aerospace Medical Dlvieion 
(AFSC). Brooke Air Force Bate, Teaae. 

Xi 



xil BIOASTRONAUTICS AND EXPLORATION OF SPACE 

He said, “Aviation medical research should be completed prior 
to the time the aeronautical engineer first sits down at the drawing 
lioard, which is usually some 5 to 10 years before the first airplane 
is first flown.” 

And then, somewhat apologetically, he added, “In view of this 
time relationship and a realistic appraisal of the trend in aircraft 
performance, I feel that the Air Force Medical Service is not 
premature in its expression of interest in the subject matter of 
this volume.” 

We now can smile at this, but we must remember that, although 
this was less than 17 years ago, it was in the relatively dark age 
of aerospace research. The Douglas Skyrocket had astounded the 
world by reaching the speed of 1300 mph. Our most advanced 
rockets reached out only 240 miles in space. 

But our pioneers were undaunted. Dr. Strughold was calling 
for attention to the problems of weightlessness and radiation. 
Robert M. Salter, Jr., of RAND, saw the newly discovered tran¬ 
sistor as a means of cutting down instrumentation weight in space 
probes. And Wernher Von Braun expressed his spatial enthu¬ 
siasm by giving a paper—not on how to get man into space—but 
how to get him back! 

That was the first—the meeting dedicated to progress in avia¬ 
tion, the symposium which was a study of the aerospace. 

The second symposium, as was the first, was also the brain¬ 
child of Maj. Gen. Otis 0. Benson, Jr., but things had now changed. 
The United States had entered the space age. It was 1958. The 
Explorer satellite—all 30.8 pounds of it (including the last stage 
of the rocket)—was sending back its signals. Over 800 people 
attended the second symposium and the excitement ran high. 
Dr. James Van Allen announced his finding of the radiation belts 
which now bear his name. Krafft Ehricke urged a “Man on the 
Moon” program as ideal training for interplanetary operations. 
Dr. Strughold, the Father of Space Medicine, hailed the new sister 
field of aatrobiology. And Wernher Von Braun proposed weather 
satellites, and communications satellites—the latter as the means 
of raising, through revenue, enough money to finance the space 
exploration of deep space. Coi. Paul Campbell and others were 
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already concerned with the problems of 
space operations. escape and rescue during 

iroveniment8leaders'fn'th ^ .dÍSpIayed the «rowin« interest of 
1 o ^ lea^ers in the importance of the exploration of soace 
thpnl* qner fPeak!r PUt 11 e,0<ïuently- He was Lyndon B. Johnson 
then a Senator, who saw in this an added goal for the pioneer whose 
westward movement was halted by the Pacific. Mr. Johnson said! 

“Now we have arrived at the new frontier—the ‘vertical 
frontier as you call it—the space frontier to the layman You 
scientists assembled here are the pioneers of this frontier You 

sTva“ ?hsrürwm,0„"s~anlf11 n,ankind-int0 it. with a frontier so vast that it will never become settled and static and fixed 
The space frontier is, above all, a perpetual frontier.” 

ni..The uTh,'r<! International Symposium was held in 1964 The 
prcture had changeti radically. There were now nearly 500 mam 

junkyard e TheP A i l' ‘,nd debriS floatin* i" the space junxyard. The A-ll was unveiled. It could reach 2 000 mn>i 

hanks to the use of titanium. The meeting was one of ™eaî 
lentific moment. The U.S. showed pictures which the RangerVII 

Vo hkhod had m T 4Iü0n- The U-S S-R- -vealed that the 
Bniv Wefch and H°ne r°,U een 0rbits with men in shii tsleeves. 
Phéres And In8"8 Ï T*™ WOrried aboUt proper cabin atmos- 
Ponnamperunia, SteinU.^Ärk^ 

discuslinîht,IyCstmhe areaS which they will 

snace eânln^r 17 ^ Wies and gentlemen. But 
space exploration has always been exciting. Let me share this 
quotafon from Johannes Kepier, who said to a friend in the y«r 

‘There will be certainly no lack of human pioneers when we 
have mastered the art of flight. Who would have thought tha! 
navigation across the vast ocean is less dangerous and quieter 

¿riti"ahrrs°tT;Íthsreaíefg gU,fS 0f the Adriatic‘ or the Baltic, 
to thn hoo? "4? 1 o Let us create vessels and sa¡ls adjusted 
to the heavy ether, and there will be plenty of people unafraid of 
the empty wastes. In the meantime, we shall prepare for the brave 
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sky travelers, maps of the celestial bodies—I shall do it for the 
moon, you, Galileo, for Jupiter." 

That is our mission here at this conference. In this inter¬ 
national meeting, we are mapping the conquest of space—and we 
have no lack of pioneers ! The frontier is constantly expanding— 
as long as there is someone like you to push it back! 
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History and Tribute to Aerospace 
Medical Pioneers 

Col. George E. Schafer* 

use of ^iVcraft* 1«b® ^ °f AerosPace Medicine followed closely tl 

in aerospace medicine LZl T*!* many of the ,ead« 
World War II when markoriTn gr°Wth °f the 8cho<)1 was 8een i 
would be imnnanH a increase ln educational responsibilitie 

.rra,»1 äS? arF T,:: :ff ^z:Zátfz “ä 
th‘r 

AEROSPACE MEDICAL PIONEERS 

back “ ír aer0Space ™àki™ «»eh 
following ^closely the Í the art can ^ established 
systems in Wolld War ZlZt I- ^ 
established ntedica, sUnd^e ^ 

““S'1"'. *™~.. Belie», DMtlon .ASSC,. St oka *„ r„ 

XV 
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D"nî prePared a fecial medical examination to 
evahiate candidates for duty in aviation. This was instituted in 

he British experienced a high accident rate early in World 
War I, the greatest percentage attributable to unfitness. As a 
corrective measure, they established a special medical service in 
the Royal Flying Corps known as Care of Flyer. This was to 

flTh? mÂhaÍT WaS in g00d shape t0 t'y Prior to flight. After the United States entry into World War I, the medi¬ 
cal problems of flyers became apparent. Maj. Theodore C. Lyster 
an authority on aviation standards in the Office of the Armv 
Surgeon General, and Dr. William Holland Wilmer used their 
vision and foresight to form an Aviation Medical Research Board. 
A direct result of this board was the establishment of a research 
aboratory at Hazelhurst Field, Long Island, which initiated opera- 

Srhonl" danAUary °f l9/8- This laboratory, soon to be named the 
°ff AJiaí10n Medlclne* had responsibilities in education, 

medical standards, and research. These responsibilities have re- 
rnained intact to this date at the USAF School of Aerospace 
Medicine. Its many moves and changes in parent commands have 
merely stressed one responsibility over others as the times and 
requirements demanded. Maj. Wilmer was the school’s first 
officer in charge and Maj. Louis H. Bauer was the second. It was 
Dr. Bauer who wrote the first text on a.iation medicine, who was 
he first medical director of the aeronautics branch of the Bureau 

0rnOtlrniTm!rCe\a,ní Wh0 Was the first t0 su**est the establish¬ ment of the Aero Medical Association. 

So now, m its 50th anniversary year, the USAF School of 
Aerospace Medicine serves as an edifice to the pioneers in aero¬ 
space medicine who had foresight and the strength of their con- 
victions. The school has gone through 5 decades of progress along 
with its sister laboratories and educational institutions in the 
military services. It fostered and espoused men of vision who led 
other military departments in the expanding art as it did with 
the practice of aerospace medicine in the civilian community. 

^°.íraC-e M^e exPansion of aerospace medicine, one must look to 
all of the civilian and military organizations involved in the various 
espects of aerospace medicine practice, research, and education, but 
as it is the 50th anniversary year of the USAF School of Aerospace 



HISTORY and tribute to aerospace medical pioneers 

b'ufa'L'oÎThetSnd0, "^ "T“8 a"d ^ «bute to 
hence contributed immeasurebly ¿"th^art 0f «“ ^°°1 “nd y 10 tne art of aerospace medicine. 

The rapid growth of the TNAir c«».« i ^ a 
occurred after it was located atMedicine 
during World War II. fTwas during«? ^lr F°rCe Base and 
school trained over ten times th* T ®Lth Vi"16 period that the 
had previously b^ train^ ^ "“ ^ ^ 8Urge°ns than 
as this growth in education was anrf8 ' ePt,°n’ As 8pectacular 
growth of the School was that of fhe™* ? fntributory to the 
this time period, Col. Eugen (¿ttfned P °J Durin^ 
moted to Brigadier Cenoron ttfned Reinartz (later to be pro¬ 
chore was to build the entire xch**) a8Sîfned as Commander. His 
responsibilities. Just prior to m! n° -° ?eÍÍer encomPass the larger 
was assigned as head oTthe Re archn* ^ G* Armat™* 
Pioneers shaped the vast expansion the “b001* These 
of the art of aerospace medicine h 1 °n 0f th® 8choi>I but also 
the school after laying the groundwork^ ^mstronfir would leave 
in a brief 8 months' tenure He hem expandmg research 
and was headquartered ínEngla^ M^6 fUrgeon- 8th Air Force, 
its Commandant after the war and hÍ*%letU™¿?u° the Scho01 as 
further increase in the expansion of f esigbt brought about a 
development of plans for new fadHti f re8?arch capabilities, the 
aerospace medical-center concept. ^ ’ and an expansion iato an 

Malcolm G;„we8ndepTtyr™!nWGrnt0 Wa8“ t0 be Maj. Gen. 
Been General, and M. Gen H.^ A ‘he tmt Air F<)ree Sur- 
him. J' en' Harrv Armstrong would soon replace 

T. ArmstronR was succeeded by Brie Gen oh. o t> 
It is mterestinsr to note that r.n p„_ . ,,oe ' ot,s Benson. 
>t the facility now known .. a Ben80n.,0"0W€d Gen. Armstrong 
tories. Both wer* insZment ^ “ R““rel' Labor.! 
of that research institution which tiï' development »"d Rrowth 
many fields. It was Cen h toíay haS produced leaders in 
assist the development of aem80” who Tould push through and 
insure the guSrof thf mn Pf? medicine.a8 a specialty and 
hence would be the home of the^SAFSc^ 5^11^68 that 10 years 
at Brooks Air Force Base Pen nf S h0° °f A?rospace Medicine 
tours at the School the second nf v?0»! accompllshed this in two 
Gen. in command“f the new^ 888 him 38 8 MaL 
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. the Scho°l of A«™>P»« Medicine occupi« 
^miblf ?«r n^i«“mP ; lM education‘l1 «PabiUüe. ere responsible for practitioners in aerospace medicine as well a* 

disciplines that make up the USAF Medical Service 
ofthTST1 d,eveloprnent Programs utilize the largest portion 
il fnliî ü68 and.cover a ^de gamut of activities devoted to man 
in flight and man in space and men who support these missions 

t’roc.e<lurM for “tronaut8, as extensive and 
specialized as can be found anywhere. 

th.ÂÏ!ür;h/“ C*p»bi“tl“- “nd “>« people who comprise 
ne USAF School of Aerospace Medicine are a tribute to all of the 

LySter' f Wil“^ *o «»Oer, to Rei^, to w 
strong, to Benson, and to the specialists who surrounded them as 
well as to the many others. This monument will continue to grow 

alnraelTií6 °f thl8 tyP® Wh° 8aw the need for multidisciplSiry 
“ aerospace medicine. Out of this approach evolved 
s3i“88Uch as. th®8e symposia, and this, the 4th International 

i fWK * ®loa8tronautics and the Exploration of Space, is 

ä pio^oÄr8 of the ^ “d 10 th- ^ ^ 
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Keynote Address: 

Space Perspective 

Edward C. Welsh* 

me—to* h“ve0bina"nviated^aiir^ ^ T"? °f flati8factio" to 
this Symposium. This is the fourth nffv,6 ^eynote address to 
in stature and reputation Äe Ä hT’ ^ ^ 

JUSTIFIED OPTIMISM 

in ÂVw^pUmiXin,to:™rrd™í:™atÍ0Ml ^P08*"1” •«>« 
about the role of man in space I pin and Particularly 
that the United States musf on/i ij" Went 80 ^ar 88 to suggest 
•nd competence to att^rlorld ^e^°Ve •WÍth 8Ufficient 8pe8d 
We were behind then! We are ahead „ow? 'P‘“ technoloW 

CAUTION 

foilowTuch à^èctarattoí of*'6?8?81'-1’“1 un,ortunately it is—to 
We will not taÄÄ w W¡th 8 word of » 
fail to recognize in full the true benpfif^ complacent. if we 
if we overcut space spendinV-». ^H r °f thf 8pace or 
all too successfully to do We i. ^°n?reaa ls apparently trying 
taxpayers’ money which i... ^ ,* “nnot ^«rd to waste the 
yet slowing down advances in an 8 l.nvfâEed *n oational strength ; 
K would be wasteful an? „ mT? ‘eChno'°«' *<>"“ do just that 
interests of the United Statas I to th8 ^ 

an emphasize that point even 

Secretary, Nation., Aeronautic, and Space Counci,. 

1 
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further by being more specific: our national security would be 
weakened by failure to pursue such technological innovations. 

If it would not seem to have political overtones, I would inter¬ 
rupt right here to make the factual statement that only one candi¬ 
date for the Presidency of the United States—the man who is now 
our Vice President and Chairman of the Space Council—has come 
out forthrightly for pushing forward the National Space Program. 
I also would risk stepping on personal toes, but I would not risk 
any conflict with the facts, if I were to assert that he who opposes 
continuing advance in space technology and space experience may 
be honest, may be sincere, but most certainly is wrong. 

ROLE OF TECHNOLOGY 

Expansion of our population does not come from adroit use 
of technology—that might win a prize as the most obvious state¬ 
ment of the year—but the capacity to support such a burgeoning 
population does depend upon technological competence. In other 
words, pregnancies occur and children are born with a minimum 
use of technology and certainly without knowledgeable application 
oi systems analysis, but standards of living will rise for the 
expanding numbers of people only if there will be continuing 
advancement; continuing progress in science, engineering, and 
management. No program has ever before given such impetus to 
technological growth as has the National Space Program. 

One need only cast his vision towards a map of the world while 
referring to statistics of each nation’s per capita income—and the 
story will be clear. We know where poverty is greatest and living 
standards are lowest. We know where turmoil is most likely and 
national strength weakest. We know these things because they 
are not secret—in fact they cannot be concealed—when countries 
invest little or nothing in technological advances. Our nation of 
more than 200 million people does not enjoy its high standard of 
living primarily because of its location or its other natural assets 
but, rather, because of its employment of technology in making 
effective use of its human and natural resources. Again, I suggest 
that you look about the world and note that, where there is prog¬ 
ress in human welfare, it correlates closely with progress in 
technology. 
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nology are deliberately^Tnadverte^tf ^ SpaCC tech- 
standards of living for our a" e.rtent,yi campaigning for lower 

Product for our nation and a no^i 3 ^ Gr°S8 Nati°"al 
that of the Soviet Union. d 10 stren»th secondary to 

SPACE PROGRESS 

I exSdVreaCUhfnKseonild,SympOSiUm almoat four ye«« ago, 
disappointed. At that time the P3C an^ ^ ^ave not ^een 
f«d been compieteíand we' wereTnd fd 8 Me™ry Pro^ 
were making positive advances in raten"0011^^ í° See that we 
manned program. Then after an arien t UP W1^ ^ov’et’s 
entered upon the 10-flig’ht Cemini p qUate time of Preparation, we 
ri*ht past our energeùf LmPX ^ S° doin^ flew 
gether have totalled slichtlv m /. 0i*ay> the two nations to- 

"Wit Appr„x?„atiy' «'J ”f°rteh ,hTotf ° ma,n-h0UrS °f SP““ 
astronauts. We have had alm^f* 1 1 Was logfi:ed by U. S. 
we have the record for flight durati^^ aS, many mai™ed flights; 
with their 20 minutes „fLt?vXe,T.e haV.e 12 h°Urs conlP“re'' 
rendezvous and nine dockings of m act,vlty • ""d our ten 

ones which have taken place tolate 6 SPaCeCraf‘ are the 

knowledgea"„dtpWeriwi"n 1” haVe C°ntinuad expand our 
neglected the nationa, secürt i^îr18 We hava not 
manned. We have not npo-lanf j efitures, either manned or un¬ 

system. We havrexlS in d A f ^Clen-tÍfÍC °f SOlar 
the Moon: that natural satellite whic^w^’l8'^1 characteristics of 
this has been the most fruitful wh we P>an to visit soon. Yes, 
tory. One cannot hein but ho chn°logical decade in man's his- 
the rate at which telolLwThl'“ ‘ï6 S,>eed of progress, at 
though it is characteristic of s..-.”' Vances have t!l,ien Place—even 
"me investments and the use ^ 

of you to the factrthat"our Tnvestmem ln1'the aSten t0 eaCh fd^ Äbiz“ irr* ~ 
nhvi;r scieur t0 kePP "ger b^mliSut 
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U. S. ECONOMY 

«ñ,m\maj\Seerr\t0 be a far cry from the PurPoses of this Sympo- 
fa dlscussion of the state of our economy y But 
I still think that it is pertinent to make at least a brief reference 

it, since many who want to slow down our technological progress 
use the excuse that we cannot afford it. I wouid make two Ss 

ronl Xo i, IV"* Tntry has never economically 
tha" I1 ‘8 today- Employment is at an all-time high- 

unemployment is low; and the Gross National Product is at a 
record peak, as are profits, wages, and salaries. Second, none of 
those practical indices would be so favorable if we had spent less 
n research ano development in prior years. It is foolish to 

trcira^ ad— fact i- 

hbrn ?VlUntry: ratl?er than out in space, and that the technology 
n through such effort remains here to further private enter- 

ry unbuUymenntioy ^ ¡ ^ " U—y ^ that out 
1 "l6"11011 ú anyway as a suggestion that you may want 

nrnh K1theSe fa?S 0n to °thers who are 1688 knowledgeable It is 
be mobrJ "at 1688 0bvi0US, but just as true* that there would 
líthlP Oymen and m0re p0Verty- alm°st automatically, 
if the space program were to be severely curtailed. I suggest to 

tir^unTthS th18 "0t °n the 8tars and whose feet are not on 
nnL wd ? glVe SOme add*tional thought to that very 
wealthie^because “f ï"0* that the United Sta‘M is »‘ronger and ealthier because of its space program, and we should also know 

händig Ti,"*1*1 and 8UCh Wealth make us much better able to handle the other urgent problems which confront us. Surely a 
^8 °.f handhn£ such problems cannot help but come from in- 
o^emolovment' .1^01^68^60 Products» increased jobs, and new sources 
of employment through advances in technology. This is the vital 
role of our space program. 

DEFEATIST ATTITUDE 

proMaUten'S.afTA^ course\who are ‘■‘»PM by the illogical 
íá , ï V ‘he,.moncJ' la™|ved were not spent on space 

d if the talents of the manpower employed were available for 
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oÂ flow into proj. 
problems of our complex societv h *10"'and other 
would be better to invest our 8Uggest that it 
m space technology and space expSnn ÍT areas in8tead of 
not an “either/or” situation 7 1 d° not agree- 14 is 
capabilities of this country în ^eat confidence in the 
at the same time ; I believe that hígh pr,ority projects 
related ills certainly deserve high nriorif* P0Verty ftnd its 
space program likewise merits Wrh believe that the 
able to understand those who ffvnf i ^ 1 n*Ver have h**n 
wasteful approach of "lefs wait ,„«) may^oThter’ ^ ^ 

future space activities 

response to a Committee^q^est^summar^d ft16 ^OUgre88 in 
projects that we should be carrvinv mif J dentification of space 
we should be building, for the future Vw If!“ capabilities that 
ments in methods of propulsion both rh** -18^lnc,uded improve- 
pointed out that we should also ¿e rneidií^ and nUdear- h 
aeronautics and astronautics so th!f d major Atures of 
maneuverable reentry ability and wTh V®hlcle8 ^11 have firreat 
refueled, and reused. y d be recovered, maintained, 

few years, bu^w^aTsVexpelt tTfolÍow Z the.fJ00n in the next 
explore the lunar surface and Do«ihi /hlS W,th °ther trips to 
bases there. We will also have nerman estabIish one or more 
stations with a variety of manned Earth orbiting 
would include looC away from îh ** Such Cities 
step forward in astronom/andTookL do ^ take a magnificent 
increase our knowledge of Earthí^r toWard the Earth to 
«ties, and Earth's environment Wa^168’ ?arth'8 character- 
unmanned probes throughout the solIr«a Sf0 W°U d ®Xpect to have 
expeditions to visit other plants whpn/Stei^ ^d to have manned 
and practicable. never it becomes promising 

cations, navigation, leather prldilZm Td Pr<îf688 in con,muni- 
trol—ail through the use of perhaI)s weather con- 
Practical and doin(r the seeming6,a" ‘he 
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INVESTMENT IN PROGRESS 

Recently, during his presentation of the Collier Trophy, Vice 
President Hubert Humphrey said: 

ZÍ! Wh° ^ eXpIor* today ,ind themselves without the inrre- 
. 0 J>ro^*88 ^or tomorrow. This great economy of ours is not the 

1,' Tl* »-»IW t»chnol„eic«l b.,^^ 
wives and other developed nations, is not just good luck oi' our nart or 

ÏÜd dHvbü» ?eÍr8' Investment that this nation has made, both public 
and private, in men and materials, in the fields of science and technology 

«Íloíl« Î y »“i! °f th* re,at€d fie,d8 that «urround our spfce’ 
succeases°" ' hÂ8 C°ntributed immen»ely to our technological and scientific 

He then went on to mention some of the benefits of the space 
program and emphasized the major returns which flow from space 
technology into the field of medicine. 

In our space program, we learn more about healthy doodIp 

Cm VtehmeditVf,eC,t* °f dra8tiC Chln*ea in env'ronmentP„n 
^ apP,lc®t‘on of »pace-developed electronics to hospital 

Surely hJit, adaPtf?r i°f 8PaCe equiPment t0 medical science, 
effwt of « ?! d"0 he eaSt °f °Ur interests and- certair.iy, one 
I“-} a sl™down ln manned space exploration would be to 
handicap our efforts toward health improvements. 

„„I®“'"! °f J0U.,knr ‘•¡»t 1 make it a practice of »peaking „„t 
fo^Lr h.nHb|/n y.b ° q“ite briefl>’- Today. I have done the 
eZî,,ri. Td’ n IJjt0Pcr'*ht 800n’ 1 also do the '«‘ter. For emphasis, I will add a few concluding points, however. 

CONCLUSIONS 

Fir8 u the be1nefits of the »pace program are things of which 
06 Proud—things to boast about, not incidental items to 

alrr i0rÂ 1 refer 8timu,us t0 our economy; the new 
ateríais and services ; the advances in communications, observa- 

nnn„í,!íina'l,fat,,0n: ^ contríb'‘tions to medicine; the influence 
10 th< major additions to our store of 

security^ kn°Wed*e; the Potential contributions to national 

n« economy of this country is built on technological 
capability—the greatest supplier of which is the aerospace industry 
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ard of Wag MdT<Sd“nnuCT«“ri»Meîfr “f ’tand- 
technology and space exploration T* • bartidpate in space 
the United Sutes, as the woridLLdi?^! y !’°Uld ^ ironic if 
and the world’s leader in standard^nf" 11.nt.ernatl0na, cooperation 
or even to neglect the sources o/anrh / ^ Were 10 ab™don 
be labeled the worst mistake in 1 .believe ifc mi«bt 
national effects would be disastrous r u national and inter- 
not believe we will make that m7f\1 ^ ° to 8tate that 1 do 
auggest that those whoareaf wTuo"!“ >V“id U- h—, I 
to this symposium, need do an even d the attendeea 
yes, even w„r.d.wide^dUCat,on than we ha^ tn d““^ 
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On Fundamental Scientific Advances 
Resulting from the Space Program 

Fred L. Whipple* 

SvmL18 indeei a p,easure t0 attend this Fourth Internatioiu 
held ^Ssan °A f ,oastroTnautic8 and the Exploration of Space, agai 
the first symposium 17remernber 80 viv¡dly the circumstances c 

Physics and Medicine of the“ Aerease " “în^e^T “hr' 
“Aeropause” becanie •'Upper aTos^ I Ä" ha't ,°h 
chanKe was made because “Aeropause" might be mistaken foi , 

edical condition befalling aviators near the age of 60. Gratifyini 
s the number of familiar faces here today of those who attende! 

the first symposium. We sorely miss the late Dr. Randy Lovelace 
an outstanding contributor to the subject. I wish that Dr Josenh 

attended^1 h’ Von Brau"' “<* James Van 
and ¿i Sam Wh > VTh °S *he Haber br»thers. Heim 
to edit th; rnllT ,te: and Corne,iu8 Ryan who was inspired to edit Colher s magazine series of the future of space These 
men and others fill my memories of the first symposium 

of n\rr:;orina;e ihr,;early day8” 
intrepidly demanding the op; .u„ity to expio“ tie wKess 
of space. However, my approach will be from a different vantage 

pügram'âüd6 a hUma" weakness toda.v confronts the spare 
program and is giving ominous signs of reducing its effectiveness 

mna0ta™r'aVnTth'y'rP'e tend 10 ac«pt ‘ha‘ hasTne iX as natural and then to resist any further change. Such a tendency 

•Dirwtor, Smithaonian Aatrophyaical 
Harvard College Observatory. Observatory, and Phillipa Profeaaor of Astronomy, 

9 
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is now becoming expressed nationally in the form of a growing 
reaction against • science, with a concomitant reaction against 
financial support for basic scientific research and possibly an even 
greater negativism toward the very expensive space program 
I was delighted to hear Mr. Welsh's wise and lucid warnings against 
this tendency. I hope that I can add something to his argument 
by pointing out the enormous scientific advances that have resulted 
from the space program and then how the program satisfies certain 
national needs and goals. 

In spite of many “firstq” in space by the U.S.S.R., by far the 
highest quality and the greatest bulk of scientific observations 

ínTh/Tw hr U Proe;am- An area of striking advance lies 
m the study of magnetic fields and high-energy particles in space, 
the magnetohydrodynamics or plasma physics of the solar system, 

e complex word magnetohydrodynamics identifies the physics 
ftrZed g?!f ”r pl™mas where the energy in the magnetic 
fields supported by the charged particles is comparable to the 
energy of their random motions or thermodynamical activity. The 
subject comprises the magnetosphere of the Earth, the Van Allen 
belts the solar wind, solar-terrestrial relationships, the solar corona, 
and finally or really originally, the Sun itself as a mighty celestial 
hydrogen-burning furnace. In 1951, we knew that the Sun sends 
out high-energy particles, not only from observations of optical 
magnetic, and radio effects on the Earth, but also from the clear 
evidence that solar radiation is inadequate to blow out the gas tails 
rom comets, the trails of molecular ions observed to stream in a 

direction away from the Sun (Fig. 1). Stoermer’s 50-year-old 
research had shown that charged particles could be trapped in the 

arth s magnetic field, but no one suspected that their number 
would be significant. James A. Van Allen’s early success in dis¬ 
covering the highly energetic pools of ions and electrons near Earth 
stimulated an enormous effort via many satellites, rockets, and 
several space probes to investigate this complex realm of high- 
energy particles and magnetic fields. The early goal of studying 
the low-energy cosmic-ray spectrum was quickly extended. The 
early picture of the symmetrical Van Allen belts soon grew into a 
great complex, still only partially understood, including a tail 
extending out for several tens of Earth radii on the lee side from 
the Sun (Fig. 2). The neutral sheet behind the Earth, the mag¬ 
netosheath or the shock front interaction area between the 
magnetosphere and the solar wind, the complex electrical currents, 
the plasma effects, the Alfvén waves, the complicated auroral 
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Figure 1. Comet Ikeya-Seki, 1965T. (Courtesy C. F. Capen and J. Young, 
Table Mountain Observatory, Wrightwood, California.)

phenomena of photons, electrons and plasma waves, the complex 
of .solar-storm phenomena observed by radio, high-energy particles, 
magnetic effects and optical means, and a host of other subtle 
solar-terrestrial effects are now a part of the literature. This 
literature is expanding by hundreds of page's per month; only the 
specialist in each small segment of the field can keep track of the 
enormous progress made in his own area. Few, if any, can follow 
the entire subject.

The key to the entire subject lies in the outflowing solar wind 
of a million tons per second at a velocity of some 400 km per 
second. This wind accounts for the great ion tails of comets and is 
measured not only by interplanetary probes but al.so by the 
aberration of the comet tails: that is, by their tendency to trail 
behind the comet’s motion with respect to the radial direction to 
the Sun. Space probes have evaluated the temperature, strength 
and direction of this wind, its magnetic fields, and the variations 
that are now tied to solar activity in the low corona and below.
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SHOCK FRONT 

WÍnd “d Ea^th’, mafnet° complex- After Dewier and 

<?"the theoretlcf1| 8lde> Eugene N. Parker’s theory of quasi- 
m<the 80lar C0r0na is now comP,etely vindicated. 

Sth d tíat’ lf an extended temperature zone exists in the 
„S;tlmperat!,raC0r0na íover a mil,ion desees absolute as al¬ 
ready known to the astronomer), the only possible configuration 
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New" 965 Int€rp,anetary ma«ne‘¡c field orientation. After Wilcox and 

windrapid,y expanding »tmosphere that we observe as the solar 

with Q6 ma8îletic;fi1e,Id Iines in the 80,ar w»nd actually rotate 
Thpll Sun'T a!most hke a 80lid body» i» to me an amazing 
LThT- i L*et US Vi8vaIlZe 8 ,garden‘hose” wind in which the 
wns and the electrons of the solar wind move radially from the Sun, 

Itînrtn8 ^ m?gnetIlc fleIds and related phenomena show a spiral 
structure turning almost rigidly with the Sun (Fig. 3). This 
?Î!eratl°" !?, ^ vital importance to all astronomy. Theorists in 

at® J940 8 demanded some such concept to account for the 
slow rotation rates observed in old stars, whereas new stars turn 
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made aeas^wittout*aTub/e meeh™11"1™ °f *he Solar 8y8tera 
momentum to slow down the s,.n’ ani!In(- 8 transfer oi angular 
gaseous material irom .(,. n l !> Um and ‘he «moval of 
Planets, asteroids and comeTrmïTht" ^ 
wind, now a “brpp7#» ” a , collected. The solar , iiuYv « oreeze, demonstrates what a solar ‘Wo” u 
done eons asro in the «ninr c i so,ar ga‘e niust have 
observed toWow 
stars, in great stellar "Incubators” of ïh» r , H J8Un vamble 
Nebula Is an example, nCUbat0r8 of the Gal“y- The great Orion 

pheLlr: ST theoretica^fn 
astronomy. The theoretician i andat,°n of critical value to 

efforts J understand the T„t:r»ctJn0n„KrebflyÍ"í b'Índ” Ín hÍ8 
magnetic fields throughout space H,* . harfed. par,tlcIes and 
laboratory in which the snare n- ' haS a oca so,ar-system 
ments of processes too comlvT^"1 ?r°VideS direct meaa»re- 
a tool to helium-over the mTure nfT'^^ P:edÍatÍOn- He ha8 
but also on the observed dwarf fi ,ares not only on the Sun 
netic and hotter A tyr^ lT ítl 8 °n thC great ma^ 
be involved when wf fin 11' Th? neW methods wi" certainly 
Basars. The centers of ^änv Understand,the «till mysterious 
majestic scale that we • ^ ax,ea s^ow phenomena on a 
UnbeHevably liugeOutbursts'? m!"iature.aboa‘ »«r small Sun. 
over galactic distances are detert^ both^n«?9^ 

™rflÄ;tihceÄ^S 
less must do so by means ofZma pL^0' ^ ^ 8“0nd OT 

modulationarf*the “wmÄnWthb"°h")l,nUCh ^ ^ the 
flux by solar effects In the iT-yelî cvete 

Parricles ^h under8tand ‘he origin of these unbellvaW^ghTn^ 
and near the Sun”8 ° eXampIes of ,ocaI acceleration processes on 

programhwho 'wlTZlt 7 domains of other speakers in the 
P esent striking and fundamental scientific 
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Figure 4. Dr. Harry Wexler’s concept of North and Central America as 
seen from space (circa 1952).

results obtained from the space program about the Moon, about 
Venus, about the Sun, and about the other planets. You will hear 
about space chemistry and basic physical experiments that can be 
done from space. With respect to the Earth, I simply mention 
that space science is changing meteorology from an art to a science, 
with far-reaching ramifications both in theory and in practice. 
In memory of the late Dr. Harry Wexler, of the U.S. Weather 
Bureau, I note that the painting of the North American area from 
space as he imagined and commissioned it (Fig. 4) shows a 
meteorological cloud pattern almost exactly like that in the first 
ATS satellite picture (Fig. 5).

Not only are weather forecasting and intercontinental com­
munication being revolutionized by satellites but new space tools 
are being sharpened for study of the Earth’s surface, oceans, flora 
and fauna, geological deposits, and basic Earth structure.
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T ■% rSF-

Figure 5. First Earth photograph by U.S. applications Satellite I. December 
9, 1966, from an altitude of 23,000 miles. (Courtesy National Aeronautics 
and Space Administration.)

In the realm of my own activity, satellite geodesy has reduced 
the uncertainties in worldwide geodetic positions from 100 meters 
to 10 meters, tying together the geodetic nets of the world with 
this increased accuracy. Furthermore, it is unravelling the twists 
and warps in these geodetic nets in a fashion that is a delight 
to old-time geodesists. The observations give us a huge store of 
factual information about the gravitational field of Earth as re­
lated to its still poorly understood internal constitution and local 
deviations. The oblateness of Earth represents the second-order 
zonal harmonic; the “pear-shape,” the third-order term. Now 
more than the 20th-order terms are determined, and we are in 
the process of determining fifteen orders of the tesseral or longi­
tudinal terms. The “1966 Smithsonian Standard Earth” involved 
the solution of some 80,000 simultaneous equations for 100 un­
knowns. (See Fig. 6 for the contours of constant gravity with
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Finir. « T . ^ 90 "“T *i«f .ikT 

" ‘“W* *‘ murv.,. (I.u„dqüi.t 

8omV250 OM !blate 8phert’id > next eolu 
^Ztufv'nZ T“10"3 .'n nearly 300 “nknowne. We have sue 
¡S nó "uestîol Z Tat iï “d ‘h»™ 
geodetic problems to an accuracy of T *“ the8e 

a feW years toTtT ZmoT„“vûÄn^ÄT" 

data^ceraTg^ÄZn ■“ San A,,k>ni°'1 dis-ssed the 

spacevehicles rTent Zs ttV" ^ *"* their h“ards 10 
particularly those bv th y p ’ hC 8pace Penetration experiments, 
problem for vero »mal ZZ““8 aate"?s' have ''arified this 

Mariner 4 .00^0.^^.^1^8^ ^ the 
that the hazards for space travel £ ?h- d make ú clear 
ordinarily larae as com^rL* *il th reglon are not extra- 
hand, both the collectTon «nH th °8e neSr Earth- 0n the other 
rockets and «»toii-fu d the acoustlc methods on balloons 

órosr:;eredst8r.:e:„ T: ;hat 
cially near Earth. It appears now tklt Í f dust m space, espe- 
With regard to this solution (Fig 7) EvidenroT'"* equilib;'ium 
on meteorites sets an unner limí + Evidence for space erosion 

interplanetary dust in rolgh Teement wTth m ^ °f s« «Kreement with measures near the 

me next solution will involve 
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CUMULATIVE SPACE IMPACT RATES ON SPHERE 

Earth aa made by satellite penetration experiments and direct 
meteor observations in the atmosphere. Thus, the space program 
has finally clarified the problem, generally reducing a farg™ 

injZZ íer e8timat«8 of both the amount of dust in space 
and its hazard to space vehicles or men in space suits. 

enoí,ãi,dt te iy’ ihe îroduction of a truly ciean surface, i.e., clean 
° gh.cohect and measure the tiny cosmic input to the high 

atmosphere, is an extraordinarily difficult problem, but it is 
being solved. Whereas, biological and medical means for cleaning 

7ere T i*? Ín and ba,,oon coII«ctors, it is now 

Sbute 7“ deVel0Ped f0r 8paCe exPeriments will contribute to the laboratory preparation methodology. 
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Ears::Lneo:/eh„ait;t^th^^rci“in — 

^"CtT^Zl^brZ ‘"buTÍ ¿Fr'0sut'™"' 
problems left concerning the lanrer , have some maJ°r 

or more. We face a very real gueation aa JthethTthf Earth" 

rn:Xa“;,*Le AP0"° 'fa6’ are defU"Ct ~ naSfÍ; 

with"no"rnor^ fhaXa "XdÄrV'f'Ti" ^ ^ ^ 

tion and composition of th^T the, density- temperature, ioniza- 
as a funcJrr tL! ^ autmo*Phere above 1000-km altitudes 

The upper atmosphere ’ iT ThiZv *eaS0" and so,ar activity. 
activity with rpsn<w i ' a ‘ sensitive barometer of solar 

variations, risinir bv a factor ofTft18 W'th respect to long-term 
activity at*,v'e the den,« à ^ density at maximu'" 
is ¡„deed like eveh I f n m'""n™. The high atmosphere 
The bXe extend?,X b ’T '* ith a la<-' of «-me 30». 

of .he xixrthe ''eionKati"n 

Onlj in X-ray and ultraviolet astronomy of thp ^nn j 

=o^r sr-a r r 

™n“leexZ0ionhe S,tr,NmX'b^durtoT-d; 1“¡ ^ 

the other. peria^^X^^a,7^° 
source of the X-ravs in tko i ? ,are not c ear as to the 

type it appear., almost certain thaiTe' IT*? 



20 BIOASTRONAUTICS AND EXPLORATION OF SPACE 

CanTattor thaf 3tar‘actually ““iron atara? 
contained in the volume of the h ¡!“l ,on ‘“J8 of mass could be 

¡z^ríí ~ r“ 
has been obtained. xamma rays from stellar sources 

gram has unfortunately la^ed fsoartehdataStr0h0rny’ tHe SPaCe pro' 
information concerning stars in the«.! We ^aVe °n,y frag7nental 
spectrum. The chromospheric ¿ril* regiona of the 
that we expect from stars are «im fnd co^ona, rad>ations 
until space telescopes of InnrÜ ir completely hidden from us 

inch orS-meterKnamete^space'tele«.!126 ÏTV ^ A 12°- 
could improve our astronomirei opticai Precision 

than an „Prder oflSTJTCndt Z 200 ST, ^ m°re 

atrucTion în ^ S iTk“ ?^8' Ä! 

in the aenae that men Lld^ÄuSirr 8h0U,(d ^ 
time to time make repairs anrf nr Í 1 f 0Perat,on and from 
to an accuracy of 0 Pf ma,ntenance. Pointing 

with the instrument body becauw of “SeviUbT“Lh" aCtUa' C°ntaCt 
should frequent film changes oV adiu,tmï,f ^ motion8- Nnr 
telescope should operate entirelv ^JUstmfnts be necessary. The 
done as well from the ground / remote control, which can be 
is the key to long-term^ d*- f!?m a space station. But man 
appears to be coft efficieït^AT’ tyPG °f operation that 
formance, not “y ts ab«.°ty J m.l 
hnportant by his abilitv tn unHat ma>ite cepairs but, most 
observational programs Tnd^i *k “ni“nii Cflnipnient and the 
effectiveness oTSt on Ä adVanCeS in and 
apace telescopesarTalreadvt^™ T f ,raP'd ‘hat autom8tic 
are launched A n'Ca"y ob8olete by ‘"c «me they 
frontier only by the aid of maTt ,°^ near the tcchnical 
new ones recently uXed " 10 black with 

the dimeZÕnsTthe^hrjrbf 3'meter aper‘Ure could 'P'intuple 
in the volume if nd4d ^h "mi “ bu"dred-i<>'<l increase 

fundamenu, Ä^rr:rÄ„/rd= 
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and heÄ: TZ ^ 
ioJh,r fanta8tica"J' '“"'P81'* and hot nucleus’And when" t“' 

»° 2::ZZT ZkTnin*i HOW did orignal“? 
Kalaxic,’ majest'c «P'naion., in the nuclei of 

I believe that these questions ran be answered hv « <* * 

zztzzzzzjzz rr,,y “ 
the answers to these few question^ TÏd V 

astronomical explífrathtn^^The^líketWse^re^n^lKÍth^t*6 d 

do the equa tons for thT Keneral ralativity? What forms 

Physical “t/Th ÎL° °f the 
about the past because',', ,','cVch nyes’ What ^t^h ^ 

SwI, lïZ'Z Are ,hm Pravity^ waves'and do ‘the "y 

in Machos* principle ? 'hc Val“P »f ^' ¡ty here, as 

Whit ofHfe betond the Earth"PlVhüt "Tb ‘?,portant 1uesti°n: 

universe. Or is there more th-. ' Pi!rt °f tï,is vasl nnthinkiny 
found beyond Earth’s frontiers?P matter "nd ‘'n<'rKy to be 

towartTbasic'science^nd^tow1' /"Z“1*"* Shado''' of "ePativi.sm 
attitude i!s equivlnt to sariny 'stoTÍ Ín thÍ8 “untry- 
coverv for now lot "e bave enoujrh basic dis- 

»hat we have al^^eÄ^“ 

Kt— 
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country But are they truly realistic and practical in terms of the 
national welfare. Will turning off the spigot of support for basic 
science save national resources that can then be used in the vital 
war agamst poverty7 I think not. Adolph Hitler gave us a re- 

Inai939 h ?umne °f the f0,ly inherent in such a P"licy. 
o wir t’hpl w , K fiermany had radar development 

to wir the war. He disbanded the electronic research and develop- 
nt laboratories so that he could send technicians, engineers, 

nd scientists out to the front lines of battle. By 1942, however’ 
the Allied microwave and countermeasure developments had 

therTtr' ^ of the early German radar. Hitler 
n tried, but was unable, to reconstitute the research and develop¬ 

ment program for useful results during the war. More important^ 
and generally h.s negativ, attitude toward basic science and 
cientists undermined German science severely. We in this 

country have indeed, reaped benefits from his limited foresight— 

nf ™nCen.tratlon on »^mediate and popularly understood facets 
of national security and power. 

tn,lL !? p/ed'Ct th,lt "'h™ the P™«™' Process of con- 
Hmit H hydri"''en/US'0n lie,'"m,'s a reality, to Kivo an almost un- 
hm.ted source of energy for man’s trood, basic elements of the 
method will owe much to the understanding of plasma physics 

we !rr ,PaCe Pr0Kr"m has Biven us- "’hen the day comes'that 
ton r U'e| ” KrSm °f Water as ;ln enertty source eipuvalent to a 

aue,tio„CJd*;hWe T" r"<ler in °ur °Pul<!"ce "hy anyone ever qu stioned the value of the space program. 

hJLT fOUOW 11 ah0rtSÍKhted polk'y of Political expediency and 

sZ^of TcZrrU^>rt °f.baSic Scient,e' we wi" undermine the 
inqu,ry m our Krowing universities and there- 

in the young minds who are the most creative. We will 
_ iscount the value of the scientific method at just the time when 

IctivTZ nT ♦ aPPlÍCatÍOn in a" rea,ms of »ur complicated 
activ.ties not just in science, could be of enormous value-possibly 
of cnucal value. To attempt to revitalize the scientific effort at 
some convenient ater date will have lost us an invaluable head- 
start. Our world superiority in technology rests firmly on our 
.., hiP m basic science not only because of scientific discoveries 
but also because of science’s inherent attitude of innovation. 
Technological innovât on spins off both wealth and national security 
No indeed—we do the poor and the underprivileged no service 
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science, ex^ns^of tL^u^e^nefite t^î01"6 * them from 
from a continuing high level of scient.^ that ^11 800n 1)6 theirs 
we are indeed selling their birthright "fofa ZZ 
goals of people, has remedí t^roinïpdnt^“068 ^ by the 
program. We can no more retmTîf bfcause of the space 
than to the horse and buggy Our think" earthJ°und way of life 
international since the l^ce program "h ^ globaI and 
88-minute round trip And in f^g shrank the world to an 
»0,0*, resta the hasfe ÂVÍeVXX ^ ^ 

devL“ä“ Äotri"“".!““ oí «>e too,. ma„ hM 
°f nature. Only by persisting in the the 8tatU8 of alave* 
Process that we understand fully in sclentír6"4, °f neW a 

staking,, buil, U both acute co^Z^tZ X“. ^ 
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Some Remarks on the Evolution of the 

Atmospheres and the Oceans* 
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Jé bioastronautics ano exploration of space 

„...TT “d Marsha" (1964) and Holland (1964) have dla 
cS th«Lhth 0T 0f ‘Íe >tmosphere and «peana, and have con- 
duded that the atmosphere was essentially oxidizing, which is a 

dXe„tfrret?.dÍf,ere"t,,rom that l~d here and very 
oí""' the Prev,»“sl>' Presented views of myself and 

me UKiblN OF THE EARTH 

,, J.1,"'" h« assumed in this discussion that the Earth accumu 
ated from solid objects of the approximate type of the asteroids 

tharïhePEarth 'cZ7 aimnar 10 the Moon- 14 is ««"tended nat the Earth could not have accumulated in its nresent form 
with any importé amounts of the primordial solar gases present 

(Page Tne'C ^d Ín Whif the aeeumulatien has taken X 
laW wUh thes reason ior this is that, had the earth accumu- 
FWv,Wltî ^ gases Posent in their primitive proportions the 
Earth and the gases together would have the mass of Jupiter and 
thpIVery d0U^ful that any Possible method for the remov’al of 

MoreovereSsmaUl P,anet of this magnitude was formed 
be difficult J Lr0" 8 °*eases remaining in the nebula would 

ifficult to remove to the extent required by the verv small 
amounts of the heavier inert gases, particularly krypton and^enon 

required tcTrernov ^ ^ ^ The ™a^ t«~re equired to remove xenon as rapidly as helium is estimated tn ho 

removed from the Earth at the present timT would need to be 

posslbl^that fehnugfhb0rh00d °f 30’000 t0 60-000°K- It is im- 
.WnK wh îu * hlgh temPerature Sun could do this, and it is 
™P^bf.b'e that even a much piore vigorous solar wind could 
aceomphsh such a removal of these gases. It is assumed that the 

from soHdTht f Pr,°babIy during s°me 100 million years, 
1 . . id objects and that the component of solar gases had been 
lion J0m neiRhborhooil of the terrestrial planets. The 100 mil- 
hon years is a most uncertain estimate. The age of the Earth is 

"tXTr ‘k f i-6'4'7 X 10' y«a-. ¡ « . the came a“ that 
10« X Jhere is "0 certainty that it did not require 
ing CeX EKafï t° rUmUlale- At Preaent, objecte croes! 
y¿rs Hhth.pb!ÍkhaVe hal,-|ive8 «f aom« tens of millions of 
years, but, if the Earth were much smaller, say of the mass of the 
Moon or even less, the probability of capture would L much less 

that these nm8“?1^ lunar-sized objects were present and 

woixsxxrtive nuc,eus f°r ~iati»a ‘ha" 
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havfrr ¡ir:! \h: aoli,d ob;ects’we 
-tr Earth,3 ¿rtlcutíyt: Ä 

the escape ^ ^ ».rfZ Vor^TH ^ 

100,000-K, if all of this ene™ Te f to ^ 
object. But, of course the enL locahzed m the colliding 
colliding object entirely but oartlvy T. "0t. distributed ¡" the 
surface of the Earth being i 'a" t° * large «‘a»t, in the 
expect local temperatures which are^nfr" a?y Ca8e’ one must 
only water but other substances as well ^p' -,° volatili“ "»t 
were volatilized from the colliding h i E'’en 8lllcates and iron 
immediate neighborhood of he êfn '“4 a"d the mat8rial of the 
Phere that wfs present on‘t trth" a? hat ^ ^ ^ 
expelled back into space and nf 1 that time Was Partly 
accumulated by the Earth Howpv l-Se’ WaS probably Partly re- 
ture fell, and the materials & Sh°rt time’ the tempera- 
was absorbed by the silicate rockT °n .the Earth. The water 
between grains of material All w» ^ - \ COndensed into Pores 
came in, when the p“was ^“'Itt T* °bj“t 
termination of the accumulati™ P .But hy the time of the 
Pose that there was^^ 

iTen^nftrog^n^^amrnorda^m^hmie^an^carb011^116^ ^ ^ 
cult indeed to estimate how much w«?* dl°Xlde- U is diffi- 
Rubey (1951) has proposed that most nfT Pre^nt at that time- 
Earth has come from the interior and it i** Water of the 
posai which is generally accented t^í d LVery rea80nable pro¬ 
to say that some 10% of the oresent Y -Perhaps is reasonable 
was present on the surface at the te S.UItace water of the Earth 
of the Earth. Immediately one woncterTh °u the formation 
superficial carbon of the EarS ^ mUCh °f the pre8ent 
in the surface regions of the E^rth 10 ®ome form or other 
material, carbides, „r graphife and wh!î fraet(ha"a- «cbonaceous 
atmospheric nitrogen of the Perth 8t fractlon of the present 
It is probable thaf som action of^/^6"1 a‘ the 
ties of these elements were ^ at the 7 

statement applies 
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compounds, they would, nevertheless, be covered in the accumu¬ 
lating granular material which was probably something like the 
superficial materials of the Moon at the present time. Also, gases 
are coming to us from the Sun, and these have fallen on the Earth 
during the entire time that the Earth has stood, but sqme of them 
were probably here at the beginning. However, they are chemically 
inert, and hence did not take part in the chemical developments 
of the superficial regions of the Earth in any important way. We 
shall assume that one-tenth of the present surface carbon and 
nitrogen, as well as water, was present on the surface of the 
primitive Earth. The escape of carbon and nitrogen from the 
colliding objects and the Earth was as probable as the escape of 
water. 

THE EARLY SURFACE OF THE EARTH 

It is safe to conclude that the early surface of the Earth was a 
pockmarked terrain similar to what we now see on the surface of 
Mars or on the Moon, with great collision craters covering the 
whole landscape. It is probable that some water was condensed 
from the original atmosphere and that pools of water had formed 
in the various craters and between them. Today, the surface of 
the Earth is very different, with enormous ocean basins and con¬ 
tinental masses. Geologists over the years have unraveled the 
history of the continents, and these studies show that continents 
are growing at the present time and have grown over the past eons. 
Also, in recent years, students of the ocean beds have shown that 
they are undergoing a creep slowly toward the continental masses. 
Basaltic lava flows occur along the mid-Atlantic region and then 
move slowly toward the continents. We not only have observed 
that the continents have grown during the past, but we are ob¬ 
serving the mechanism by which they grow. 

In view of our present observations of growing continental 
masses and the creep of the ocean floor, it seems certain that the 
original surface of the Earth was generally more uniform in eleva¬ 
tion than it is at the present time. This means that there were no 
large ocean basins and no large continents. The Earth was covered 
wnh. bodies wat®**-like lakes or perhaps like Mediterranean seas, 

ossibly, water masses more than 200 km in diameter were very 
exceptional. However, volcanic activity began; water started to 
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«± ™ C.-T. Äür 4ir âï 
ered by sedimentary rocks 3 billion years ago. Of course Th« 
®fd “pk mu®t. have coine from mountainous masses somewhere 
etee Even sedimentary rocks a fifth the size of AfTca a^ma» 

hen compared with the ocean basins at the present time. 

COMPOSITION OF THE PRIMITIVE ATMOSPHERE AND OCEANS 

the b^innLTnf fî8 * c/nstituent of the atmosphere from . e b€8’innin8f of the ongin of the Earth. In addition to thi. if 
« very probable that volatile carbonaceous materia were .’li 
present and that nitrogen in the form of nitrogen gas or ammonia 

reem“ reSZt"^'’ ':0raP0,,ndS WM “ /ertauln ,that there was no free oxygen. There probably was 
ome free hydrogen. We postulate that this was the case with 

acter ôf8al!r nnem¡trfidenC! ’’T““ °f the hi*hl>r char accer oi all primitive materials available to us namoiv 

“rSyreduced Eaf •• ,?e Eirth “ » *»»'« repita, 
elementol fronln ftl because of the enormous amount of 

K k w ts core* If even a fraction of the metallic iron 
could be brought to the surface of the Earth and reacted withTS 

wouwSthat thldîZfef CTP0UndS’including the frrric oxide, we 

simllar to that ^ ^ ^ Dossibilitv nf Ü meteorites. This, of course, excludes the 

p" of hyd^enXy,ren °n the “r,y Eirth bu‘ O«™“» Ö« 

The most important chemical process that took place durimr 

EarthWaS dUe t0 the escape of hydrogen from the 
a,r k’ TÎ18 WaS dl8cussed by Spitzer (1952) quite some years aim 

and by Urey somewhat later (1959). The rate oTesTai of 

timer0bynthTTftthe fa?PearS to be determined at the present 
ÎiTher ïhln th! L°f to the hi*h Sphere 
phere The ral ní u hydr°een from the hi^h a^08- pnere. The rate of escape at the present time is consistent with 

Whoever mav^fh" “ ^ °f the Earth of about ° 5PP">. atever may be the cause for this pressure of hydrogen, the 
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^ hiIfirh1atm°8phere is consÍ8tent with it. The 
fPw *u- f P® calculated for the Earth, however indicates 
hat this flux would result only in the escape of the hydrogen from 

ll^™TforThCm2 Ín ^ mi0n year8’ quite aÄua^ ; 88 J? &CC0"ntJ°r the present oxygen atmosphere of the Earth 

the Earth U n many °Xidized substance8 on the surface of 

Table I gives an estimate of the amount of water that must he 

th^ïr th! 0Xi,dati0n that is observed »” the Earth. 
to to. Zïï! th the ntî of ““P* of hydroyen U proportional 
to the surface pressure of hydrogen, no matter what it is that 
produces this pressure, then we find that the surface partial pres 
•»re of hydroyen on the Earth should be 1.5 x 10- atm in order' 

îïîîiîid dS^ h ií* 8uf,lci*nt 40 Pf«1»“ ‘he oxidation 

yZs^iltTusS later in'this ^mper.)(The °f 2 5 

TaN. I. Eatimate of ..(.r ai»<Kl.t«l to prodac, ob~r,rf „,M.tk,n 
of ourface elements* 

Element 

C as (COa) 

N as (N,) 

Sas (S04=) 

Pe as (F#‘~) 

Totfal 

Amount 
g/cma 

3,000 

882 

724 

112,000 

Amount 
in 1020 g 

150 

45 

87 

¢,600 

Oxidation 
reaction 

C-*CO, 

NH,-N2 

S--»SO<- 

Fe^-hFe*** 

Probable loss of water needed to increase 
deuterium concentration in oceans by 4% 

Dissociated wster 
required g/cm* 

0,000 

1,700 

1,600 

18,000 

80,300 

14,000 

Saks»«'» “OwehMtbtry" Unlv. oi^ Chicago P^!?*/*.**"*!? fr°m * ,tUdT °f R‘nk,m* 
th«r* pratanUd. Approximately thm^data - IM* •»tlrnat*« from the data 
Plaaair Laetura XIH lot Contraaa of Pur. .«d ** , at 8tockhoIm <" IM* (Urap. 
Tha dautarlum datum dupund.^Tn •"<» ApplM Chemistry. IUPAC. 19SS. we p. *u,. 

•lao Edwarde (IMS) Natura ITS.'To# If no*dmu I°f *nd Ur,Jr '*»«1). Sea 
14.000 applies, but. with soma low of deutTrl^T^lto. h**u ***" ,r°m *,rth> ***• *•'»• 
with th. 10,000 g/cmK IZ ouZitl oTHZ' ZZ ?' U>00° “ ‘n r*MOI,ekle -errent 
•o «Pkon dioxide. Soma 1000 or S00O Írame L °n y U’“t WMeh h" 0,IldU*,, 
iwdueed carbon. 000 ,r‘m* P*r cm‘ "• P*w~nt aa coal, petroleum, or other 
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of ^ Va'UM' b"‘ hi8 "eth^ 

If theEar.h'tlrfaacraÏÏhe0ÎCynr„;ehrrt'^ " ^ 
state of meteoritic matter whiVh • oxl^ation-reduction 
I- present in ,he c"re IT 'hT am°U"‘ »' 
occur by the elimination of some r^ucert suh , 0nly 
seem to be available : (1) hydrZen Subs'a,nce- Only two 

and ,2) iron which sank to the core Some^ , r0m the Earth' 
to contain native iron (Rankarm „„ i ¿ ^ •»»alts are reported 
¡ron is formed bv dianro^rtZ., 1949)- « native 
iron and ferric iron withThe f . b,Valent iron t0 "»«ve 
the latter to the earth* surface Zn" trani,,>orfted 10 «>o core and 
'"“n to ferric iron, or graphite to c-irZoT“"^ ÍOr 0X'dizinK ferrous 
be available. It has not been nn J.10Xlde or monoxide, would 
thermodynamic T'Z ^ ^ 
meteorites have been melted »nd f • t' tHowever. the stone 
elemental iron with no fjrric infn ^ ferr°US iron and 
disproportionation of ferrous Un ? [mPortance> and, thus, the 
evident. Of course, reduction of f ° meta!llc and ferric iron is not 
for example, may occur with the • r°US lr<în *? metal by carbon, 
interior, and only r irelv he- most,y sinkini? to the deep 
though this meThLismt,stTheCarned the Earth’s ««rface 
literature. Our estimate of the 60 1 popu ar one in the ireoloffical 
very approximate and t a riled °f °XÍdatÍOn re^uired 
for the discussion which follows the v ? methods' but. 
factor of 10 jn either d.v f ’ the.v1a,ue could be changed bv a 
conclusions " direCtl°n W,thout ^eatly changing the 

,. , 18 very improbable that durini? the first Kin- 
which we will be discussing in * lne r»rst 2.5 billion years 

hydrogen remained constant or thnAh^1 that the pressure of 
«tant. This pressure denend ! tHe fate of escaPe Was con- 
to the hitfh atmosphere ^n ^ h°W hydr0i?en was transported 
which is trvS at t’heT ! ^mPerature of the escape layer 

considerably lower in the DasT6" d^?6 bUt Which may have b®en 
kinds of chemical comoonnd ’ t0 3 Kreat extent- upon what 

tentative eeSe TZt UkTlTZo^Z As a 
of hydrogen and ask some *• X a^m as the pressure 

composition of the early atmosphere"8 t0 ‘he chemical 
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ammonia? Would it, instead, be dissolved in water? These 
questions were discussed by Miller and Urey (1959) some years 
ago. The chemical reactions involved are: 

1/2 N2(g) + 3/2 Ha(g) = NHs(g) ; K = 7.6 x lO* 

1/2 N2(g) + 3/2 H2(g) + H* (aq) = NH4* (aq) ; K = 8.0 x 1018 

with the equilibrium constants at 25°C as indicated. The first 
equation shows that with the pressure we have assumed and the 
temperature of 25°C not much of the nitrogen would be present 
as ammonia. The second reaction shows that most of the nitrogen 
would be present as ammonium ion, providing the pH of the ocean 
was the same as it is at the present time, i.e., 8. From the equilib¬ 
rium conditions and assuming 0.1 as much surface water and 
nitrogen as the present amounts, we find that the molality of the 
ammonium ion would be 0.19 and the partial pressure of nitrogen 
would be 8 x 10 6 atmospheres. If the pressure of hydrogen was 
1.5 X 10~4 atmospheres, the equilibrium pressure of nitrogen is 
8 x 10 3 atmospheres, and about 10% of the nitrogen would be 
present as N2. 

Bada and Miller (1968) have discussed this problem recently 
and point out that NH4' should be concentrated in clay minerals 
as is K\ and, in this case, the concentration in the primitive oceans 
could not be greater than 0.01 molal. Hence the pressure of N2 
would be even lower than that given here. It is evident that a 
very considerable amount of nitrogen could be present in combined 
form. 

If we have hydrogen present, we may ask: Would the carbon 
be present as carbon dioxide or as methane? The following equa¬ 
tion, together with its equilibrium constant, is pertinent in the 
following connection : 

C02(g) + 4H3(g) = CH4(g) + 2H20(1) ; K = 8 x 10« at 26’ C. 

Substituting a pressure of hydrogen equal to 1.5 x 10-3 shows 
that the carbon would be predominantly in the form of methane 
and not in t te form of carbon dioxide if equilibrium were estab¬ 
lished near the Earth’s surface. Since the reaction is higL'y 
pressure-dependent and reaction between the constituents may 
depend on catalysts at the Earth’s surface or activation by light 
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in reRarrjthTõxidation a“ fl™ COnclusio"8 

probable that much of the preset SUX„ a‘rnosPhere3- « ia 
tbe earth’s interior during 4 5 y ,0. f '"î?" has c0,ne ,ron> 
involving carbon monoxide show fLlT*' S"”ilar Mlcul«ion8 
the primitive atmosphere ‘ “ W°uld not Present in 

carbon with oxygen t^gfve 1°^ P,?ent The reaction of 
direction necessary to form th n., I0x,de Kncs strongly in the 
«re present in Zet, ÜÎ™ ^ and’ if hydrogen 
rocks would be present as water fZT required in the 
carbon were sufficiently exposed to the ? the Present time, if 
carbon dioxide would occur but th» e ®tm?sPhere, reaction to 
degree, and the oxygen^’not relc Ä ‘0 ‘ hi*h 
we may ask if the oxviren ^ th In the next P^ce, 
formation of nitric acid was cons?/^ 7^ í®6 nitro^en- The 
(1923) many years ago and i..COns,deredi by Lewis and Randall 
catalyst were avaTabr^ll ?he thût if a ^»‘table 
react to give nitrate salts in thp n °Xygen of the earth would 
Quite reasonably so that the hJd nS’ assurnin^ a8rain, and 
same as it is now in the C°ncentration ^as the 

j(g) + 02(g) + H20(1) = 2H (g) + 2N0S- ^aq) ; 

K = 1.5xl0-3 at 25°C. 

~“ó?t riïizzx:: °rrgeiwith tha p—t 
°! « Present atmoSphere lkL „t«lt \rheth" the 
should react with nitrogen gas and m th. Carb?n °r "o‘. it 

‘TZZettrTrnnetT^ —e^ 

hydrogen such as jt™oap,J®re8 any »mall pressure of 
Present. Of course all attermd« 08P.h^ oxygen cou,d not be 
or compound from the atmosnhp° eXv.any particu,ar e,ement 
in an atmosphere such as That 06 qUaIified because* 
amounts of substance^ a^ ^ ~e o/ ÄXt X” 
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are thermodynamically unstable. For example, hydrogen, methane, 
oxides of nitrogen, etc., are all unstable in the present atmosphere 
but do exist in the range of parts per million, an^ we could assume 
that the primitive atmosphere also contained small amounts of 
compounds that were not in equilibrium, perhaps again to parts 
per million, for example Oj, CO, COL., etc. 

Carbon dioxide will react with the calcium and magnesium sili¬ 
cates of the Earth’s surface to produce calcium and magnesium 
carbonates and silicon dioxide. This is the end result of processes 
taking place on the surface of the Earth now and of processes 
which took place in the past. The mechanism is complex because 
the reaction takes place in the ocean and is often promoted by 
living organisms at the present time, but the end results are those 
given in the following equations : 

CaSi03(s) -I- C02(g) = CaC03(s) + Si02(s) ; K = 10« 

MgrSi03(s) -I- C02(g) = MgrC03(s) + Si02(s) ; K r= 10» 

The equilibrium constant for the first reaction shows that the 
pressure of carbon dioxide required to produce equilibrium is 10-« 
atm. Calcium, of course, is usually present in more complex sili¬ 
cates, rarely as CaSiOr), and probably the pressure indicated here 
for the conversion of the more abundant calcium minerals is too 
low. The precipitation of magnesium carbonate would require a 
CO,, pressure greater than 10 n atm. At present, the pressure of 
carbon dioxide in the atmosphere is 3.3 x 10~4 atm. Hence, it is 
unmistakably out of equilibrium with the silicate rocks on the 
surface of the Earth. We can only remark \hat this probably is 
true because carbon dioxide cannot come rapidly to equilibrium 
with the massive silicate rocks of the Earth because of poor con¬ 
tacts for chemical reactions and because, over long periods of time, 
volcanic activity has been steadily supplying additional carbon 
oxides to the atmosphere or carbon in such a form that it is 
oxidized to carbon dioxide in the atmosphere. Therefore, the 
entire existence of plants and living organisms depends upon an 
unstable situation. To get vigorous plant growth, a concentration 
of carbon in the atmosphere approximately equal to that which 
now exists should be present, or a somewhat greatly decreased 
growth of plants and supply of food for other organisms depend¬ 
ent upon the compounds produced by plants will result. And, as 
demonstrated above, the oxygen content of the present atmosphere 
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micC.p'rc «"Tdep^s^r" °f hiKher and most 
<o both carbon dioxide and M.VR-en.*" We ""““‘“a «¡th respect 

a number of elemênfs as'voiaUfe whfchT b'rp'hemi8tr>' classified 
classified or should have at least a Î, ', v o''e a,10uM not be so 
course, any substance is volatilized »r q *led classification. Of 
‘ure- Thas, Rankama and Sahama tinam CÍenlly h,>h «empera- 
•ive treatise list KO,, SO,, S, and ri f I" .,,heir ver>' informa- 
oflcn so listed. Some of these subsSces and bromi"c is 
bnt they do rem„in jn ^ in volcanic Rases, 
Conditions or under any that existe i ‘ er preaent terrestrial 
example, n.. is hiRhlv'unstahle " tu.*0''“' y ¡n 'he past ^r 
substance, such as ,1,. ferrous iron preaence of any reducintr 
reacts with water to pive the soluhle ».''''^'"“ceous matter, and 
occurs ,n these pases as 1101 m1„ „,1 “T rhlori"e Probably 
•"■red at the temperatures of v,1 ” ^ •'*»“»'« will be vola, 
nrsenic, ,„dine, f|uorine, hvdropenTmi *■*■■”*"»*. cadmium, 
volatiles are those that mav remain ,'h "l" °,he,'S- The true 
able pressures; the nonvolatile* ^î|, " ín a,mosPhere at reason- 
the soluhJes are (hoso th. ♦ e t^lat romain in the roek>i • 
chlorides, bromides, and iofhdeTaiTnrM °Ceans- Thus.’ 
fates are partially sr and flnn •, Predominantly solubles, sul- 

A -ampies‘ea i b , °r J^ ^ *** «tils, 
equations ; 'rated by considering the following 

2 r,i' 4 2 H,,0(1) = 4H. + 4C1. 0 
+ + °-" P", s X 10 atni 

Ci + , HCl(fr) + OH- , p 
u . P'l" = 2.8 X 10-15 atm 

r + i,0(l) - HRr(g) + OH- , n - i 4 , 
r V P = 14 X 10--’o atm 
CaP.lsl a 21,,0(11 -: 2HF(p) + Ca" + pOH - ,, 

+ H , pMK - i ? x 10_13 atm 

^he pressures of thp ir- 
equilibrium with seawater "pH SPbslances ?» calculated assuminp 
and I Hr are no, volatile in ,,,v , “ ?V,dent «“» Cl„ HCl, HF 
Earth conditions, that n and Br are"nt, u"S<' ,",del' Present 
fairly insoluble (l.T ppm) and nonvolaUle. ' ^ that F_ is 

*1' is also tr,,,. ,h#t tFr 

zrJ:'anr: of 0, ^ 40, c 
Rrample „f thi. p,,int. ""P ”r,r ¡on. The high ten thë^S^rUceT"’ 
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The history of sulfur compounds can be followed reliably by 
the use of thermodynamic data. Sulfur occurs in the meteorites, 
mostly as troilite, i.e., FeS. It is present in carbonaceous chon¬ 
drites as sulfate also, but material of the composition of these 
meteorites could not have contributed to the accumulation of the 
Earth in an important way because of their high water content. 
Hence, we assume that the primitive sulfur was present as iron 
sulfide. The inorganic reactions of sulfur during the time of the 
reducing atmosphere can be discussed using the following re¬ 
actions : 

2FeS(s) = 2H20(1) + SiOa = Fe2SiO< + 2HaS(g) K = 10-12.34 

S04- + 3Ha = HaS + 2HaO -I- 20H- , K = l0-i«-02 

S04- + H2 = SOs= + H20 , R = 101 

s08~ + 2H+ = SOa(F) + HaO , K = 10*»® 

We shall assume that the pH of the ocean was the same as it is at 
present, i.e., 8. The first reaction means that pH2s may be 10-10 08 
atm or less than this assuming equilibrium troilite and wuestite. 
If other reactions remove H2S, its pressure may be less than this. 
The second reaction requires that the S04“ molality in the ocean 
may be 

10-« IB 
a„o4=- ^--— = 2.1x10«, if p„ = 1.5x10-3 atm. 

Pb2* 

and the third that 

10-2.7» 

a,°3“   n— = 7-2 x 10s* P"2 = 1.6x10-3 atm. 
P»2 

and finally the fourth equation requires that 

10-11 70 

p~2" ——5-= 8.9X10-», if P.s = 1.5x10-3 atm. 

Since the activity of SO3” and the pressure of S02 are propor¬ 
tional to the activity of SO<- and since the molality of S04“ in the 
oceans today is only 0.028 as compared to the very large activity 
of 2.1 x 10« indicated above, the concentrations of S08- and 
pressure of S02 would be very low in the primitive oceans and 
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in the'oxidizeil's'iiite'ofs'o1'-'' in lu* t°CeanS always “Med mostly 
ae Caso, in the sediments ,errCStr¡al surfa" wa'" and 

in:z:Tini’-and su,fides - 
their ability to utilize the S ^,vin^ organisms, with 
disequilibrium condition so that snlfTp" ° ;sunIlfirîlt> m^‘ntain a 
sediments. (Sulfur « f,des and 8u,fur exist in ¿he 

oxidizing atmosphere and wouhTreLMÍTyield ul red“c'ng and 
of which would disannesr thrrm u *u or S02, both 
An example of a natural samnl* n ^ reactlons dated above.) 
Orgueil Meteorite which cirtainlv ha'! 'i,thÍS P01'"4 is ,he 
Which contains both sulfate and a , b‘'en subJected t° weter end 
dynamic calculations indicate that IhT' u taUlfur The™o- 
condition if the hydroiron nr» * th C0U d be an equilibrium 
sulfate concentration w-is that of Tb^ 10 ° atmosphere and the 
Meteorite Presents a côriouí mix ore nfTï! °CeanS' The 0rgu«' 
reduced substances. ‘ 1 f hli:h,y oxidized and highly 

hydrogen,’ nf;rogon.^Tmmonia ""met ^6 SÍmP!e COrnpounds: water, 
compounds of sulfur etc Hut eaW ailf’ carbon dioxide, oxygen, 

PHcated group of compounds as we're w’n " eXCeedÍnR,y COm* 
Pounds are of very particular inf * ? 6 aware- These com- 
that compose the biological m'iteria|reS .^ecause the-v are the ones uioiogual material on the surface of the Earth. 

the su^r«h:f^ria0,npa^Uh,mh eriall.that We "°w fi"d »" 
living organisms many times m! 7 the “f 
thermodynamically unstable in tho ‘ °f comP°unds are 
“e now found. I„ S ,i „r thl sl,."ound‘'’gs ¡" which they 
taneousty to produce carbon dioxin 1 reaCt Wlt*' oxygen aP°n- 
Process is steadily g^g on n ' ”?r' and ni,rogen gas- The 
proceed. These chemicaf cômnêô V ^ . Nevertheless, it does 
the action of radiation on green "phm'tT which prod."ced 1a,!'ain by 
compounds of great variety h h produce htological 

c«rbR„rc"„m¿rd?hvhdarogebnen ma"e °n ^»'-^uilibria involving 
_ P d ’ hydr0gen' oxv*e". nitrogen,* etc., by Dayhoff, 

to be- probable over long peH<,XVtí,me‘rr,,Ph"e W°Ul'1 n0t bi formed’ and »»>« do« not appear 



38 BIOASTRONAUTICS AND EXPLORATION OF SPACE 

et al. (1964), and experimental work has been done very recently by 
Studier, et al. (1968) and Hayatsu, et al. (1968) on the reaction 
products of nonequilibrium mixtures of simple substances. These 
papers assume that the postulated conditions of catalysts tem¬ 
peratures, pressures, and proportions of elements apply to the 
solar nebula, but that they are more applicable to the surface 
conditions of the primitive Earth from which most of the hydrogen 
component has been lost. These studies indicate that an enormous 
array of these carbon compounds will be produced, providing we 
start with mixtures thaf are thermodynamically unstable and 
proceed to form compounds which are thermodynamically more 
staoif*. 

Of course, as a general proposition, this has been well known 
for many years. It is reasonable to suppose that the original 
atmosphere and superficial regions of the Earth contained many 
of these compounds. But it should be noted that the original 
unstable mixtures must have been produced by some energetic 
process. For example, mixtures of ammonia and carbon monoxide 
can be prepared in the laboratory since there appears to be no 
method by which they would be produced in a natural Earth en¬ 
vironment. This is also true of certain other compounds used bv 
these authors. 

The ultraviolet light of the Sun in the high atmosphere pro- 
dueed activated molecules of various kinds, and these activated 
molecules, containing high free energy, would have engaged in 
spontaneous chemical reactions on the surface of the Earth. It 
is also true that electrical discharges could have occurred that 
would have produced energetic compounds. Such compounds have 
been studied by Miller, Ponnamperuma, and others, in recent years. 
It is interesting that many compounds that are characteristic of 
biological materials have been produced in this way. All such com¬ 
pounds as this could have been present on the earth from the 
earliest time. 

Berkner and Marshall (1964) discuss the protective effect for 
living organisms of ozone in the high atmosphere. But, in the 
presence of a reducing atmosphere containing only 1.5 x 10-3 
atmosphere of hydrogen, many volatile carbon compounds would 
be present, and these would absorb the ultraviolet light. In fact, 
the atmosphere might be opaque to visible light, as well. If thé 
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hydrogen pressure is only 2 x 10-« «tm t»,« .,.. . 
methane to carbon dioxide becomes uni ™'- e<1Ulllbr,um ra«° 

THE VAP'ATION OF THE ATMOSPHERE WITH TIME 

theÂcumÂTd^ fr a8CsrST'ty-ÍT ^ iS about 1.5 X 10-3 atm ^e,nave assumed that if the pressure 

amount of hydrogen to produce^thT SUr{ace the re(Juired 

r 
formic acid, to carbon0dLidemethH! a,COho1’ to formaldehyde, to 
states occur in more comXaL°r, eqUîVa,ents of the™ valence 
to nitrogen, sulfide is oxidiVpd t 0I?lp°unds- Ammonia is oxidized 
iron Othpr elo»« I d ed t0 suIfate’ and ferrous iron to ferric 

SrZl:“^ is slight. a^er and escape of hydrogen 

-P-ed it 

about 2.5 x 10» years Lo ^nesium carbonates at 
served befor/t Jt T/ u a Sma11 amounts of limestone are ob- 

mately from that time'’ on T’“™ 'ÍmeSt°ne appears apProxi- 

moaïro leu11nbt,Lh„at;reangomUTheT in tha at' 
for this comes from the on g • m°st striking evidence 
down in vadous naTts of T deP°SÍts that were ^¡d 
In Venezuela, fortxamnte approximatel)' th¡a Ume. 
Bolivar where a laver „f ’ 7* 18 thc íri!at lron mountain Cerro 
can be ftund kZV * PUK tmk oxide 100 "*‘<*3 thick 

Zm. £ba "'“-it «¡rdtsiísZ 
ppears that at least over an area of some 200 km in 

Of 1 oi.ll .mount. Of o.rbon ” OP*',Ue 10 ul,r.v'olot li.ht «t timo. Iw. i„ 
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ÄaT t°0f 

ZT rzTzrrz ïz; 
wer/abletopmMat'TJT °f "bi"i0n year3 “*»• ‘he plant! 
enormous ron d“!,,! A T>T8 and make th^ 

Är'“-”aa~^ 

«nd has a.ain VcC^lS,'1’^ 1959) 

Thode, MacNamara and Fleming (1953) observed fhnt qs« • 

approximately, that this beg!! aLoTw year?! , J““'' 
. «me oí the order oí the 2 x ,!* year date " ^ at 

immalÜf1* ^ ^ evidence of this kind exists (Ramdohr 1958, 

deZÄ ZZiJevl^T 2 bilU0n year8 aï0' urani™ »as' 
ae-o it o™«, " íf U02’ wherea8t smee about two billion years 

pfteh endTu” m ZZÍimmta in the m<>re Midi2ed i"™ » 
!ppearZbo„’t02' xÄ!snZ.rea8e Cb“8‘- 

THE ORIGIN OF LIFE 

ProceZ' from ?"!ra"y a38Un,ed that Iife eriKinated by natural 
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different temperatures. If we can heat substances, say to 500°, 
and then cool them down, chemical reactions will occur spon¬ 
taneously at ordinary temperatures. But it is quite obvious that 
on the Earth at the present time high temperature sources are very 
incidental and not continuous, and, hence, they are not reliable 
sources for the production of energetic compounds. This situation 
must have existed in the past. By all odds, the most important 
source of energy on the primitive earth was the ultraviolet light 
of the sun and the electrical processes which owe their existence 
again to the radiation of the Sun. 

The biochemical details by which life evolved are exceedingly 
complicated, and it is not intended that a detailed discussion of this 
should be undertaken at this point. However, we might point out 
that modern living organisms, from the most complicated to the 
most simple, contain deoxyribonucleic and ribonucleic acids and 
protein materials. The type of protein materials produced is 
determined completely by the DNA or RNA. At least so far as we 
can see from the organisms that have persisted to the present 
time, these compounds are correlated with each other uniquely, 
and, hence, it appears probable that the origin of life occurred by 
the evolution simultaneously of DNA, RNA, and proteins, side-by- 
side. This evolution requires that we should be able to have 
compounds containing the nucleic acid bases, adenine, cytosine, 
guanine, thymine, uracil, ribose, deoxyribose, and phosphate in 
order to produce the nucleic acids. At the same time, we must 
have present the amino acids, some twenty of which are impor¬ 
tant in making the prominent proteins of terrestrial organisms. 
Recently, experiments show that many of these compounds can 
be produced using energetic processes such as electrical discharges 
and ultraviolet light. The amino acios are able to persist on the 
Earth for substantial lengths of time, but it is difficult to produce 
these except by energetic processes. Probably the phosphate 
problem is the most puzzling one because the natural phosphates 
are so insoluble. Calcium, magnesium, and ferrous phosphates 
have very small solubilities, and one wonders how they could have 
been available in the primitive oceans in order to facilitate the 
synthesis of the very important compound DNA and RNA, but, 
possibly, one part of p?">sphorus per 10 million parts of water was 
sufficient, as it is also sufficient for the growth of modern or¬ 
ganisms. Miller and Parris (1964) have shown that the answer 
probably lies- in the utilization of solid phosphates by evolving 
organisms. 



I 

SOME REMARKS ON THE EVOLUTION OF THE ATMOSPHERES 43 

When oxygen appeared in the atmosphere some 2 billion years 
ago, it is probable that most types of organisms existing at that 

minated' But 80me anaerobic organisms have per¬ 
sisted to the present time. For example, yeast is a very common 
organ sm, and many anaerobic bacteria are known. And, occa¬ 
sionally, an animal of advanced, complicated structure spends at 
least part of its life cycle under anaerobic conditions. It is inter¬ 
esting that a fossil microorganism (Kakabekia umbellata) was 
discovered (Barghoorn and Tyler, 1965) in the Gunflint formation 
which was laid down about 2 billion years ago. Later, what appears 
to be the same organism or a closely related one was discovered in 
deposits at Harlech Castle, Wales, in places where human urine 
was deposited. Such deposits contain considerable amounts of 
ammonium ion, and this and carbon compounds are required for 

ï, *1°^ in laboratory media (Siegel, et al, 1967). If we are 
ab e to find an ancient fossil of 2 billion years ago, we can reason¬ 
ably assume that it was widely distributed in order that even one 
fossil deposit of such a microorganism could be found at the 
present time. Thus, it is reasonable to assume that the conditions 
under which it lived were the general conditions and not those of 
very specialized locations. In other words, this organism can 
reasonably be assumed to have lived on an Earth in the oceans of 
which ammonium ion and ammonia were common, which is pre¬ 
cisely the conclusion reached in this paper in regard to the state of 
nitrogen compounds on the Earth, from its beginning up to some 
2 billion years ago. Some may argue that this is not an exact 
proof of the conditions on Earth 2 billion years ago, and with this 
I agree. However, the most reasonable interpretation is that 
Kakabekia managed to find very limited areas where biological 
organisms, e.g. Homo sapiens, left biochemical substances which 
decomposed to produce the ancitnt ammoniacal conditions under 
which it evolved. 

SUMMARY 

We can summarize the conclusions of this paper in this way 
The original atmosphere of the Earth was reducing, with free 
hydrogen in the atmosphere. The atmosphere probably contained 
substantial amounts of methane, some amounts of nitrogen, and 
small amounts of ammonia. Also, the oceans contained ammonium 
salts. The origin of the Earth is generally thought to have occurred 
between 4.5 and 4.7 x 10® years ago. The loss of hydrogen began 
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immediately, and, at the end of approximately 2 billion years, name¬ 
ly 2.5 X 10* years ago, the carbon dioxide pressure in the asmoa- 
phere probably became higher than 10-# atmospheres. The concen¬ 
tration of carbonate and bicarbonate ions in the ocean was probably 
smaller than it is today, and the calcium ion concentration in the 
oceans may have approached its present value. At this time, 
probably ferrous iron was also present in the oceans in amounts 
somewhat less than calcium. Calcium carbonate, magnesium car¬ 
bonate, and ferrous carbonate were being deposited from the 
oceans at that time. Approximately 2 billion years ago, green 
plants appeared, having a capacity of oxidizing ferrous iron to 
ferric iron, thus resulting in the deposition of the great iron de¬ 
posits of the Earth. After this time, free oxygen appeared in the 
atmosphere, and this prevented the erosion of iron from the rocks 
and its subsequent transport to the seas. From then on, the 
possibility of the concentrations of iron in large quantities ceased 
because of the insolubility of the iron in water. For 2 billion 
years we have had an oxidizing atmosphere, and only those 
organisms that were able to protect themselves against oxidation 
processes have survived, with the exception of those organisms 
(e.g., certain bacteria, yeast, and a very interesting Kakabekia 
umbellata) that have been able to find localized areas on the 
Earth’s surface where reducing conditions exist. It is interesting 
to note that with the appearance of oxygen and its production by 
plants, far more energetic organisms have been possible than 
existed under reducing conditions. No very satisfactory explana¬ 
tion has appeared in the literature to explain the absence of cal¬ 
careous fossils until the beginning of the Cambrian period and 
none is attempted in this paper. 
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IV 

Chemical Evolution and the Origin of Life 

Cyril Ponnamperuma* 

INTRODUCTION 

In the evolutionary scheme of things, life may be considered 
to be a special and very complicated form of the motion of matter. 
It possibly arose as a new property which matter had not possessed 
earlier and only occurred at a particular period in the existence 
of this planet and resulted in its orderly development. It was the 
result of a gradual process, operating upon the Earth over an in¬ 
conceivably long span of time. A long chemical evolution was the 
necessary preamble for the emergence of life-. 

These ideas are implicit in the writings of Oparin, Haldane, and 
Bernal.1- *- * Oparin alluded to the simple solutions of organic 
substances whose behaviour was governed by the properties of 
the component atoms and their arrangement in the molecular 
structure. Increasing complexity resulted in new properties, and 
biological orderliness thus came into prominence. Haldane had 
speculated on the production of a vast variety of organic sub¬ 
stances, including sugars, and some of the materials from which 
proteins are built up by the action of ultraviolet light on the Earth’s 
primitive atmosphere. Bernal theorized on the modes by which 
concentrations could have been effected on the primitive Earth. 
Condensations and dehydrogenations would have led to more 
complex substances making possible further syntheses. 

“Even a formulation of this problem is beyond the reach of 
any one scientist, for such a scientist would have to be at the 

•Chief. Chemical Evolution Branch. Exobiolofy Divlilon. NASA-Amee Reaearch Center, 
Moffett Field, California; and the Department of Biological Science«, Stanford Unlvenlty, 
Stanford. California. 
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m*h*matician« Phy««8t, and experienced 
chemi,8t> .he 8hould h«ve a very extensive knowledge of 

geology, geophysics, and geochemistry, and, besides all this be 

this Ssî Jîn h0"16 J" J” b.Í0l0gÍCal di8dpIine8- Soo"- or later 8 task will have to be given to groups representing all these 
faculties and working closely together theoretically as well as 

«îii|ri,üîîta»u 8aid BernaI in 1949 in his celebrated essay en¬ 
titled, ‘The Physical Basis of Life.”« The chemist however with 
danng insight could think of the evolutionary process as nassimr 

toXÍ fhree d-8tÍIí.Ct chemical phases from inorganic chemistr^ 
of o lrr10! CfhemiS7- and from °wnic chemistry to thS 

b“ CÍ®mÍ8t7- thin^‘ therefore, appear to be neces- 
8ary for the chemical sequence of events which led to the appear¬ 
ance of the first replicating molecules: 

(1) The origin of the micromolecules or monomers, 

(2) The condensation of the micromolecules into macro¬ 
molecules or polymers capable of replication. 

The purpose of my talk is to outline how experimental work in 
our laboratory has shown that these two stages could have taken 
p ace on the primordial Earth before the appearance of life. 

PRIMITIVE ATMOSPHERES 

nrif°4int f0r any di8CU88ion on the question of the 
gin of life must turn around the nature of the Earth’s primitive 

mXn^ere,^ °r il ÍS thiS atmo8Phere which supplied the raw 
I fj?6 PreS®ní rarity °f the terre8trial noble gases with 

respect to their cosmic distribution indicates that a primary atmos- 
the Earth was almost completely lost in early times and 

whlth:rr.nt atm°8Phere '* of secondary origin. The elements 
which were later to form a secondary terrestrial atmosphere must 

hppne pamed the Prirnary atmosphere in compounds or have 
been accumulBtcd as gases during the formation of the Earth. 
As the temperature of the newly-formed planet increased through 
the energy of accretion and due to radioactive decay, these com- 
PPunos were decomposed and the occluded gases released. The 

k! C0î"P°8iti°n of the secondary atmosphere must, at first, 
ave been similar to that of the primary atmosphere. Because 

hPPn in-f rî !u e8Ca^' m08t of the free hydrogen must have 
been lost, and the principal constituents of the atmosphere must 
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have been water vapor, ammonia, and methane. It is this atmos- 

Pf V? Water vapor’ rnethane. and ammonia, and small amounts 

nri-K0*? WhLCh Wi]' ^ COn8ld<red in diacuasior^aaThe primitive atmosphere of the Earth.8 

th„ p“0"*1' ‘'l8™*8 “I!8 coiit-overay about the true nature of 
the Earth s early atmosphere, the evidence available from several 
sources suggests that the primitive atmosphere must have been re- 

™ natUre’ Th.e .great abundance of hydrogen in the universe 
s the basic argument in support of this theory. Over 90% of the 

known universe is made up of free hydrogen. The equilibrium 
nstants further indicate that in the presence of an excess hydro- 

gen the elements carbon, nitrogen, and oxygen must have been 
present in their reduced form as methane, ammonia, and water. 
From planetary spectroscopy, we learn that the major planets, 

Dheí^h and fatur\whlch have retained their primitive atmos- 
water The0 ZZ abundance of methane, ammonia, hydrogen, and 
Fflr+, ‘ J . meteorites which have the approximate age of the 
Earth contain metals in the reduced form. An added argument 
which md'recUy supports the idea that the primordial atmosphere 
must have been reducing, is that many of the molecules which 
are necessary for living organisms cannot be produced unless we 
have nonoxidizing conditions. 

related totlZZ 'Z Earth’s a^osphere is intimately 
related to the evolution of the Earth's primitive atmosphere.« The 

«mtaininff^rpp m °Ur pIann,ftary system in havi^ a" atmosphere 
ZZ 'Z h ygen- ,The 0Xygen in the present atmosphere 
of waterar,se" fromutwo zurces: the photodissociation 
,iffhWat n he upp*r atmosphere by short wavelength ultraviolet 
evnu Zdu by , p,ant Photosynthesis. Photosynthesis probably 
evolved when the ozone layer in the upper atmosphere cut out the 

chemlè« T the SUn and thus Put an end to the photo- 
menT Helë, feS,\ comP°unds in the primitive environ- 
arminH ^eteiotrophs whlch thrived on photochemicals available 
DhotosvntheT- Tv? .eonverted t0 the autotrophs which had to 
photosynthesize their own food. This change may be diagram- 

rrganIsmsrthretSenteiH ^ the h°Ur g,aSS (FigUre 1)1 0n,y those organisms that could incorporate molecules such as porphyrins 

the USt0fTger Wavelengh ,ight were able to pass through 
The nr WaS & wbo^esa^e massacre at this junction. 
evolve TT8 th?t survived and developed further were able to 
evolve into the wide variety of life on Earth today.7 
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TRANSITION FROM REDUCING TO OXIDIZING ATMOSPHERE 

Picure 1 

ENERGIES 

The energies available for the synthesis of organic compounds 
under primitive Earth conditions were ultraviolet light from the 
Sun, electric discharges, ionizing radiation; and heat.H While it is 
evident that sunlight is the principal source of energy, only a 
small fraction of this energy was in the wavelength below 2,000 A 
and could have been absorbed by the methane, ammonia, and water. 
However, the photodissociation products of these molecules could 
absorb energy of higher wavelengths. Next in importance as a 
source of energy are electric discharges, such as lightning and 
corona discharges from pointed objects. These occur close to the 
Earth’s surface and hence would more efficiently transfer the 
reaction products to primitive oceans. A certain amount of energy 
was also available from the disintegration of uranium-235, 
uranium-238, and potassium-40. While some of this energy may 
have been expended in the solid material such as rocks, a certain 
proportion of it was available in the oceans and the atmosphere. 
Heat from volcanoes was another form of energy that may have 
been effective in primordial synthesis. 
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EXPERIMENTS 

In the experiments in our laboratory, we have adopted the 
simple working hypothesis that the molecules which are important 
now were also important at the time of the origin of life. We tre 
investigating the abiogenic synthesis of the nucleic acids and 
proteins. We synthesize the “primordial soup" described by 
Haldane and proceed to analyze it. I shall now endeavor to show 
how, in the course of these experiments, we have established that 
some of the micromolecules of biological significance can be syn¬ 
thesized and that under the same conditions they could be 
condensed, or polymerized, to give rise to macromolecules. 

In experiments starting with methane, ammonia, and water, 
an electron beam was used to simulate potassium-40 on the primi¬ 
tive Earth.® The gas mixture was irradiated with electrons from 
a linear accelerator in the Lawrence Radiation Laboratory at 
Berkeley. In a 45-minute period, the total energy absorbed was 
about 7 X 1010 ergs per gram. The results of this investigation 
clearly established that adenine was a product of the radiation of 
methane, ammonia, and water. The production of adenine is 
enhanced by the absence of hydrogen. This is to be expected since 
methyl carbon has to be oxidized in order to appear finally in the 
purines. In any event, the high concentration of organic matter 
on the prebiotic Earth probably arose when most of the hydrogen 
had escaped. 

Formaldehyde was formed by the action of electric discharges, 
or ionizing radiation, on 1 mixture of primitive gases. Experi¬ 
ments in which formaldehyde was used as starting material have 
shown that sugars are formed. A preliminary separation indi¬ 
cates that, by far, the highest yield is in the pentoses and 
hexoses.10 There is evidence that the biological sugars, ribose and 
deoxyribose, can be formed by this means. Similarly, hydrogen 
cyan»rle, which is readily formed in simulation experiments, gives 
rise to adenine and guanine by photochemical reactions.11 

This brief summary of previous work indicates that micro¬ 
molecules can, indeed, be formed in simulation experiments. The 
results from other laboratories have confirmed our findings and 
have extended the list of compounds so formed.12 Let us now 
turn to the question of condensation reactions giving rise to poly¬ 
peptides and oligonucleotides. 
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CONDENSATION REACTIONS 

Dehydration-condensation reactions are generally involved in 
the formation of more complex molecules. On the primitive Earth, 
this type of condensation could have taken place in water solution, 
in our case the primordial ocean, or in the relative absence of water 
on the shore of the ocean or the dried-up bed of a lagoon. In our 
simulation experiments, we have reconstructed both models: 

(1) The condensation reaction taking place in the presence 
of water, and 

(2) The condensation reaction taking place in the relative 
absence of water or in a hypohydrous condition. 

The condensation reaction taking place in the presence of water 
will be illustrated by our synthesis of peptides while the condensa¬ 
tion reaction in the relative absence of water will be demonstrated 
by our synthesis of oligonucleotides. 

We have two examples of the synthesis of peptides in aqueous 
solution : 

(1) The photochemical synthesis of di-peptides and tri¬ 
peptides from glycine and leucine ;,s 

(2) The synthesis of a polypeptide during the electric dis¬ 
charge through methane, ammonia, and water.14 

When an aqueous solution of glycine and leucine was exposed to 
ultraviolet light in the presence of cyanamide, the dipeptides 
glycyl-glycine, glycyl-leucine, leucyl-glycine, leucyl-leucine and the 
tripeptides glycyl-glycyl-glycine and leucyl-glycyl-glycine were 
formed. 

We have recently found that, in our experiments with electrical 
discharges on the Earth’s primitive atmosphere, most of the amino- 
acids synthesized were already present in the condensed form. 
The aminoacids appear to be linked together as soon as they were 
synthesized. It was only on hydrolysis that free amino acids were 
detected. 

The apparatus used for the experiment consisted of a dumbbell¬ 
shaped flask representing the atmosphere and the ocean. The 
discharge takes place in the upper flask (the atmosphere) and the 
reaction products accumulate in the lower (the ocean). In a typical 
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In order to establish whether glycine was incorporated into the 
w ynu r by a peptide link, the discharge experiment was repeated 
with unlabelled methane. Glycine labelled with C" was added 
o the water in the lower flask. Electrophoresis of the end prod¬ 

ucts indicated that the glycine was incorporated. Hydrolysis with 
the enzyme pronase, released the glycine quantitatively. Similar 
"St8obta,ned with alanine. In the case of these two amino 
acids, the incorporation appeared to be via the peptide link. 

tho^^ÍeS h" C,hTcaI evoI»tion up to now, it has been 
thought that the individual ammo acids had to be first synthesized 
and then accumulated before the formation of a polymer Our 
results on the contrary show that some polymerization had already 

atmnTnh ^ initmI reaction between the Earth’s primitive 
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ret T1 i161? °f rnonoPbosPhate obtained was about 187c. This 
action took place at much lower temperatures. Even at 50° 

a small yield was obtained, but this required at least 3 days’ heat¬ 
ing as compared to 2 hours at 160°. 

fi,,/" ^hose mittel experiments, several bands were observed in 
e autoradiograph of the electrophoretic separation. By the 

combined techniques of autoradiography, paper chromatography, 
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ion exchange, and electrophoresis, the different isomers of the 
monophosphates were separated. 

The use of CH labelled nucleosides, and P32 labelled phosphate 
clearly indicated that there were other phosphate containing com¬ 
pounds besides the monophosphate. The electrophoretic mobility 
of one of these corresponded to the dinucleoside UpU. The 
identity of thif was further confirmed by the use of ion exchange, 
paper chromatography, and Cu/P32 ratio studies. 

A second compound corresponded to the dinucleotide UpUp. 
This was similarly identified as the dinucleotide of uridine by 
combined analytical techniques. We have more recently been 
able to extend the identifications to the trinucleotides and tetra- 
nucleotides. These results clearly indicate that the thermal phos¬ 
phorylation could result in the synthesis of small polynucleotides.18 

The conditions of these experiments may be considered to be 
genuinely prebiotic. The temperatures used are within reasonable 
limits. Although the reaction is favored by the absence of water, 
it is not completely inhibited by water. We find that water of 
crystallization does not interfere with the yields. In the case 
of the mononucleotides, several experiments were done with various 
proportions of water. We found that the reaction was not hindered 
unless water was present in large excess. For example, when 
2 micromoles of the orthophosphate and 2 micromoles of uridine 
were heated in the presence of 500 micromoles of water in a 
sealed tube 5 ml in volume, the reaction still took place although 
the yield was an order of magnitude less. If dinucleotides, tri¬ 
nucleotides and tetranucleotides can be formed by this process, it 
is reasonable to expect that several dinucleotides could be linked 
together by a similar process to give us the beginnings of nt -leic 
acid chain formation. 

Recent studies on the pathway of phosphorylation have shown 
that condensed phosphates are formed when orthophosphates are 
heated to around 160°. At lower temperatures, partial trans¬ 
formation to linee r phosphates was observed. Because of its 
simplicity, thermal condensation of inorganic orthophosphates at 
relatively low temperatures is very attractive as a general source 
of condensed phosphate on the primitive Earth and supports the 
suggestion that thermal processes may have provided one of the 
most likely sources of inorganic polyphosphate, a potential phos- 
phorylating and condensing agent in primitive syntheses.17 We 
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ADENINE AND GUANINE FROM HCN 
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SYNTHESIS OF SUGARS FROM FORMALDEHYDE 

2 CH20 —► CH2OH • CHO 

CH2OH • CHO + CH20 —► CH2OH • CO • CH2OH 

CH2OH • CHO + CH2OH • CO • CH20H CH2OH • CHOH • CHOH • CO • CH2OH 

2 CH2OH • CHO —*» CH2OH • CHOH • CHOH • CHO 

OR CH2OH CO CHOH CH2OH 

Figure 4 

rise to polymers which may have been the forerunners of the 
nucleic acids and proteins of today. 

Recent work on the elucidation of the mechanisms involved in 
these reactions point to a relative simple chemical pathway for 
the origin of the micromolecules. 

Hydrogen cyanide is formed in copious yield from methane, 
ammonia, and water. It is the pathway for the purines adenine 
and guanine (Figures 2,19 and 3?0). 

Formaldehyde is an intermediate in the reaction of primitive 
atmospheres. It is the simplest of the sugars. Condensation 
reactions with formadehyde give rise to sugars of biological im¬ 
portance. This was a reaction known to organic chemists since 
1861, (Figure 4ai). 

The cyanide and the aldehyde together, by the Strecker 
synthesis, give rise to amino acids, (Figure 6). 
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MECHANISMS OF SYNTHESIS 

RCH0 + NH3 + HCN=-RCH(NH2)CN + H20 

RCH(NH2)CN + 2H20—RCH(NH2)COOH + NH3 

RCHO+HCNi=r RCH(OH)CN 

RCH(0H)CN + 2H20—►RCH(OH)COOH + NH. 
f igure 5 
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The simulation studies have shown that a-aminonitriles which 
are precursors of amino acids can be synthesized. Some form of 
chemical evolution may be taking place on Jupiter. Our experi¬ 
ments also lead us to believe that the red colors on {he planet may 
be due to a ruby-red organic polymer formed when a mixture of 
methane and ammonia is exposed to electric discharges. 

The laboratory experiments have shown that, wherever suitable 
conditions exist, organic compounds of biological significance can 
be synthesized. These results lend support to the hypothesis of 
chemical evolution and to our belief in the existence of extra¬ 
terrestrial life. 
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Physics of the Universe 

F. Zwicky* 
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of all basic facts relating to things and phenomena on the one hand 
and understanding of the thoughts, emotions, and aspirations of 
man on the other. In talking here about the physics of the universe, 
however, I shall confine myself to a discussion of the properties of 
matter and space and leave the analysis of the minds of men and 
their aberrations to another speaker; although I must emphasize 
that they constitute a complex of problems which actually interest 
me even more than the physics of the universe. 

To state it briefly, the morphologist, in all of his work and his 
activities, is concerned with the interrelations among objects, 
phenomena, concepts, and ideas. Furthermore, he endeavours to 
achieve as an ultimate goal an understanding of all such interrela¬ 
tions. This, in practice, is of course seldom possible, and our 
procedures then become restricted to what Prof. John Strong has 
called Modest Morphology* For instance, I may know of one 
proof of the Pythagorean theorem. The uncompromising mor¬ 
phological approach endeavours to know all proofs, which happen 
to be in this case infinitely many, although these may be grouped 
into a finite number of classes of the same character. Modest 
morphology contents itself with two, or with just a few, proofs; 
the knowledge of which, however, will be useful to evoke resonance 
of understanding in the mind of one pupil or in another who might 
not really appreciate the first proof at hand. 

MORPHOLOGY OP THE PHYSICS OP THE UNIVERSE 

At first sight, it might appear to the morphologist, or for that 
matter to anybody, that we are concerned here with all the inter¬ 
relations among objects and phenomena. This of course is partly 
true, and it would suffice as a formulation of the problem if only 
we were involved individually. For myself, I can observe objects 
and phenomena, enjoy the experience, interfere as the occasion 
permits or demands, change the course of events in some measure, 
and then let it go at that. If, however, objective recording and 
communication tr other individuals is required, the observations 
which I make must be formulated in some objective and communi¬ 
cable way. A fact as I, and only I, possess it cannot under the 
circumstances remain such a fact—it becomes but a logical con¬ 
struct to be transmitted to and possibly to be understood by others. 
Our objective review of the physics of the universe therefore is 
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Pome of the characteristic lengths which enter the theory of 
elen.jntary particles and nuclear theory are 

and 
d«, = eVm,, c2 = 2.8 x 10-J» cm 

dN2 = e-yin,, c2 = 1.6 x 10-1« cm 

where e, me, are respectively the charge and the mass of the 
electron, and mp is the mass of the proton. 

Throughout his thinking such characteristic lengths made up 
of fundamental physical constants are being associated by the 
physicist with the various classes of his hierarchy of objects. In 
some cases, this association is now clearly understood, while it re¬ 
mains obscure in other cases. For instance, we do not yet know 
in which way the very small length 

d0 = (G h/c3) '/4 = 4.05 X IO-33 cm 

enters the field of particle physics, if it does at all. In the above 
equation, G and h are, respectively, the universal constant of gravi¬ 
tation and Planck’s constant. 

(b) The atoms. Neutral atoms are distinct entities con¬ 
sisting of nuclei made up of protons and neutrons surrounded by a 
number of electrons whose summed up negative charge exactly 
compensates the always positive charge of the nuclei. Atoms can 
be excited or ionized (become charged by loosing one or more 
electrons), emit light, and can be combined into molecules. In 
contradistinction to nuclear and elementary particle reactions, the 
energies released or absorbed in these transformations are small 
compared with the rest energies m c2 of the particles involved. The 
characteristic length most important in atomic physics is Bohr’s 
length : 

d„ = h2/4»2 m„ e2 = 5.3 x 10-» cm. 

(c) The molecules. Analogous to protons and neutrons com¬ 
bining to form atomic nuclei, atoms can combine to build molecules, 
the difference being that the former are charged. Therefore, with 
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transformations of matter into denser states—to occur, for in¬ 
stance, the so-called pyknuclear reactions—all of which lead to 
implosions and explosions and thus become destructive. As for 
another physical characteristic of the three size ranges of solid 
bodies, attention should be called to the fact that in microscopic 
bodies the surfaces play a relatively important part, and the total 
energy content not only depends on the volume but also on the 
surface. On the other hand, for macroscopic bodies, the surface 
energy is negligible as compared with the volume energy. Macro¬ 
scopic matter is therefore subject to equations of state which relate 
the pressure or specific energy of any part of the object to the 
local density, temperature, electric and magnetic field, and so on. 

(f) Cosmic bodies. The most massive solid bodies, such as the 
Earth and other planets, must be classed as cosmic bodies. Gen¬ 
erally, however, cosmic bodies are still more massive and include, 
of course, the stars, the galaxies, and the clusters of galaxies. We 
shall speak separately about these clusters further on, where we 
also will discuss the significance of the peculiar fact that, with the 
clusters of galaxies, the hierarchy ends: there are no clusters of 
clusters of galaxies. 

Generally speaking, cosmic bodies are those in which electric 
and magnetic forces play only a minor role and whose interactions 
are governed by gravitation. 

The transition from macroscopic matter to cosmic matter takes 
place for solid bodies whose size is about 100 km and whose density 
is in the order of ore gr/cc. At maximum, solid bodies can be 
charged-up to an electric potential of a billion (10») Volts. For 
greater potentials, the charges would eject each other. Endowed 
with this charge, two such bodies, 100 km in size, would exert an 
electric force on each other which is about equal to their mutual 
gravitational attraction. For larger bodies, the gravitational forces 
become rapidly more important than any electrical interactions. 

(g) Living organisms. Attention must be called to the re¬ 
markable fact that living organisms are only found in the range 
of microscopic to macroscopic objects of moderate size. Why 
these are confined to this group of bodies covering a range of about 
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10' in sizes is not exactly known, although biophysics and bin. 
chemistry have already explored a great number 0™.^ 0, 

Ivérr:rsrhaa] n„taCfurthEXCePt ^ ^ ÍnCÍde"tal —Ä! 
living matter °CCUPy our3elves wi‘l> «■' Problems of 

(2) Stars, Galaxies and Clusters of Galaxies1 6 » 

Since I have occupied myself intensively with these objects in 
my research, I shall discuss them here at some greater length 
My reason for doing so, however, stems especially from the fact 

logica‘ya8DProach 1'^°" and based on the morpho- 
ogical approach have been particularly fruitful and have resulted 

in the discovery of many families of entirely new obierts Th*«« 
predictions were based on the simple view that accoriTng'to some 

thoseeofmt°he 0t m°dern physics and Specially those of the Boltzmann-Gibbs statistical mechanics matter has a 
tendency to aggregate either slowly or implosively into ever more 
compact and massive compounds. And, in so doing, vast amounts 
of energy are released which cause the dispersion of some matter 
into the vast cosmic spaces. During the past 30 years the author 

which led to'The^u0” hfaV.e .therefore conducted extended searches 
A'hich led to the successful discovery of vast amounts of inter«™ 
actic matter such as dwarf, pygmy, and gnome galaxies, as well as 

mtergalactic plasmas which give rise to emission of radl waves 
X-rays, and cosmic rays. waves, 

The quest for compact bodies, on the other hand, led to the 
conception of neutron stars, ultimate bodies of solar mass and den 

of pvlmv“ °f ‘°n* Por cm», and to the d“' 
whichThp 7 u COmpact 1?alaxies of various descriptions of 

‘ nth quaS1'8te”ar rad,° zurces (quasars) form but a very 
. . .Par ‘ Slnce the «Pcctra of these objects reveal very large 

iw H astronomers have concluded that they are the 
most distant objects known and that they are receding from us 
with velocities equal to a good fraction of the velocitf of light 

siderablp n" fth* C°mpa<? »aIaxies, however, indicates that a con- 

tàtfon« p?? f°f Ahu red Shift may be due t0 the Einstein iiravi- 
assemhlpH feCt About, 3000 compact galaxies have now been 

seve" Ist« by the author, and their observation prom- 
in fh! mUCh, 1Kht on the ,ari?e-seale distribution of matter 
m the universe and on its evolution. 
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It is interesting to note that, in the formation of the ultimate 
possible stages of cosmic matter (that is, neutron stars*) in 
extremely compact galaxies, amounts of energy are released which 
again are comparable to their rest energy, just as it is the case 
in the interactions of the elementary particles and nuclei. It is, 
for instance, conjectured that the collapse into neutron stars can 
account for the enormous energy releases in supernova outbursts, 
which at maximum light are of the luminosity of about 5000 
million suns. Likewise, implosive processes in extremely compact 
galaxies may release amounts of energy of up to 100fl ergs and are 
capable of causing whole stellar systems, containing millions of 
suns, to be projected into space with velocities of thousands of 
kilometers per second. 

In the six volume Catalogue of Galaxies and Clusters of 
Galaxies13, which the author and his collaboators have been con¬ 
structing during the past 30 years, about 10,000 rich clusters of 
galaxies have been listed. Some of these contain as many as ten 

ousand galaxies, and they represent the largest aggregations of 
matter known to us. The rich clusters occupy on the average a 
volume in space the linear dimensions of which are of the order of 
150 million light-years. If the force of gravity between two bodies 
separated by the distance r were strictly proportional to 1/r2, we 
should, from the theory, expect to find clusters of clusters of 
galaxies. Since these do not seem to exist, we must conclude that 
the force of gravity rapidly ceases to act when the distances become 
greater than 150 million light-years.* If this is really true, we 
must conclude that the general theory of relativity is not quite 
correct, but needs serious modifications. 

I , “ust*e"tH ‘h* concept of neutron «Un in • phy.lc. .etninar at the California 

I9” *nd 1,ler WOrked °Ut the th*ory of a m<xW through- 
not ne i n en,,jy '°r wh¡ch I derived the following elemenUry resulta: First, the (negative) 

th 1 '* 'Tïü* mo<,el ‘N"*™ O"1)' • fcw percent from the same model treated by 
sur ií °. *r,V‘Utio"- S«0"'!. the velocity of hght on the surface of this neutron 
Hah. ° " h ,h " trre *P»ce. And most important, third, the redshlft AX of 
light of the wavelength X e nltted from the surface to infinity i. AX/X = 2. This reault 

,ye*rV,,0> pro,nUe“ to he of Interest in explaining ¡he fact that the greatest’ 

^f the v^l, Td .7°“ vTP“Ct ,r*l*Xi" *Bd the qU,W•n, e“»«"*“te in the neighborhood 
reaíiÍúc dën It’ T? n"!, " !“Íly expl*in*ble by ^¡"g ‘he n,o,K.| to on. with a more 
realistic density distribution such as those which may be expected in ultimately compact 

n. 0n •tar-,ltuddrd commet gala lira": . concept which I proposed a few years 
a*o which is now being promoted nino by others. 

as.umll™UeT/IV!l ^ di,t*n<:« *r* ■o-called indicative figures, derived on the 
assumption that a red shift of 100 km/sec corresponds to 10" pc distance. 
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the physical phenomena in the universe 

Generalities 

matter, an^phenomena11“ 'TnTiTel 8paCe' 

rrÄ .t" »ïÂn % »ÄVu.r 
ä-68 of ra“tef in * “avfrs i 
Space 

ÍnClfÍng K“‘- 
Euclidean fUU apace untiMh. 8pace’ th<! »«ailed 

a« many iypeaTap^e'^bTe ^ ^ ^ flat or a curved or «Aether or not we live in a 
future cosmologists to dTcidP 7 efXhpa"ding space remains for the 
and observattn? Attenüón ,h„,?/ ^ °f d“isive ‘^Périment« 
that our uae of a (hr^SZ sI,?uld1als0 ^ ealled here to the fact 
trivial but based oî c^ta SIT* '10Ur thinkinK “ »ot 
mental senses. Performance characteristics of our 

With“lr they6must88c,,a”cteris‘ics: i" communicating 
dimensionaT inheJ irTtoS ■" “ "8pace of at laaa‘ **" 
they must transmit ten signais to e^ 

terÍS^ 

transmission to others are realVSy tagt, ^a" ” 

The Geography of Cosmic Space14 

r=* äss ää" 
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three giants of the mind who opened up the correct vistas for us. 
At least one more step will have to be performed to inform us 
about the integral structure of the universe, but this fourth giant 
to help us out is not in sight. 

These three great giants of the past are Aristarchus (320-250 
B.C.), Giordano Bruno (1548-1600), and Knut Lundmark (1889- 
1958) whom I was lucky enough to know and count among my best 
friends. 

Aristarchus conceived the Sun and planets as being bodies in 
space. He was the first to devise rigorous methods for the deter¬ 
mination of the distances of the Moon and the Sun from the Earth, 
and he thus became the master surveyor of the planetary system! 
Unfortunately, the dark ages followed and his methods were 
carried out with precision only 17 or more centuries after Aris¬ 
tarchus. 

Giordano Bruno conceived the stars as being bodies outside of 
the planetary system and occupying the vast space of the Milky 
Way which he envisioned as an immense galaxy of stars. 

. And finally, around 1918, Knut Lundmark recognized the ex¬ 
istence of myriads of stellar systems or galaxies far beyond the 
confines of the Milky Way. He also proposed and developed dif¬ 
ferent methods for the determination of the relative locations of the 
galaxies in cosmic space. As a first result, he derived the distance 
of Messier 31, the great nebula in Andromeda, to be 650,000 light- 
years, equal to about six times the diameter of our own galaxy. 

Lundmark furthermore suggested a possible relationship be¬ 
tween the red shifts in the spectra of galaxies (or their symbolic 
velocities of recession) and their distances. This velocity-distance 
relationship, if correctly implemented, promises to furnish impor¬ 
tant information on the structure of the universe. 

The Multiplicity of Physical Phenomena in the Universe 

As mentioned before, it is, for communication of knowledge and 
for teaching purposes, advisable and even necessary to divide the 
physicochemical phenomena into groups although the delineation 
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between these may not always be very sharp. For my own pur¬ 
poses, I have generally used the following classification: 

(1) Kinetic and dynamic phenomena 

(2) Elasticity 

(3) Heat 

(4) Electricity 

(5) Magnetism 

(6) Gravitation 

(7) Optical phenomena or electromagnetic radiations in 
general 

(8) Chemical phenomena 

(9) Nuclear and elementary particle phenomena 

(10) Intrinsic structural behavior of the elementary particles. 

To be sure, these categories will not exhaust all the natural 
physical phenomena possible. For instance, we are certain that 
there are gravitational waves or shocks travelling through space. 
But, since we cannot as yet record them, not much can be said 
about them. Furthermore, we shall probably find that space has 
structure all over: for instance, granulation associated with the 
mysteriously small length, 

d0 = (G h/c»)H = 4.06 x 10-33 cm 

mentioned earlier which we expect to be associated with some 
sort of zero-point energy of space and with various energy 
transformations. 

It is a most fundamental fact that energy content is associated 
with the various phenomena which we have enumerated. Consider¬ 
ing only the ten phenomena listed, we thus have ten types of energy 
contents; namely, E, = kinetic energy, E2 = elastic energy, and 
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bo on until we come to Ejo = m c2 which is equal to the rest energy 
of any of the particles involved. It would, of course, be nonsense 
to talk about these various types of energy if they could not be 
transformed into one another. For instance, if m c2 could not be 
transformed into radiation, it would be academic to call it an 
energy, although dimensionally it would symbolically be M L2 T~2, 
as the regular kinetic energy. We therefore call energy any in¬ 
trinsic content of any phenomena mentioned which can be released 
in one way or another to set a body in motion relative to that 
system of reference in which it was originally at rest. 

The Morphological Totality of Energy Transformations 

In quantitatively measuring the intensities of the ten phe¬ 
nomena listed in the previous section, the fact that energy contents 
are associated with them is of prime importance. Two simple 
examples may be mentioned. First, to measure gravitational force 
or change of gravitational energy we may put a mass, m,, on a 
spring balance attached to another mass, m2, for instance the 
Earth. The spring is thus being compressed and the elastic energy 
stored in it measures the change of gravitational potential energy 
of mj. The same can be done to measure an electric charge, ei, in 
terms of another, e2, to which it is attached by a spring. Com¬ 
pression of the spring, or storing of elastic energy, is therefore 
achieved through release of gravitational potential energy in the 
one case and through release of electrostatic energy in the other 
case. 

Confining ourselves to the ten phenomena (1) to (10) with 
energies Et to Ei0 associated with them, we can thus visualize 
100 types of energy transformations E, Ek with i and k assuming 
each the value of 1 to 10. If we add the energy of gravitational 
waves En and the Ei2 associated with the granulation of space, 
we shall have 12 x 12 = 144 energy transformations. 

The study of the energy transformations is of the greatest 
importance to theoretical, experimental, and applied physics. I 
am therefore in the process of writing two books which should 
have been written long ago: namely, one on the Morphology of 
Energy Transformations and a second on The Morphology of the 
Devices which are capable of achieving the various energy trans¬ 
formations most efficiently. The first book will contain exactly 



PHYSICS OF THE UNIVERSE 75 

OM Tryr'Tin ?simpie way ^ 0f ev«^ . ,, energy transformations acting resoectivplv in 
microscopic, in the mascroscopic, and in the coarnHorid 

I cannot empnasize strongly enough that this tvne of 

ZtZZl oTnatUtr^ra,8 î” S' 

THE UNIFORMITY OF OBJECTS AND PHENOMENA 

THROUGHOUT THE UNIVERSE 

universa is îhe “L'aTthatT' ^ throu*hout th« viaible 

rr as r r ^ 
¡:r:/rEiÄ 
<^zrtoz iomh ä SS r Ä‘“ä 
? ¿r»“" -¾ ‘^^n—: 
e;0Ha!: LafCfounT 

ary matter bliní*rírcf/””rfamcní0"1' ^^rical, all station- 
iy matter being built of positive protons and negative electrons 

and none of negative protons and positive electrons. ’ 

The uniformity of the universe is not only evident dirertlv in 

aa^CtUra TV"6 Physica, ch-acteristic ot stam su^ v« 
c,ustefa «Í galaxies at all distances bit alTmore 

nature or rathlr“^ ^ the.varioU8 fundamental constants of 

formed with the^reMta0Sen'"0n,eSS C0,nbi"ati<>ns th>‘ be 

For instance the fine structure constant a = 2 *■ e2/hc — 1 /137 
appears to be the same everywhere, as is evident frem ^ retios 
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of the wavelengths of certain spectral lines as observed in ter¬ 
restrial light sources and the light from distant compact galaxies. 
Furthermore, the velocity of light and Planck’s constant h char¬ 
acteristic for the quanta of this light are the same, irrespective 
of whether its source is on the Earth or on a very distant galaxy, 
ar I have shown by direct experiment (observing large red shifts 
Wi'îi prism and with grating spectrographs on the one hand and 
cnmitaring the yearly aberration angle of stars and distant galaxies 
on the other hand)1. 

Finally, experiments have been performed which testify to the 
equality of the absolute values of the charges of the proton and 
the electron to one part in 1021, to the independence of their charges 
up to velocities equal to 0.1 c to one part in 10'7, to the equality of 
the inertial and gravitational mass to one part in 1022, to the 
stability of the proton in a lifetime of lO2" years, to the constancy 
of the ratio Gmpmr/e2 between the gravitational and electric attrac¬ 
tions of the proton and the electron to one part in 10M over the 
period of a year, and to the constancy of the electric charge with 
respect to the nuclear interaction strength to 1% in ;0B years.^ 
A number of additional tests, however, will be necessary to ascer¬ 
tain that all dimensionless ratios of the known physical constants 
and ratios of new constants yet to be found remain invariable with 
time. It is generally thought that beyond time, length, and mass or 
momentum there are no other dimensionalities. It is obvious, 
however, that angle must be used as an additional one, otherwise 
no space could be constructed at all, and there could not exist 
any identifiable objects1. Beyond this, as I have shown from a 
fundamental analysis of the concept of dimensionalities, several 
new ones still remain to be introduced if we are to achieve a satis¬ 
factory integrated theory of all natural phenomena1. This then 
remains the task to be dealt with before we will achieve a unified- 
field theory and an understanding of the nature and properties of 
the elementary particles, as well as of large scale phenomena such 
as the red shift from distant galaxies and the nonexistence of 
clusters of clusters of galaxies. 

BASIC CONCEPTS OF PHYSICAL THEORY 

As was said in the beginning, if we are to develop theories, i.e., 
constructs which are communicable and with which we can trans¬ 
mit information about the universe to one another, we must make 
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attprure ,abou‘ 
:ioU^rÄ:rwhich 

Strict Causality vs. Uncertainty Principle 

evenuTa^n^td deSin^ 0f 

under 1^7™ 
aCCUrat8,y “ ^’’-"^».'cíefar": 

Distant Action and Close Action Theory 

r- -thauhn:; r3 
ing per unit volume^ mhomoi:eneoU8 «'«W« field. E. represent- ng per unit volume an energy content, EVS*. corresnondinir tn 
0r !!7eriCe 0t hypothetical Stresses first introduced by Maxwell 
Or ag,m, „e may consider the Coulomb interaction Mween the 

771777 br°“ïht “h““' »y the continuousTntemZge b 
r/atr le „-'n uS C8Se' of H*h* quanta. Depending on the 
to handle mathelTf ^ m0de °f express¡ng f»ets is easier 
more or less fruitful l" 7’ "kr” °r 1888 8aSy to communicate and 
inventions. enabling us to make new discoveries and 
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The Particle Nature and the Wave Nature of Matter 

In classical atomic theory, particles were considered somehow 
as sharply limited tiny objects until de Broglie showed theoretically 
that with each particle of mass m and velocity v a wave charac¬ 
teristic of wavelength h/mv should be associated, an assertion 
which was soon verified by Davisson and Germer through reflec¬ 
tion-diffraction of electrons on nickel single crystals. Since then, 
the wave theory of matter, in conjunction with the quantum 
(matrix) mechanics, has led to the well-known enormous progress 
in our knowledge of the atomic world. 

To laymen, all of these abstract schemes of thought may appear 
incomprehensible, but in some way they are analogous to the 
development of the numerous sophisticated languages which men 
have developed to communicate with one another. And just as 
one language may be superior to all others in expressing this or 
that thought, vision, emotion, or fact, the different concepts of 
the different frames used in theoretical physics also serve different 
purposes more or less efficiently. 

FUTURE OUTLOOK 

From the experiences made in the past, it is certain that man’s 
imagination is not powerful enough to devine all of the possible 
objects (whether elementary, microscopic, macroscopic or cosmic) 
which still remain to be discovered. But it is certain that the 
morphological approach will be of the greatest help in the discovery 
and investigation of new objects and phenomena1 6 7. Terrestrial 
physics of course has been enormously advanced through the con¬ 
struction of powerful elementary-particle accelerators, the inven¬ 
tion of the masers, the lasers, and the use of computers, as well 
as the discovery of the Mössbauer effect and other phenomena that 
make possible an unheard of increase in the precision of innumer¬ 
able fundamental experiments. Similar breakthroughs in the re¬ 
cording of neutrinos and gravitons17 are expected. 

The search for intergalactic matter, supernovae, flare stars, 
pygmy stars, neutron stars, nuclear goblins1 H, quasars; blue, red, 
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tionary—win bftam'br11'*8' b°/th variable »»<1 »ta- 
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Figore 1. Photo^aph of a Peruvian Indian native living in Puno, at an 
altitude of 4,300 meters.
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cally active cells*1 When'the dcvrw “/'h™''0" by the metaboli- 
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Fiirurc 2. Native residents playing soccer football in Tklio, Peru, at an 
altitude of 4,800 meters.

In the first group, we have to consider hyperventilation, re­
duced A-a gradient for oxygen, polycythemia, modifications in the 
blood acid-ba.se balance, and changes in the affinity of hemoglobin 
for oxygen. There is still some controversy concerning the patho­
genesis of some of these processes, and this is especially true in 
regards to the increase of pulmonary ventilation which occurs at 
high altitudes, at rest and during exercise, both in the resident and 
in the newcomer. Some investigators are of the opinion that 
hypoxia per se does not constitute a stimulus to the respiratory 
center activity. From a considerable number of observations, we 
are inclined to think that this opinion is not exactly correct, al­
though it is evident that the most important factor for the develop­
ment of hyperventilation is the presence of a hypersensitivity 
of the center to the stimulation of the blood CO;; tension. The 
ventilatory response curve to CO- is shifted to the left when plotted 
against the tension of this gas.

The decrea.se observed by us in the oxygen gradient between 
alveolar air and arterial blood is probably related to the increa.sed 
ventilation, modifications in the ratio with perfusion, the larger 
size of the alveoli (residual air volume is higher than at sea
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Fitnre 3. Mean arterial blood oxygen saturation in different experimental 
conditions. 

Observations made in Cerro de Pasco, at an altitude of 4,300 meters. 

It is our feeling that this field of investigation, tissue chemistry 
and cell morphology, has still much to offer in explaining body 
responses to lowered partial pressures of oxygen in inspired air, 
especially from the point of view of the real differences in the 
degree of tolerance which corresponds to natural versus acquired 
acclimatization. 

High-altitude research attracted only the interest of physiol¬ 
ogists until recently ; but, when attention was directed to the study 

°f- permanent populations such as the Andean man, it became 
evident that such an environment also exerts influence on the 
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In 1956, it was originally found11 that residents of high alti¬ 
tudes have a higher level of pulmonary blood pressure, and this 
finding was later confirmed in a greater number of observations, 
which included young infants.12 The significance of this moderate 
pulmonary hypertension, which has been related to anatomical 
characteristics of the lung arterioles,13 is not well u; '•stood. It 
may contribute to the effectiveness of the alvec Jood gas 
interface. 

Another interesting clinical aspect of high altitudes refers to 
the not infrequent occurrence of pulmonary edema. The first such 
case in the literature, reported by us11, dates back to 1937; since 
then, a large number of cases have been described, especially in 
connection with the conflict between India and China in the 
Himalayan region. Most subjects afflicted were high altitude 
natives, without previous symptomatology, who returned to the 
high environment after a brief sojourn at sea level. It is possible 
•chat the polycythemic condition and the moderate degree of pul¬ 
monary hypertension (which persists for some time after descent) 
are factors which increase lung capillary permeability in the 
presence of an acute hypoxia. Physical activity during the first 
few hours of exposure predisposes to such a clinical episode. 

A high-altitude environment is also responsible for modifica¬ 
tions in the incidence, evolution, and prognosis of diseases well 
known at sea level. Reports have been made concerning a higher 
incidence of liver and gall bladder pathology, intestinal volvulus 
after surgical intervention, gastric ulcer, etc. Cancer incidence 
appears to have some clinical peculiarities: One of these is the 
almost complete absence of leukemia, and this interesting fact has 
also been observed in animal experimentation. 

It is important to mention that silicosis, an occupational dis¬ 
ease, constitutes a serious and a frequent problem in the mining 
industry of the high Andean areas. This high incidence is prob¬ 
ably due, along with other factors not known at the present time, 
to the constant hyperventilation whicn results in a heavy 
inhalation of silica particles in a contaminated environment. On 
the other hand, attention has been called to the low incidence of 
systemic hypertension, coronary disease, congenital heart defects, 
diabetes, etc. 



THE ANDEAN MAN 91 

In conclusion, a few general remarks are pertinent. A high- 
altitude environment is an excellent physiological and clinical lab¬ 
oratory which still has much to offer to investigators, in spite of the 
fertile and active work of recent decades. Acclimatization is largely 
but not completely understood. Some of the adaptive processes 
are still under controversy in regards to their pathogenesis, and 
others demand intensive research. As an example, we may men¬ 
tion the almost complete absence of genetic observations. An expo¬ 
sure which may be rated in milleniums and countless generations 
must, undoubtedly, be related to inherited traits. The Andean man 
still awaits for this approach. Further study of him will also give 
the most appropriate concept of what constitutes acclimatization 
o high altitudes. Not infrequently such a process is appraised in 

terms of a few, and even single characteristics, and from the 
point of view of the vpliability of what is previously observed at 
sea level. It seems more logical to think of acclimatization as 
representing a harmonious integration of many processes of dif¬ 
ferent nature and to define its efficiency in terms of similarity 
to what is found in the man who is native to this environment, 
because he is the one best adapted. 

It is also worth mentioning that we do not have yet a defined 
concept on the maximal altitude level compatible with tolerance 
of the human body. This question has more than a theoretical 
significance. Not infrequently observations are carried out in 
low-pressure chambers at simulated levels of altitude which, no 
doubt, exceed physiological reserves. In such cases, it is incorrect 
to relate the data obtained to acclimatization ; it rather corresponds 
to deterioration and collapse. 

It is worthwhile to insist in the concept that a high-altitude 
environment is no longer in the domains of only strict physiological 
research. Hypoxia is not an exclusive characteristic of expo¬ 
sure to a low barometric pressure. In many clinical entities at 
sea level, hypoxia occurs as a consequence of alterations in the 
acquisition, transport, or utilization of oxygen and it is responsible 
for variable symptomatology. It is logical then to assume that 
the clinician is interested in learning how the human body may 
best tolerate, or compensate, such a serious condition. The best 
answer to this useful inquiry may be found in the study of the 
high altitude native. 
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Finally, it seems appropriate here to mention that oxygen ad¬ 
ministration and utilization problems are also involved in the 
conquest of space. From a distance point of view, the high altitude 
resident is far from the sea level inhabitant, but the space 
traveller is even much farther. But, from a scientific aspect, both 
have, at least in some degree, several common problems. 
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Supersonic and Hypersonic Flight 

Raymond L. Bisplinghoff* 

1Q/I7 heifUP€í80nÍC airplane became a practical reality on October 17 
1947 when Capt. Charles E. Yeager flew the rocket-powered rl' 
search airplane X-l slightly faster than the speed of sound That 
event was the culmination of an intense period of aeronautical 

Í"Idevelopment during and after World War II, and it 
marked the beginning of a new epoch in powered flight. 

hJo íhe T1*8 f-inCe the fHght of the X'1’ aeronautical engineers 
durerait thTt M« “amined the Practicability of comraer- 
atudfea h»», h d ^ fa8ter than the 8peed of sound. Such 
studies have become more pertinent in recent years with the 

transports.€mP*0yment by the airlineS °f hi*h-8PO«i subsonic jet 

t686 8t,UdJelreflect the traditional evolution of air transporta- 

this lon?Lrn f eVIUÍSÍng 8PeedS- Any0ne wh0 has considered this long-term trend has wondered if it would be finally halted at 
velocities approaching the speed of sound. There now appears to 

continue welHnto the°r “"T*' nAS°n Why ‘he trend ^ould »»t continue well into the range of supersonic and hypersonic flight. 

In such large and expensive undertakings as supersonic and 

raSr“«re“vrfZT“““?' ‘“h"1“1 qUe8tion8 cannot ^ “P«- ated entirely from those of economics and politics. The suner 

debL rX^'l 7,51: has 1,88,1 th8 of considerable public 
debate in the United States, and that debate promises to become 
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even more intense. It is proper that any undertaking which re¬ 
quires large expenditures of public funds should be questioned and 
debated and that of its usefulness to, and effects on, society should 
be assessed fully. As we enter the era of supersonic and hyper¬ 
sonic flight, we enter a period in which public funds will be required 
on a large scale. It will therefore be an era in which progress will 
be measured not so much by what can be done technically, but by 
what projects the elected representatives of the people will be 
willing to support. 

As futuristic as supersonic and hypersonic flight may seem, 
they actually represent the next step in a development that has 
taken place over many years. Space stabilized ballistic projectiles 
such as artillery shells have long operated at supersonic velocities 
in the atmosphere. World War II stimulated intense research into 
rocket propulsion and the aeronautics of supersonic flight, and, on 
October 3, 1942, a German V-2 rocket became the first, actively 
controlled, fin-stabilized vehicle to achieve supersonic velocities. 
Thereby, the V-2 demonstrated that a vehicle with active controls 
could remain stable in flight through and beyond the transonic 
range. Five years later the testing of the X-l demonstrated that 
supersonic manned flight was possible. 

Since then, a variety of military aircraft, including the record 
holding X-15, the A-ll, and the B-70 have made supersonic flight 
seem almost routine. It remained for the French and the British, 
however, to make the first definite commitment to build a super¬ 
sonic airplane for commercial service: the Concorde which should 
be ready for its first flight some time this summer. 

The distances between major world cities are of such magnitude 
that speeds well into the supersonic and hypersonic range can offer 
distinct advantages to travellers. The graph of Figure 1 shows 
curves of total trip time as a function of cruise Mach number with 
range as a parameter.1 It is based on the assumption that ground 
transportation and hold times are 2 hours and average accelerations 
are 0.2 g. With subsonic jet transports, total trip time for the 
passenger is longer than a working day when distance exceeds 
about 3,000 nautical miles. When the first generation supersonic 
transports come into being, a journey of 2,000 to 3,000 miles will 
require only half a working day. If we accept a half a day as 
being a desirable trip time, the hypersonic transport can provide 
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the start of the flight. The following equation is known as the 
Breguet range equation : 

w 
Range = Flight Efficiency x log (1 -|-—) 

where 
L 

Flight Efficiency = (M) (—) (lap) 

and where 

M = Mach number of cruising flight 

L/D = Lift-to-drag ratio of airplane in cruising flight 

Isp — Specific impulse of engines in cruising flight 

Wr = Weight of fuel on board at start of cruising flight 

WL = Weight of airplane at end of cruising flight 

Breguet conceived of the flight efficiency as being a composite 
measure of the aerodynamic and propulsive efficiencies of the 
airplane. It is represented by a numerical quantity calculated by 
multiplying the Mach number of flight, M, times the lift-to-drag 
ratio of the airplane, L/D, times the specific impulse of the engines, 
Isp. The economic future of supersonic and hypersonic flight is 
dependent on the success of aeronautical engineers in providing 
the highest possible value of this quantity. 

It is apparent from Breguet’s equation that, if everything else 
remains the same, flight efficiency increases with increasing 
Mach number. This is one of the principal reasons why very 
high speed flight is attractive to engineers. 

The second component of flight efficiency is lift-to-drag ratio 
of the airplane. Figure 2 illustrates the variation of lift-to-drag 
ratio with Mach number over the speed range from subsonic to 
hypersonic flight based on today’s state of technology.3-8 This 
diagram shows a marked reduction of lift-to-drag ratio in the 
vicinity of Mach number one and a tendency to level off beyond 
Mach number five. 
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fcmee supersonic and hypersonic aircraft must pass thr 
all speeds below their cruising speed during part of each trip the 

deS oveMhVeTb!f ®e0metry 10 °Ptimize the “"’‘'y'««''* e«l ciencies over the speed range are evident. 

concept that an overall efficiency of a variety of vehicles 

«ft toïrsT““ Ín term8 of t,,e vehicle velocity times 
—rJ:?!,0,r SU*geSted by Karman and Gabriel«.- They 
postulated a limit line on a graph of V vs L/D which provides a 

and GabrietT' ^ 0t the lin9 -«nested b? Karin and Gabnelh is speed in knots x lift-to-drag ratio = 7500- in 

lvlbTtUiethe m°St ef,icient 8h¡Ps' submarines, and aircraft 
.u«rtal, .TtekPr0dUCt0f.L/D X V- Law bulk-ore carriers, 
tral^rt He ahn ^ as well as the supersonic 
faîlTI .in! the Ka™a"-Cabrielli limit line and appear to 

" * b”6 with an equation of V x L/D = 10,000. This ex- 
fordaed|arvePhS8CS * reasonable combination of L/D and V 
for a large hypersonic airplane at Mach Six. 

that'of thel^rT in Br,egUe‘'S definition «i flisrht efficiency is 
that of the specific impulse of the engines which measures the 
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pounds of thrust per pound of fuel burned per second. To obtain 
good specific impulse over the whole range of operating conditions 
from subsonic to supersonic and hypersonic flight, the engine 
designer is face with the same incompatible flight conditions as 

aerodynamicist. At subsonic speeds, thrust is produced most 
efficiently by moving a large volume of air at fairly low velocity; 
at supersonic and hypersonic speeds, it is more efficient to produce 
the same thrust by moving a smaller volume of air at higher veloc¬ 
ity. The former is best accomplished by a turbofan engine, the 
latter by turbojet and ramjet engines. The problem of the super¬ 
sonic and hypersonic engine designer is to combine the best fea¬ 
tures of each. The differences in these engines involve primarily 
the method by which the air is compressed prior to combustion. 
In the subsonic and low supersonic range, a compressor is required 
to raise the pressure of the air to the levels required for the com¬ 
bustion process. Reyond a Mach number of approximately 2.5, 
the raw air entering the diffuser of the engine generates enough 
pressure for good operation without an added compressor. It is 
in this speed range where the simple ramjet engine takes over and 
provides an ideal method of propulsion up to Mach number of the 
order of five to seven. Reyond these speeds, the conventional 
ramjet commences to lose efficiency because of pressure losses in 
the diffuser and because the high temperatures generated in the 
diffuser and in the ensuing combustion process tend to dissociate 
the combustion product gases. The heat stored in these dissoci- 
a;*..fraKments tem,s to be Iost a resulting loss in engine 
efficiency. The latter difficulties led to the proposal that the 
moving air should not be slowed to subsonic speeds by the diffuser 
as in the case of the conventional ramjet, but to supersonic speeds. 

ow the air enters the combustor at supersonic speeds where the 
combustion process takes place with a lower total temperature rise. 
This variation in the ramjet principle is known as SCRAMJET, 
an acronym for supersonic combustion ram jet. 

Figure 3, due to Avery,' shows the variation which can be 
expected in specific impulse for various engines over a wide speed 
range from subsonic to orbital speeds. We observe that the 
kerosene-fuel turbojet is superior below Mach number three. 
Beyond three, the kerosene-fueled ramjet and SCRAMJET reduce 
rapidly in efficiency and degrade to the level of rockets in the 
vicinity of Mach number of ten to twelve. However, if we use a 
more energetic fuel, such as liquid hydrogen, and employ the 
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Figure 4. Cruise efficiencies. 

the factors assessed above to obtain plots of flight efficiency at 
various speeds. 

The shaded area of Figure 4 illustrates that cruise efficiencies 
of supersonic transports tend to be slightly lower than, but not 
too much different from, those of subsonic transports. On the 
other hand, the hydrogen-fueled hypersonic transport may have 
very attractive cruise efficiencies. It should be noted, however, 
that the various areas shown, particularly the large area for 
hypersonic transports, merely indicate the state of our knowledge 
what cruise performance may be. 

Th'í lower bands of shaded regions in the subsonic and super¬ 
sonic speed ranges correspond to presently available technologies. 
The upper band indicated by the note “advanced aircraft” shows 
what is believed to be possible in the future, based on current 
research trends." Very large gains seem to be possible in che high- 
subsonic speed range where advantage is taken of newer develop¬ 
ments in supercritical” airfoils and aerodynamic interierence 
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Figure 5. Supersonic vehicle trajectory constraints. 
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Figure 6. Hypersonic-vehicle trajectory constraints. 

altitudes for supersonic transports are in the 60 to 70,000-feet 
range at speed of Mach 2.7. For Mach six transports, cruise 
altitudes would be of the order of 100,000 .feet. Simple analysis 
indicates that in both cases, in order to minimize fuel consumed in 
getting up to cruise, the vehicle should accelerate to cruise speed 
at low altitude and then climb to the cruise altitude. The trajec¬ 
tory constraint shown, however, indicates that a relatively high 
altitude climb and acceleration path must be flown because of 
structural and sonic boom considerations. 

As the Breguet equation suggests, flight efficiency is not the 
whole story in the achievement of range. In order to extend range, 
a designer must also strive for a high ratio of fuel load to landing 
weight at the beginning of the flight. This is tantamount to 
saying that for a given fuel load and payload of passengers and 
baggage he must reduce the empty weight as much as possible. 
That has been the perennial problem of the engineer from the 
earliest days of aviation. William B. Stout, who designed the 
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mg is the simplest and most practical for the greater portion of 
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the aircraft. For Machs six to eight, such radiation cooling in¬ 
volves the moderate temperatures of 1200° to 1600° F over most 
of the aircraft. 

The very real advances of the past years in cryogenic materials, 
developed chiefly for rocket hardware, and in the superalloys, 
evolved from the gas turbine industry, have led to reliable alloys 
for the temperature range -420° F to about 1800° F. Major prob¬ 
lems exist, however, at the higher temperatures. The chart of 
Figure 7 offers some perspective for these problems. Its ordinate 
is compressive yield strength normalized for density.1 The vertical 
bands in the figure are estimates of the temperatures that would 
be encountered by various components. The bulk of the wings 
would operate in the temperatures shown by the first band while 
their leading edges, depending on radius, would be in the second 
band. The aircraft would have a nose cap which would operate 
within the temperatures shown by the second band. 
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Figure 7. Materials for Mach 6-8 flight. 
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The figure demonstrates at least two harsh realities- F„„„ 
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Figure 8. Advanced structures and structural weights. 

1800° F. The upper figure illustrates a double-wall structure 
which employs a carbon dioxide insulation concept. 

The structure of the wing will be subjected to sizeable tempera¬ 
ture gradients, even in cruise. The lower surface, because of the 
surface angle of attack, will be hotter than the upper surface, pro¬ 
ducing sustained thermal gradients. Structural arrangements, 
such as corrugated panels and pin-jointed trusses, are required to 
minimize thermal stresses. The use of thin-gauge materials and 
the presence of thermal stresses—or their elimination by numerous 
joints—make panel flutter a critical problem for most of the 
exterior surface. Although the penalty associated with a Mach 
eight airplane is only slightly greater than that estimated for 
Mach six, further increases in speed may have very pronounced 
effects. A Mach eight aircraft approaches the limits of super¬ 
alloys and substituting refractory metals may lead to a sizeable 
increase in weight. 

One of the most widely discussed problems facing the designer 
of supersonic and hypersonic airplanes is sonic boom. The term 
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"söme boom” is used to describe the atmospheric disturbance 
produced when the lower edi?e of the conical Mach wave produced 
a supersonic airplane sweeps over the surface of the ground The 
zone of the intersection of the Mach cone with the ground is 
oun ec y a hyperbola. The boom is audible simultaneously at 

all points along the hyperbola, and it is eventually heard at all 
points on the ground over which the hyperbola sweeps. When a 
heavy aircraft flies at supersonic speed near the ground, the sonic 
boom is usually heard as a sharp report. When the sonic boom is 
produced by an aircraft of modest weight at high altitudes, the 
effect is more like disiant thunder. 

NASA’s Langley Laboratory has established the variables that 
govern the pressure changes in the shock wave produced by air- 

plflL.Tn *watul0W s"personic speeds. This investigation has 
e. tablished that above the speed of sound, increases of speed have 
comparatively little effect on sonic boom. The chief factors affect¬ 
ing the strength and character of sonic boom are the weight and 
shape of the airplane and its distance above the ground. 

The minimize the annoyance of sonic boom, the supersonic 
transport will not be permitted the wide choice of altitude and 
speed pattern now enjoyed by today’s commercial aircraft. In 
order to prevent any sonic boom while it is at low altitudes, super¬ 
sonic and hypersonic airplanes will be required to climb super¬ 
sonically to at least 40,000 feet before they accelerate to supersonic 
speeds ror the same reason, they must decelerate at the end of 
their trip so that subsonic flight is resumed above 40,000 feet. 
For both supersonic and hypersonic transports, the maximum 
sonic-boom intensities will be governed largely by the exit and 
entry trajectories employed. Sonic boom during cruising flight 
however will be relieved by higher cruising speeds and altitudes.’ 

Somm n Wn . ^ constructed for a take-off gross weight of 
. 0 000 lbs illustrates in a qualitative way the trends in altitude 
and sonic boom which can be expected with increasing flight 
speed. At Mach numbers six to eight, it can be seen that booms 
with overpressures of 1 Ib/sq ft may be achievable. There is 
however, a concurrent disadvantage since the lateral speed of the 
sonic boom on the ground is proportional to altitude and hence 
greater for the higher flying hypersonic transport. 

The authors has considered here only a few of the principal 
factors of supersonic and hypersonic flight, namely those relating 
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Figure 9. Cruise sonic boom characteristics of 
(from Baals and Foss—ref. 6). supersonic/hypersonic vehicles 

to flight efficiency, range, and sonic boom, 
many others which must also be considered 
tion of manned flight. 

There are obviously 
in a practical evalua- 

At the present writing, it appears to the author that supersonic 
ad hypersonic commercial air transportation is potentially feasible 
and economically attractive. However, flight in these speed ranges 
wil! not come easy. Although the technologies underlying super- 
some flight up to Mach three are evidently in hand, the practical 
construction of a vehicle which is economically attractive to the 
airlines requires the solution of exceptionally difficult configuration 
and design problems. Hypersonic vehicle technology is not yet in 
hand, and little effort is being expended to get it. When hvper- 
sonic vehicle technology is ultimately developed, the same kinds of 
difficult configuration and design problems now confronting the 
supersonic airplane designers will require solution. 
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Although there are many difficulties to overcome as cruising 
speeds are increased, structural weight and sonic boom can be 
mentioned as the two exceptionally severe problems. The author is 
confident that the former can be eventually overcome by improve¬ 
ments in configuration and structural technology; the latter repre¬ 
sents a fundamental and probably ineradicable by-product of 
supersonic and hypersonic flight. At the present time, there does 
not seem to be bright prospects for significant reductions in the 
intensities of sonic boom. The future must be viewed in terms 
of small reductions obtained through design refinements of con¬ 
ventional aircraft and improvements in aerodynamic, structural, 
and propulsive efficiencies, together with improved operating 
procedures. 8 
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Life Support (Survival) In Space 

Col. A. G. Swan* 

INTRODUCTION 

space SfcaUn* ^ »n environment dPace identical to the one on Earth in which we attempt to eurvi 
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and snow storms. Sustained heat waves have likewise taken their 
toll. 

Hospitals and nursing homes contain literally thousands of 
humans in prolonged bed confinement which is a qualified analog 
of weightlessness. Cardiovascular systems and mineral metab¬ 
olism undoubtedly undergo adaptive changes under such conditions, 
but these do not seem incompatible with life. Rehabilitation of 
the cardiovascular and musculoskeletal systems appears practical 
when the initial bed-confining causes permit. 

Fire, as essential an ingredient as it is to our present advanced 
state of technology, has been a tremendously destructive as well as 
constructive force throughout its existence. Industrial and resi¬ 
dential fires destroyed almost 8,000 lives and approximately a 
$1½ billion in property last year in this country.1 Even with the 
marvelous advances in the field of nutrition, it has been estimated 
that one-fourth of the world's population is dying of malnutrition.2 
These examples, of course, could continue without good purpose. 
The point is that we are not without problems in our “ideal” en¬ 
vironment on Earth; it lacks reliability, consistency, and pre¬ 
dictability. It is easy to make predictions when a thorough 
environmental history is known and these predictions are applied 
to large masses of people. It is extremely difficult to apply precise 
predictions regarding individual survivability in an environment 
which can vary through large extremes. Of course, the latter is 
the case when applied to the small number engaged in spaceflight. 

With modern methods of systems analysis, reliability fore¬ 
casting, and the philosophy of redundancy in life support equip¬ 
ment, we can predict the internal environments of aircraft, 
spacecraft, and pressure suits with great confidence. With 
proper hazards analyses, we can effectively plan for or even avoid 
most life support systems’ emergencies. Experience, which is a 
great factor in continually improving our ability to preclude or 
successfully deal with emergencies, enhances our ability to predict 
life support systems’ failures. 

There is perhaps the tendency to conclude that, because we 
have evolved in an atmosphere of air with the other terrestrial 
conditions, this is the ideal sort of environment. We know entirely 
too little to say that this is, in fact, the “best” environment for 
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Table 1 

MAN’S ENVIRONMENTAL 

REQUIREMENTS 

PRESSURE CONTROL 

OXYGEN PARTIAL PRESSURE 
CONTROL 

CARBON DIOXIDE PARTIAL 
PRESSURE CONTROL 

temperature CONTROL 

RELATIVE HUMIDITY CONTROL 

MICRO-CONTAMINANT CONTROL 

IN A SPACE VEHICLE 

760 - (87 mm Hg 

425 - 100 mm Hg 

6-0 mmHg 

24-20* C 

70-40 % 

NON-TOXIC 

*T^Ure e.xtremes ran*in* neater than -60° to 
F *"fcab,^ed regona of the United States, alone with 

ghly variable moisture contents and considerable variations of 

IZTZ ^ °*Tn inhabited “? thl 
world, it is most difficult to even determine which climate is most 
conducive to longevity. If the selection of a model Zospheto S 
niitlr '♦c ln^lcate<*' hopefully a more objective approach will be 
P eu Ulan just "sticking with” the one we have. (See Table 1.) 

whi^aTV"01 ÍUd?e 400 SEVerel>’ the spacecraft environments 
to. n U8ed ^ which are Planned for use today To 
the contrary, we must be adaptable enough in our thinking and 

env,ronl^.P'a"nT’ î° VSry the individ“»l characteristics of the 

give~ venture" ““0mPlÍ8h the mÍMÍOn f»r ^ 

•a ^rathe purp0se 01 this diacU3sion the term "environment- 
should be more clearly defined. Primarily referme is mlde to 

»• The atmosphere ; its pressure, composition, and temperature 
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b. The gravitational forces

c. Solar radiation.

All of these are important to man’s survival—be it on Earth or 
in space. Of these, the validation and selection of the atmosphere 
most easily lend themselves to laboratory investigation. The 
gravitational forces, ranging from a resultant zero in orbit to 8 g 
or greater on launch and reentry, have been the subject of many 
speculations, studies, and symposia—as have the nature and 
identification of solar radiation hazards. Although tremendous 
progress has been made in each of these areas since the First 
International Symposium held in San Antonio in 1951, there is 
still a real scarcity of data regarding the interaction of these 
various environmental entities. This information will undoubtedly 
come to us as longer duration manned and animal space flights are 
experienced.
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Figure 2

WEIGHTLESSNESS

The weightlessness condition remains one of the primary en­
vironmental concerns of future spaceflight. Extensive research 
has been reported using bed rest, other types of inactivity, cast 
immobilization, and water immersion techniques. Each of these 
techniques has undesirable features, but the validation of man s 
ability to adapt to this condition has resulted from United States 
and Russian spaceflights. Cardiovascular deconditioning and al­
teration in mineral metabolism are certainly most prominent 
among the physiologic problems identified with man as a space­
craft occupant. Figures 1, 2, and 3 depict changes in maximal 
oxygen intake, plasma volume, and heart rate following tilt table 
testing, which occur in human subject? when exposed to bed rest. 
The state of initial physical conditioning is also considered by 
showing the influence of vigorous and of moderately v.gorous 
physical training prior to exposure to bed rest. These can be easily 
compared to a control o»- to subjects not pre-exposed to physical
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Figure 3

training. The average physical activity conditions will be seen on 
the charts in Figures 1, 2, and 3 at the 100% point on the ordinate. 
These physiologic changes can be further noted by following the 
activities through a post-bed-resv or retraining phase. Of partic­
ular importance is the resistive type of protective effect of prior 
conditioning and the restorative type of protective influence of­
fered by exercise during the bed-rest phase.

In Figure 4, the changes in calcium metabOiism are followed 
prior to, during, and after, approximately 7 weeks of immobiliza­
tion by plaster casts: similar to the technique one would use to 
allow broken bone rehabilitation. While there remains some con­
troversy regarding the extent of demineralization in spaceflight 
and the most effective countermeasure for it, it is safe to generalize 
that changes do occur such as occur in bed rest, cast immobiliza­
tion, or other prolonged inactivity. It is al.so safe to generalize 
that a considerable elucidation on this subject can be expected in 
the near future from the .sophisticated research presently in prog- 
re.ss. The research represented in Figures 1 through 4 has been
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o is

summarized in this very excellent fashion by Dr. John W. Ord 
of the USAF Aerospace Medical Division. The introduction of 
mass measuring devices for large (man) and small (biological 
samples) item measurement is now a reality. Such devices have 
been developed by Dr. William E. Thornton and his associates, also 
of the Aerospace Medical Division. These devices work with great 
accuracy and can be produced as hardware qualified for space- 
flight. (See Figure 5.) This will provide the capability to study 
on-board activity with considerably greater fidelity than has been 
possible in the past. The availability of lower body negative pres­
sure devices (see Figure 6), total body exercisers and variable 
gradient pressure garments make the development of physiologic 
countermeasures to weightlessness impairment an exciting and 
promising area of research with a high probability of beneficial 
results accruing. Figure 6 shows a lower body negative pressure 
device, one of the promising techniques being evaluated as a pos­
sible w’eightlessness countermeasure. It is encouraging in the 
protection give the cardiovascular system in particular. Other
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Figure 6. A procedure for producing and measuring negative pressure applied 
to lower portion of the body.
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Table 2

DIFFCRCN1IM. PRCtMWCt 
' TO

•OOYIlIflONt

TOtITiVt MtttUNE TO BODY
mEttUIIC iniEATHtMO
EXTREMITY VENOUS CUFFS

1

ACCELERATION

I LOSrtR SOOY SUCTION___________
STATIC ISOMETRIC EXERCISE _______

^ STANDINS-WALKINO, FORCE LOADED
ISOTONlO’ EXEMISE
FORCE LOAOCO, ISOTONIC EXERCISE
DOUBLE TRAMROLINE OR POOO STIC
ON BOARb CSNTRIFUOE
STATION ROTATION

OYNMNtC

IIR .T/.M

RADIAL

REFUX SnMUUTKM differential TEMPERATURES

III
ELECTRIC MUSCLE STIMULATION

possible countermeasures are shown on Table 2, and a relative 
grading system from o to 4 (0 being least effective and 4 being 
most effective) is shown in Table 3. In any event, these and 
similar devices should be thoroughly explored before the costly 
and complex means of providing artificial g is serit jsly undertaken.

ATMOSPHERE SELECTION

The potenti--’ atmospheres which provide an engineering choice* 
are listed as follows:
14.7 psia - 760 mm Hg - Aii, ambient composition 
10.0 psia - 520 mm Hg - Air, ambient composition
7.0 psia - 365 mm Hg - 46y< 0._./54y, N. (He, Ne, Ar, ?)
5.0 psia - 258 mm Hg - 71'/r 0.72975- N. (He, Ne, Ar, ?)
6.0 psia - 258 mm Hg - 10075- O.
3.7 psia - 191 mm Hg - 10075- Oj
3.0 psia - 158 mm Hg - lOOT'r Oj
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Table 3

effectiveness of WEiaHTLESSNESS OOUNTDSl&UKn

BnCATN. CUFFS

DISPLACEMENT OF 
MOBILE STNUCTUNES

DISPLACEMENT OF 
FLUID IN ELASTIC 

SPACES

BODY SYSTEM UOAOINO
CIRCULATORY

MUSCULOSKELETAL
METABOLIC
THERMAL OUI

VAIIDATION STUDIES COMPLETED

No. of 
Exps

2

2

2

1

2

1

1

2

1

Subject
(Total) Environment

7.34 psia, 42% 0./58% N,

6.0 psia, 97% O. 2% N^

B.O psia, 99% O./0.3'/, Nj

13., ’; psia, .33% O.j/67%

7.0 psia, 46'', 0_,/.'j4% He

13.. 5 psia, 28'', 0./69% N.'3% CO^ 
3.8 psia, 63% O./26'L N./ll% COj

13.. 6 psia, 20% 0^,/78% N./3% CO, 
7.0 psia, 68'/, 0,/29", He

Duration
(Days)

30

14

30

30

1.5

4
4
5

66

(References 4 through 11)
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From the potential atmospheres, a large number of variations 
have been investigated, and a general conclusion can be drawn 
that none of the altered atmospheres shown above cause func­
tional difficulty in man for the times shown. More recently, the 
National Aeronautics and Space Administration with a contract 
to the McDonnell Douglas Company has completed a 60-day experi­
ment using human subjects under conditions of 258-mm Hg total 
pressure, with approximately 68' ; oxygen and 32'<’ nitrogen. No 
problems during this experiment were noted from the physiologic 
evaluation of the subjects; at lea.st no functional physiologic im­
pairment could be detected. This experiment served not only to 
validate this atmosphere for a 60-day period but also to validate 
the capability to regulate such an atmosphere for the 60-day period 
with a prototype* spacecraft environmental control .system.

Dr. B. Welch and a.s.sociates, at the USAF School of Aero­
space Medicine, have not only been active in validating primary 
atmospheres but al.so have given much consideration to the effects 
of increased carbon dioxide partial pro.ssuies in the primary at­
mospheres as shown in Tables 4 and 5. The effects shown in 
Table f> are particularly important when the failure >)f a carbon

Tmble 4
CHRONIC CARBON DIOXIDC STUDIES IN MAN ^

PC02 limn. Hgl PB Ounllon < Inmtigalor

Ground Uvtl BOOiys USSR
ii-12 Ground Ijvtl 42 Days USN
15 Ground Uvtl^ 30 Days USSR
21 Ground Iml 5 Days USAF
21 200 ~~ 40ays , USAF

Ground Uvel 5Days USAF
3o\ Ground Livel 10 Days USAF
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Tmble S

COMPOUNDS SPECIFICALLY 

PRODUCED BY MAN
Carbon \lonoxide

Hydrogen

Methane

Hydrogen Sulfide

Ammonia

Acetone

Methanol

Ethanol

Methyl ethyl Ketone 

Acetic Acid 

Acetaldehyde 

Mercaptans
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“to s^: 
contaminants from both the timp n owal),e exposure to trace 
Many trace contaminants mav now h concentration standpoints, 
effectively sealed cabins, particularly fo^the ] Pr°blem with more 

Th« raaj„r ;nLrrexr to^rr0"8- 
OXYGEN TOXICITY 

suiting from breathing8 higher thln^'^ Y Cel,uIar chan«es re¬ 
oxygen, which may not be identified hv f !• pressures of 

dear. Breathing 258 mm Hg pure LyTen hTs ^ yGt 
with reversible changes in red blond h been associated 
been reported from the Gemini^ a Tf83 ln man- This ha« 
time, there exists controversy as toTe f " At this 
tissue, changes in cellular processes which Chan8’eS in lung 
öxygen pressures even at total n-p«. H h ,y °CCUr at increased 
have been reported ' .“ ln Lv ZT " °W “ 268 mm «*- 
research is in order. ’ more ca-efu"y Planned 

RAPID DECOMPRESSION 

and othew has been confirmed’ ea.r,Ier W°rk by Ha,,> Hitchcock 

and associates. ChimZe™tve KOe3t'er,‘ 
from 179 mm Hg to less thon o ea exP°sed to decompressions 
and have remainfd at the ÎÎ 2 Hg ln le8s than °-8 se«"d 
Perform,nce „f these ‘ im»h h:aCUr I 5 to 180 seco"ds- The 
4 hours. It is believed Tat • returned.to no™al limits within 

applied on the ^“ssioíTT X Tto ^ 
and large environmental oim..iof ^111^ for both spacecraft 
Figures 7 and 8 show the experimental ^ ^ be reeva]uated. 
by Koestler and his associate 1 i,801™81 and e(luipment used 
»ion’s Aeromedical Research ?/h f ^ Aer°Space MedicaI 

' Search Laboratory at Holloman AFB New 
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FiKure 7. Experimental animal and performance measuring equipment prior 
to being placed into a decompression chamber.

Mexico. Figure 8 .shows the extensive array of performance 
parameters which are measured to give the sophisticated per­
formance index which Koestler et al. used. His results are further 
shown in Figure 9 which plots the actual and the predictive results 
regarding the elapsed time during which performance was totally 
impaired. Figure 10 shows the data plotted in similar fa.shion 
regarding both actual and predicted times for recovery of per­
formance to the level recorded prior to the rapid decompression.
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PlKorc 8. Front riow of the performance panel located in front of chim­
panzee as shown in Figure 7.

Table 7 tabulates the same information shown in Figures 9 and 10 
and shows the exposure times and times of useful consciousness as 
well.

FIRE HAZARDS^ »•

The increased likelihood of fire in high oxygen concentrationr 
has long been known. The awareness of this as a hazard has 
certainly been sharpened as the result of recent tragic accidents 
using increased concentrations of pure oxygen in tests and in­
vestigations. The development of fireproof clothing and other 
equipment for use in .spacecraft and in simulators has been given 
more consideration during the past 1'^ years than at any previous 
time. Material made from glass fibers is the most successful
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Figure 9 

Figure 10 
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Table 7 

Summery oí K.pW DocomP,...ioB 

RD 

Eeperlwcnt 

1/05* 

2/J0e 

3/60* 

4/90* 

7/90* 

12/90 

13/90 

16/90 

5/120* 

8/120« 

10/120 

15/120 

6/150« 

9/150« 

11/150 

14/150 

17/180 

18/210 

Capture 
Tim* to 

< 2 mm H| 

(««cond«^ 

5 

30 

60 

90 

90 

90 

90 

90 

120 

120 

120 

120 

150 

150 

150 

150 

180 

210 

TUC 
Time oí Uteful 
Conecloueneae 

(•«conde^ 

11 

Not Available 

16.9 

11.3 

12. 5 

3.6 

6.5 

8.0 

10. 1 

9.5 

29.6 

10.4 

29. 7 

8.0 

10. 0 

1.5 

11. 1 

10.2 

TT1 
Time of Total 

Behavioral 
Impairment 
(minute») 

.42 

1.80 ’ 

2.48 

18.93 

4.82 

Not Available 

11.63 

15.67 

8. 56 

19. 07 

13. 73 

12.97 

36.56 

38.69 

46. 50 

34.83 

26. V0 

29.25 

TBR 
Time of Total 

Behavioral 
Recovery 
(minute»^ 

20. 00 

67.00 

90.08 

163.02 

43. 00 

Not Available 

199.00 

188.75 

245. 02 

121.75 

81. 75 

198.50 

144.02 

247. 00 

187. 00 

197.25 

234.25 

199.25 

• Dncompre.eion tee, „r.viou.ly accompli.h.d 
under Contract T-27210-G. 

rubber has been^etebpeVby^NAVA / fireprooi 
much promise. Perhaps th*/ ® i -SA icontractor whmh offers 
the greatly improved hazards u effort been in 
to minimize the ignition sources and «le"* ^ been performed 
materials in the high oxygen r„n d .th?-PreS<mce of flan'mable 
ultraviolet detection with automM.e . areaS' The use oi 
widely adopted for fire extinS ™ SPray SyStems has bee” 

perticularly for aircraft and “ i^ rZts Zt 



130 BIOASTRONAUTICS AND EXPLORATION OF SPACE 

Table 8 

FLAME SPREAD RATE (in sec) 

Cotton Fabric . 10 i . 01 

Material 

Wood 

Paper 

Air 70% 02-3» N2 7» 02-3» He 10» O2 
760 mm Hg 258 mm Hq 258 mm Hq 258 mm Hq 

.025 -.025 0.18 Í .03 1 27 -.03 135-.03 

.08 - .01 155 Í .06 1 74 - .06 1 90 - .07 

• 10 -+.01 1.8 -+ .2 1.2 - .2 3.2 -+ .2 

Foam Cushion .14 Í.01 6.1 ^.5 6.0 - .6 13 - 1 

flame-spread rate for some of the highly combustible, but often 
usc*d materials, in some of the more important atmospheres. 

CONCLUSIONS 

In the progress since the Third International Symposium on 
iMoastronautics and the Exploration of Space, the oxygen-helium 
atmosphere for flights up to 60 days has been validated.10 We 
have raised more Questions than we have provided answers for 
in the area of oxygen toxicity. The likelihood of successfully re¬ 
covering man after brief exposures to near vacuum is viewed with 
much greater confidence. Our ability to avoid fire in space or 
space-simulated conditions has greatly improved. These items, 
briefly discussed, indicate either significant technical advances or 
greater knowledge upon which to assess their involvement. Today 
we are in a much improved position to predict performance of life 
supporting systems, to identify potential hazards, and to realistical¬ 
ly prepare for emergencies. These, along with the tremendously 
important space flight experience and the many technical advance¬ 
ments, improve the probability of man’s survival in prolonged 
spaceflight. With today’s knowledge and with the capability to 
terminate a flight in a matter of hours if conditions demand, it 
seems perfectly feasible to undertake manned flights of 30 to 
45 days. 

We should not delay, however, in attempting to obtain animal 
flights for 90 to 180 days, giving particular emphasis to the study 
of cellular effects caused by the total space environment for 
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ofe^lnat^an^vSÄ^ fcr„’. Ärj r Ä*"~ 
observations yet to he tnS ^0^¾^ 

been determined’thus to,survive >" space has 
î“ '“"“'»"y been one of vertief ? re!u‘.lve|y ««od one. It 
P^bohc flights, with animals p^?' m^: then 
mai*8u Increasing duration,^irs^wih "’ 8^d' flnaMy' orbital 
?““y of the formidable probten, T™ and then wi*b 
flights at the time of the First »nr? q ”!? Jacing manned space- 
either have been solved or have roasïto ^P08“ 
The progress since the Third Tnt*!! !- t? be ,mmediate problems 
nautics and the Explora^ of 
ag0 0964), is encouraging Thf ’ a!th°Ugh ^ a few years 
hopefully, the Fifth Internationa^Qprospects between now and 
profoundly rewarding prospects Sympos,um offer exciting and 
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IX 

One-Man Propulsion Devices and Their 

Application On Earth and In Space 

Maj. Gen. Don R. Ostrander* 

bility of systems in which he* intrifirued with the pos 
the Power for fight Ind th. m Se,í Pr°Vided either hot 
the turn of the 20th centuryh however the fab‘h?ed f,ifirht- Aft 
from “man-centered” flying to trend.ln aviation shift 
ward powered machines which were d '^"46^” 
possible aerodynamically stable withoutTn in^lioV^ ' 

centered” personad^obflity syst^mr^Aih^6^ *ntere8t in 
flying machines, in which man mvi the 0,d dream c 
materialized, simple control wl own P°wer- neve 
and indispensable component of the l ,n ,which he is an integra 
proven feasible. In general three îf£)dyn?m,c control loop hav 
vestigated during the 50’s añd^arly appr°aches were in 
the pilot controlled by shiftim? hi« ®°. , .f,yin8: Platforms, whicl 
and Ep-th and space rocket-Mvreperfn^18!1^’ °ne-man hebcopters 
of configurations. Propulsion systems in a variety 

.r, Ai—« Corporation, 
1953. Mr. Wendell F lndividual propulsion devices in 
the pioneer work in this area Tulm*8 r*11 ™th the comPany. «lid 
tethered test of such a device CUlminatlng ,n 1967 w¡th the first 

•Vice Preeident, Plan nine. Bell 
Aeroey.^mt Company, Buffalo. New York. 
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1J: 1

ng«re 1. Tether Test Ri(.

Figure 1 shows one of the early tests. This was a nitrogen gas 
tether test rig which was fabricated of steel tubing with two under­
arm stirrups to lift the operator. It had two downward pointing 
rocket nozzles and the nitrogen gas was supplied from an external 
source through a flexible hose. It was used to obtain basic data
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FiKurc 2. Small Rocket Lift Device (SRLD).

on system stability and control, to determine optimum location 
of the nozzles, and the best position for applying the lift force to 
the operator’s body.

In August 1960, the United States Army Transportation Corps 
Research and Engineering Command, awarded Bell a contract to 
demonstrate the feasibility of manned free flight by such a device. 
The feasibility configuration shown in Figures 2 and 3 was designed 
around off-the-shelf hardware and is remarkably similar to the 
unit that has been demonstrated around the world. Lift was pro­
vided by a 300-pound thrust hydrogen peroxide gas generator 
located behind the pilot’s neck and supplied from pressurized tanks 
on the pilot’s back. Insulated tubing carried the rocket exhaust 
gases to the nozzles located outboard of the pilot. The system was 
mounted to a fiberglass corset molded to fit the operator’s body, 
and lift was applied primarily by lift rings which fit under the 
operator’s arms.



136 BIOASTRONAUTICS AND EXPLORATION OF SPACE

Storage

Jekvator nozzle

ki
iressure

No/.’lf control

(H-0, pressure)

Figure 3. Small Rocket Lift Device (SRLD).

Ckmcurrently with the empirical testing of the control system 
on the tether rig, mathematical models describing the flight dy­
namics of the system were developed, and the equations of motion 
representing pitch, translation, and vertical motions of both the 
upper and lower body of the operator were programmed on a 
computer and simulation studies investigating system control were 
then initiated. Figure 4 is an example of one of the three-body 
models used for developing simulator models. Later, rigid body 
models proved to be sufficient, since motion of the lower legs had 
a minimal effect on the control equations.

As a result of these studies, and the continuing test flights, 
one change was made in the system to enhance stability and con­
trol. In the original feasibility unit, the two rocket nozzles had 
been gimbaled with three degrees of freedom such that they could 
be rotated to produce pitch, roll, and yaw control moments. Because 
of the sensitivity of the device, the pivot behind the operator’s
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Figure 4. Three-Body Model of the SRLD Man-Machlne System. 

control b/bmTvement^1 the tehandle0ll) bT f°re'aft (Pitch> 
incorporated in the 
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Figure 5. Attitude Control System. 

yaw control, 
in Figure 5. 

This current method of attitude control is shown 

the^ontroni,«1 ^ C0^olled ** appropriate movements of 
the control lever arms rotating around the pivot point but yaw 

by irr handh0Wn Ín ''ll Center figUre by jetevators activated 
y . hand gnP on the left lever arm. Throttle control is 

provided by a rotary hand grip on the right arm rest. 

°K ^PriI 1961, after thirty-six tethered flights with the 
feasibility system, Harold Graham, a Bell Rocket Test Engineer 

13-8CÍ8o8Íd fli^Tweted i* fr8t free f,ight °f the 8y8tem* 
18 fnrho? fl h,t * ";ade at an average a,t:tude of approximately 

mateíy Ti2 feew/f fTr°^ate^ 8 mph’ and C0Vered aPProxi- 
hniïlïï Tf îu 8 feet 688 than the fir8t fiight of the Wright 
o^ 3 0íiifi?nJ l8PPí°Ximately 7 years 8ince the initia‘ flight, 
ationfîT w ha.ve,been completed under a wide range of oper- 

60 mnL and I/T; f,Íght8 at a ve,ocity in excess of ou mph and at distances of over 800 feet. 

21 I!!nnH0:kttr^OWfreu sy8tern’ with a flight duration of only about 
to rdrbViry haf ,imited ^^tional application. In order 

turn the system into one which meets meaningful mission 
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performance requirements, Bell is presently under contract to 
the United States Army, and the Advanced Research Projects 
Agency for the development of a new backpack unit using a small 
turbojet power plant. Figure 6 shows a mockup of this jet-powered 
version.
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Table I. Potential Mission Areas For Individual Propulsion Device Application 

Civilian 

1. Rescue 

2. Forestry service operations 

8. Fire fighting 6. Emergency medical assistance 

5. Transportation into inaccessible 
terrain 

4. Police work and riot control 7. Coast Guard operations 

Military 

1. Wire laying 

2. Liaison 

3. Amphibious assault 

4. Passage over barriers 

5. Clandestine operations 

6- Forward observers 

7. Reconnaissance 

8. Base perimeter control and defense 

pulsion unit is mounted on the back of the chair. 

Figure 8 shows what we call the Rocket POGO, in which the 
propulsion device is mounted on a vertical rod, or pole. The opera¬ 
tor merely steps on the foot rest, slips his arms over a pair of lift 
bars, and takes off. Our pilots say that this configuration is as 
easy, if not easier, to fly than the belt version, and it has the 
advantage of quick mounting and dismounting. It is of particular 
interest to this discussion because of its potential application, or 
the application of similar configurations, to Lunar Flying Vehicles 
w hich will be discussed later in this paper. 
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■k

'^My

Figure 7. Flying Chair.

Finally, we have developed and flown a two-man POGO (Fig. 9), 
which may have application for rescue missions on Earth and also 
serves as a test vehicle for studying two-man lunar flyers.

This long background of experience in small lift devices here 
on Earth has lead us naturally into applying the same technology
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%

;-vT.

FiKoreS. Rocket POGO Vehicle.

to individual mobility devices for use in space, either on or over 
the surface of the Moon, or for extravehicular activity in orbit. 
Turning first to lunar propulsion devices, there is a variety of 
missions which might be accomplished or supported by lunar flyers. 
Some of them are listed in Table II.

Surface Exploration

The initial lunar landings involve numerous short excursions 
from the lunar module for general scientific observations, collection 
of soil and rock samples, and gross measurements of the physical 
characteristics of the lunar surface. While these tasks can be 
accomplished by the walking astronaut, or by various types of 
lunar crawlers, the availability of a lunar flyer would considerably 
enhance the radius of operation and reduce the total extravehicular 
time required.
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Pivvct. Two-lUn Eoekrt POGO V«Mel*.

Emplacement of Scientific Instruments
Instruments could be emplaced at greater distances from the 

lunar module. This, of course, would allow a greater range of 
selection of monitoring sites, as weU as a greater nu:nber of 
separate sites.
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Table II. Potential Missions For Lunar Flyers 

Surface exploration 

Emplacement of scientific instrumenta 

Transportation into inaccessible areas 

Remote sensing 

Surveying/mapping 

Rescue 

Transportation into Inaccessible Areas 

Deep crater and lunar rille exploration is of considerable inter¬ 
est for lunar surface study. The accessibility of these locations to 
a walking astronaut, or one riding in a surface vehicle, is limited. 

Remote Sensing 

A lunar flyer offers considerable potential for remote sensing 
across the complete electromagnetic spectrum, which would provide 
not only direct scientific information, but also additional recon¬ 
naissance information to guide subsequent detailed exploration. 

Surveying/Mapping 

A ilyer could be utilized for quick and accurate surveying/ 
mapping of areas which art out of the line of sight of the lunar 
module. 

Rescue Mission 

Lunar flyers could be utilized in conjunction with surface 
vehicles as a means of return to the lunar module in the event the 
surface vehicle should malfunction, or for rapid rescue of a walking 
astronaut. In addition, it is feasible to employ a simple propul¬ 
sion unit with sufficient aV to escape from the lunar surface 
gravitational field and inject the astronaut into lunar orbit, where 
he could be retrieved by the parent spacecraft. 
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Figure 10. Spectrum of Maneuvering Aids.

There are basically three control system concepts which have 
been proposed for use with space propulsion devices, whether they 
be used for lunar flying, or for orbital operations. They include 
those vehicles which are controlled by shifting body weight (i.e., 
kinesthetic control); vehicles which have stability augmented con­
trol systems of one kind or another; and those controlled by manual 
thrust vector positioning, such as derivatives of the Rocket Belt 
or Rocket POGO. Bell Aerosystems has concentrated largely on 
the latter two classes.

Figure 10 .shows some of the variations in configuration which 
we have studied. On the right-hand side are some of the Lunar 
Flying Vehicle concepts we have worked on. At the upper right 
are one-man and two-man automatically stabilized versions. These 
use orthogonally mounted attitude control thrusters with on-off 
attitude commands generated by a 3-degree-of-freedom sidearm 
controller. The configurations shown would be capable of approxi­
mately a 15-mile radius round trip, or a 50-mile one-way flight 
They could carry up to 300 pounds of scientific equipment, and
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11* Lunar Fljing Vehicle Mockup.

would be powered by four 100-pound thrust bipropellant rocket 
engines. At the bottom right are one-man versions of thrust 
vector control devices.

Figure 11 is a closjer view of a mockup of one of these devices; 
a more sophisticated version of the Rocket POGO device. They



UNE-MAN PROPULSION DEVICES I47 ¡¡piï t pTÄÄirr ^ «« 
the lunar and rocket plunie environment Prope,,ant tanks ^om 

rocket lift deLr f“rTnanrtSu,endwiiPeoftÍnK characteristi<;8 »f a 
aspects from that of a sirnila- vehicl» f CC“rse' dlffer ¡a several 
«tudymtr these difference, over lhe Î ,°ï arth- We have b«" 
lists some of the major contributing facto^ and Table 1,1 

"¡fÄTre üwne atm0;Phere »" -"»on is . 
atmospheric drair effects werp r* • °f simu,ator ruus in which 
found that experienced Rocked BelT'oiw^t aloa5 wi‘h X-axis, and 
over-accelerate. We found, ho«-erCth ' ^ tend to 
to compensate in their control movement ? y qUlck,y ,earned 
any serious problems. and we don’t anticipate 

sidered ZTtir" ^ mUSt be — 
inertias comparable with their ‘ -Vs erT’s will have masses and 
«ver, the !/6 g field thj MZTndÍnB Earth desi™'- h“» 
times reduction in system thrust Thn,qUlfr" 8 corresP°nding six 
reduced attitude control nower« • hf ! effects combine to dictate 
The slower response tends * • <in translational accelerations 
effect iiives the ¡t 

preslum sror'!!Sdrl™';mrvb'’u,‘thc effect °f -fun- 
effect, as well as the effects of re In " >>U ^ t0 lnvestl>ate this 
under contract to NASA, a series of Ben condueted, 
June of 1967 These flight 01 * 6 g fights during May and 

Center, using .he ^ g"^'“;''6^“' LanKley Rea'a-h ^ outdoor Lunar Landing Research Facility 

T.Mr HI, F^or. Aff,.rlmg oKt.,ion of ^ , .f| ^ 

Absence of aerodynamic drag effects ~”""“ 

Mass and inertia effects 

Reduced gravity effects 

Full nret 



14« BIOASTRONAUTICS AND EXPLORATION OF SPACE 

and a constant tension suspension system designed to support five- 
sixth of the weight of the gimbal, vehicle, and operator assembly. 
Two pilots were used ; a Bell pilot who had previously flown over 
700 flights in this type of vehicle in eai ih g environment and a 
pilot from NASA-Langley who had made 58 previous flights. The 
flights started with shirtsleeve operations ; then the same maneu¬ 
vers were repeated in the Apollo soft pressure suit; and later in 
the hard suit. 

The test results can be summed up by saying that both pilots 
found it easier to fly under 1/6 g than 1 g, and the hard suit con¬ 
dition was the easiest of the three. The vehicle controls were 
somewhat oversensitive in pitch and roll, since they hadn’t been 
optimized for the reduced g condition, but this is relatively easy 
to correct. 

As mentioned earlier, it would be possible to use this type of 
vehicle for emergency escape to lunar orbit. Two such vehicles, 
with a dry weight of 146 pounds each, which would use propellants 
from the LM Descent stage, could be carried on the LM vehicle. 

Figure 12 shows one typical guidance technique and nominal 
trajectory for such a mission. After a short vertical ascent, the 
astronaut would pitch the vehicle to acquire the Command and 
Service Module in its lunar orbit in the crosshairs of a simple 
visual sight and would maintain the crosshairs on the Command 
and Service Module throughout the boost phase. At a pre-deter- 
mined time, thrust would be reduced to a preset low level for the 
cruise phase. At a second predetermined time, injection into orbit 
would be initiated by pitching the vehicle to acquire the lunar 
horizon. At the same time, thrust would be increased to a preset 
injection phase magnitude. Horizon tracking would be continued 
until a third preset time when thrust would be terminated, placing 
the astronaut in the required orbit for retrieval by the Command 
and Service Module. This nominal trajectory requires a total aV 
of 6,792 ft/sec, which is easily obtainable from the propellant load 
on the vehicle. The total ascent flight time is 11.3 minutes Error 
analysis indicates that a lunar orbit can be achieved with sufficient 
accuracy so that the Command and Service Module can perform 
the retrieval within its aV budget. 

Turning now to orbital maneuvering aids, these also break 
down generally into two classes: those incorporating some form of 
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Maneuvering Unit (MV^UJ^Figu^"Tis7^?1 Cüntro1 
configuration. This unit is ..ff.'fv, , V ,a c,oser view f»f this 
body With a quickly removable harness 
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Flfw. It. Muoal Thrust Vector Control Maneuvering Unit (MVMU). 
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Figure 14. MVMU Test Unit.

three thru.ster.s; two firing forward, and one rearward. In this 
re.spect, it is similar to the hand-held thruster unit used on Gemini 
flights 4 and 10. Control in the three axes is obtained by moving 
the hand controllers in much the same manner as de.scribed earlier 
for the Rocket Belt.

Figure 14 shows a prototype unit of the MVMU which is cold 
gas powered and which has been u.sed for Earth testing. It is made 
of off-the-shelf components and is not a flight weight system. The 
flight weight system would be simplified and could be hydrazine 
powered.

The choice of which type of a .system to u.se for a given orbital 
mission (stability augmented or thrust vectoring devices) depends 
upon the range involved, the time available for the maneuver, and 
the type and amount of instrumentation and supporting equipment 
available. In over-the-surface operations, either on Earth or on
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the Möon, the operator has a combination of visual, dynamic and 
vestibular cues to determine his flight trajectory. In orbit the 
vestibuIar and dynamic cues are largely absent, so the operator 
must depend largely upon visual cues for determinating his thrust¬ 
ing actions. These cues may be derived from a variety of sources 
including the star background, the horizon, or the target vehicle] 
Analytical studies, simulation, and our limited orbital flight ex¬ 
perience all indicate that at short ranges the pilot is able to ma¬ 
neuver with respect to a target object simply by aiming and 
thrusting in the direction he wishes to travel. As separation dis¬ 
tances increase, however, these visual cues become less useful 

RLefl,T0!X1TUfï S?fe range operation has yet to be determined. 
. 1 arge nUmber of Potential orbital missions, it is 

doubtful that any one system will be optimum for all areas of 
application. 

vin^L1,5 y^ra.Kf W°rk in the area' Be" Aeroaystema ia con¬ 
vinced that wh,!e there ia ati 1 much work to be done in this field, 
these individual mobility devices have proven their feasibility and 
have significant potential, both on earth and in apace. 
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GATEWAY TO OUR FUTURE IN SPACE 

8pacsepr;“r:r::^tLtEaTtrtar ,oni ^the 

“e. doT„rÄ,r8 te" 

the veo, multitude of ueee and thTiuf'i^t“ 

penäU[Xlp cllri^tte p“trureh0RrsT'treral tl,Ín8;S haVe ha| 
the Saturn V rocket has nroviH J ^ recent deve,0Pment c 
for space station design Second^ ° the ma^or bui,ding block 
knowledge of the eSnment deLhf T "T.8 ,ar 
in space; and thirdly tho n 6 ^or wor^*nK and livini 
technology to be done^'in Menace TtTr T* in 8cie"“ ™ 
siderable depth with the result that the ^ bG^n stud,ed in con 
be better defined. 1 th USe re<Juirements can now 

attractive a^TwhatT'Lh'evrL^the^basTT StatÍOn C°nCept is 
describe briefly our present Parth h , ?esign équipements, 
the Apollo ApplicatLns Progrfm «„d ^ 08 Contained ^ 
tions on what future Earth orbitkl 
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NASAS .68-3298 

MANNED SPACE STATION 

* LOCATION IN SPACE WHICH IS DEVELOPED TO SUPPORT MEN 

AND OPERATIONAL AND EXPERIMENTAL EQUIPMENT ON A 

~T ,AS'S 'N T0 ad°*NT*GI oTTHi 
ECONOMICS OF SIZE, CENTRALIZATION AND PERMANENCY 

• POWER BASE 

• VOLUME BASE 

• LOGISTICS BASE 

• EXPERIMENT EQUIPMENT BASE 

• COMMUNICATION BASE 

• DATA REDUCTION BASE 

Figure 1 

NASA-S 68-3293 

SPACE STATION ADVANTAGES 

• PERMANENCY 

REUSE, REFURBISHMENT, AND MODIFICATION 
AND SCIENTIFIC EQUIPMENT OF OPERATIONAL 

f LOGISTIC CENTER 

* CtN.,*AU“D LOCATION AND STOHASf CAPABILITY 

anÍTxpISt’suppo," X“F0' °'"«'°"A‘ 

» POWER CENTER 

‘ PI,USBUL ANd'tKNnÍcaLLY F(ASIBUU,0t S°U'«S 

• PERSONNEL CENTER 

• INCREASES RATIO OF EXPERIMENT TIME 
TIME AVAILABLE 

TO HOUSEKEEPING 

• ALLOWS SPECIAL DISCIPLINE MEMBERS IN THE CREW 

• FLEXIBLE CREW ROTATION PATTERNS CAN BE ESTABLISHED 

Figure 2 
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StdtS what WG ITIPan K.» 

concise definition in Rgu« f n“-1°.8' Lhave prese"‘c<i a fairly 
definition states, a spaceStation ¡ “„o^^0 n0te that' “ «-* 
a location in space which is develowdt » “-- “ ''thi"g" “ « 
on a permanent basis in order to take men a"d edoipment 
of size, centralization, and «rmanèncv TT °f the 
»‘at,on is a “base” in space eTutaaS • , °ther words. “ space 
in many forms of terrestrial’exploratiôÍ , functlon *0 those used 
Antarctic, As the chart indicates the n exampk’ ‘hose in the 
actenstics : it is a central location fîr -w ^ “Z* ‘'"Porta"* char- 
perimental equipment, communication^ “me’ logi8tic3. «- 
a definition cncompa^es Xm* ™ „h reduciion- s"ch 
misht be located within a single volume Í. a" °f the8e thi"K» 
may be several devices which are orbTtin“^ tei”ateljf where there 
imity with one another. An example of'th^i in close prox- 
a station which consists of a lame hviW atter form wouid be 
modules containing telescopes earth sen ™ aurrou"dcd by free 
tifie satellites orbiting close enough s th ’ ^ 8pocialized seien- 
o" serviced intermittently by personne, from tthvTngqu^6“ 

which we expect to profUby creating"!!'the f“tures from 
wherein all the individual missions enntrih T* j* station program 
cess of the total mission. First asX ch^Xdlr<iCt,y to the 8"c- 
■ng the economic benefits which win 1 '"d'eates, we are seek- 
of a longer lifetime of the objects we 'nil" ^ the achievement 
equipment required to support man and t '"u 3pace' Both the 
basic scientific equipmenf which we nllc.0 ™" the Station’ and the 
long lifetimes. With oronpr i™- P SCe ln space can operate for 
reused, can be refurbished where ÍtemS Can be 
failures have occurred and npi»k Phenomena or random 
modified to take advXgXÄtaTh ‘T“'"- o«" be 
experimental objectives. As will ¿e nitpí Í f gy °r changes in 
with permanency is one of thp m • n°ted ater on’ exPerimenting 
tions Program. °f the major ^oa,s of our Apollo Applica 

again and again allowf^^TenfralTze^thTst6 t0 ^ WG return 
and equipment and to make maximum S.torage of expendables 
logistics flights. Since logistics flight USe °f a imited number of 
element in any orbital program the largest aingIe cost 
economic advantage of space station 0^^0^^6^ important 
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APOLLO APPLICATIONS PROGRAM 
• OBJECTIVES 

I5T/.aÍ,SHMENT of MAN’s ••0-MEDICAL and operational 
CAPABILITIES TO FUNCTION IN SPACE FOR EXTENDED PERIODS 

* MAN’S ROLE IN THE OPERATION OF COMPLEX SCIENTIFIC 
INVESTIGATIONS IN ASTRONOMY AND EARTH oisERVATON 

• CHARACTERISTICS 

MAN’S FIRST EXPERIENCE IN SPACE WITH 

SUPPORT EQUIPMENT 
ADEQUATE VOLUME AND 

" "Tor“«'1!,«? P«,oMDfSD,CAt M“SUKMINTS CONTINUOUSLY 

' ™?N?Âlï M«".”sMA,'tY A,0UND 

Figure 3 

t™^rISjTStiC ,ad™ntaBe is “Iso important for the economical 
transportation of the crew, but there are other advantages to 

Sb°cs nr£rTel “Ctnter” in space besidra the “»"»«lies if 
F”t' when we have achieved a crew size of about 11 or 
W* i° reaMze the Economy of large size since only 

0f ‘otal crew worlltime will have to be spent on 
01 “Peratmg and maintaining the station, thus making 

ixMnWnf»feK .PerCenÍÍ.,fe of time for the accomplishment of 
aShl. W*nbje<:t,Ve8' The economies of specialization arc also 
* "iab!e “ th* concentration of a large number of people allows 

f *hem •».specialized for individual experimental func- 
bona. This will relieve the considerable cross-training problems 
which are inherent in small crews. The concentration of personnel 
in a pcrmammüy established volume makes it feasible to provide 
relatively large amounts of volume devoted to personal comfort 
and convenience and to establish, throughout the station, living 
conditions which are more Earth-like than we can afford in smaller 
space vehicles. This will be important in the selection and training 
of crews and in their efficiency in space operations as well. 
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tional in charâcterahêre Is o^syltem8’ Primarily »f*™- 
from the economics ot^nZTlT W" definite,y 
tem. The larife sizeof H,« y4 d arKe 81ze: the power sys- 
structure necessary to suppoTeîthe/the ?nab,eS US to deve,0P the 
solar cells or to provide the u ari ® Panels required for 
radiator areas required for larpe^uHe*0"’ 'i.hie,ding weight, and 
of a space station to car£v wwerT 8yfem8- The capability 
100 kw will be its most i^tTnt t reS ,°f 2° t0 50 kw or 
availability of power is theïasis of^lUv^ Co;tnbution- since the 
mental to the capability of nearly «U / ^ deSÍgn and is funda’ p oony oi nearly all experimental equipment. 

APOUO APPLICATIONS PROGRAM - A MODEST BEGINNING 

stations^alKlth^ApolIo Applications Program addVantages of 8I»“ 
them in a modest way Figure 1 nr0g f iS d®slgned to explore 
Apollo Applications objectives and ZT? ^ chart of the basic 
goal of the Apollo Application, pÎ chanicteristics. The primary 
man's capability to function in snac^fT ;1S estab,ishrnent of 
of time and to establish man’s role in Hs:gnif,cant,y Jong periods 
tions in space. The “wet launchpH" nd[Jc*,ng complex investiga- 
cient volume (almost 4 000 cu ft n^r Workshop w*11 contain suffi- 
and support equ^ment So that thT T t0 Apol,°’8 ^0) 
tion and live in a manner more lflL ^ WÍn be ab,e to 
than has been the case to date with^hp^i^^^1*^ 8 environment 
This is to be accomplished bv nntfitr 6 C 08e y Packed spacecraft, 
that it can be entered hvth °U+tf,tt,ng an booster stage so 

Ren and «adV^ivlie jf" “f ^ 
visited over a period of‘imp Kv ^ ^18 workshop” will be 
Module flights. ^ ‘ y a 8enes of AP0110 Command Service 

with a Command Service .Iaunched workshop 
docking adapter mounted at the attacfhed’and ^ «hows the tubular 
connected with thTairiock ÍÍe ínT S-IVB stage aad 

outmted with'^Ipn,™6 steh/d--" 
adapter in a series of rnnma ^ a,|y stored in the docking 

waa initially inata,led Tthe hyX^n™ ^ 

e“™uaz;rs™ 
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AAP ORBITAL WORKSHOP - INITIAL MANNING

t. ut
► V. V

j
Figw* 4

NA lA-S-M-JW
S-IZB WORKSHOP MOCKUP SLEEPING 

AND FOOD PREPARATION CUBICLE

Figor* S
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The next two pictures are taken inside a full-scale mockup at 
the Marshall Space Flight Center. Figure 5 shows the doorways 
leading into three of the four rooms on the main deck. These 
room.s will be used for sleeping compartments, waste management, 
and food preparation. These are all elements in one of the major 
test programs associated with the wet workshop; namely, that of 
a.scertaining the habitability characteristics required to support 
astronauts in space.

Figure 6 shows equipment for one of the elements of the very 
thorough medical test programs which will be another main feature 
o the Apollo Application mi.ssion. This is the ergometer, which is 
the bicycle-like device in the foreground of the second picture. Also 
shown are three subjects, one seated in a Barany chair which is 
another piece of test equipment for medical experiments. This 
second picture shows more clearly the area outside of the rooms 
equippt'd with experiments which have been brought into the area 
from their stowage place in the docking adapter.

NASA-S-6«-J?86

S-EZB WORKSHOP 
MOCKUP EXPERIMENT AREA

.1^
■i

\

Figure 6
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AAP ORBITAL WORKSHOP WITH LM/ATM 
SOLAR EXPERIMENT ATTACHED

Figure 7

The Apollo Applications Program also will include a major 
science experiment, a solar observation experiment which will be 
launched and rendezvoused unmanned with the wet workshop and 
which will be docked by an astronaut located in the docking adapter, 
using remote control. A view of this experiment located on the 
workshop is shown in Figure 7. This experiment will provide us 
with two very important steps toward our future space station 
programs. First, it will be our first chance to link man with a 
really complex scientific experiment and thus to explore his capa- 
bili+^ies to function with such devices. Secondly, we will be develop­
ing techniques and equipment for sending experiments and supplies 
to a space station in an unmanned mode. This mode may be an 
important method for logistic supply in the future.

It is apparent from this brief de.scription that the wet workshop 
will be fulfilling the role of a prototype space station. It will pro­
vide a generous living volume, the essential power and communica­
tions systems, and it will be operated over a period of time. Thus,
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the development of iitifr^space staUons'bv^"^ irroundwork ior 
man, the systems, and sometí ,h„l by g,v,n« “» basic data on 
our future programs. th experiments which will define 

neglect what1 may6 ^‘onê 0^^0^0^ h°Wever’ •» 
operation of a space station: arXial ,0r 

the ARTIFICIAI gravity prorum 

now envisioned,Awn'1CproWde ^wUh a""* 7ik8h°P Promm' “= 
evaluate man's performance in space at IT bas?.from which to 
fon 1 will discuss some of the thtas wt h ,n this 8“- 
eonceming the need for artificial gmv^v ‘hinkin* abou‘ 
define its characteristics. As noted 8 test Pro8Tam to 
general reasons why we feel that so bave discussed some 

developing an economic“ ™^“ ?” 
of space, and one of the main advantages Í bfnff,clal exploitation 
Provide an Earth-like environment^? I" ^ W8S that “ «>uld 

segment of our scientific commS ? „or", ,,en8ble a wide space work. This leads ty ^ b Potentially available for 
Portant aspect of s^e stafon?“ ^ is a very im' 
that the station be designed to ",u.'rements I namely, the need 

gravity. The PrincipaTSnf for thí “ 'eVel oi arti«'ial 
First, note that our concern is not thL“” 'nd'cated Figure 8. 
adapt to zero-gravity over the neriod of *■ ma” Wl11 n“t he able to 

a crew member aboard a spaS station ^ . 8«he “ likel3r 40 he 
problem is one of providing relatif <3 to 6 months). The 
conditions. This will be important ^ hVÍng and Working 
tion to living conditions and^CTtl°r comfort and adapta! 
efficiency and task effectivenel ^ tbeir basic 

As noted on the charf f».« 

artificial “g” can be dividedh intTthreTf ^ f*Ct0rS affected by 
with processes involving fluids- thn« tyPe8' th°Se connected 
and orientation; and those inehidin 6 conn®cted with locomotion 
faces. By providing gravity fluidman/machine inter- 
ciated with personal hygiene clean L ^868 8UCh aS those ass°- 
all can be performed in a manna» •!’ ff.od preparation, chemistry, 

accustomed to here on Earth that which we are 
Hearth. With the establishment of normal 
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ARTIFICIAL GRAVITY 

• NORMALIZES ALL PROCESSES INVOLVING FLUIDS 

• WASHING AND PERSONAL HYGIENE 

• FOOD PREPARATION 

• CHEMISTRY 

• CLEANING 

• NORMALIZES LOCOMOTION AND ORIENTATION 

• HANDS-FREE WALKING 

• 'NORMAL' MAN/MACHINE INTERFACES 

• MINIMIZES SPECIAL TRAINING AND MAXIMIZES 
EFFECTS OF EARTH TRAINING 

• PERMITS USl OF 'STANDARD' EXPERIMENT AND 

OPERATIONAL EQUIPMENT 

Figure 8 

gravity relationships, the ability to walk with the hands free will 
provide the basis for an environment which needs little or no 
training for adaptation. Artificial gravity will also provide normal 
man/machine interfaces with all types of equipment—both opera¬ 
tional and experimental. Again, this would eliminate the need for 
special zero-gravity training and would maximize the effectiveness 
of Earth training, especially for the more complex repair, refur¬ 
bishment, and modification tasks we can expect in the future. This 
advantage is a major feature of an artificial gravity station. As 
a "orollary to this, artificial “g” will permit the use of equipment 
developed for use in Earth laboratories but otherwise applicable 
to space station tasks. 

For all of these reasons, we conclude that the characteristics 
of artificial gravity are important objectives for a near-term 
Earth orbital activity and I will discuss some of the parameters 
which should be studied by special experiments before we can be 
firm about a conceptual design which would meet the space station 
objectives. 
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NASA-S-68-3296 

ARTIFICIAI GRAVITY ENVELOPE 

Figure 9 

8 r ^in n0te in FiKure 9> artificial “g” has two important 
any given level: the rate at which the vehicle is 

rotated, and the radius at which the man is stationed. We have 
indicated on the chart a so-called “comfort zone,” namely, an area 
which ground-based tests have indicated man can tolerate without 
serious problems of adjustment. Parabolic airplane flights have 
indicated that most of the problems of locomotion and fluid trans¬ 
fer are overcome by gravity as low as three-tenths g. £ nee rota¬ 
tional simulators on the ground have indiacted that the average 
person can adjust to 4 rpm, we are led to a minimum rotational 
arm of about 50 feet. However, these ground tests are limited be¬ 
cause they always have a 1-g field affecting the results, and we 
cannot be certain that when that field is nonexistent that the 
rotational forces will not affect the subconscious adaptation mecha¬ 
nisms more strongly. Thus, we are interested in even lower 
rotational rates and higher gravity forces. We would like to 
investigate radii as high as 200 feet and gravity as high as 1-g. 
These considerations have led us to examine a system shown in 
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NASA-Staid} 

ARTIFICIAL GRAVITY EXPERIMENT 

NASA-S 68-3294 

FUTURE EXPERIMENT 
EXAMPLES 

• OBSERVATIONAL EXPERIMENTS 

• ASTRONOMY 

• EARTH SENSING 

• ON-BOARO EXPERIMENTS 

• BIO-MEDICAL 

• BIO-SCIENCE 

• PHYSICS 

Figure 11 
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experiment module,' S^rTT?“ an 

tmo/etnte! ÄÄS 
accommodations which we feel wilfh^ C°nstruct the ^ of space 
fort and work re.uiremenl ^ ^ 

THE NEXT STEP - EXPERIMENTS AND APPLICATIONS 

StatT ~ -St be pre- 
likely be a part of that program Nasa ®xperiments which will 
siderable effort in stud^inV reCent,y spent con- 
«tations as given in Figure 11 it proiirarns for space 
be classified under two gen a, le d'™ * ï ^ ^ Can 
ments which include astronomy and EaTh observat,onal ^peri- 
experiments such as biosrilZ ¿ «ens.ng; and on-board 
high energy physics. an< bl()medlca] experiments and 

ASTRONOMY 

The sciences which make usn nf k 
of Earth orbit will benefit most h • obseryatlona, advantages 
operations. Astronomy espcchlll ^ Space station 
dramatic results from being ablento oh ^ eXpected to Produce 
dirty and ahimmoring „Sphoro °U‘8Íde ,<f 

init work that\a7'y„n„tfi^rf,t'f,aJet'l'nK f“rs°me of the engineer- 
experiments. The chart oresent a,nd desiíín of astronomy 
telescopes of the 40-inch objectiv " tvo^ modestIy'sized 
equivalent of land-based 120 inrti ♦ i ype’ wblcb are the optical 
enough to require a significant 1^,arff(pC°ifeS FT are la^e 
these are just a beginning TpIp ^ space stätien as a base; but 
been seriously proposed bv tlJZ T" have 
an objective for Xe asïronîmv A ACademy °f Sciences as 
inch telescope is shown in thp h igA eoncfptuaI desi^n of a 120- 
Kive a feel for the size of thimr ackm,und at the same scale to 
probably be flown adjacent to^\n * Such a te,escoPe would 
cally for service and data retrieval"6 Stat,°n V¡SÍted p-iüdí- 
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ASTRONOMY 

TELESCOPE-SPECTROMETER ULTRAVIOLET RAY 

platform 

SCHMIDT-TELESCOPE 
GAMMA RAY PLATFORM 

Figure 12 

acromo 

tio„?fetÄent 0ff ren,0te 8ensinir for the observa- 

:r r =■'« si" 
us^pamat'"’ photoi!raPhs ^en with simple equipment give 

planet 7 "" 8St0nÍ8hÍ”^ usef“' views of our hle 

flieht7 Thu'T“ are photograPh8 “0" O" our last Saturn V 
m fes inlíeV, P • ,3’ C°Ver8 app^¡-ately 10,000 square 
nf iïjVh t El Paso-Juarez area and includes the pure white sands 

?he dewi wh,VhndS NK(ti0na,1 M°nUment U i8 a -a™p“o? the detail which is obtained with space photography The com 
unications system in the international metropolitan area is clearly 
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WHITE 
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EL PASO 
AREA
APOLLO

PHOTOGRAPHY

^ W

1
F̂igure 13

seen. The agricultural utilization along the valley of the Rio 
Grande can be viewed over a large area. Unique volcanic features 
are seen to the w'est of El Paso. Snow covers the higher peaks 
of the Sacramento Mountains to the east of Alamagordo. The 
unique capabilities of space photography result from the broad 
synoptic view of large features which can be seen in a single 
photograph. Large mountain systems can be visualized in a single 
photograph, and important geophysical relationships are estab­
lished over areas of up to 250 miles square. To obtain the same 
information by conventional aircraft and photomosaic techniques 
would require hundreds of photographs to be secured, all under 
different and changing conditions, and a cumbersome assembly 
would be required.

The next photograph. Figure 14, indicates another u.se for 
space observation—oceanography. It shows quite plainly the 
eastern edge of the Gulf stream for a distance of about 50 miles. 
Techniques are being developed for routine ob.ser\'ation of the 
ocean; the measuring of its temperatures, sea state, and currents.
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Figure 14

But photography covers only a very small part of the informa­
tion the Earth is sending into space. Figure 15 shows a concept 
of electromagnetic Earth sensing equipment which would have the 
capability of measuring the Earth’s surface over nearly the entire 
electromagnetic spectrum. The large variety of experimental 
equipment which will be of interest in this area of investigation 
can easily be seen; and again, the rather significant size of the 
sensors is noticeable. There is little doubt that this field of en­
deavor holds great promise for future applications of direct benefit 
to a wide variety of professions and occupations, as well as to the 
scientific community in general. It will probably be so useful 
that we will want to spread its benefits to other nations, especially 
those nations which are just emerging into the world of modem 
industry and agriculture. This use of our space abilities may well 
become a great force for international cooperation and I, personally, 
look forward to the day when our space station crews will contain 
representatives from all the nations of the world.
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Figure 15 

°,V""“CA1 AND »'OSCiSNCE EXPERIMENTS 

take advantage^f\^ltfrnCitlestsakvacuumatfmany f0rmS- Some wi,, 
involve manufacturing processes in th^i f SPaCe’ these may Wen 
space to utilize the unique envfrUment if? S°me Wil1 be * 
gravity environment is of soecTaM? /f°-fav*ty- The zero- 
bioscience researcher since itwill undính?^? thC blornedical and 
research on the growth process in an??^ 7 neW avenues in 
shows a typical laboratory with animT Y"*1 P,antS* FigUre 16 

It also shows some biomedical exwriZnf ?168 ^ P,ant farms- 
that the zero-gravity environment will thpiand agam We Can expect 
investigation and understanding of fultenlTp"* ^ 

PHYSICS 

particles of nature began ?ith observât’StUdy °f the fundamental 
cosmic radiation that exists M space ÎLY vT the natUral - space. These initial experiments 
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NASA $ 68 3785 

Figure 16 

high energy cosmic ray lab 
33 FT 

TUNNEL 

OPTIONS FOR 
ARRANGEMENTS 

CRYOGENICS RESERVOIR 

Figure 17 
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capabilities vriT^"theVa^ferret" tT'fH°Ur space 8tation 
ment as a primary source o/hio-h 1 40 the natural environ- 
large cosmic ray Sty in a Partic,es- ^ Plying a 
Figure 17, we will extend the basic partícfe ^ “ ÍS ShoWn in 
investigation by three orders Tf Í ! Î energy avai,able for 
70,000 BEV). We can exnerf ff magnitüde ifrorn 70 BEV to 
icantly about the nature of the flln"ease our knowledge signif- 

just « our recent increases in energfSi it^ha"““'" 
our simple electron-proton-neutron pictoe l, Ve T Changed 
equally exciting will be the clues that fî, ? the atorn- But 
will give on cosmological questions—m. +• nature of C03mic rays 
existence of antimatter in the univeie S“ “ the P°8sible 

using the^mosTIdíanc^tiínkm^ r''1 ^ * 160 con,Plex »finir, 
data. Because of these nroblem« a k0*" rBcor^’ni and analyzing 

trained scientists w,„ be a necessity '"ZTîZJÎT 

THI NEXT STEP - SpAC| STATION CONFIGURATION 

sible experiments, we lan Ífow^roce^ to™1 characteristics of Pos- 
first operational space stations mi^ T,ne What one of the 
listed some general space action Í In Figure 18> 1 have 
will be required to Let The tvrL0nofC?araCteristica ^hich I believe 
above. The first characterise pruogram discussed 
station shall have an Earth likp th,S chart is that the 

cipaliy, «hat th, sü,LEÄe SZTo uThis rars'prin- 
Phere system (02 -f N, and nos«ihi5 •♦uf 10'14 psi iair* atmos- 
«/2 to 1 g of artificial gravité h 'T* e,ements) and ^ 
areas of the station. We must nfT maj.or1!,'[,n» and operational 
laboratory operating at essentially ze^^vIty^íkTT1.6"0*?0”* 
have the capability of accommodating at tost ??,» "'d 
initially, with the orosnept nf u. a! east a “ffr-man crew 
to at least 100 by additional launched 00° expand ita uapabilities 
operate the station“ t Ser incíí, P'»» to 
date in our space flights Our stnSk" ha? those cond“e‘ed to 
inclination, «r somewhat higher t , ,0,7 ^ that ab°Ut 50“ 
«onal and experimenta, toast? 
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LARGE SPACE STATIONS- 
GENERAL CHARACTERISTICS

• EARTH-LIKE ENVIRONMENT
• 10 - U PSI AIR LIFE SUPPORT SYSTEM
• 'A TO 1 9 ARTIFICIAL GRAVITY

• COUNTER ROTATING ZERO g LABORATORY

• so MAN CREW EXPANDABLE TO 100
BY ADDITIONAL LAUNCH

• HIGH INCLINATION >50°

• ATTACHED AND STATION-KEEPING EXPERIMENT
MODULES

Figure 18
nau-s-m-mk

THE MILLION POUND SPACE STATION 
ROTATING NEAR A 120 IN TELESCOPE MODULE

€i
S

Figore 1»
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minimum of radiation background wh.vfc • • 
■»■zing it, effects on the crew and Tn tí lmP»rt»»t for mini- 
astronomical observations It ,. the sensitlve film used i.i 
majority of the oc7„Z ¡and ! f‘C'ently hi*h “ver the 
some of the more developed countrip«^’ ^ thoURh ,eaves out 
of course, all of the United Stetes p ^ U Wou,d inc,ude. 
continental United States is where thT A and within the 
w.n be located to test orbital observation tecCues^ 8Íte8 

have both attached' aîdTtatToÎk«^6'' '8 ^81 'hC 8tat'0n wi" 
For example, in the astronomicalarea^T""18"4“' module8- 
telescopes up to 40 inches in diamlLí , expect »Cached 
telescope would be mounted in a <»> ’ "I" 6 thC proposed 120-inch 
atation in a • stion-Cpm^ ^ ‘he 
of a technique for visiting such a devi r"1“" the develoPment 
ments, data-gathering, art repairs Tlf,0' 0peratio"al «diuat- 
Will also probably be clustered ^ exPenment modules 
will be provided so that these modide 6 and a han8’ar 
the station for servicing'by^bought back into 

deUils of a spice''station y?“f."na,?mation' 1 have prepared some 
by an artist’s''drawing in Fgue ?n,CePt Which is »»own 
No. 20, the Station woTd havt;0'^", ^ ^ 
rotational “g” living quarter g ;ha™k a 240- „0 radius to the 
spinning balance and power sertit lu 3J0-foot radius to the 
tional segment. The station would hV^ uther end of the rota- 
three Saturn V rockets and -, ui^ aunched ln three parts by 

weight of aboul one milZ^ ^ 11 —Id have l 
carry as much as 100 000 nound^f and We can exPect to 
volume in the living quarters^wonld hf expenment wei^ht. The 
the zero-gravity la^rato^ couTd ronf °Ut 50’000 CU ft~ ^ 
The large radius would permit 's tef 11" ^ mUCh 83 45’000 cu ft- 
and thus that becomes thp m • hleve near|y ^ at 3.5 rpm, 
Since bhe station will have a ratheHa? r?tatl(ln we Wou,d need. 
7,000 pounds of fuel to spin up to it "^ mert”a’.ft WOU,d re^>>e 
will have sufficient inertia that it will rpm and’ that condition- 
inertial space. emain essentialy fixed in 

has unique™“,’ 
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LARGE SPACE STATIONS-SPECIFIC 
CHARACTERISTICS 

• SIZE 

• 240 FOOT RADIUS TO LIVING QUARTERS 

• 375 FOOT RADIUS TO POWER AND BALANCE SECTION 

• WEIGHT 

• 1,000,000 POUNDS TOTAL WEIGHT 

• 100,000 POUNDS EXPERIMENT WEIGHT 

• VOLUME 

• 50.000 CUBIC FEET LIVING AND OPERATIONAL QUARTERS 
(ROTATIONAL V) 

• 43,000 CUBIC rEET ZERO V LABORATORY 

• ROTATION 

• 3.5 RPM 

Figure 20 

observaticms H ^ cx“ctly »uited f'>r astronomical ODservations. The directional and tracking problems of F-irth 

satedrf„rarbVZr,c:‘ 7” 'T'™' bU‘ th¡S is com^n y their less stringent accuracy requirements. 

*77 show" the atation in operation with a 120-inch tele- 

feaw of nthe"Tíy- Ta,S fÍK,,re shüWS 8<)me “f fundamental atures of the station. Note especially the hangar with a small 

mounted bto'nfhetaken '"‘'’-i1 f0r maintenance- The telescopes are 
zerogravity nub on the top surface* the Earth 

thê'hul“"6 m0Unted in a “imilar fashion 0R th'' bottom part of 

loJtj ,77777 7e ‘i““ tha °"-büard «Périment» would be 
located in both the hub and in the artificial “g” volume. Basic 
biomedical/bioscience zerogravity experiments would be in the 
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manned space stations 

r 
LAUNCH ] 

ORBITAL BUILD-UP 

Figure 21 

eriments 
complete machine shops and repair róümí ^ ha,tISection Wou,d 
living quarters and command «nH a * ’ ^ We as Wou,d be 1 
spacecraft. nd data reduction section of t 

sembled in s” sh " ^ Separate parts a"‘ 
assembly. ^ G 21 8hows the manner of launch 

and wê'hLve^cltedt Figure 22^ w th 
of the Saturn V we coulH ouo i ih ui th an addlti°nal lau 
docking the payload to the rntnf - y doub e tbe accoiTiniodations 
end by the T °n the 01 
enable us to add canabilitv tn fa. UP' A.s,milar operation wt aaa capability to the zerogravity hub. An even m 
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ADD-ON CAPABILITY 

economical way to expand our living and working space is available 
because of the use of the S-II stage as part of the basic structure. 
The empty tanks of these stages contain over 36,000 cu ft of vol¬ 
ume which can be entered, pressurized, and interior accommoda¬ 
tions constructed with the same techniques we are developing with 
our Apollo Applications wet workshop. 

CONCLUSION 

I have tried to indicate the place of the space station in future 
space programs; the reasons why such stations will be important 
links with the future ; the protoptype steps we are taking in the 
Apollo Applications Program ; and finally, a possible picture of the 
shape of things to come in terms of the conceptual design of a 
relatively large space station. 

Such a station as described merges the space technology of the 
period with the elements of both pure science and practical science 
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operated at a sing|e 

from the use of space and to thrust 00 eíonomicaí «turn 
stimulating environment Pem^«nÍb research into a new and 

station's predominant assets r iîwm arid.;ast"«* will be the 
of energy and utilizable volume ’ A Th u dC ? State,y re«rvoir 
and the capability to expand its Jhl,osoph>r. of continuous reuse 
term economic return The ten’s f ?¡¡rces w*11 enhance its long- 
tional experience, wiîh men ^ °f hours of operl 
ment that it will give us will assure ihT^' "J.the Space envi«n- 
^nto the exciting space programs of th< ^ a true *fateway 

” K ams of tht more distant future. 
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XI 

Bioastronputics and Orbiting 
Space Stations 

Gen. James Ferguson* 

p,,'?“8 f*r P*0?.1* íave not been going into space for their health 

mending S lon^ ^ ^ ^ dOCtor8 wi" ^ -oL mending 6 months m space, as they now prescribe trios to San 
Antonio or Phoenix for some of their patients. 

Nevertheless, as this Symposium demonstrates, we are oro 
fessionally concerned about health and our national space program 
We are concerned, first, about the well being of the programTd 
ts continuation as a viable force in our nation’s development We 

are concerned, secondly, about the physiological and psychological 

ePnr0v“rirneCted With the “O" ‘o yÄ 

My purpose today is to relate these subjects to each other and 
to the prospects for future orbiting space stations. 

When we wonder about space today we find that the question 

r»« r ’ fr0m "'Vhen and how" t0 ‘'where and at what 

internationfll Aa,a an<l other Pressing domestic and 
for spa« * 8,irVed t0 limit Federal “PPrepriations 

enth™UsmarL0tth" ^ appm'nt declina äa P^üc enthusiasm for the national space effort. To some extent the 

'Commander, Air Force Sy.tem. Cor., land. Wwhin.ton, D. C. 
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excitement has worn off. We have become “conditioned” to space, 
accustomed to successes there, and no longer surprised by spec¬ 
taculars. It is a characteristic of our day that novelty is short¬ 
lived, and space ventures seem to be no exception. No great public 
clamor for next-generation space programs is currently discernible 
in our society. 

The crux of the matter, however, appears to lie in justifying, 
in tangible terms, the costs of future space programs—the large 
ones, at least. We must prove that space projects can pay their 
way—that our space program can earn its keep or bring something 
unique to our society. 

This need for program justification in terms of meeting spe¬ 
cific objectives is no great revelation to most of you here today. 
Those of you familiar with Defense Department policy know that 
military space programs must show distinct promise of directly 
enhancing national security. Further, those space programs must 
represent either the only way to get the job done or the most cost- 
effective way of doing it. 

As an aside comment, I think it’s worth noting here that the 
Moon program was intended from the outset as a departure point_ 
a mind-stretching venture—an experience-building enterprise. Yet, 
perhaps, too many people have come to equate the lunar expedition 
with our total spac; program or to think of it as an end rather 
than as a beginning. We see evidence of this in inclinations to 
support the Moon program “because we’re committed to it,” but 
to defer other space activities. 

This attitude is further enforced by the fiscal facts of life. 
As we’ve already noted, since President Kennedy opted for the 
Moon some of our national values have had to be reassigned, 
priorities have been shifted by world events, and we have en¬ 
countered many other demands on our time and treasure and 
technology. 

Thus, in the real world of today, it seems unlikely that a future 
bold and costly goal like the lunar landing will again be adopted 
unless the benefits to be accrued can be quantified in functional 
or economic specifics. 
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¿■HHr—zs 

otent to win oupport ?X ^.re *" ^ ^ 

Sr£“3SHrSl?^ 
parts has given us a new concept of re iabi tv ««h of comPonent 
purpose satellites ,among „,her things, 000^1,7.«^' 

clao^i^picture^of‘space—00^7 ^°113 ^ t0 ,eel that the 

n,ÄÄ“£*:SrH:- 
Kir- ââí-iâ 
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But, as this audience knows well, there is much work yet to 
toi done, especially m the area of bioastronautics. This is not an 

lated area. The approach we take toward solving bioastronautic 

^11 affectWtL fCH* r 6 C°f »T0grfim- 1716 dat« obtained will affect the prediction of performance and ultimately influence 
the basis for program justification. Furthermore, from both the 
Defense and NASA point of view, it’s important to know what 

performance10831^”811110 considerations wil1 impose upon mission 

n ril^e,have; a.s 1 fay* made Progress. Since your 1964 symposium 
i "i Tfe of f^m^cant technical accomplishments have been real¬ 
ized. These include : 

• Rendezvous and docking 

• Substantial improvements in equipment reliability 

• Manned flight duration of 14 days 

• And a total of nearly 2000 hours of manned “space time" for U S 
astronauts. 

Some of the major crew-related events still to come include: 

• Flight test of crew-task time-line concepts 

• dS.frMÜr' “,!ronm"1 W'>rk/r'St “b"’“'» 

• Extravehicular performance 

• More efficient design of crew compartments. 

mnT°îh thn Workshop and the Manned Orbiting Laboratory 
(MOL) will contribute to better understanding and broader ex- 
penence in these areas. A few of the contributions expected as a 
result of these programs include : 

• Adaptability of man to the space environment during progressively 
longer periods of time » ^ a 

• Assessment of the crew compartment provisions 

• Adequacy of the ground simulations and training devices 

• Assessment of data management systems. 
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deta^'therefore^“ m^di^Tr Fore* progran18 in 

man ,„ Pertorn. nmJ^VZí^jL* 7 ^ ^ 0Í 
Äa^T 'í» ‘wo-mañk:pte8Z,o„Aímryup0f„r: 

system is’desiRneTtypLlly'forSo'd ^xp7iment Modul«- The 
Placed in orbit by th^Titan WM ,au„cVveWaciem‘SSi°na ^ WÍ" ^ 

ÄÄrSÄ~,r= 

inherenHn tZ MOL „L^ f»™"™'*' Activity (EVA, is „„t 

to the Gemini can be accomplished bv EVA Tf í0"1 la,borat0ry 
of the norma, MOL operaUons requiÄ bUt "°M 

the^Sran^eÄt ^ Stl“ion ÍOT 
laboratory subsystems f ght CreW quarters- and the 

=äH‘‘“”0ä-ä 
• Within the pressurized compartment nf th« t qK 

atmosphere is nominally established at pqt a w i 
is composed of 70% 02 and 307 Hp w PSIA total Pressure, and 

«ry pore O, atmospheîetr " cy^f" ‘0 Pr0Vide 8 8“ond- 

tbeÄr^ntlenV3 - 
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I’d like to emphasize that in addition to our hardware work, we 
have conducted an intensive human engineering program for the 
MOL program. A major element has been a sizable simulation 
program consisting of KC-135 zero-g flights and underwater 
testing. 

Real time and stored data on crew performance will be con¬ 
stantly monitored at the Mission Control Center by specially 
trained flight surgeons and biomedical engineers. Sufficient data 
will be obtained to diagnose and measure individual performance 
in an operational environment. 

I am convinced that as a result of the experience acquired in 
the MOL and Orbital Workshop programs, we should be able to 
move on to larger stations capable of longer periods of operation. 

There obviously is a need for diligent and meticulous planning 
to insure that the maximum information is derived from each 
flight. Equally obvious is the need to further develop our re¬ 
sourcefulness in the use of ground-based facilities to broaden the 
data base. Wherever possible, flights should be used only to 
confirm or refine the data obtained during ground-based studies. 

I mentioned earlier that I feel there is justification that the 
long duration multiman space station will be achieved in due time. 
In support of this thesis, I invite you to consider the variety of 
uses for Earth satellites now unfolding, ranging from point-to-point 
communications to navigation and traffic control. 

As to military functions of satellites, I assure you that in such 
areas as communications, meteorology, and navigation, satellites 
are proving to be “important elements” in our worlds of defense 
and security. 

Accordingly, I ask you to ponder the extent to which satellite 
services could be further augmented or improved by putting man 
‘ on the scene,” joining his unique and far-reaching capabilities to 
those of the “unmanned” satellite. 

The benefits could be considerable, in my judgment, sufficient 
to earn the justification needed for program support. 
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generation oiso mmputere'nurmater01118*’!’".that °Ver the next 
of man’s peculiarly human abilitíM • i 8j™U ate' or 8urPass some 
creative capabilitles Co'id^l theÄ 80me of hi» 
in the computer field in g ^antastlc Avances achieved 
arbitrarily PsÚtogel,tTn!Í»r?r8,(W; mU8‘ ^ C,utious »»«it 
be replaced. Clearly the Inherent Mm».«’ ’"“Í* mission8—can’t 
open question today. limitations of computers is an 

"If ftUturns”u™ hat^hey cTnm,t ¡¡“V" ^ Tlle Year 2000• 
acteristically human capabllîtla« eitCee<i certain ch“r- 
important discoveries of the 20th centu^“ °f the most 

thafmanT, ^1011‘’“^'^»^^7''' 1 think We mu8t a8s"m' 
lectiva nationâl needa fôr a ÍTtÍal' and that tha “1- 
unique attributes of the snace PnJi^ abo.rato.7 optimizing the 
warrant eventual support. °mnent will be sufficient to 

proW™ t ^»lve^h Whal” a,'e !h? Pr,ncil>al »¡«oatronautica 
atation design,6costl^nd elcUveneL ? ^ ha™ »" 

Stati0n ^aten,. for 

i" « »ingle launch „Tay Llauthed T * ^ orbit 
in orbit. Either schema i« inJ,eííments and assembled 
choice will depend ton mâL rariaK..á°r f(Utr,9tati»"9. and the 
be the payload capability of available “uncí veWcTea ^ WhÍCh "" 

these win be the tasks of* toen|o“Ptabllltle8 WÍI1 ^ re<Iuired and 6 lasks of the logistics resupply vehicle. 

imilri upop8 tin*1 space stari^d ^ Pr0VÍ8Í0"8 ha- ^oUS 
aider, for examole thl r “ " de/,ltn’ cost’ and operations. Con- 

atud; o, aT„a„r ’r t „™yPXm0,tir:a ^ »ne 
the intervals from 30 to 60 díys tre dZX b/ d0“blin* 
$220 million per year to $470 miiu matlc’ ran^,n» from about 
altitude. The savlngi from on Z Z year' dependi"K “P“" 
another $100 million per year. 9° Were °n the order of 
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Next, observe the effect of crew size. Fortunately, for the 

“ na Fghtly l0Tr- r0tati0n interval can support another 
wt h « on h ? !XampIe; ln a Iow alt ude case> a> four-man crew 
a ion H« " ^?tatlon cyc,e C08ts the same as a six-man crew with 
a 100-day rotation cycle. 

vaJ Í!¡ln¿ ïta that we must aim for crew rotation inter¬ 
vals °n the order of months. If increasing crew size will help 

«kV18 end’ We then need t0 determine the optimum crew 
size. If a future station can be expected to be useful over a period 

yea!S ®!!d if its cost can be amortized accordingly, the 
operating cost wdl dominate, with the result that efforts expended 
to achieve long crew rotation intervals have a very large potential 
pay-on. 

However, extended duration missions bring with them the in- 

°[ CreW exPosure to radiation beyond the 
limits established by the Atomic Energy Commission for career 
workers. The prime natural sources of crew radiation are solar 
flares and the Van Allen Belts, and the risk to the crew must be 
assessed in terms of mission impact. Decisions regarding the 
need for conventional or electromagnetic shielding, early and re- 
mble solar f are warning, and design of dosimetry equipment hinge 
p a detailed assessment of the radiation risk to be expected in 

the mission. * 

Considerable attention has been devoted to the compartment 
volume required per crew member and its relationship to time in 

Ihe du?a, pr8sently available are limited, particularly in 
terms of multiple manned crews, although good data exist on 
volumes required to avoid the impairment of small crews for 
periods up to 30 days or so. 

From the MOL program and the Orbital Workshop, the validity 
of extrapolation of simulator data to space should be determined. 
Detailed questions as to whether environmental effects are additive 
or independent may then be answered to a more satisfactory degree. 

From an engineering view, the designers for interplanetary 
travel place great importance upon minimum volume. Although 

+he'7nAn8enjIUS t0 date *nd*cates tbßt a pressurized volume of 600 
to 700 cu ft per man is adequate ¿o permit efficient performance 
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> .J'“r of operation, further studies must be done. Trade- 
Örter VOlUmea based m »order facts are cieaÿ in 

n.uurMT““”'rnTy; ?tati0n', wil1 r«Iuire versatile astro- nauts as a means of minimizing crew size. For examnle it 

kboppti0glCaIit0 Plf-Ce a hifirhIy 8Pecia,ized scientist aboard a space 
feasíbk U 88 additi0n C0Uld make a longer at*y on station 

«h,!?1!«*16 8ubjec,t of crew size and compatibility, which is still 
wWe open, several questions come to mind. What, if any effect 
does crew compiement and makeup have on rotatioi intervkp In 
addition to the peculiar skills, what criteria should be used to 

vaiT Can SoS ^ ^ near-maxilnum crew rotation inter¬ val . Can cross-training compensate for a small crew size? 

generaív^shnu6 T'8 effective1^ routine functions generally should be performed by automated eouioment in th« 

r^Tth"^« Pr,CtiC81- This wi" o»ow Tho^Zan to 
form as the station manager, directing most of his attention tn 
operational or scientific tasks. However, for routine station 
hÖÖZf functl0.ns' cre" members still will have to perform certain 
housekeeping chores, and replace or calibrate failed equipmZ 

ciency'as °f i?f?>™ation avail»bl‘ o» human effi- ciency as related to the work/rest cycle and peak-workimr effi 

ZZ S orWb m" lh: cyde- ,Iowew-¡t ia ""*‘eZslwe tat' 
inn!? th b ta systems may have to benefit from the verv 

wS.^Tutapor¿‘nohthereíore 8hoi"d pian an expeiitim wbic» Z i ff fr.om Physical contact with the earth for manv 
months. The equivalents of vacations or “R and R” need to be 

are" * WhaT dur ^unanswered questions in this area 
satisfyZs fÖZta"*’ “.nd.,t,ona- and equipment jre needed to 

th T^lon? What are the benefits, if anv, in terms of 
efficiency and tolerance for an extended duty tour? 

The atmosphere for a space station should, ideally have the 
Zn&r the,,earth's a‘mosphere at sea level,’ since this 
would eliminate the unknowns of any long-term effects due to 
lower pressures and different atmospheric compositions 

I 
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However, sea level atmospheric pressure may not be the best 
overall solution for a long duration spacec*aft. Although much 
work has been completed in developing data for atmospheric se¬ 
lection, the data “book” on this subject is far from complete. 

Continued studies of the various “inert” gases for use as dilu¬ 
ents are needed. 

The effects that pure oxygen has upon the cellular and meta¬ 
bolic processes in man need further definition. 

The “book” on atmosphere needs to be developed in a way that 
selection of the atmosphere for any space vehicle can reflect all 
the factors influencing vehicle design, operational considerations, 
and crew limits. 

Weightlessness has probably raised more questions than any 
other single factor. While much of the original pessimism has 
been erased by the flights to date, many questions related to 
changes in the body systems qs a result of longer weightless ex¬ 
posure are still unanswered. These include changes in heart 
regulation, fluid and electrolyte balance, the energy costs of living 
and working in zero gravity, mineral and bone metabolism, hor¬ 
monal shifts, cell development, and even the ability to sleep. 

The data available are encouraging, but the detailed definition 
and limitations of man’s adaptive process must be better under¬ 
stood. 

Additionally, ground-based experiments, using bed rest and 
water immersion techniques, encourage us to believe that 30-60 
day missions can be undertaken safely. However, for longer flight 
durations, there still are many uncertainties. For example, will 
'man’s adaptation to weightlessness have operational impact? 
What provisions or time must be dedicated to keeping the crew 
“fit”? Will man eventually need artificial gravity to permit him 
to go beyond certain limits of orbital stay ? And if artificial gravity 
is required, when is the optimum time to introduce it? How much 
artificial gravity would be sufficient? 

In conclusion, I suggest that there really is very little reason 
to doubt the assimilation of space as a part of man’s environment. 
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Sdl ThÄr fpe,nd81,ar*eIy on °ar »‘«‘“de and apti- 
or app&ition Ä " “‘í'5' * pacinfr factor’ ‘he acquisition or appncation of technology alone probably is not a Si,ff,v,-0nf 
rationale today for justifying enomoue ïommUments of ouc 
nat,on-s resources. Nevertheless, we must conZTe to ¿ con 

Vhe he&h^ and vitality of our nation»l space program 
he technical commumty must provide the program managers with 

the frets, estimates, and alternatives they need to makeZhaîd 
decisions relative to new undertakings. d 

for 8pace pro«ress have not been dimmed or 
centivi nati0n‘l **"•“"* Provides one of those i„. 

thi8GTOy-'WePdoMZCnel1’ Alr F0r“ Chief of Staff’ has put it 
.t Z natÂZeTorZ“1 ttZZ ^ 

.“úyZZhe0™1 d T °f n“i0nS Mhi‘v“ *nd “n» penonty in the third dimension of aerospace will be in nn :rrrrto, achieve and m‘inMn 
ândZdeî the sZ d,n,anal°n8-<>n th* 8urf“‘ »' ‘he Zrth 

«..iü..?18 COntcxt' man inde*d occupies the central role with 
respect to space prospects. This will continue to be true regardas 
of the final verdict on the feasibility or effecHvenëss Z 1»Z 
manned space stations. For the focal point of man in space centers 
m h,s .b.hty to plsn, design, develop, and to produce usefui means 

rosolutioZofZ commZ^Zrems“hn0,0,JÍe8 ‘° a"eVÍatÍ°n °r 

fhssJïf chf!!enges of »Pace are perhaps more severe today than 

For now we know^ hat's^" ^ had n° pr?cticaI experience there, 
mnaf « .4.- v 8pace w accessible in man's purposes We 
must acertam more f„Uy what these purposes are,TuWvatiZ 
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flight environment. This technique reached its zenith with the 
completion of the 4-, 8-, and 14-day missions in the Gemini Pro¬ 
gram. The overall performance of the crew and the detailed 
physiological findings which were available were reviewed after 
each step before man was exposed to the next longer increment in 
flight duration. The immediate objective of the Gemini Program 
was to qualify man for the lunar mission, and, thus, durations of 
8 and 14 days were most significant. The objective of these 
missions was to observe system changes in relation to the duration 
of exposure of the two crewmen on each flight. The elucidation 
of mechanisms responsible for any observed changes was to become 
a part of more complex studies in future programs. More sophis¬ 
ticated physiological and behavioral studies are now required to 
qualify man for continued spaceflight. 

A most significant point to remember in evaluating the progress 
to date concerns the stage at which the early flight evaluations 
have been conducted. All flight programs to date have been aimed 

4 T*Me I. Mercury Manned Flighta 

MERCURY MANNED FLIGHTS 
TABLE I 
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Table II. Gemini Manned Flight* 

NASA JJ 

GEMINI MANNED FLIGHTS 

DESCRIPTION 
PlIGMT CREW lAUNCH 

grissum 
YOUNG 

MC DIVITT 
WHITE 

COOPER 
CONRAD 

BORMAN 
IOVEU 

SCHIRRA I . 
STAFFORD 

ARMSTRONG 
SCOTT 

STAFFORD 
CERNAN 

YOUNG 
COLLINS 

3RD REV MANNED TEST 

1ST EXT DURATION AND EVA 

1ST MEDIUM DURATION FIT 

1ST LONG DURATION FIT 

1ST RENDEZVOUS FIT 

1ST RENDEZVOUS AND 
DOCKING FIT 

GU CONRAD 
GORDON 

2NO RENDEZVOUS AND DOCK- 
ING 1ST EXTENDED EVA 

7 18.66! 3RIÎ ?tAD.£/.V«US AND DOCKING 
agEfV.AaP '0oDS; ,ST docked 

R0PEUED high 
APOGEE MANEUVER 

9.12-66 'S^n*itÎalEoViiT5 iND DOCKING INITIAI ORBIT; 2 EVA PERIOD« 
2ND DOCKED AGENA-PROPEUED 

HIGH apogee maneuver 6 
TETHER exercise ' 

fnrrmrm 

23 

46 

17 

envimZentÄ p "vMe’th“«« ttat ZVZ cîew^d 

ShT, -%1 fuiiy aïree th!“ in th* fr 1* ’ but techn°logy has forced us to the oosition 

ünêo^Âr ?ere T"y .‘hinys must b. done" 

SSS§pî-3i:£ 
fceniiy, questions have again risen concerning 



194 BIOASTRONAUTICS AND EXPLORATION OF SPACE 

man’s limitations, and allusions have been made to the possibility 

Ärnrsrira ruid,not be by 8uch huLn 
nutations I think this is sheer folly, for if the space environment 

is ever to be used, man must be there, and I am confident he can 
do the required tasks if we life scientists do our jobs well Man 
has become an increasingly important part of the total spacecraft 
systems since Project Mercury and has proved himselMo be a 
good performer. The medical role requires not only that o^ra 

fogmanT* ^Xperiments necessary to assist in qua^ify- 
ng man be provided but also that the medical team serve as 

engineering design advisors. This requires close and cortan? 
liaison at all stages of design, manufacture, test, checkout and 
hght, in order that reliable advice concerning the duration of the 

next longer mission can be provided. 

nul|S^vífCvant/fatUreS °,f the sPacefli»ht environment include the 
U” gravity 8tate» an altered ionizing radiation flux from that 

encountered within the Earth’s atmosphere, and an altered ex 
posure to sunlight and darkness. Other features are provided by 
the spacecraft designers, such a; the breathing atmosphere the 
vo ume available for living and working, noise and vibration levels 
and a multitude of others which, when combined, make spaceflight 
truly unique in the history of human experience. 

mnP 0Ugh the years’ a number of dire predictions have been 
ade concerning man’s response to spaceflight. These predictions 

have involved both the environment and the reaction of man’s 
physmbgy to it The flight program to date has begun to give 

Geraint8,!?h ’ 10 the ValÍdÍty °f ground-based Predictions con¬ 
cerning man s responses. It is important to realize the harm 

and^hp1)0 h ithe dlre predictions of disaster which are unwarranted 
and the overly optimistic projections of man’s responses. Man’s 
proven capability, or his lack of it, must continue to be documented 
at every spaceflight opportunity. cumeniea 

wfeili6 SCientlfic questions to be answered, and those questions 
which are appropriate to manned spaceflight research, are as 
diverse and inexhaustible as those common to Earth-bound lab¬ 
oratories. There is no foreseeable end point for space-related 
biomedical studies. However, there is a series of what can be 
nC e-ed as major plateaus of knowledge to be achieved 

sequentially in order to proceed rationally with increasingly complex 
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of ground-based iXratory sTídTeÍcomb^ T^í The progT*m 
itamed from observation, made during ti MW‘th ‘he taow'«aI*e 
Programs has formed ns at ieast tl 

The First Plateau 

'eng™VnÏmr»hôrtoTaeetri“rbker0dUCfi f°r a”y Waciable 
first orbital flights of animal, by Theref»re, the 
were literally necessary to refute jn!^^^States and Russia 
which predicted catasLphL fl Jures bUt P,ausib,e- Recries 
ln an organism suddenly thrust into Van°US vital Unctions 
gravitational force. Our first nlfitou env,ronment without 
knowledge gained in the Mercurv nm U’ W3S achieverf when 
could expect to remain alive and damonstrated that man 
excursions into space. The Mercu™ fr°ü? y effective for brief 
tended in duration to terminate with Were cautiously ex- 
Atlas 9 (Table I). However bvthlÜ }&day {]ight of Mercury- 
evidence was available to indicate "that Mercury’ Positive 
changes were appearing which were aim i lgn.lflcant Physiological 
-n during Pro,„„ged ^ 

The Second Plateau 

the Exploration o'f a °n Bkiaatronautics and 
our medical plans for Proi¿t Geminan y.earS aK°’ 1 discussed 

ight. Much has indeed happened during'th ° au!'ch"lg the f¡rst 
studies conducted during the Gemini d th ensu'n? Pc™<l' The 
evaluating the magnitude of ^ rre directcd ‘»»ard 
'ate in Project Mercury r„ a^î firs‘ ">-,iced 
reports of possible central nervous ív,.' 6 ? d“y of eonflieting 
Were evaluated.- These reports arose iTn“"? disturbances 
Pretations of scattered and incomnlete T r’ rom isolated ,ntn' 
spaceflights. It was also necessarv M R“SSÍan ma"ned 
the importance of other physiological rtf ^ v"11 characterize 
■n manned flights lasting up ô 2 w'I, ^ t,,at mis:ht °"ur 
principal changes observed in Mercun Z S‘nCe the 
»■on of cardiovascular reflexes ih!? f “"eerned with altera- 
against hydrostatic pressure h, the ^ ^ the flow oi Wood 
was placed on evaluating the cardiova''^ fl<lld' heavy e-ohasis 
Gemini Program. The preflight^St ^ 
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the inflight evaluations which were accomplished during the 
Gemini Program, were largely qualitative and primarily intended 
to detect gross alterations in the functional status of the major 
human systems as flight durations lengthened. The manned mis¬ 
sions flown are shown in Table II. 

The results of the Gemini studies have been reported in detail 
m a number of publications (Refs. 1 to 8). The negative as well 
as the positive findings are certainly of interest. It was dem- 
onstrated that some of the major human physiological systems 
exhibit consistent and predictable changes after exposure to space¬ 
flight, and these observed changes in flights lasting up to 2 weeks 
are completely reversible and probably will not degrade human per¬ 
formance or crew safety during missions required to achieve the 
goals of the Apollo Program. The status of studies involving the 
response of human functional systems to spaceflight is shown in 

iguie 1. Note that only one system, the cardiovascular system, 

NASA S 67 4867 

STATUS OF HUMAN FUNCTIONAL SYSTEM 
STUDIES ESSENTIAL FOR SUPPORT OF 

MANNED SPACE FLIGHT 

system 
OB FUNCTION 

NEUROLOGICAL 

BEHAVIORAL 

CARDIOVASCULAR 

PULMONARY 

BODY FLUIDS 

MUSCULOSKELETAL 

METABOLIC EFFICIENCY 

GASTROINTESTINAL 

GENITOURINARY 

ENDOCRINE 

IMMUNOCELLULAR 
DEFENSES 

MAY, 1967 
FLIGHT.RELATED 

CHANGES DETECTED 

NO 

NO 

YES 

NO 

YES 

YES 

NO 

NO 

NO 

YES 

YES 

DEPTH OF 
INVESTIGATION 

MINIMAL 

MINIMAL 

EXTENSIVE 

MINIMAL 

MODERATE 

MODERATE 

MINIMAL 

MINIMAL 

MINIMAL 

MINIMAL 

MINIMAL 

Figure 1. Status of human functional system studies 
of manned spaceflights. 

essential for support 
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«a »d'ÄÄÄe ÏZ T/ ‘h‘ »o» 

chang«. Chang« were de“c J? T<.h"e.8how" 
the musculoskeletal system i« cardlovascular system in 
body fluids including the circulating btoü!?0*1^11 and <ïuantity, of 
in the white cells of the blood which i"-hormone levels, and 
ful environmental factors ^invuh^bv^ aeainst atreaa- 
The fact that changes were not dítected^nífh^ microc'r«ani8ms. 
merely means that, if changes occurr J ^ 8y8tema ob8erved 

Cient mamitUde *0 ^ detected bTthlmethJ, 0Í ^ 

^o*" “»i tte8 «me* *• V “ curTen^y 

og.cal finding, „btained durtag the ^ Phyaiol- 

^ de"Sity in ‘he »’ 

TIME COURSE OF OBSERVtn 
PHYHOloeiCAt CHAÄäw, 

(MUSCULO-SKELETAl) 
• LOSS OF BONE DENSITY 1 

(OS CALOS) 

NEGATIVE SHIFT of Co 
BALANCE OF-JOO mg/DAY 

• SKELETAL CALCIUM LOSS* 

i*/«!NíREASC' 2ND 
Ca WCRETION 

OVER CONTROL VALUES 

• MUSCLE NITROGEN LOSS 

equivalent muscle 
TISSUE LOSS IN LBS 

0 ;> j4 JU Igo 
flight duration, days 

Ä:Ttae of ^ chtn^, in Gemin, (Mu.culo. 
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nasa.s-47'AI2s Qg OBSERVED 

PHYSIOLOGICAL CHANGES IN GEMINI 

• LOSS OF RED CELL MASS 

• POSTFLIGHT TILT PULSE 
RATE CHANGE 

% INCREASE 
OVER PREFLIGHT 

MEAN TILT VALUES 

• POSTFLIGHT TILT PULSE 
PRESSURE CHANGE 

% DECREASE 
OVER PREFLIGHT 

MEAN TILT .VALUES 

Flfm S. Time course of observed physiological changes in Gemini. 

f light and returned to a 1% loss in the 14-day mission. The meas¬ 
urements indicating loss of bone density in the os calcis are re¬ 
markable for their inconsistency. Following the 4- and 8-day 
flights, there was sufficient reason to believe that progressive loss 
of calcium from bones would continue as the exposure to weight¬ 
lessness was lengthened. The surprisingly small amount of de¬ 
mineralization which the Gemini VII crew experienced after 
14 days in space raised questions regarding the efficacy of exercise, 
adequate water and calcium intake, dietary factors, and rest aa 
probable causative agents in determining the amount and rate of 
calcium loss from bones. Another interesting observation con¬ 
cerning the loss of calcium relates to the small finger, which was 
planned as a control, but whose loss of calcium or density follows 
that of the os calcis. This entire area bears further investigation. 

The 14-day flight produced data indicating a small, but signif¬ 
icant, lose of muscle tissue, the time course of which is unknown 
because measurements of this parameter were not available on the 
4- and 8-day flights. As was the case with loss of bone density, 
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the changes that might be expected on flights of longer duration 
are entirely unknown. 

The tendency for the loss of the red-cell mass to subside, and 
perhaps to level off as time progresses, is impressive. The 20% 
loas m the 8-day flight was duplicated by that in the 14-day flight. 
This is entirely conjectural, however, and there are no data to 
support the hypothesis that the loss of red-cell mass is a self- 
limiting phenomenon. 

Thmu ast tW<? parameters reIate to cardiovascular decondition- 
mg. The postflight tilt pulse rate changes and the tilt blood pres¬ 
sure changes are essentially inconclusive because there were rather 
remarkable differences in the 8- and 14-day flights with respect 
U food and water intake, exercise and thermal comfort. The crew 
of Gemini VII was also permitted to doff their space suits for a 
considerable portion of the flight. The reduction in sweating and 
the overall increase in thermal comfort may account in part for 
the appurent improvement in the physiological status relative to 
flight duration. I seriously doubt that 14 days of spaceflight are 
necessarily better for or e than are 8 days. 

Five astronauts have completed 12 hours 25 minutes of extra¬ 
vehicular activity (EVA) during the more than 2,000 man-hours 
of spaceflight exposure (Figure 4). It was generally thought that, 
although EVA would be a new experience for the crewmen and 
would require cautious familiarization and emotional adjustment, 
it would prove to be no more difficult than accomplishing the same 
task m an altitude chamber on the ground. The tasks which had 
been outlined were attempted in the altitude chamber and then in 
the zero-g aircraft where all of the activity and the environment 
could be simulated. Weightlessness of course was produced for less 
than 1 minute. The first experience with EVA in Gemini IV (Fig¬ 
ure 5) required the astronaut to evaluate EVA by means of slow 
and deliberate movements, a short period of propulsion with a hand¬ 
held maneuvering unit, and his capability to move about by pulling 
on a tether. Films of this activity revealed that he handled the 
tasks very well, movea about deliberately, and rolled or tumbled 
at wiH. He had no sensation of disorientation. The heart rate of 
170 beats per minute did cause some concern about the real-time 
monitoring of future extravehicular activities. It should be em¬ 
phasized that there was little requirement for actual physical 
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GEMINI EVA SUMMARY

MISSION

UMBHICAl
__ey*

HR MIN

STAND UR 
MR MIN

TOIAIS

0 36

0 36

Win

2 07

2 07

0 3V 

0 50

I 79

n zn

0 33 

2 10

2 06 

3 7t

2 43 5 3C

TOTAI Alt fllGHTS 12 HRS 25 MIN

Figure 4. Gemini EVA Summary.

work during this initial extravehicular excursion; that is, there 
was no requirement for the astronaut to remain at a fixed location 
to do a particular task.

The first EVA mission was followed by three missions which 
increased the demands on the extravehicular crewmen. One of 
these experiences produced only moderate increases in heart rate 
and what was estimated to be workloads, whereas, two were 
aborted owing to heavy exertion producing heat and sweat which 
could not be handled by the suit environn.ental system and, also, 
owing to crewman fatigue. The best example of the latter occurred 
on Gemini XI where the EVA crewman’s heart rate was from 
170 to 180 and his respiration rate was 40 a' the time of peak 
activity.

Only one lead of electrocardiogram and respiration has been 
available for real-time monitoring of the extravehicular crewman. 
There has been no way to determine the actual in-flight metabolic 
cost of the activity in which he has been engaged. In an attempt 
to estimate this, the capacity workload of the crewmen has been
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Ficure 5. Gemini IV extravehicular activity.

measured in prefiight testing using a bicycle ergometer. This has 
allowed the medical team to plot heart rate versus work output 
in a laboratory situation. While it is realized that there are many 
unknowns in trying to compare these data with the actual in-flight 
situation on a real-time basis, the laboratory data have given a 
general idea of the work involved when used in the context of 
the actual situation as determined by voice, heart rate, respiration, 
and known activity.

Prior to the Gemini XII mission, it was obvious that the basic 
laws of physics producing action, reaction, and the need to stop 
an action, the difficulty in trying to maintain a fixed position to
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do a task, the problems of mobility in a 3.5-psi suit, and some 
amount of in-suit heat load and carbon dioxide level in the helmet 
all combined to produce the undue fatigue noted on the Gemini XI 
mission. Some emotional response was certainly involved but 
probably played a small role in this myriad of factors. In an effort 
to assess more accurately the nature of the metabolic costs, detailed 
monitoring of the Gemini XII pilot was accomplished in the pre­
flight simulations in the hard suit at 1 g, in simulated zero-g 
underwater and in zero-g aircraft flights (Figure 6). Exercise

MI64I OCCt«

f
.*>■ t- m

^ '5;,/ '■ ^ ^
K , \-

' - r* *

^ 'vv

1 «r-

Fignre 6. Gemini XII underwater training.
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erKometry was obtained, and, in addition, exercise tests which 
could be used in flight and compared with the preflight observa­
tions were done to give us a very rough idea of the significance 
of the factors (other than strict physical work) involved in pro­
ducing our heart rate changes. Responses to this exercise in flight 
were amazingly identical to tho.se of the preflight ba.selines. In 
addition, the heart rates observed during extravehicular activity 
on the Gemini XII mi.ssion were all at acceptable levels and remark­
ably similar to those observed during the underwater simulations. 
The Gemini XII (Figure 7) mission has given us much confidence 
in man’s capability to perform extravehicular work if he is properly 
tethered so as to allow him to utilize his efforts strictly at the 
task, if he has propulsion capability or a method of reaching the 
task by handhold, and, finally, if the tasks are programed with 
proper rest periods. Much is still to be learned about the metabolic 
cost of EVA in a hard suit.

The translation of physiological requirements into engineering 
reality has proven to be a continuing problem for such biosupport

Nil.A S-66 U04Q GEMINI Xn

EXTRAVEHICULAR ACTIVITIES

V.

M
Figiire 7. Gemini XII extravehicular activitiea.
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URINE COllECTION DEVICE
y

& I
Figure 8. Urine collection device.

items a.s environmental control systems; food, water, and waste 
management systems; and bioin;'trumentation. The normal re­
quirements of living which we take so easily for granted here on 
Earth become difficult problems for the physician and engineer. A 
typical example is the waste man;./ement problems which were 
first encountered in the longer duration flights in the Gemini 
Program. The .sy.stems u.sed for handling liquid and solid wa.stes 
are shown in Figures 8 and 9. The Apollo waste management 
system is shown in Figure lu. The urine system was made ex­
cessively complicated in an attempt to obtain urine volume data 
and an adequate sample, and to provide in overboard dump 
capability. This created operational problems in its use. The fecal 
disp<)sal system was decidedly simple, but left much to be desired 
from an aesthetic point of view. It could, indeed, be called 
primitive by modem housing standards. While development to 
meet stated requirements was attempted for the Apollo Program, 
it appears that we will u.se the Gemini waste management systems. 
A great deal of engineering ingenuity is required if we are to
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FECAL BAG

Figure 9. Fecal bag.

provide the necessary habitability to enable man to perform at a 
peak level in long-duration spaceflight. The time has come to 
not build an airplane cockpit but to build a house in order to 
sustain man for the long periods necessar>\ This will indeed call 
forth all the ingenuity of both the engineer and the life scientist.

THE APOLLO PROGRAM

The spacecraft volume and the operational and technological 
complexities which must be mastered during the Apollo Program 
have made it necessary to defer attempts to conduct more elaborate 
and meaningful in-flight biomedical studies until after the lunar 
landing goal has been achieved. It is planned to confirm the 
Gemini data with adequate preflight and postflight observations 
on every' possible flight. The.se will involve blood volume and 
red-cell mass studies, lower body negative pressure, X-ray den­
sitometry, biochemical studies, and exercise response. Documenta­
tion of these data will only place us on a firmer footing on the
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Fifurc 10. Apollo waste management equipment

second plateau We have not, and still will not, obtain any data 
on real-time changes prior to the follow-on programs to the Apollo 
Program. A new requirement has resulted from the quarantine 
requirement on lunar return. The crew and spacecraft microbial 
flora will be documented, preflight and postflight.

APOUO APPLICATIONS PROGRAM (AAP) - THIRD PLATEAU

Two flights are currently programed for the 1970-71 period, 
one to be of 28 days’ duration and one to be of 56 days’ duration. 
The workshop will consist of the Apollo command module, a 
multiple docking adaptor, an airlock, and a spent hydrogen stage 
(SIVB) that will be converted into living quarters and a laboratory 
(Figure 11). One of the prime objectives of the AAP is the 
qualification of man for a longer duration flight. Certain critical 
in-flight biomedical measurements are required to insure success
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Figure 11. SIVB workshop.

in manned missions lasting 2 months or longer. Physiological 
changes have consistently been observed which could reduce the 
overall capability of man to cope effectively with the stresses of 
reentry and landing, and with in-flight emergencies. It is impos­
sible with present knowledge to describe the rate of onset of 
deleterious physiological changes or to determine the relative im­
portance of weightlessness as the primary causative factor. Fur­
thermore, very little is known of the influence of such man-made 
environmental features as the physical confinement, the oxygen- 
rich atmosphere, or the acceleration profiles of reentry. If the 
changes observed should be continuous as a function of mission 
duration, difficulty would be likely upon landing after a 2-month 
mission. The capacity of the human organism to accommodate 
to environmental stresses must be appreciated as well as his ability 
to acclimatize and perhaps even adapt to continuing major altera­
tions in the external environment.

It is encouraging to observe the general similarities in the 
postflight condition of the astronauts in the 8- and 14-day missions.
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It is vitally important to confirm whether or not the natural 
processes of acclimatization are being observed rather than^ust 

?nd profiTe88ive deterioration of the body. TheJ in- 

ÄÄAp“ÄriTVTsed for the initial “ ¡íoi? Px provide the first new knowledge required to ex 
imcnefhVhtatUr* and the.extent of human acclimatization to the 
spaceflight environment in Earth orbit. Attaining this troal will 
«Posent our desired third plateau of knowlZe. Instead of 

ÄZTt L^Lh4Ppen8’a determination wi" ^ of why. 

du2gr± i“8 far’indicate that Physiological change occurs 
AH thif ly h0Urs °f exP°8ure t0 the spaceflight environment 
«ceDttonhoafth ee" TT04?160 in 3‘ and 4-day missions with the 
tÄ » i f h •mg e and 14-day flight8- Evidence of readapta- 
urements^and Vrfnmenî-,S obtained in our Postflight meas- 

and ‘"formation must be obtained concerning the 
hi flight adjustments that occur at an early date. Preparations 
must be made to obtain critical data on the proposed experiments 

0f 0nward- P«P»ratr„, to drZ by 
placms: the medical experiment equipment in the multiple docking 

«tatT8 Wi" a,,OW ™ 

Various medic®! studies have been proposed to verify man’s 

cSica yA extended 8pace activities which have been deemed 
Figure 12^ 8AUmmfary of *he "pessary experiments is shown in 

gure 12. A set of medical investigative procedures has been 

feVce rtWn iCh r t0 be feasibIe and -thin the sco^e 
to th7 «rp« an8/0r P mi88ion8- An Procedures are address!*! 
to the areas of greatest medical interest in establishing the 

all de^nd0"]^ rnan f°u ,ong-duration spaceflight. However, they 
all depend also upon the provision of hardware which will meet 

areas of interest: four major 

(1) Cardiovascular function, including hematology 

(2> ^ïloir met*boli8,n ,nd enerSy expenditure during measured 

(8) Musculoskeletal function in nutritional balance 

(4) Neurophysiology of the vestibular system, and sleep. 
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,ETfÄo0oFircG0H;^G«- 
30DY TEMPERATURE, ERGOMETRO 

CAnoiotSr^ALfUNCTI0N DURING 
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“'space FLe,GHT0l,SM EXTENDED 

• BONE and muscle breakdown 

• SALT (ELECTROLYTE) LOSS 

SPACE FLIGHT 

• VESTIBULAR 

• SLEEP ANALYSIS 

• COORDINATION (CLINICAL 
NEUROLOGICAL TESTS) 

Flf«M 12. Proposed medical experiments. 

‘ "“>"ber of apocifio 
of that particutar^body^system"6 mf ®are*]Dicture of the function 
example, involves the use of Twer^Hcardlovascular study, for 
fliRht, inflight, and postflight (Figurait) pte- 

the cardiovascular system rpfiovo u- ¿ ^18 ,nstrument tests 
regulating regional SusTon nr!î WhlCh, n0rma,,y functi°n in 
throughout the body as postural8^ ^ d,stnbution of blood 
gravitation field. This is a vit.lv ^ 9°CCUr in the Earth'* 
cardiovascular system response The measurement of 
allow the medical team fo7the filîV fhfht measurement will 

the rate of progressTn. and the lerTtv of °nSet* 
changes in the protective reflev ^ ofmadver8e functional 
quires a medically trained nhJrv ^868, Thl8 procedure re- 
without a physician Would not be conducted 
investigation also includes obtatin^6 CreWl The cardiovascular 
Riven workloads on a bicycle enom Jer* )Le.ctorcardj0«ram during 

ditioning garment will also be tvestigated.6 °f ** antidecon- 
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Figure 13. Lower body negative pressure device.

The conduct of the metabolic experiment will require that the 
habitability hardware, food, water, waste management, personal 
hygiene, and sleep stations be configured in the best state-of- 
the-art knowledge, and that they be available for the early portion 
of the flight. The workshop itself could be utilized to test ad­
vanced concepts in habitability and to try various experimental 
concepts.

CONCLUSIONS

Then what is necessary to qualify man for still longer duration 
spaceflight? Data must be obtained from an adequate sample 
(preferably six crewmen) for flight durations of 6 months in 
order to give adequate prognostic capability for flights in excess 
of this duration. A 6-month period would give us reasonable 
assurance that all the body’s systems have had ample time to 
show evidence of change and, if possible, acclimatization.

The efforts must not be limited to orbital flights, however. 
Man must be used to explore the universe, to go to the planets,
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Geologie Orbital Photography: 

Experience from the 

Gemini Program 

Dr. Paul D. Lowman, Jr.* 

INTRODUCTION 

«wiThM ? "'“‘»‘W'y »f the Earth fr< 
in^Lw u eC0gnized 8,nce high-altitude pictures from sour 
ing rockets ^came available after World War II (Merifield 196 

L Ä lmJ' !?jeCt «-ury'tÄ9 
n d , a Cooper performed the first orbital photoirraDl 

etîf 196S) ,0L*r purp08,>s in 1982 an<1 19« (0*K«I 
led to hT and other hyperaltitude photograpl 
W to the proposa! for a Synoptic Terrain Photography Exoe 
Z it" ,e The «Portaient Z carried^ 
ÍL (GiH and0poT‘ lo*«, G*mini fli*hta with remarkable au, 

u and foster* 1968), and, in fact, all but the aborte 

ÄoSGemini vin fliKhl « 

nrJtudf 0f thfe Pictures, of which there are nearly 1100 ha 
h™*HCed considerable information of inherent value. From 

value as thTüÁt ml^ Gffminif terrain Photography is of grea 
the FWfh f í ??J°/ attempt at systematic geologic studies o 

®arth conducted from orbiting spacecraft. The purpose o 
this paper is, first, to describe the objectives and resiltetf th< 

*Planctolamr Br.„eh. NASA GodtUrt Sp«. FU«ht CnUr. Gr^nb-H. »UryUnd. 
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terrain photography experiment and, second, to summarize the 

- s--"" -..r rs 
THE SYNOPTIC TERRAIN PHOTOGRAPHY EXPERIMENT 

The objective of the Synoptic Terrain Photography (S 5) Fx 
penment (Lowman, 1966) was originally to obtain high-quaHt; 
small-scaJe color photographs of selected parts of the Earths sur 

Í« of Ä' 8t K. H0WeVer- the striki"« quality and cover- 
tv u J picturea obtained during the Gemini III IV and V 
flights demonstrated the usefulness of such photl^ phy in 1er 

GemM VlTT; °f eXperiment 
ftrâphic hZl ,° 'ü;1“'16 areas of «“graphic and oceano- 
by thé SvnonHc WW1 1^.t“Pological Ph'>‘'>graphy was covered 
uL Weather Photography (S-6) Experiment, which 
used the same cameras and films; principal investigators for this 
expenment were K. M. Nagler and S. D. Soules ot thé Envirot 

heéé thauhe'S K "Té ^dministratfon- « should be pointed out 
total I™ th S:6 d S‘6 exPenrnents were only two of fifty-two 

Ina SmSTgésT^p'1 Th 0n the Vari0US Gemini fli|!h»s (Foster ana »misted, 1968). Furthermore, these were strictly subsidiary 
to the mam objectives of the Gemini Program, which weée éT 

(Cler.l4rl0P ‘he CaPabÍIÍty f°r l0ng' C°mPleX space missi0'18 

EQUIPMENT, CREW TRAINING, AND METHODS 

The three 70-mm hand-held cameras used durimr thp 

magazine bu,It by Cine Mechanics, Inc., was the basic cléra flé 

Sé stan"artP80mm8Z1’-' IT 'mS “Sed f°r m08t pictures waa 
favJ n d.80;? ZeiSS P,anar; a number of pictures were 

on emim VII with the 250-mm Zeiss Sonnar telephoto lens. 

dallar Ce Camera: Thi« camera was developed espe- 
y for astronaut use and could accommodate a wide variety^ 



geologic orbital photography 215 

components. Terrain photography with nr 
with the 80-mm Schneider Lena * Maurer WM «¡one 

the ZeissHCSSrdre ^ 9°” field °f »f 
photography, but a large number ofemrf1? •for. gene,'al Purpose 
also taken with it despite the short (Sg-mmw“ p1h?togr,,Phs were 
used With the same m^ ^theSÄr"' “ W** 

with“C r,with,r!or film' ware «“ÿ 
When used with Ektachrome InframÍTl, Ilttht bel°W 3400 
frared filtere cuttinc off S l ! f,'JhP were ««ed with in- 

for terrain photography with the“ Ma^r 70-mm‘Ü'” 

ment (D-ei^was^'rried ^'*ht'‘he.Surface Photography Expert- 
Contarex camera and a 200 mm K included 8 ZeiM 
lenses. The objective of the'exnertmenT ÎÎ Que8tar 
photograph objects on the cro.md? » ‘ (t° acquire’ traclt, and 
1968) with a number of hSi, 8cc0mP|is'>ed (Ballentyne, 
Although not related to the^terrain nhot P1CtUf,eS bemk returned. 
D-6 results are of interest becau- fk fh“t08TaPh>' experiment, the 

of obtaining relatively large-scale photoZ"mth„erírÍbÍ,Íty 

S.OT2hie7Ä£ Oner^nTofT ^ W¡‘h 
on Gemini V. EktachromeTfrâr^ JLT ^60 W88 U8ed 
Gemini VIL The equipment films anrl ^ 8443’ Was used on 
summarized in Table I. ’ ' d °ther Pertinent data are 

astronauts during the ^emíni^P^ photography required of the 
trained by the Phot^rT chnT^i ^ Were intensively 
photography, the crews were given F°r terrain 
the following subjects: °r ^Wo briefings covering 

In briefings for later fHgM^some^me ** StatCd previous,y- 

previous misrionsWÍth °f g0°d and bad Pho^raphyTrom 



T
ab

le
 1

. 
S

-5
 P

h
o
to

g
ra

p
h
y
 o

b
 G

cm
íb

í 
F

li
g
h

ts
 

216 BIOASTRONAUTICS AND EXPLORATION OF SPACE 



GEOLOGIC ORBITAL PHOTOGRAPHY 217

1
■
J

/#•
i
I
&

N

CX
9
•9

c

I
II
i - 

«=i
c .5* 
E'=

p
. c- .2
sikc a 
£ ^



2t« BIOASTRONAUTICS AND EXPLORATION OF SPACE 

as much time as possible spent on the geologic reasons for studying 

African^RLft Vslf e“mple' consid<“rable weight was put on the 
uossible ~Îît,V !y beC“Ua<‘ of “s S“10«* importance, size, and 
P?“.lb'! Í° continental drift. In all briefings, it was 
stressed that good pictures of any land area would be of value 
it planned areas could not be covered because of clouds or other 
reasons. «wie« 

(3) Techniques: The crews were requested to take vertical 
pictures at 5-second intervals to obtain 25-mile separation between 
photograjjhs and roughly 60% overlap at normal altitudes (general¬ 
ly between 100 and 200 statute miles). Récommended time for 
photography was local noon plus or minus 3 hours, to avoid having 

fnr u&mera SwttingS which were Kenerally f 11 at 1/250 sec 
Te' Mfaaurea t0 avoid «tray reflections and scat¬ 

tering from the windows were also discussed. 

thilC, eWS/0,,0Wed the P,anned Procedures a» much as possible; 
their skill and perseverance in this is demonstrated by the quality 
and quantity of the pictures returned. Three main problems were 

fUel °r e,ectricaI P°wer restrictions (prevent- 
from •the ,nert,al Platform) frequently prevented the crew 
from pointmg the spacecraft straight down; because of this, many 

ín! e-i a?uP1utUreS are high 0,J,itlues- Second, cloud cover, 
ar^r Third d°rter ™isai0m’ frequently obscured the primary 
areas. Third, window obscuration by deposits from boost-phase 
ablation rocket exhaust during staging, and window gasket de- 

™„Â“Vîrp,cture>-This probiem waa 

RESULTS OF THE TERRAIN PHOTOGRAPHY EXPERIMENT 

thank«6 experiment waa highly aucceaaful, 
ZT* t0 the ^/11 and Perseverance of the astronauts und sup- 
porting personnel. Nearly 1100 pictures usable for geologic, ge^- 
graphic, or oceanographic study were obtained. Some pictures of 

e requested were obtained; some of the areas, 

graohed ^ °l the Red Sea* Were ^ted\y photo- 
graphed. Others were photographed at high-tilt angles. Some 

!nv!rl8mA er area\such as certain oceanic islands, were not 
TaWe I A COndenSed 8Umrnary of the results is presented in 
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especially in "view of the 'T” * dif,icult Problem, 
»sahle pictures from Cemfnf ll lv .^'T, S'*"48' Most °< «>» 
in Earth Photograph from Gemini'iit h“Ve ^ Publ'8l>e<i 
Publication 129 avahaWe frorZ r’ ’ ^ V’ NASA sP«ial 
Washington, D.C. A wcond vim. Go.Vernment Pri"‘¡"R Office, 
remaining flights is in preparation a""n*f''“00"8 ,rom the 
Gemini photographs waspubS by ^ 
tion of color transparencies and hinnir Î ’ 1968, D,S8emma- 
organizations is the responsibilifv ^ Pnnts 10 8cientific 
Data Center, Code 601, Goddard Sn f Space Science 
Mailand 20771. ’ Space Flignt Center, Greenbelt, 

be beyond th^co^^/ÍL^^rW°Uld obvious,3r 
take several years of work Tb.’r.f add'tl°n’ '"terpretation will 
will be presented and 8el<Cted Pâtures 
detail. g oglc content summarized in some 

The photograph of Figure 2 wa«. fhn r- a • 
senes of thirty-nine overlapping D1vturp, !i 8t 10 ? ^tacular 
mission by J. A. McDivitt and E Pff wtthe Gemini Iv 
the longest continuous strip taken WhlCh 18 at this time 
shows several thousand sZ- mdes “ 
Mexico, in which a number nf 'mJl * "orthern BaJ» California, 
This picture and the three S JC ge° 0gIC ^eatures are visible. 

Prer ageo.og.e Jp“r.r:C2ÄVrbyhrCbeen ^ 40 
de Recursos Naturales Non-Renovables, México. ^ 

view Vp^ideí ^ ÍS 4he 8ynoPtic 
nounced lineament at the lowèr lef. 8tructure- The pro- 
covered as recently as 1966 hv aii th®.^gua B,anca fault, dis- 
although it is one of th* moft promííTV f * ?r' and Steh,i- 1960i 
California. The Gemir. nirf.íL f tectomc Matures in Baja 
fault is one of a series of at^least three Tl8 ^ ,the Agua B,anca 
faults with similar trend FWthl™ and probab|y more- 
Allen, et al., described the AgíaX?’ that’ a,though 
— fault, its companion ÄÄas^f^tÄ 
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%

Ficnre 2. Northern Baja California, Mexico, showing an area about 70 miles 
wide (North at top). Agua Blanca fault zone at lower left, parallel to space* 
craft window. Note semicircular pluton north of Agua Blanca fault at center. 
Dark areas are generally mountains; light areas, valleys or coastal desert 
near Gulf of California. Gemini IV photo; original in color.

lateral displacement. Evidence for this conclusion lies in the circu­
lar feature, underlain partly by a granite pluton and partly by cre­
taceous sedimentary rock. This outcrop pattern is consistent with 
vertical displacement, but the circular structure is apparently not 
offset laterally.

The usefulness of orbital photographs in revising geologic maps 
and in studying regional structure is demonstrated by Figure 3
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^ >V„..

m
V'
^ ‘‘It -*Sy-

Figure S. Northern Chihuahua, Mexico, and Southwestern New Mexico, 
showing an area about 70 miles wide at the top of the picture (North at top). 
Palomas volcanic field at center; West Potrillo Mountains volcanic field at 
upper right. Note gradation of structure from folded mountains at lower 
right to block-faulted mountains at upper left, trending about N60“ W. Tres 
Hermanas Mountains are just north of the Palomas volcanic field; the Florida 
Mountains are just north of them, at top center; both are surrounded by 
conspicuous pediments. Gemini IV photo.

(Palomas), a later picture in the overlapping series by McDivitt 
and White (Lowman, McDivitt, and White, 1967). This photo­
graph shows part of Southern New Mexico and Northern Chihua­
hua, Mexico. One of the most conspicuous geologic features on it 
is the large volcanic field in the center, which will be referred to 
as the Palomas volcanic field, although some maps show it as the
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Cari^arilIa' This Mature is not shown on the most recent 
(1965) geologic map of North America, although it is about 
16 miles in diameter and similar in size to other Quaternary vol¬ 
éame fields which are shown. There is no mention of it in a 
pertinent reference (Griswold, 1961) covering the geology of Luna 
County, New Mexico, although some of the volcanics just over 
the American border are clearly related to the Palomas field. In a 
sense, then, this prominent feature can be said to have been 
discovered by orbital photography. Field and aerial reconnaissance 
by this writer and H. A. Tiedemann have confirmed the volcanic 
nature of the Sierra Carizarilla; preliminary petrographic study 
indicates the rocks to be a uniform olivine basalt. 

This picture also provides considerable insight into the regional 
structure. Perhaps the most striking tectonic characteristic of 
the area is the continuous gradation from folds (lower right) in 
the extenmon of the Sierra Madre Oriental to the faults (upper 
left) of the Basin and Range Province in the various ranges of 
New Mexico. This implies considerable control of the faulting by 

noceiX/StÍ?g f?ld .axes in the latter area- as Proposed by Jones 
(lybl). In addition to the concordance of fold and fault trends 
however, a comparison of this picture with geologic maps of the 
area shows that the folds aie largely confined to the folded Meso¬ 
zoic sedimentary rocks and the faults combined to areas of Tertiary 
yolcamcs. This tends to support Mackin’s (1960) hypothesis that 

e block faulting of the Basin ranges is the result of crustal sub¬ 
sidence following the immense ignimbrite eruptions of the Tertiary. 

Still another aspect of the tectonic pattern revealed by the 

uT1?LÍ0t0graph related t0 the Texas lineament (Moody and 
Jam, 1956), a major fault system believed to extend in a N60° W 
direction from West Texas through El Paso into California. Study 
of this and adjoining photographs in the Gemini IV series reveals 
no definite evidence of a single lineament west of the Quitman 
Mountams some 75 miles southeast of El Paso. For example, the 
west Fotnllo Mountain volcanoes show no evidence of a N60° W 
alignment; they appear, instead, to be at least partly controlled 
by fold axes (Menfield, 1964). Furthermore, there is no evidence 
to support Griswold’s (1961) suggestion that the Texas lineament 
passes between the Florida and Tres Hermanas Mountains. There 
is, however, a dominant fault trend of N60° W in these and other 
nearby ranges which is the “Texas Direction” suggested by Moody 
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tTon,™ wH^he Gerntirtoï1 ""T f°'d ““ this d¡— 
compreasional atrea^ I« Z 
direction. not the on,y cau^ of this 

an «ccdJenVsjmoptlc Wew of^meítf*th^. photograPh P^des 
valuable in studying the relatan of in •" and shou,d be 
ture, rock type.ÏÏ l”tX“ ,0rmatÍ°n ^ ^ 

wenBrr;2^Ä?;°f;:har:Lover North Africa- m 
photographed during various Genfinfflight,81^ ”“ eXten8ive,y 
though not Photogrammetrically th Usfo/the,!'4 ^ 6' 
considerable geologic interest. Figure 4 taVeÓ ? are °f 
mission, attracted immediate attention b«a„8e ó' *he TÍ- 4 
linear pattern shown southeast of th* ! ^ “h® strik,n« 
Pictures, such as Figure 7 clarified the n t' Mo“ntar- ^‘er 
whose true extent and 7 ? nature of this Pattem 

ÄÄ näE, 

Tibesti Mountain, whfct 7 rateS northwest ”f ‘he 
regional extent of the fracturTratteTu m 7 Photo8- 
appears to have been unsu^ëlL uurrounding the Tibestis 

of Lattman and NichZn^S, and wëbbër, 

ÂÂeëÂf« {r: 
one is reminded of Rth‘. e eXtemn°. «“atemary volcanic fields; 
man’s Cotumor •• o fL' ™“ Z1"" Von Haar- 

c u 1 ar s tr uc t u re* eas t* oft h U T• ¡¡JVeaIed in Figure 4 is the cir- 
the Largefu heet as a serll of 1 ^ A'th°u*h sh»w" »" 
9 miles in diameter thereTno “"«"‘■'V“!’840"6 rid«es “bout 
ture, such as Gerard’s 1958 ronnr/"^ 0f m geological Iitera- 
undiscovered imTa t structura 0" 7 ge0'0gy °f Chad- Si"ca 
of the terrain XtogrX^rTmenT Z tí 7 
mediately suspected AnLL • ^ th 8 feature was im- pected. An igneous origin (e.g., a laccolith or stock) 
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Fi^rc 4. North-Central Africa, looking northwrat oyer Libya, Chad, and 
Egypt. Tibesti Mountains, with Emi Koussi, are at left. Concentric pattern 
in foreground believed to be combined erosion and dune features. Circular 
feature at center is the unknown structure discussed in text. Gemini IV photo.

seems more likely, in view of its proximity to the vast Tibesti 
volcanic field; a salt or sedimentary diapir may also be responsible. 
However, an impact origin should also be considered, and, in 
particular, evidence of shock metamorphism should be searched 
for in rock from the center of the disturbance.

Pictures taken in the vicinity of the Arabian Sea on Gemini IV, 
XI, and XII were used by Lowman in 1967 to study the possibility 
of continental drift in this area. Carey proposed (1958) that the 
Arabian Sea (Fig. 6) is a “sphenochasm,” or wedge-shaped rift.
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FiKore 5. North-Central Africa, looking toward the northeast, over Libya, 
Chad, and Egypt. Mediterranean Sea is at upper left. Marzuq Sand Sea is at 
lower right; Haruj al Aswad (recent volcanic field) is at left center. Tibesti 
Mountains are at upper right, note concentric ridge and dune features. 
Gemini XI photo.

produced by rotation of the Indian subcontinent away from the 
Arabian Peninsula and Africa. This theory is based partially on 
the belief that the Oman Range and the Kirthar and other ranges 
in West Pakistan are the disrupted ends of a formerly continuous 
structure. The Gemini photographs contradict this theory in three 
ways: First, they show (Fig. 7) that the Oman Range turns south 
at the East end of the Arabian Peninsula, rather than east, as 
formerly supposed. Secondly, they demonstrate the strong dis­
similarity in physiography between the ranges of the two areas.
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Figure 6. Eastern half of the Arabian peninsula, looking northeast toward 
Iran and the Persian Gulf (right), Pakistan (top center), India and Arabian 
Sea (right). The Oman Range is just above Agena transponder antenna, at 
center. Photograph was taken from about 260 nautical miles during the high 
revolutions of the Gemini XI flight.

Third, they demonstrate an equally strong dissimilarity in lith­
ology ; the ranges of Sind (Fig. 8) are primarily sedimentary rock 
of great thickness, and the Oman Range is primarily a geanticline 
of igneous rock mantled by relatively thin sedimentary rock.

Arguments that these differences are to be expected in view 
of the considerable distance between the two areas can be answered 
by still another orbital photograph (Fig. 9) showing the prevailing 
continuity for great distances along strike characteristic of the 
Makran Ranges. It appears, in summary, that there is no close 
relationship between the Oman Range and the supposed cor­
responding ranges in West Pakistan; to the extent that continental
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if

;>* ^v-

Figore 7. Eastern end of Arabian Peninsula and the Raa al Hadd; Oman Range 
is at upper left. Wahibah Sands are at lower left (North at top). Note the 
pronounced southward trend of the structure at center. Gemini IV photo.

drift in this area is based on such a relationship, the Gemini 
photographs tend to disprove its reality.

ADVANTAGES OF ORBITAL PHOTOGRAPHY

In comparison with aerial photography, orbital photography 
for geologic purposes appears to have the following advantages.
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Firnre 8. Kirthar Rangre, West PakUUn, and Indus River (right) (North 
at upper right). City of Karachi is the small dark spot on the coast, just 
above the spacecraft’s nose. Note discordance of Kirthar Range with coast. 
Gemini XII photo.

Large Area Per Picture

This is of course the most striking difference between photos 
taken from aircraft and those taken from spacecraft. Standard 
vertical airphotos generally cover an area measuring roughly 3 to 
9 miles on a side, whereas vertical orbital photos, such as those 
shown here, typically measure at least 70 miles on a side. The 
importance of this for geological studies is that it becomes possible 
to see large features on one picture, such as the volcanic field south 
of Palomas, and to see ’•egional structure covering immense areas.
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Figure 9. View of the west over the Central Makran Range, West Pakistan, 
and Iran. Note prevailing continuity of structure along strike. MA-9 photo.

The question naturally arises as to whether this coverage can 
be duplicated with mosaics (Lowman, 1967). The answer appears 
to be that even if a mo.saic of a given area can be prepared (and 
this is not possible for many remote or restricted areas or be­
cause of the expen.se), the dodging necessary to remove tone 
differences between adjoining pictures necessarily removes con­
siderable tonal or color information of geologic importance. Fur­
thermore, the mosaic does not provide stereoscopic coverage of



230 BIOASTRONAUTICS AND EXPLORATION OF SPACE 

large areas as can orbital photograph pairs. Obviously, monies 
will continue to be used where possible, but it seems clear that 
there is no real substitute for hyperaltitude photography if large 
area coverage is needed. 

Global Coverage 

Peculiar to geology is the need to see over the next hill—or 
the next ocean. Many geologic problems insoluble in one area 
may yield quickly to studies in another area where critical 
relationships are exposed. Werner’s belief, that basalt was a 
sedimentary rock, arose partly from the fact that his travels were 
confined to the Freiberg region where the hill-capping basalts could 
reasonably be interpreted as sedimentary strata. Had Werner 
been able to visit the Auvergne, his erroneous theory might not 
have been formed. 

Orbital photography provides a global view of the Earth’s 
geology and will clearly prove invaluable in studies of regional 
tectonics, orogenesis, and continental drift, because it becomes 
possible to ignore natural and artificial boundaries. In the study 
of continental drift around the Arabian Sea just cited, the geo¬ 
logically crucial areas lie :n several different countries, some of 
which are separated by major topographic, oceanic, or political 
barriers. Furthermore, there is no one organization charged with 
investigating such regional problems: for example, the Hunting 
Survey Corporation, whose Colombo Plan report (1961) on the 
geology of West Pakistan was a major advance, could give only 
peripheral attention to the Oman-Pakistan problem. Orbital photo¬ 
graphy can contribute to the solution of such region geologic 
questions: first, by bringing them to the attention of a large seg¬ 
ment of the geological community; and, second, by providing a 
synoptic view of large or widely separated areas. 

Unlimited Dissemination 

Most of the world’s land area has been photographed at one 
time or another by civil, commercial, or military organizations, but 
much of this photography is not easily available, or not available 
at all, for geologic studies. Oil companies, for example, commis¬ 
sion considerable aerial photography, but once having paid for it 
they are naturally not inclined to give it away. Military secrecy 
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graphy.eVentS d,S8emi:Jtion “f muc*1 Keologically valuable pholu- 

NaUona? A»rti0n 1" °rbital P^Kraphy obtained by the 
National Aeronautics and Space Administration is quite different 

m« VJTmS) L ' Nati0“' A‘fonautics and Space Act of 
OÖ (h-.L. 85-568) to ... provide for the widest practicable and 

appropriate dissemination of information concerning its activities 
and the results thereof.- One result of this rcquirement is íhat 
the 70-mm photographs taken on the Mercury and Gemini flights 

thTworw This rTT,1'1inveatiKatora f "oí ine wor d. This will clearly lead in a few years to a much better 
acquaintance with the geology of remote areas and will hefp avoid 
provincialism in geologic education and research. 

Availability of Color Coverage 

SSipíi-njtsrtss&S âï: .rr;,Ä 
photographic payload adds a nepligible amount to the overall mis 
sum expense. Second, the greater coverage area pTr p era« 

iiesT«„"IT drastica"y the "umber of Prints or transparen! 

rantage of „?bitaî'nhlî,IVen T“' ■ ThÍS is probably a «i- vantage of orbital photography, since most of the added exoense 
of color aerial photography is that of reproduction. 

This discussion applies to multispectral coverage as well which 

pravÄes'ra lyt VaTb,e Vreaa Wbere ' » provides clues to structure and lithology. 

Range of Scales 

graphTra tha°tt!r;aPhy T “ °ne'Way over aerial photo- 

Sr i:rsr tí of —1 nKrxt ’ y °ntrast> the highest scale numbers of geologically useful 
ograp y are probably on the order of 250,000, although balloon 
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fî°^graPhs wjth scale numbers of 700,000 have been taken (Katz, 
1960). One advantage of satellite-borne cameras is that they can 
go down to much smaller scale numbers by the use of long focal 
lengths. This was demonstrated by the D-6 Experiment on 
Gemini V, which produced usable pictures with scale numbers 

íúÍIeenT60,000 and 100,000 usini!r a 56-inch focal length (McKee, 
1966). In principle, then, although scale and resolution are not 
perfectly reciprocal (Katz, 1960), orbital photography can duplicate 
aenal photography to a considerable degree, while the reverse is 
true only to a very limited extent. 

This conclusion should not, of course, be considered a recom¬ 
mendation that spacecraft replace airplanes for photography; it 

oes, however, indicate the inherently greater versatility of orbital 
methods. 

DISADVANTAGES OF ORBITAL PHOTOGRAPHY 

It is unfortunately easy to fall into the habit of unconsciously 
?f sPacecraft as remarkably fast, high-flying airplanes. 

Such thinking tends to obscure certain real limitation of orbiting 
spacecraft as camera platforms, such as the following. 

Orbital Characteristics 

a,rrra0fMh0ftwaPhy’ th* major difference between spacecraft and 
a.rcraft is that spacecraft flight direction (relative to the Earth) 
w primarily determined, after injection into orbit, by the laws of 
celestial mechanics, whereas an aircraft can fly in any direction 

can change this direction as often as is necessary. This point 
carnot be overemphasized, since, as Harman, et al., 1966, pointed 
ranhpro^. c^oice of fli^ht direction is vital to efficient photog¬ 
raphy. Slight changes in spacecraft direction (orbital plane 
changes) can be made, but are extremely expensive in terms of 
fuel; for example to make a 21 plane change from a 100-mile 
altitude requires a velocity change of about 1000 ft por sec. 

Ititude changes, on the other hand, are relatively less expensive 
if accomplished by coplanar orbital transfer. 

„ ^mong lhe orbital Parameters affecting photography of the 
Earth are the apogee and perigee heights and the ellipticity. The 
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effects of altitude on scale need no elaboration here. However it 
nmy be jjointed out that, because of atmospheric drag, the lowest 
practica Earth satellite altitude is about 100 miles. Below this, 
the satellite will re-enter within a few hours at most. 

Probably the most important orbital characteristic of concern 
here is the inclination of the orbital plane to the equator. This 
is equal to the latitude coverage; e.g., an orbit with 32° inclination 
will cover a latitude band between 32° north and south of the 
equator Low inclinations of this order were typical of the Mer¬ 
cury and Gemini flights and are the reason for the relatively 
restricted geographic coverage of their photography. High in¬ 
clinations are clearly desirable for efficient photography, but are 

d.0rprHSy h fa, taiV°r 8eVeraI reaSons; First- a lau"ch in any 
fdruî K bfi! dV Efat 0SeS Some of the Potential extra velocir ■ 
added by the Earth * rotation (about 1500 ft per sec at the 
equator) Second, range safety requirements for some sites re¬ 
strict launch azimuths ; rockets launched from Cape Kennedy for 
example, must use a corridor between azimuths of 45° and 108°. 

s pointed out previously, moreover, plane changes can be very 

3Te m term^ °\ fUeI requirements- To give a pertinent 
case, to increase the latitude coverage of a spacecraft launched 
into a 30 inclination orbit 5°, by a plane change from a 100-mile 
circular parking orbit, would require energy equivalent to a velocity 
increase of about 2000 ft per sec. Gaining the additional 5° by 
launching more nearly north, on the other hand, would require 
on y a few hundred feet per second equivalent velocity change 
(from loss of the increment from the Earth’s rotation), but range 

tv, TyT«rAe^eTntS 8et ,imits t0 this apProach from «orne sites. 
The USA F Western Test Range at Point Arguello, California, per¬ 
mits launches due South and, for this reason, is used for polar and 
retrograde orbits. 

rar?he JTi,,lcat!°? ?f the fore«oing discussion for orbital photog- 
P Y of the Earth is that latitude requirements must be factored 

st^n^lv81?? p,annÍngJfrom the very beginning, since they will 
*mwy a?ft maJor decisions such as the choice of launch site 
and of vehicle type. 

of pr?blem arisinK fro"> the characteristics 
from the fartbfh ? ÎÎ °f ?btaininíí 8Íde,aP- The difficulty arises 
from the fact that the minimum orbital period of a photographic 
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satellite is around 90 minutes, during which time the Earth will 
rotate eastward some 22° ; for low-inclination orbits, nodal regres¬ 
sion caused by the equatorial bulge will increase this westward 
movement of the flightpath. As may be seen from Figure 1, the 
resulting separation of adjoining flightlines was between 800 and 
900 miles for Gemini orbits, and for swath widths of about 80 miles 
typical of the 70-mm photography on these flights, precluded sidelap 
over most of the latitude band covered. There are compensating 
factors, such as the convergence of flightlines at higher latitudes, 
and the intersection of flightlines near the top of the latitude band 
and other points (Fig. 1). Furthermore, the use of wide-angle 
systems will increase the swath width, although, as will be dis¬ 
cussed under “Camera Orientation,” the value of oblique photog¬ 
raphy from orbital altitudes is questionable. A useful example 
of the allowance that must be made for sidelap in mission planning 
is presented by Bock and Lane (1967). A technique for obtaining 
low-altitude sidelap is to design the spacecraft orbit so that it does 
not complete an integral number of revolutions in 24 hours and 
hence does not follow precisely the same path (John Thole, per¬ 
sonal communication). 

Spacecraft Orientation 

Unlike airplanes, orbiting satellites have relatively little in¬ 
herent tendency to maintain a particular orientation ; they can roll 
pitch, and yaw rather freely if no measures are taken to prevent 
this. The problem of spacecraft orientation for photography was 
a severe one on Gemini flights because of restrictions on thruster 
fuel or power for the inertial platform, and many of the photo¬ 
graphs were taken during drifting flight. The importance of 
orientation for systematic photography requires some discussion 
of the topic: for a general description of satellite attitude control, 
see Corliss (1967). The Gemini systems are described by Carley 
et al. (1966). 

A wide variety of attitude control systems are available—using 
gas jets, momentum storage, the gravity gradient, magnetic field 
torques, and spin stabilization. Gas jets and momentum storage 
devices such as flywheels appear to be the most promising for 
photographic missions—providing fast, accurate spacecraft orienta¬ 
tion. Nimbus I, for example, was stabilized to within Io in all 
three axes. However, both have limited lifetimes because of the 
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gas supply (most momentum storage devices use an auxiliary 
pneumatic system) which must be allowed for in mission planning. 

A more general orientation problem is the conflict among at^ 
titude requirements. A large spacecraft, for example, may have 
to keep solar panels turned toward the Sun and may carry other 
experiments with individual pointing needs which will not neces¬ 
sarily coincide with the photographic requirements. This particular 
problem is a strong argument for unmanned, single-purpose photo¬ 
graphic satellites, such as the Tiros series. 

Cloud Cover 

Orbital photography shares the problem of weather with aerial 
photography, in particular, that of cloud cover. The Earth has 
proven to be dismayingly cloudy when seen from orbit; it is 
estimated that about 50% of the Earth’s surface is covered by 
clouds at any one time. The percentage is greater, moreover, at 
high latitudes. Obviously, this average is meaningless when ap- 
plied to any one area, but, since orbital photography is global by 
definition, it is clear that world cloud cover is a severe problem. 
As early as 1962, orbital photography of South America was 
prevented by ciouds (Lowman, 1964). 

The problem can be approached in several ways. The conven¬ 
tional measure of staying on the ground when the weather is too 
bad for photography is hardly practical for orbital photography. 
Another technique is to plan the mission with the aid of cloud 
cover statistics, as suggested by Bock and Lane (1967), and to 
include extra film to allow for unusable pictures. More generally 
weather statistics could be used to adjust launch schedules for the 
best photography of large areas. 

A method used on the Gemini IX A mission shows considerable 
promise for future photographic missions. During the IX-A flight 
cloud cover charts were preoared by the Environmental Science 
Services Administration from weather satellites about every 
6 hours as an aid to recovery operations and the S-6 Synoptic 
Weather Photography Experiment. Personnel of the Flight Crew 
Support Division (MSC) noticed on these charts that South America 
at one time was remarkably cloud-free. Knowing that photography 
of this area was an objective of the S-5 Experiment, they notified 
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the flightcrew that an opportunity existed. Accordingly, Astro¬ 
nauts Stafford and Cernan took a remarkably useful photographic 
series of a previously uncovered area. Since meteorological satel¬ 
lites are now in routine operational use, this technique should be 
usable for other photographic satellites, including unmanned ones 
if delayed ground command or real-time satellite itellite-ground 
relay is feasible for areas outside the direct range of ground 
stations. 

Daylight Restrictions 

The global nature of orbital photography makes it necessary 
to take the availability of daylight into account; on some 4-day 
Gemini flights, for example, it was not possible to photograph 
areas south of about 10° S latitude because they were dark during 
possible photographic passes. For long missions, this difficulty 
is minimized, but allowance must be made for it and, more spec¬ 
ifically, for the suitability of Sun angles. A computer program, 
ERSOS, has been prepared by I IT Research Institute (Bock, 1967) 
that takes into account not only solar illumination but also orbital 
elements, instrument performance, and other specifications to 
produce a schedule for photography during a given Earth-orbital 
mission. 

Window Obscuration and Similar Problems 

Slight window obscuration was noticed on terrain photographs 
taken by W. Schirra during the MA-8 flight; this turned out to 
be the first encounter with what proved to be a troublesome con¬ 
dition during the Gemini flights. McDivitt and White noticed dur¬ 
ing the Gemini IV flight, that a substantial coating was left on the 
left-hand window when White’s boot accidentally scraped part of 
it off during EVA. Although it caused little loss in picture quality, 
a similar coating during Gemini VII (Lowman, 1966) greatly re¬ 
duced the value of the pictures (Fig. 10). Postflight investigations 
show that the deposit was a combination of residues from the 
rocket exhaust during staging, ablation from the front of the 
spacecraft during the boost phase, and degassing of window 
gaskets. 

Although various measures can be taken to protect spacecraft 
windows or to clean them after injection into orbit, it appears that 
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Figure 10. Gemini VII view to the North over the Dead Sea; the Mediterranean 
Sea is at left. Prevailing haziness of photograph in center is the result of 
deposit on spacecraft’s window.

the best technique in the long run will be to have the cameras 
completely outside the spacecraft, or at least exposed directly to 
space, during photography. This would also eliminate the problem 
of restricted spectral transmission: windows on the Apollo com­
mand modulj, for example, do not transmit much radiation beyond 
about 8000 A.

A related situation that could affect orbital photography is the 
existence of what amounts to a transient atmosphere around a 
spacecraft. First noticed during the MA-6 flight (Glenn, 1962),
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when the pilot sighted “fireflies” [later found by Carpenter (1962), 
to be ice sticking to the spacecraft], various solids, liquids, and 
gases given off by life-support systems and thrusters may stay 
around the spacecraft for some time. Although this has so far 
caused no problem during terrain photography, it obviously should 
be considered in spacecraft design and mission planning. 

Resolution Limits 

The ground resolution obtainable from orbital altitudes must 
obviously be relatively low compared to that of aerial photographs 
taken with comparable equipment, a fact which had led to skeptic¬ 
ism about the geologic value of orbital photography. It must 
therefore be asked if in fact resolution limits will be a serious 
handicap in this respect. 

First, let us examine the performance of the camera/film com¬ 
bination used in the S-5 Experiment. According to an unpublished 
report by the Data Corporation, edge analysis of a Gemini IV 
picture taken with the Hasselblad 500-C (80-mm lens) and 
Ektachrome S.O. 217 film indicated a resolution of 30 lines/mm 
for a medium contrast target, a coastline on the Arabian Sea 
(preflight laboratory tests had achieved 50 lines/mm). The 
ground resolution can be calculated, using this value at a typical 
scale number of 2,250,000, to be about 245 feet. However, many 
linear features with medium to high contrast (such as roads, 
railroads, and airport runways) and as narrow as 40 feet can 
easily be seen on the Gemini pictures, confirming previous ex¬ 
perience (Katz, 1960), indicating that calculated resolution alone 
is not a reliable guide to the amount of detail visible in a hyper¬ 
altitude photograph. 

Next, consider the geometric nature of geologic targets 
Among the most important of these are edges representing con¬ 
tacts between major geologic units. If the units are large in 
area, low resolutions can be tolerated because the contact can be 
consistently delineated, although located with relatively low preci¬ 
sion. A second important type of target includes lineaments (used 
here solely as a geometric term) which may be drainage features, 
dikes, or dipping strata. Here, the fact that long lines are more 
easily detected than small objects (Katz, 1960) comes to our aid, 
and it is apparent from experience gained with Gemini photos that 
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Target Acquisition 
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Grande) 

Tributarj Dreinage (e.g., 
arroyos, streams) 

Erosion and Deposition 
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8,000,000 

800,000 
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it was found that acquiring specific points on the ground can be 
difficult or impossible. During the Visual Acuity Experiment 
(Duntley, et al., 1966) on Gemini V and VI, for example, the crews 
had relatively little trouble seeing the ground targets, but they 
found it hard to locate them at first. The pilots recommended 
that coastlines and major rivers be used as landmarks. 

A technique for finding specific objects with known positions 
was devdoped by engineers at the Manned Spacecraft Center 
(R. D. Mercer, personal communication). A series of curves were 
computed for time of closest approach of the spacecraft to any 
point on Earth, in space, or on the celestial sphere, from which 
the necessary pitch and yaw angles for aiming the spacecraft 
could be derived. This method can be used on future photographic 
missions. However, the great value of vertical photography im¬ 
plies that the most effective target acquisition method will simply 
be the orientation of the cameras straight down at a predetermined 
time so that it will be unnecessary for the astronaut to locate points 
on the ground. 

Film Degradation 

Conditions tending to degrade film in orbital flight are general¬ 
ly similar to those encountered in high-altitude aerial photography 
such as low temperature, low humidity, and static electricity dis¬ 
charges. The near-vacuum of space tends to accelerate drying 
and cracking of film on long exposure to space, but this too is es¬ 
sentially enhancement of an effect already encountered. The 
major new degrading factor in orbital photography is radiation. 
This subject is obviously too broad for more than a brief outline 
here: a review of the effects of radiation on film is given by 
Harvey (1966> ; and a bibliography of particles and fields research 
is given by Hess and Mead (1966). 

There are three potentially serious sources of film-damaging 
radiation in orbital flight: the Van Allen belts, solar flare radia¬ 
tion, and radiation from sources on the spacecraft. 

Radiation in the Van Allen belts is chiefly electrons and pro¬ 
tons, trapped by the geomagnetic field, of both natural and arti¬ 
ficial origin (the latter from high-altitude nuclear explosions). 
It increases sharply at altitudes of 300 to 600 miles and slightly 
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general agreement that 1 rad (roughly the absorbed dose of any 
ionizing radiation liberating 100 ergs per gm of absorbing mate¬ 
rial) is the threshold at which effects such as loss of resolution and 
contrast become detectable for black-and-white film. For color 
film (generally slower), the threshold is about 2 rads. Significant 
effects begin at about 5 to 10 rads for most films. 

There is, of course, an immense amount of information on space 
radiation from the many satellites flown for this purpose. How¬ 
ever, the crew dosimeter results from the Gemini flights (Higgins, 
et al., 1968) are sufficient to give one a rough idea of how much 
radiation might be encountered by a reasonably well-protected 
film in Earth orbit. The dose to the left chest of the command 
pilots, for flights longer than 1 day, ranged from 0.016 to 0.770 rad, 
the highest figure being that received on the Gemini X flight' 
which made several passes through the South Atlantic anomaly 
at about 400 nautical miles altitude. The Gemini VII mission—a 
2-week flight at about 160 nautical miles—recorded a total dose 
of 0.192 rad. If we assume this to be typical of low altitude, low 
inclination flights, we see that it would correspond to a dose of 
about 5 rads for a 1-year flight. This is obviously a very rough 
approximation, but indicates that normal radiation should not be 
a serious detriment to orbital missions under these conditions, 
especially since the film alone could be shielded much more than 
were the pilots on the Gemini flights. 

Atmospheric Scattering 

Since orbital photography must be taken through the entire 
optical thickness of the atmosphere, scattering effects become im¬ 
portant. An excellent summary of the problem is given by Harvey 
and Myskowski (1966) ; experience gained during the Gemini pro¬ 
gram is useful in determining the effects of scattering on color 
photography. 

These appear to be more or less what might have been expected 
from experience with aerial photography. First, the loss of color 
in the blue-green region of the spectrum is considerable, even with 
the filters mentioned. This is largely due to scattering by moisture 
m the atmosphere, and, since the heavily vegetated parts of the 
world are usually humid, there were relatively few good color 
pictures obtained of the major tropical forests. Color infrared was 
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searching for lineaments parallel to the line of sight) because of 
these effects. Rectification of Gemini oblieuvs has been done suc¬ 
cessfully by the Autometric Corporation under a U. S. Geological 
Survey contract; hov/ever, this obviously restores only the geom¬ 
etry, not the resolution and color, lost in the original photographs. 

This situation has important implications for orbital photog¬ 
raphy: First, it suggests that panoramic cameras will have limited 
value unless very large formats, long focal lengths, and infrared 
film are used. Second, it accentuates the importance of planning 
orbits so that sidelap is obtained without excessive slant ranges. 

SUMMARY AND CONCLUSIONS 

t is clear that, as a result of the Gemini Program, we now 
ave a firm grip on the “problems and prospects,” to use Katz’s 

phrase, of orbital photography of the Earth’s surface. The major 
conclusion to be drawn from this report is that orbital photography 
for geological purposes is clearly feasible and uniquely valuable 
Beyond this, several specific areas of geologic application can be 

Regional geologic mapping, at scale numbers of 250,000 and 
larger, can be done from orbital photographs with a reasonable 
amount of ground truth from supplementary low-altitude photog- 
raphy and field work (Lowman and Tiedemann, 1967). This 
includes, of course, revision of older geologic maps. Tectonic 
problems, such as the stud„ of major wrench fault systems, are 
esjiecially susceptible to attack with orbital photography. Geologic 
educatmn can be fr_ed from such problems as provincialism with 
the global coverage possible from satellites. Studies of currently 
Îoc-t? geologIC Processes, such as near-shore deposition (Wobber, 

7), can benefit from simultaneous photography of extremely 
i«rge &reds. 

Orbital photography should also be valuable in planning geolog¬ 
ical and geophysical fieldwork, making It possible to single out the 
most potentially interesting areas in advance. The results of 
regional geophysical surveys may be more easily interpreted when 
correlated with the regional photographic coverage possible from 
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Conditions on the Planet Venus 

Dr. John D. Strong’’" 

t~bre ' re CZdearinK °T * 
Present status of our knowLi r „ ePOrter s résumé of t 
there have been other precedini? ré^. Vfnus- In recent montl 
its author's bias. Here we oresenf 0168’ each one tempered I 

author’s intuitions and judgments anf0ther’ temPered by th 
of opinion has not yet evolved. 108 ances wbere a consens! 

crescent, copying ^hT'pha.se.s^f jrealed Venus as » featureles 
observation of the extensions of the horns^rh^ C°ntinuin^ afte 
a structured atmosphere until th* l f Her crescent indicate. 
fl.V-by results^ach new or conf rirr /eC?nt dr°p-SOnde a^ 
on the planet Venus induces elabórate f t0 conditi°n< 
expected mystifications. e,aborate inference to explain un- 

ample, the polanzluon h,as, been unproductive—for ex- 

rainbow enhancements” have ÓÓued to^if-4 ^ the absence of 
the light, lemon-yellow color of the r!^ e,COnC,Usions- And 
explained. The overa,, albedo has 

Dunham and Adams were able a- 
d»oxide absorption in the VeL * discover strong carbon 
know, the Venus as we now 
Pressure of almost 20 atm But fh ^ 90% C°2’ with a base 
_m- But they we« not able to detect 

M ADX:^MM.0, Phy8,C‘ *"d A"‘r— Haabrouck Ub„r.tory. (Jnivrniity 
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water absorption in the 1930’s. In 1955, Mentzel and Whipple 
showed that this failure was to be expected.2 As for the CO., 
the reflected radiation that thej observed had penetrated two 
orders of magnitude more CO, on Venus than in coming down 
through the Earth’s atmosphere to their ground-based telescope. 
In the case of water vapor, this situation was inverted. However, 
at an altitude of 90,000 feet, the supernatant telluric vapor lying 
above a balloon-borne telescope is two orders of magnitude less 
than that penetrated in the Venus atmosphere; and it was under 
this condition that water vapor was discovered on the Moore-Ross 
balloon flight of 1959.'' In 1964, this result was confirmed and re¬ 
fined by observations made from an unmanned flight.4 The 1964 
flight showed 0.0140 gram of water vapor per sq cm above a 
postulated reflecting cloud deck, at a pressure of 200 mR. Mentzel 
and Whipple’s ingenious calculation—loc. cit.—predicted 0.0130 g 
per sq cm for ice clouds. The 1964 result is particularly reliable 
because the water absorption was observed to be shifted 0.49 ± 
0.05 A; with a Doppler shift of 0.495 Â computed from the line of 
sight velocities. Two ground-based telescope results have con¬ 
firmed the 1964 result. The USSR drop-sonde* gave 0.1% to 0.7% 
as the water vapor content of the Venus atmosphere. Considering 
the planet’s dense atmosphere, the USSR result indicates 20 grams 
of water per sq cm above the planet’s surface. 

The Venus IV result, concerning oxygen in the Venus at¬ 
mosphere, was 0.4% to 0.8%, amounting to a partial pressure of 
about one-third that of the Earth’s atmosphere. The gases CO, 
HC1, and HE are found present in trace amounts. 

Many cloud compositions have been suggested by astronomers_ 
but, in deference to the negative water result of Dunham and 
Adams, all these clouds are anhydrous. There are even inter¬ 
pretations that deny the ice cloud conclusion indicated by the 
similarity between the infrared spectrum of laboratory ice clouds 
and the 1964 observed Venus spectrum." (see Figure 1). Rea and 
O Leary deny that this similarity indicates that the cloud? on 
VefiUfj are ice particles, mainly because Kuiper did not observe 
any 1.5/x depression beyond that which could be accounted for by 
atmospheric absorption. They contend that Kuiper’s ground-based 
telescope result leaves no room for a 1.5¿i ice cloud feature, such 
as Zander observed in the laboratory. Our balloon cloud spectrum 
of Venus, unfortunately, began at 1.8^ and extended to 3.4M—thus 
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Venus atmosphere. 
.’'~.Vvuun "pecirum clouds showing correction for upper 

we missed observation of Venus at i fi - j rv.r 
tend further that tho 9 ok ,. ' ^ ^ea an<^ 0 Leary con- 

Sf tonV""?“8?17 f0r fÍttÍnft the observed «"d t ÍMtÚre^! 

-EH «“ätsäc 
on VenuV Tt !'î1‘Ve,Pre8e"ted evidence for ice clouds 
arguments »I»,w ?r' however' th“t the Rea and O'Leary 
thenTtobe •• are not “ strong as they believed 

, ®°‘h .Mar',ner v observations and the results of the Venus IV 
An<f thbfV”^“** ?” isothermal re*'on in the Venus atmosphere-» 
«lina tírtm T “ gradient «»ove the ™ud level 
^intnni. * L a oeÇ °t the spectrum observed by Strong and 
Smton'» to show the 9.4, and 10.4, absorption bands of c£ 
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Nicholson and Pettit,11 and all subsequent observers who have 
made radiometric studies of the distribution of the 8 to lip bright¬ 
ness temperatures of Venus, have reported that the dark hemi¬ 
sphere of Venus is not as cold as one might first expect—rather, 
it lies within 5°C or so of the temperature of the sunlit side. 
This lack of a larger difference in temperature can be explained12 
as the result of latent heat liberated by the water vapor that is 
carried around to the dark side of the planet to condense there as 
ice crystals. S. ch a condensation should bring temperatures up 
to —39° C, the Schaefer point.18 This point coincides with the 
predicted albedo temperature, 234° K, as well as the observed 
brightness temperature. 

Murray and collaborators14 have obtained corresponding bright¬ 
ness temperatures that are almost 10% lower. Either Strong and 
Sinton or Murray et al. have made insecure extrapolations, cor¬ 
recting for telluric absorption. Assuming an overall thermal 
equilibrium for the planet, a deficiency of emission at one wave¬ 
length band must be compensated by an excess of emission at other 
wavelength bands in the Venus spectrum. In particular, the ex¬ 
cessive emission at a brightness temperature of 600° K at wave¬ 
lengths greater than A = iOp compensates an inferior emission 
at A < iOp and would explain a brightness temperature 20° C under 
the albedo temperature. However, Prof, de Vaucouleurs tells me 
that he is of the opinion that the albedo does not provide a tempera¬ 
ture as secure as this discussion implies. In 1966, we attempted 
balloon-borne observations of planet emission, made throughout 
the infrared spectrum, to resolve these questions concerned with 
the heat budget, but the balloon flight was a failure and a sub¬ 
sequent attempt has not followed. 

Temperatures inferred for the lithosphere surface from micro- 
wave observations are about 150° C higher than the Venus IV 
thermometer, surface temperature. These circumstances make 
“former strictures against life at the very poles slightly relaxed.” 
In fact, Prof. Libby has proposed18 polar ice caps to explain the 
mystery of lost Cytherian water over equatorial regions. A 
similar proposal has been made,13 based on a postulated non¬ 
polarized and presumably nonthermal component of the microwave 
emission ; but it has been ruled out by Mariner I results, as inter¬ 
preted by Pollock and Sagan.18 
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semble wlte^vaVr * variation « ob- 
metrically in longitude. Such a circumÜf8 eXten?e<i d<mn unsym- 
5ome observers have seen lesa ^ mstance might explain why 
markable and mysteriouTJn ter Vapor than others. A re- 
possibility easy: the planet’s period ^ re80,ution o{ this 
of its synodic period.1» Thus ^ ^tion is just one-fifth 
the times of successful and unsuccessful1^ ,on^tudes to 
of water in the planet's atmosphere ^ observation 
did not yield any significant correlation. C0mpari80n- however, 

subsequently, ^ by °thers 
evanescent, sometimes they are stablethe®e are usua,1y 
indicators of presumed UDDer-air «7 °ugh to serve as motion 
the Venus atmosphere have not viewili611*' But these motions of 
the planetary circulation-whiíh in*,8ÍVe re8ult about 

- ■“““ >» »-Ä Ä 

•«.puní to «“PtoKM: "U . 
Presence of... small amounts ofHci” IfW e8tab,i8hed 
Venus once had oceans like Earth thl f8. Lihby proposes, 
layer of sodium chloride of lOfcft ^ * C?u,d have Ieft ® thick 
entire surface, such as the Earth w depth over the Planet’s 
its own oceans. Forc^hammêrîoL od 'T* *jt 8hou,d evaPorate 
when he evaporated seawater ’to drvnes/011^ HC1 40 1)6 liberated 
on the clouds is that the snectrum tw ». °Ur Position 
a top layer of ice particles^ut Tf observed indicates 
would expect the dus to be ml. 18 a ,0Wer dust l^er, we 
NaCI crystals. be mam,y comP°8ed of almost white 

is nt ÄVTbVa8note rerrtSeh:0i:derfUl ^ ^ that 
a determination of the heat t °ne Would ,ike ^ »ee 
the entire infrared LE *? °f Venus ^ measurement of 
Also, ono would like to get furtW^fon^ri * Sí"00" t®1®800^- 
composition obtained by rocket k ab°Ut atmo8pheric 
balloon-borne spectroscoDic^tnHv !? ^ ®4- ob8ervation- »nd by 
solving power. But, above all wp 1 in^rared, of high re¬ 
fullness and definitiness of ¿ Uni S sttos ^ * the 8ci®nti«c 
near her pole. M btates drop-sonde landed 
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The Sun 

John W. Evans* 

sphere 1.4 wi’th"» * ^ “ ÍS 8 easeou8 

rad°nr The eneri?y ,eaks out from th^ maSSf lnt° enerfiry each 
.®df atlYe and convective transfer and ^ T® t0 the surface by 
in the form of electromagnetic rarïio^ fl”a y escaPes into space 
visible surface of the sun is the too of" ard particles- white 
fZ at a temperature of about 58oS° Í ^^oattering 

ansparent material overlying it ara fh ^ the minute ,ayer of 
accessible to direct observation. ’ °n,y portions of the sun 

fhi« description of thesun^teHs aVh We"°f plainet Earth( 
m diameter radiatimr af- a kave a fiflobe 1,4 x 10® km 

is in the vfsibieUrr^ Í800°- Mosí tí th" 
dence, our eyes function best) anrf il h«8’-by a 8tran*e coinci- 
««th at a temperature that fluctuât». "í t0 maintain th® 

^ ‘emPeratUre °f «“'• m»st prevalent liquid,nwater.°Und ^ 

that are pro’foundly influencé byThe^elati 'f .us.into ac«vities 
Of the energy distribution curves of Í ins,gnificant tails 
Particle radiation. Thé quantitv nf J ar. electroma^netic and 

lartr are findin* that it is qualitvnthaf lnvol.ved is negligible, 
largely ,n the small deviations of hp ‘hat,counts- ^ origin is 
Quiet static radiating globe. ^Un ^rom our Picture of a 

0«lc,ofA,ro.p.c.R«e.rehP*J;ni^*^^^r Fore. Cmbnd« Reae.rch Über.tori«. 
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Figrore i. The Sun photographed in the light of the Ha line of hydrogen. 
Note the active center near the center and a second one below it. A third one 
is visible at the 2 o’clock limb. The ordered fibrous structure in a largj circle 
around the upper center is typical. The irregular dark objects are promi­
nences high above the surface.
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- ä “ iVe^rr^rr'1-in ^ 
Earth, it is full of local instabili«« th*® atmosPhere of the 
of which we understand very well ^nJlnual.chan^8, none 
describe the fascinating arrav of *mio^ 18 no space here to 
a few of which appear in Figure i h^4“1^®8 the observer sees, 
which I term collectively To aV«^TVer' °.n® cIass of them> 
in space that are a serious concern in * V> excites d,sturbances 
explorers. ncern to 8Pace experimenters and 

thous^Vkm'ln" toeteTJined"«“«^ T“ “ C0Uple of 1,»ndretl 
sunspot groups. The two briirht arp usua^y surrounding 
With surrounding dhCw« ‘™.0W1the center <" Fifrure 1 
ingredient of »„ active center iaTn ? ,“mples' b“*« 
Peak field etrengths of 1000 to m.afrnetic field with 
phenomena, sunspots and flares in nart?^T8’ ^ th® observabIe 
Of the magnetic field and Its changes ThTj™ manifestati°ns 
strong field generates a spot i.™ T"* preaence of a 
the solar gas. This is tl/reault ^ .bt •C<K> and darkening 
of a large magnetic pressure to th. ° (1) t,le “'■«‘¡on 
partial suppression of the convMtton wv r"“"’ *nd <2> the 
energy from the interior to th. .»i h.ch normally transports 
however, the solar fla™ Ire the 'o F°r °Ur purPM“, 
activity. We know what they looklike tFwí ^‘Tî °f 80lar 
they make in the solar snectriim m. • . ’ wbat changes 
tions, some of the particles and .1^ characteriätic l¡ght varia- 
emit, and so on; but we do not rMn!Cti,roma|f['etic radiations they 
«11 there. The effort to le«n îhÂ n°W th? phy8ical ““«» »f 

nowl: to relato reme'tf 
observed effect, on the region. oÄÄvÄp”^ 

(ÄÄ ~ ‘ST —Pot «roup, 
«elds. Unlike the large síní^ X^"’01', COmp,®X magnetic 
periods of days or weeks th* ?£ ' h h deveIop and decay over 
that rarely last as long as 8 hours" Yn chanfirin* features 
« sharp-band filter tuned to th* IL 1 te,®8c°Pe equipped with 
hydrogen, a flare firstapt a« 0f,th® r®d Ha line of 
material somewhere near aTunsDot" If k "TT ^ of hright 8Un8pot- it brightens rapidly and may 
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Fi^re 2. A small sunspot of the simplest type in white light. Note the 
convective granular structure of the surrounding solar surface.

become five to twenty times as brilliant as its surroundings in 6 to 
20 minutes. It then fades slowly, dropping back to background 
intensity in 10 to 150 minutes. Flares vary in size from 1000 to 
150,000 km in diameter, and, as a general rule, the larger ones
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FiKure 3. Details of a medium flare in a sunspot srroup.

change less rapidly than the little ones. Along with these con­
spicuous visible changes, the flare has a number of invisible 
features, some of which we have become aware of over the years 
by quite different methodr of detection. The first detector used 
was the atmosphere of the Earth. The fluctuations in atmospheric
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Figure 4. A large sunspot group of the 'ype likely to produce flares.

ionization, measured by radio sounders, are a pretty rough indica^ 
tion of what is going on, but they have the enormous advantages 
of being free and being always on active watch for flare effects. 
Now that we can send highly sophisticated packages into orbit, 
however, we are learning a great deal more about flare radiations 
than could ever be deduced from atmospheric responses.
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Clearly, it behooves us to learn as much as we can about the 
proton showers and to take whatever precautions we can to avoid 
their damaging effects. Fortunately there is a good deal that 
we can do. We at Sacramento Peak Observatory have been con¬ 
cerned with efforts to forecast the proton showers since 1961. 
If the space experimenter expects a proton shower, he can delay a 
launch or take other evasive action. 

We started the work in response to pained cries from space 
experimenters who had the misfortune to be in operation during 
some really vigorous proton showers, particularly those of Novem¬ 
ber 1959. The task of spreading the word to a host of interested 
users became very burdensome, and in 1965 we were much relieved 
when the Air Weather Service set up the Solar Forecasting Center 
(SFC). They took over the responsibility for collecting data from 
all over the world and making periodic forecasts of flares and 
other solar phenomena that are relevant to space operations and 
the use of various radio devices from the ground. Best of all, the 
SFC relieved us of the problem of disseminating forecasts, which 
was rapidly getting out of hand. Sacramento Peak, along with 
many other stations, now transmits its observational data to SFC 
on a regular schedule, with special reports when sudden solar 
catastrophes occur. SFC does a fine job, and we are free to do our 
proper work, trying to devise better prediction methods for them 
to use. Toward this end, we have continued our own independent 
predictions, with results as described below. 

The proton showers are always associated with major solar 
flares. After a flare occurs, the time required for the protons to 
reach the Earth varies from hour to about 8 hours. Hence, if a 
flare is observed, we can hoist the “red flag” for this interval. If 
a man in space can protect himself by entering a lead coffin or 
(perhaps some time in the future) by performing an evasive man¬ 
euver, a warning of i/¿ hour could be quite useful. However, what 
the astronomer really hopes to do is to give forecasts much farther 
into the future. For this, he needs to predict the actual occurrence 
of a proton shower with some indication of its intensity as far 
ahead as possible. This is a goal toward which we are now taking 
a few first steps in trying to predict big flares (which may or may 
not produce proton showers) 1 or 2 days in advance. 

As you know, sunspots, and the flare-producing active regions 
around them, wax and wane in an 11-year cycle. The numbers of 
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Fijrure 5. A sample of the relatively rare loop prominences standing above 
the solar limb. Thv disk of th’ Sun has been artificially eclipsed in the 
telescope.

these signals. The structure which is visible around a sunspot 
group through an 1I« filter is always beautifully complex, with 
thousands of little, dark, fibrous markings and all imaginable 
configurations. Occasionally, in active groups, the markings are 
arranged in a highly ordered fashion, in the form of a rosette or 
of a vortex around a large spot. You can see this in the region 
around the big spot in Figure 1. Possibly, the observers, after 
some years of looking at solar active centers, are unconsciously 
sensitive to iess obvious degrees of order, and they develop from 
this the premonitory sense they .seem to have. Whatever it is, the 
statistics show that the ob.servers’ premonitions are not entirely 
idle.

It is not altogether simple to estimate the success of a predic­
tion program of this sort. For one thing, the u.ser of predictions 
and the solar physicist will have different definitions of success. 
The former will consider the program successful if the time inter­
vals that are predicted safe turn out to have fewer flares than a 
random selection of equal time intervals. The solar physicist, on 
the other hand, is dissatisfied unless the program leads on to new 
insights about the Sun, whether the predictions are accurate or not. 
As matters stand, he is very much dissatisfied.
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observed numbers of days with flares have to be converted to 
inferred numbers for 24-hour days by dividing by 0.35. This is 
not strict statistical cricket, but the error is negligible in our case. 

The aim of the analysis is to compute curves showing R and T 
as functions of pt.. Our procedure is to adopt a series of p(. and 
determine for each the R and T: a very simple matter which is 
probably suspect because it does not require a CDC 6600 computer. 

We count the safe intervals, s, when p < p(. and the dangerous 
intervals, d, when p > p,.. Then, we find out how many safe inter¬ 
vals and dangerous intervals had flares, F. and Fd, respectively. 
Then, R _ F,/s, and T = s/365. After calculating R and T for a 
series of p„, we can construct the desired curves. We know the end 
points of the curves in advance. For p,. = O, R = 0, and T = 0. 
This says that if pr = 0 all days are regarded as dangerous, and 
our experimenter would incur no risk because he would not operate 
at all. At the other extreme, he could operate all days with T = 
1.0, which is equivalent to setting p0 = 1. Then, his risk is simply 
the fraction of days that had flares. 

Figure 6 show? observed R and T pj functions of pr for the 
interval 24 to 36 hours after the forec sts were made (the observ¬ 
ing day following the forecasting day) during 1967. The light 
curves above and below the central curves represent plus and minus 
one standard deviation: calculated on the assumption that the 
standard deviations of the counted numbers of actually observed 
flares are the square roots of the numbers. Note that at p(. = 1, 
T = 0.91 instead of 1.0. This reflects the fact that the observa¬ 
tions included only 333 of the 365 days (due to cloudy weather). 

The curves indicate that the predictions 24 to 36 hours in ad¬ 
vance are apparently of some use when p,. < 0.4. If our experi¬ 
menter ignores the predictions (p,. = 1) he takes a risk of R - 
0.33 ± 0.04 each day and wastes no time on silly false alarms. He ' 
can cut the risk to R ^ 0.05 by adopting p,. = 0.126 and still oper¬ 
ate on 26% of the days (T = 0.26). This is certainly not a spec¬ 
tacular gain, but it does indicate that our forecasters are not just 
fanning the air. 

In a way, this result is a surprise to me. In 1962 to 1964 when 
the solar cycle was at its minimum, the situation was always simple 
because there was rarely more than one active center that was 
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All this is concerned with the prediction of flares. Of them¬ 
selves, they are a hazard only to the few experiments that could 
be damaged by X-rays. Predictions of flares are only a first step 
toward what we really need, predictions of high-energy proton 
showers. Dangerous proton showers always follow big flares, but 
only one flare in ten produces a proton shower near the Eaith. 
When we see a flare, we can often decide whether it is likely to 
eject protons, but so far nothing in the prediction techniques gives 
any indication of this likelihood. 

Although I hope the predictions are useful, they are unsatis¬ 
factory in several respects. They are subjective, and they are 
based on empirically determined associations of flares with various 
other features of active centers, rather than on causes and their 
effects. As a scientist, I believe that we will not have sound 
predictions until we can base them on the physics of active centers 
and flares. Before we can do this, we have a great deal to learn. 

Although the things we do not know about flare physics out¬ 
weigh what we do know, the situation is certainly not hopeless 
right now. The theoretical studies of the last 5 years have fairly 
we defined the conditions under which magnetic energy can be 
converted into heat or mechanical energy at rates corresponding to 
the growth of a flare. Tensions build up in the magnetic fields 
like those in a wound clock spring. The windup finally reaches a 
point of instability, and the field collapses locally like a broken 
spring, releasing the energy we see as a flare. This mechanism has 
been assumed for a long time, but now we have some quantitative 
idea of the field configurations that signify mounting tension and 
those that have reached the level of instability. This gives us 
something to work on, provided we can obtain sufficiently detailed 
observations of the magnetic field in an active center. The ob¬ 
servations turn out to be rather difficult, primarily because they 
are not very useful unless they result in a magnetic map in a 
matter of a few minutes. The quantity of data that has to be 
recorded and processed per second is large, but well within the 
modern data techniques. 

We now have at Sacramento Peak Observatory a 16-inch tele¬ 
scope with a magnetic analyser dedicated solely to this task. The 
solar magnetic fields split sensitive lines in the spectrum into two 
or more components, the wavelength separation of which is pro¬ 
portional to the field strength. In principle, we merely have to 
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XVI 

Empirical Arguments Concerning Dirac’s 
Gravitational Hypothesis 

Pascual Jordan 

INTRODUCTION 
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variability of fundamental constants, if existing making a so- 
called constant a Scalar field variable, will take the form that this 
scalar may in the first approximation, or in most cases, be constant 
in space but slowly variable as a function of the time coordinate in 
the Friedmann cosmos. (Naturally, processes of a quasar type may 
make « essentially variable in space as well as in time.) Though 
recent discussions consider also the value of e (Gamow) or of c 
(Treder2) as perhaps cosmologically variable, the author of this note 
showed3 that in the most simple description of the physical uni¬ 
verse only two values, being ordinarily thought of as constants of 
Nature, might be variable indeed: The gravitational constant, 
being the object of Dirac’s hypothesis, and possibly also the Fermi 
constant of beta decay. 

This result of the author won strong additional support re¬ 
cently by Dyson4 who from further empirical facts concluded that 
the relation of Coulomb forces to nuclear binding forces cannot 
have varied considerably during the history of Earth. 

Taking « as a field variable, we have to think about a suitable 
generalisation of Einstein’s relativistic field equations. About 
15 years ago, the author believed that the generalised field equa¬ 
tion would arise from the variational principle 

« / * (R — f gfcl —i—!_ + * L) V—g d4x = 0 (3) 
K¿ 

with L = Lagrangean of matter and Maxwell field. The dimen¬ 
sionless constant ( may have any value of the order of magnitude 1. 

For several years I have preferred (at first reluctantly) an¬ 
other form of these field equations, giving room to some criticism 
put forward against (3) by Pauli and by Fierz. Recently, Hönl and 
Dehnen8 « showed that indeed only the “new” field equations, 
and not (3), are in accord with what we now know empirically con¬ 
cerning the isotropic electromagnetic radiation of temperature 
3° K. These modified field equations arise not fron? (3) but from 

8 f (— - t gki + L) - 0. (4) 
K *3 

Their mathematical consequences form a chapter which we shall 
exclude here from full inspection. 
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field equations with a scalar variable * (in the case of spherical 
symmetry). But there cannot be any doubt that the consequences 

°f Í4 * ?LU8tCT lnc,ude that* in the early stages of develop¬ 
ment of the Sun, the field variable « must have become, in the 
interior ofthe Sun, significantly smaller than in interstellar space 
or in the Friedmann universe as a whole. Only in later stages, this 
local diminution of « could have been met by the general decrease 
ot K in the Fnedmann universe. 

Already TeIler, when proving the mentioned rough proportion¬ 
ality of the luminosity of the Sun with k\ saw a difficulty of Dirac’s 
hypothesis in the consequence that the Sun would have been too 
hot in Paleozoic or even precambrian times. We shall discuss this 
point later, but the result of a refined recent application of the 
theory of astrophysical development made by Dicke should here 
be mentioned. If really « were exactly constant then we would 
now have a slow increase of the úin’s luminosity, great enough to 
cause the surface of the Earth in precambrian times to have been 
always at temperatures below 0° C. Thus, origin and development 
of organic life would have been impossible. 

POSSIBILITIES OP TESTING THE HYPOTHESIS BY DIRECT 

PRECISION MEASUREMENTS 

Certainly the best way to secure the reality of Dirac’s sup¬ 
posed variability of « would be—if feasible—to prove it by direct 
measurement. In order to look for such possibilities, one primarily 
has to clarify theoretically what consequence the hypothesis, if 
true, would have for celestial mechanics. In my mentioned book, 
I found, by a very simple mathematical analysis, that the change 
m a Newtonian n-body problem caused by an extremely slow change 
of G would be the following: The system would, apart from its 
calculable movements according to the laws of Newtonian me¬ 
chanics and the rules of perturbations, undergo an additional ex¬ 
pansion in analogy to the Hubble expansion of the great system of 
all galaxies, and also a slow uniform decrease of its velocities, 
expressible by a varied time scale. The measure of expansion in 
the course of time would be of the same order of magnitude as that 
of the Hubble expansion, but today there do not exist, theoretical 
foundations for any decision whether the measure e of this new 
type of expansion must exactly equal the Hubble constant « or 
agree with it only in the order of magnitude. 
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The other point: nonlinear deviation of Ephemeris time T 
from inertial time t (defined by atomic clocks) is already being 
investigated now from registrations in operation for about 10 
o^y8 « ^ese rekristrat*ons have been made by Nicholson and 
badler ; they have been discussed by Becker and Fischer8, using 
the author’s theoretical formula'0. Results of still preliminary 
character seem to show an c of the order of 2.10"/years. 

The expansion of the Earth, caused by decreasing «, must cause 
a perhaps measurable decrease of the rotation of the Earth, Iwan- 
enko and Sagittov" indicated that perhaps the astronomically 
known slow decrease of the rotation of the Earth might be ex¬ 
plained in this manner. 

Taking the relative radial growth, R/R, of the Earth as an 
approximate measure for the decrease of its rotational momentum, 
one finds (Jordan, 1966) that the decrease of the rotational fre¬ 
quency measured not in inertial time t but in ephemeris time T_ 
is determined not simply by R/R, but by 

R 

This would be in sufficient accord with what we shall later 
discuss as probable empirical information about the rate R/R of 
Earth expansion—if it would be permissible to neglect the influence 
of tidal friction, assumed generally to diminish the rotational 
momentum of the Earth. 

Concerning this tidal friction—for which, as one knows, 
Jeffreys tried a quantitative interpretation in what may be called 
one of the most famous theories in geophysics—a peculiar scien¬ 
tific development occurred in recent years. Modern oceánic results 
showed that oceanic tidal friction in the Bering Sea is in reality 
much smaller than that which Jeffreys supposed. Instead of 
oceanic tidal friction, now friction in the Earth body is assumed by 
several authors to have exactly that value which Jeffreys supposed 
as the value of oceanic friction. 

But it is necessary to keep in mind that the thesis of an astro¬ 
nomically significant role of tidal friction is based on the opinion, 
put forward by Adams (1868), that Laplace made an essential 
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°f other well-known cases. This unorthodox interpretation found 
a brilliant confirmation by photographic results from Lunar 
Orbiter IV. The picture has been reproduced in the journal “New 
Scientist.” It shows a typical rill running along the middle of the 
valley, and the journal comments: 

“What is immediately obvious, apart from the accurately 
centered position of the median crack, is the very flat floor of the 
valley, and the fact that the profile of one wall of the valley in 
some place closely resembles that of the facing wall. 

These characteristics seem to add up to a coherent story. 
Either tension or shrinkage initially started a crack in the Moon’s 
surface which then widened; the process was halted while the 
floor of the valley filled up with fresh material; and finally the 
cracking movement recommenced along the older line of weak¬ 
ness. Such resumption of activity in predetermined places is 
typical of many terrestrial processes such as geological faulting.’’ 

Concerning the Moon, now the object of beginning exploration 
by the new methods of rockets and spaceflight, there are still many 
further points connected with the questions arising if we take 
Dirac’s hypothesis seriously. But one cannot talk about the mean¬ 
ing of features of the Moon’s surface without becoming entangled 
with the famous problems which have been the object of serious 
differences of opinion between specialists for many decades. Let 
me mention, for instance, the old question of whether the 
great craters of the Moon are of volcanic nature or are the result 
of impacts. Even today this question is not definitively settled 
* v^fUC^ a manner rea|ly specialists have the same opinion 
about it. There are still specialists—though only very few—who 
maintain that the great craters are volcanoes, in spite of all the 
impressive discussions and results of Baldwin, Urey, Kuiper and 
other prominent researchers who in the last decades cleared so 
many problems of the enigmatic structures of the Moon. Urey,a 
once analyzed as the main cause of the deplorable lack of agree¬ 
ment in scientific opinion about the Moon the fact that specialists 
partially are appallingly uninterested to learn from the results of 
other specialists in this field and to revise their own hypotheses 
according to the whole mass of existing empirical information. 

When I tried to study existing literature about the Moon—in 
order to see what could perhaps be. concluded from the Moon about 
Dirac’s hypothesis—I came to see how justified this comment of 
Urey s was and to what an appalling degree scientific assertions 
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the number on the visible side: this proves that the phenomenon 
of the maria cannot be caused by internal conditions which may 
have existed in the Moon at any time—they would have been un¬ 
able to cause such a look of symmetry on the two sides of the 
Moon. Only the unpredictable statistical chances of impact of 
very huge bodies can have caused such a drastic violation of 
symmetry. 

Let me mention here that Baldwin as well as Kuiper prefer to 
accept that interpretation of the greatest maria, which I believe 
to be in disagreement with the new facts revealed by the rockets 
which explored the back side of the Moon. Naturally, I (whose 
endeavour to learn about the Moon has been confined to studying 
the modern literature) am a little timid to deviate from the inter¬ 
pretations of so highly qualified specialists. But the mentioned 
empirical evidence seems to me to be overwhelmingly convincing. 

Inclined to believe in the reality of great lava outflows from the 
interior of the Moon, Kuiper seems to be guided essentially by the 
well-known phenomenon of the frequent “domes” in the areas of 
the maria, which he interprets as volcanic. But there also exists 
another interpretation, given by Gold: The established existence 
of a layer of permafrost under the surface of the Moon makes it 
possible to think that these domes may be accumulations of ice, 
from water set free in deeper layers by dehydratisation of stony 
material. This seems to me to be an example of a problem solvable 
only by fieldwork on the Moon itself. The resolution of this ques¬ 
tion could also be of great practical importance in all future human 
activity on the Moon. 

My study of the existing literature about the Mcv.', also gave me 
the conviction that, perhaps apart from the topic of the domes, 
there does not yet exist any clear indication, or even real proof, 
of volcanic activity on the Moon with real lava outflotvs. All we 
really know is that there exists a lively activity in gaseous erup¬ 
tions from very numerous small lunar craters. Naturally, what I 
say here may be overruled tomorrow by new observations; but just 
now I do not see any proof of the contrary. Technical progress 
in observational methods not using rockets leads to possibilities of 
testing the surface of the Moon locally for points of elevated tem¬ 
perature. The results so far are not numerous and are partly un¬ 
certain, partly negative. More must be learned about this special 
field of investigation. 
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abolish the clear fact that primarily the continental lumps 
spatially constant thickness. 

are of 

uwlinterííetatÍ0n of the great oreanic rifts (not to be confused 
with those other deep rifts belonging to the famous island arcs), 
put forward especially by Heezen, as lines along which a spreading 
of the ocean floors is going on, has been made a certainty by what 
may be called one of the most beautiful recent achievements in 
oceanography and geophysics. One knows now quite accurately 
(according to Cox, Dalrymple, DoelP*) the timet&ble-for the last 
millions of years—of the repeated permutations of the two mag- 
netic poles of the Earth; evidently the process of breaks-down and 
restitution of the magnetic field of the Earth (often with permuta- 
tion of the magnetic poles) can occur drring n time interval negli¬ 
gible in comparison to geological eras. 

Now one finds, according to Vine»«, parallel stripes at the bottom 
of the oceans along the rifts showing (by the methods of paleo- 
magnetic research) alternating formation during periods of normal 
and revereed situation of the magnetic poles; and this picture is 
symmetric to the rift as its center line. Obviously, the bottom 
spread here in such a manner that both sides of the ocean floor 
along the rift were moved apart, new masses from below continu¬ 
ously filling out the widening rift. Measurement gave as the order 
of magnitude for the widening of the rift a value of a few centi- 
î^eteAMPer-yea?' -^kough, according to Ewing and Ewing»8, along 
the Atlantic rift the spreading seems to have occurred in this 
manner only during the last ten million years—after a longer time 
interval of rest—we may believe that this recent process is a model 
of what has been going on (with interruptions or interludes) since 
the beginning of the separation of Africa and South America. 

Several authors like to invent and discuss highly speculative 
theories claiming that this factual spreading of the ocean floors 
(going on also in the other oceans) is continuously compensated 
by other processes of some enigmatic kind, so that the total 
oceanic area remains constant through geological times. I prefer 
to take the empirically given spreading at its face value, believing 
that we are seeing here an expansion process of the Earth. 

What seems to me as proof of the necessity of such an inter¬ 
pretation is the already mentioned fact of the worldwide constancy 
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Taking Earth expansion now as a probable empirical fact 
(though the sketchy representation here allowed only indications), 
we have to ask for a physical explanation. Surely, Dirac’s hypoth¬ 
esis is needed if we believe Earth expansion to be a fact. At first 
sight, there arise doubts as to whether Dirac’s hypothesis can 
explain such a supposed fact quantitatively. What we know today 
about the spreading of the ocean floors makes it probable that 
van Hilten” as well as Khramov and Komissarova1" were not far 
from reality when they put forward calculations which seemed to 
show (from paleomagnetism) that in the Carboniferous Age the 
radius of the Earth may have been only 80% of that of today. The 
method of calculation of van Hilten has been criticised; but this 
need not mean that his result is really considerably in error. Now 
one can calculate, from our seismologically founded knowledge about 
the interior of the Earth, the extent of the elastic response of the 
Earth to a decrease of *. This calculation has been performed by 
coworkers of Dicke ; and certainly this would give a too slow expan¬ 
sion to explain what I am inclined to believe to be empirically 
probable. 

This situation lead me to an attempt to make use of an idea of 
Ramsey’s who thought that the (outer) core of the Earth would 
not contain another chemical composition but only another phase 
denser than the mantle material. However, in discussions with 
Teller and Elsässer, I saw myself forced to acknowledge, at first 
reluctantly, that Ramsey’s hypothesis is surely wrong. I am now 
preparing a translated edition of my book in which I shall replace 
that part of the text which made use of Ramsey’s hypothesis by a 
new formulation of my theory of Earth expansion, according to 
which the excess of expansion, as compared with elastic response to 
* < 0, is caused by transition of material from the outer core to 
the mantle, but not in the manner suggested by Ramsey’s hypoth¬ 
esis. Most recent progress in the research concerning the chemical 
composition in the deeper layers of the mantle19 is favorable to this 
new concept, about which I delivered a contribution to a congress 
at Newcastle upon Tyne, 1967. 

Although many details of the concept of Earth expansion still 
remain controversial—other theories being in competition with 
what I believe to be nearer to the truth—I have the impression that 
the great bulk of empirical knowledge about the history of Earth 
is favourable to Dirac’s hypothesis. 
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Figure 1. Overall objective by phases. 

time constant is determined by limitations in scientific knowledge, 
in supporting technological capabilities, and by the degree of 
urgency assigned to the program. Present knowledge does not 
support the expectation that a practically foreseeable technology 
plateau some 20 years hence will provide a nonmarginal manned 
flight capability to more than half the number of planets in the 
solar system ; nonmarginal is taken here to mean adequate propul¬ 
sion for fast (hyperbolic) heliocentric transfer at the appropriate 
design margin for high crew survival and mission success prob¬ 
ability. 

On the other hand, no adequate foundation has as yet been laid 
for restricting the planning of manned interplanetary flights to 
one planet: Mars, only. Mercury is in a more difficult, but tech¬ 
nologically by no means insurmountable, solar environment in 
terms of thermal and radiation conditions; but the planet’s surface 
is quite easily accessible. The conditions on Venus will defy 
attempts at manned landings for some time to come. The sur¬ 
faces of asteroids and of many moons of Jupiter are quite well 
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accessible, at least gravitationally.* They are locatprf in 0 
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and extremal orbita, in «he ca.,e of Ze“^ “e "? 

ZSn ‘°hfe Jupiter system and^ “ • pittr itself is very inaccessible, not only because of its gravitv 
and atmosphere but also because of the intense radiation belt 
which may render it difficult to approach within some ten Jupker 

Iie 'tr?en h Pr0beS’ because of the radiation effect on the 
electronic equipment. Therefore, in addition 10 Mars the planet 

abh SisT,;1 n,V)ter0HdK andn °f JuPiter "’oons "prl abij LaIlisto (JIV ) and beyond], as well as moons of Saturn can 

nn,nnf.arde( ^ bas,caI,y ^cessible, if We have the appropriate 
flight Tn sys eT t0 reacb tbese bodies within reasonably short 
f^h times and with adequate means of protection against 

are I mattonrV'ofTntKr Protective devices generally 
propulsion energy. ^ ’ therefore' baai'a"y a matter of 

mam^ZpUZ leas,“ hTsthe “g^“l^ 
the pressure to quickly perform some kind of mission This nro 

fu nl,hX h" tehnd timt| WhÍ0'’ ah°Uld n,,t be waated hy failure to turmsh the technolog,cal and exploratory developmental basis for 
sy tem», especially propulsion systems, of very high perfoma„ce 
and low obsolescence in the middle-eighties and nineties. To meet 
thise standards, they must be related to the overall objective. 

fM,I" tbis paPer I attempt to define overall objectives for planetary 
flight, and to Rive reasons why, in my opinion, faat transfert are 

I least required for manned flight, and also for selected cases of 

enoTiT ThZfeS' ?UVimply ^ -Il for fast transfersTnti 
systems wdîh Zr'- T COnclude with a discussion of propulsion 
flight path, f'f'ent P0"''' 10 achieve the required hyperbolic 

once said' • "fWm' ,.fa™0““ '‘a1'»" economist and sociologist 
ono I ' t j ,0ne must first obtain a general concept of the thing 

is studying, disregarding details, which for the moment are 

•Riliid rotation of some of these bodies 
can pose a serious problem of surface accessibility 
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taken as perturbations; and then come to particulars afterwards 

tnTon!T£ With the m0re important and Proceeding successively 
toward the less important." The spirit in which this paper is 
presented could not be characterized more succinctly. 

THE OVERALL OBJECTIVE 

F Jrhe ,0Ve™][ Retive relates to the three phases specified in 
.on J Be/0r! dlscussin« these Phases, however, attention is 
called to two fundamental aspects: The importance of return-on- 
investment considerations ; and the context in which manned mis- 
sions in the 1980’s and 1990’s may be conceived. This is im¬ 
portant, because it would be an obvious mistake to think of these 
missions in the framework of our present conditions. 

What returns do flights into the solar system offer? There 

the ^^indÍreCL(derÍ?tÍVe) retUrns- They result from 
technoÍo^«l »H aCqmred in the course of the flights, from the 

atl0f ^ reqTd t0 make theSe nightH P°ssibIe- and. 
otW ^ appllcations associated with the access to 
other parts of the solar system. 

Firsit of all, there are direct returns in terms of scientific 
nowledge. The Space Science Board of the National Academy of 

Scjenco, stated* : -The exploration of the solar system on 

let”n ia kST"'%Pr0blemS °f 0ur time: the oriilin »»<1 evolution of the Earth, Sun, and planets; the origin and evolution 

environm!n?»theTÍynanlu proce88es that shape man’s terrestrial 
environment. Thus, there is knoivledge, and there are the 
practical as well as the intangible benefits derived from it. These 

rf!nwlarf °ítain®d most economically by starting out with the 
ployment of probes. The resulting advances, discussed below, 
ing returns in technology applications and innovations, as well as 

in lunnr applications. Finally, there should be definable returns in 
solar system applications for the investment needed to establish 
rminned interplanetary transportation. The total might look 
qualitatively like the chart in Figure 2. 

The second point to keep in mind is that in the 1980’s, and 

nÍIÍTre 8!í-¿n th! 1990,S, manned p,anetary flints will take 
place in a different public environment. The world will have 
become accustomed to highly developed standards of space utility 
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Fl..r. 2. Potential „tu™ ,rom ,ol„ wtem ul¡li„l|on 

zÄTift ïdata wii\ - - 
d“^"eep‘tew“e™ th, int7^r8pLeUt New'S 
misasions, due to advances in m-níTi^6 and purpo‘se of manned 
technology as well as in a«»trinnf pu 810n and P°wer generation 
ing, communication and microelppf8 ^er”ote sensors» data process- 
flWite will be baeS on SZat i ,, ^ PUrp08e of 
centric transporta««» “SZ wñl LWe" “ aîplicïtion8- Helio- 
just Venus or Mars; and eSranlliShlT'^ 10 reach 
times, consistent with a healthv Ho • ^ p ac.ed on 8hort transfer 
sion success probability Iu«.t h margln for adequate mis- 

prooaoiiity. Just barely getting there will no longer 
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be satisfactory, except possibly for purely expeditionary missions 
into the far outer solar system, because we will already have 
“gotten there” by means of unmanned probes. 

On these premises, we will now examine the three components: 
exploration, occupation, and solar system utilization and exploita¬ 
tion (’tern HID in Fig. 2). In particular, we will examine these 
components for evidence which permits the formulation of a mean¬ 
ingful strategic overall objective which is not limited to unmanned 
probes. This evidence hinges on (a) whether a case can be made 
for the eventual integration of manned flights, and on (b) whether 
utilization/exploitation objectives can be defined which are amen¬ 
able to practical and timely implementations. The scope of this 
discussion must encompass short-range and long-range objectives, 
because strategic objectives can rarely be defined in terms of 
immediate needs. “Acquisition of the solar system” is an under¬ 
taking which stretches far into the future. There is nothing 
wrong with a long view, especially one which helps us obtain the 
general concept of which Pareto spoke. I believe that, for inter¬ 
planetary flight, the long view is the only way in which a general 
concept of purpose and objectives can be obtained. 

The use of unmanned probes is the logical first step in this 
phase. The Earth launch vehicles Atlas, Titan, Saturn; and the 
upper stages, Agena, Centaur, Modified Apollo Service Module, 
are available or can be adapted, with a comparatively modest 
effort, to deliver unmanned probes to virtually every planet and 
to many comets and asteroids in the solar system. By the middle 
of the next decade, a nuclear upper stage for Saturn V could be 
put into service enhancing injection masses or reducing transfer 
times. I find it difficult to accept that the NERVA engine 
development must be predicated on manned missions as its only 
principal justification. Because so much is as yet unknown, 
scientifically meaningful and important missions can be assigned 
to unmanned spacecraft. In the 10 to 20 years ahead, spectacular 
successes can be achieved with unmanned missions which take 
full advantage of existing operational capabilities to exploit the 
opportunities which beckon us to bring into sharper focus the 
existing conditions, the dynamics, and the history of our solar 
system. These successes mean sizeable rewards in the form of new 
scientific insight, historic firsts, and national pride and prestige. 
They can contribute to a rededication of our nation tb its space 
program. 
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294 BIOASTRONAUTICS AND EXPLORATION OF SPACE 

Capture missions offer far greater returns than flyby missions. 
Therefore, nothing less than capture is worth considering for 
manned missions, except where flyby en route or gravity naviga¬ 
tion are involved. The exchange of payload for two manned 
shuttles to accessible surfaces (Mercury, Mars, Jupiter moons) 
can only be evaluated on its individual merits. As always, the 
investment in a crew can be properly justified only by establish¬ 
ing a need for its unique capabilities: intelligence; judgment; 
resourcefulness. In the case of manned interplanetary missions, 
this means (a) execution of complex mission profiles (multi- 
planet or multimoon or both) ; (b) management of a large array 
of probes by controlling their deployment, their experiments, 
directing the return and repeated use of shuttle probes, and 
evaluating their findings; (c) active (unpreprogrammed) on-the- 
spot experimentation; (d) search for possible future opportunities 
for exploitation; and (e) landings and surface travel. This list 
alone is indicative of the necessity to involve, at some point in 
time, manned missions in a task of such enormous scope as the 
exploration of the solar system. 

Three principal modes of exploring the solar system are avail¬ 
able to us: remote observations from Earth (orbit) ; deployment 
of unmanned probes; manned missions. Each has its place and 
each has its limitations. An orbital observatory, for example, 
gives us a broader spectral range to work with. But distance and 
diffraction limits set an upper limit on resolution which can be 
pushed further only by getting closer to the object. This fact 
and sensitivity limitations of other sensors necessitate the deploy¬ 
ment of unmanned probes. The extent to which exploration car. 
be conducted by unmanned probes before a state of diminishing 
returns is reached varies with the planet in question. Determina¬ 
tion of the change-over point from unmanned to manned explora¬ 
tion is an interesting problem in itself and can contribute 
importantly to long-range planning. At that point, the presence 
and price of human intelligence and resourcefulness can be justi¬ 
fied on the basis of efficiency, cost effectiveness, or even feasibility 
in the first place. 

Development of credible objectives for the direct application 
phase (IID, utilization/exploitation) is the pièce de résistance of 
the overall objectives definition. The critics of our national space 
effort have repeatedly questioned, among other things, the reality 
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Earth is not a lone ship in space. She travels in a convoy of 
many sister ships, large and small, and as yet unused, so far as 
we can determine. There is a fundamental logic in boarding our 
companion vehicles” and ultimately making use of them. We 
must see what we can find and how we may suitably transfer to 
some of them a number of our vastly expanded activities which 
are needed to sustain the huge body and mind of the entity (and 
it is an entity, for we are all part of the same crew) we call 
humanity. This states the general idea as simply as possible. 

I do not suggest we should refrain from ocean mining and from 
extracting more food from the oceans. Many statistical appraisals 
led us to expect a greater supply than we are permitted to claim 
on ecological grounds. For, on this planet, we must respect the 
ecosystem as it exists as the product of 2 billion years of develop- 
ment, lest we turn Earth into an ecoslum as unfit for human 
habitation as the ugly slums of cities. On other worlds, such as 
Moon Mercury, asteroids, we are not hampered by these con- 
straints. We can rip Mercury’s surface open, or tear an asteroid 
apart, in the course of nuclear mining without threatening our or 
any other ecosystem. We can manufacture in space or on the 
Moon without having to worry about waste, refuse, or environ¬ 
mental poisoning for a long, long time. We can raise the food 
we want and need in micro-pcosystems (i.e., systems involving few 
species compared to Earth) without having to kill off thousands 
of other species and destroying the living mantle of our Earth. 

These, I believe, are very important, real, credible, and not- 
too-remote reasons why we eventually will have to tap the vir¬ 
tually inexhaustible and ecologically unclaimed resources of our 
solar system. This, I believe, means acquisition of the solar 
system : Utilization of the readily available resources of the solar 
system so that Earth may be saved as the beautiful living planet 
and the home of humanity. In a nutshell, why not make Earth 
the garden spot of this solar system and draw many of the needed 
supplies from resources on the abundance of our sister worlds? 

We will continue for a long time to use terrestrial resources. 
But gradually, we will have to complement them by drawing from 
extraterrestrial resources, once we have grown tall enough to look 
beyond our horizons at the ^olar system as our overall supply 
system and are no longer overwhelmed by this thought. 



A STRATEGIC APPROACH TO INTERPLANETARY PLIGHT 2»7 

dally certain metalTTaml "the m'ln'ing of !nidustrlal mi»erals, espe- 
oxygen, nitrogen, phosphorus eti w f Í n (w»ter, 
two initial, foreseeable returns i^th/rt ^?*’0”'' fanns as the 
exploitation, HID), Energy source. ^ P'a8e (utilizat¡on and 
The raw materials are there onk l,^ ,,aVailab'e in al>undance. 
determined) and their processing [s rent-d'S‘ribUti°n needs 10 ^ 
The third, more distant return could . lna lndu®‘rial technology, 
resources on Mars. But the practica.Cultiv'ation of food 
aa yet. Figure 2 correlates these ¡i,ty °f h‘S Ca”not be Kau*«l 
relevant places in the solar system O? re‘Urns with 
real only on the basis of the availahll.t f o“rse' these returns are 
Which make astromin°ng «o„nm^ 7 lnterP|ana‘aT transports 
of poor ore on land or the mining i.c.0,mpetltlve w,th the mining 

this can be done within the ecological cons^nTreSteZv“ 

targe^Thei^^^' g a"d 
of thfe National Academy of ScipnfO02, v. he Space Science Board 
targets in this order ”f prion«« 
Venus; (4) Major Planets- Í5) CnmJ ^ars' i2)/(3) Moon/ 
cury; (7) Plut0; (8) Dust’ (2 and asteroids; (6) Mer- 
may tentatively be ranked í®.. utlhzatlon/exPloitation targets 

jectives set fJh shore ? tbe »»- 
> mercury, (2) Asteroids; (3) Mars. 

complete throughabphaseriIISwefheStab,ÍSfhKg the °VeraI1 obJective 
the solar system region ‘entativ^ ‘ha‘ 
region between Mercury and Junitcr tv"“* “eompasses the 
the needed guidance for thV.cil f / 8pec',1<:ation provides 

systems for manned interplantary PrOP“l8ÍOn 

zz;is::xz:TLby ae,Mrot the 
the Mars/Venus band only BuT consideration of Mars or 

system (Fig. 3), it still comprise onTyTe^ S°,ar 
the solar system. Beyond Junitpr y ^ Sma centraI core of 
to exploration, for some time to comp win be restricted 

Propulsion systems by manned Ton^H ^ WÍtH advanced 
flight corridors for reachimr thp ! g'd,;ratlon missions. Some 
-i,y boost Of Jupiter^ind 



79% BIOASTRONAUTICS AND EXPLORATION OF SPACE 

THE STRATEGY 

The matrix presented in Figure 4 emphasizes areas of partic¬ 
ularly heavy interrelation between the evolution of interplanetary 
flight (categories in first column at left; systems in last column 
ac right) ar;d other areas of the national space program. For 
Unmanned Exploration, the primary interfaces are with Earth 
launch vehicle (ELY)/upper stages and with Geospace Applica¬ 
tions. The first of these is well developed. In the second, 
integrated technological development of astrionics subsystems, 
spacecraft mechanisms (e.g., pointing devices), and long-life space¬ 
craft would be very effective. At the time of manned exploratory 
missions in the Merc uy-Juniter region, Earth satellites and deep 
space probes of 10-yeai operating life can be postulated (1985/90). 
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The combinations of short, manned mission periods and long- 
operating life of the probes or monitors left behind in orbit, or on 
the surface of the planets visited, are of considerable value in im¬ 
proving the cost effectiveness of manned missions. Manned mis¬ 
sions have a greater number of interfaces with more advanced 
space activities in other areas, pertaining to the development of an 
appropriate orbital logistics system and of long-life manned space 
stations (Orbital Technology and Operations). Furthermore, the 
mechanization of manned missions will be affected by the then 
existing level of primary propulsion systems for lunar logistics. 

he experience gained from lunar surface operations and lunar 
base technology is of such importance for manned interplanetary 
flights, especially if landing on other celestial bodies is involved, 
that lunar operations in addition to their immediate purpose will 
also have to be regarded as stepping stones to manned interplane¬ 
tary flight. Essentially, the same interface points in the matrix 
exist for utilization of the Mercury-Jupiter region, but exist on a 
still more advanced level. The matrix, Figure 4, attempts to show 
the importance of interdependence and coadvancement of the many 
facets of space technology. Interplanetary flight will ho advanced 
most effectively if (a) it rides the momentum of progress in other 
temporarily higher priority areas whenever the advances are 
relevant; and if (b) its future requirements are taken into con¬ 
sideration, to an appropriate degree, in decisions which control 
the advances in other areas (orbital, lunar). 

Concentration of effort'on the advancement of key technologies 
and key operational techniques is based on the importance of main¬ 
taining some measure of cohesiveness of technological efforts. 
This means, of course, widest practical utilization of existing 
proven hardware. But, it also involves the art of knowing when 
not to enforce commonality so not to overstretch the original pur¬ 
pose of the system at the penalty of wasting time and resources 
on marginal endeavors. Key technologies, again, are those which 
he at the critical pressure points or trigger points of the evolu¬ 
tion, which provide the greatest returns ahead. But if improve¬ 
ments are pursued in one area without proper relation to the 
overall strategic approach, they can aggravate other problems to 
the point where the improvement is virtually negated. Electric 
propulsion, for example, has the desired specific impulse for mis¬ 
sions to Jupiter or Mercury. But it is easily realized that with 
the large radiator surfaces as usually envisioned today, these 
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Fl»ur« 5. Top level sensitivity parameters for system analysis 
interplanetary flight. 

of manned 

Figure 5 shows the top level sensitivity parameters and analyses 
required to assign relative effectiveness values to transportation 
systems. The transportation oriented specifications associated 
with mission objectives and mission profile are listed in Figure 6. 
Mission objectives, affecting primarily the payload mass, and 
heliocentric transfer time, affecting primarily the mission velocity 
requirement, result, via mission profile specification, in a given 
orbital departure mass (ODM) of the HISV as function of the 
propulsion system selected. The propulsion system of the HISV 
is the central influence factor by which the various components 
of the overall mission requirements can be balanced. 

, °î!,er TT1?1 ini,uence factora the Earth launch vehicle 
(ELV) and the hyperbolic Earth entry module which forms a 
three-way interaction with HISV propulsion (Figure 7). In addi- 
tion to its services to interplanetary missions, a larger and reusable 
ELV also provides improved service to orbital and lunar operations. 
But, orbital operations will not soon have a need for larger payloads 
than Saturn V. Reusability is a more important advancement for 
orbital services than larger payload. For lunar operations, as for 
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Fifur* 7. 
flight 

Comparison of key transportation features for interplanetary 

MISSION CONSIDERATIONS 

Figure 8 summarizes the determining mission factors which 
provide the frame of reference for the subsequent discussion. 

The region (la) of interest encompasses the solar system from 
Mercury to Jupiter. In the level of intensity (lb) considerations, 
one-of-a-kind missions are excluded as not consistent with the 
region (la) and objectives (2) specified. Employment modes (8) 
include crews in HISVs (without landing, but with an adequate 
assortment of one-way and shuttle probes) and manned landings 
on some planets and planet moons. Functions (4) and tasks (6) 
comprise transportation and transportation related parameters. 
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free (Keplerian) flight path, its kinetic energy is either smaller 
or larger than needed to escape the solar gravitational field al¬ 
together. In the former case, the orbit is elliptic (eccentricity 
e < 1), in the latter case it is hyperbolic (e > 1). The effect of 
eccentricity on transfer time can be assessed by comparing orbit 
sections that interconnect planet orbits (ti sfer orbits, T.O.). 
Thirteen transfer orbits, T.O. No. 0 to T.O. No. 12, can be defined, 
as shown in Figure 9. Some of these require considerably longer 
transfer times than others. Into the first category belong the 
Hohmann flight paths (No. 0), a half ellipse which tangentially 
contacts both departure and target orbit ard which is practically 
feasible only at transfer between the nodes of two near-circular 
planet orbits. Long transfer times are also involved in Nos. 2, 3, 6, 
and 8; whereas Nos 1, 7, 9, 11, and 12 are very fast orbits. Num¬ 
ber 4 and No. 5 take an intermediate position. Number 0 and No. 9 
(tangential at departure orbit) are singularities, i.e, only one of a 
kind for a given set of terminal (departure and target) orbits. An 

Fig ura 9. Twelve tranafer orbit type«. 
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acceleration profile, these are 

(I) Continuous high-acceleration transfer (CHAT) 

(II) Partial acceleration transfer (PAT) 
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(HI) Brief acceleration transfer (BAT) 

(IV) Continuous low-acceleration transfer (CLAT) 

6.1 Brief Acceleration Transfer (BAT) 
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Figure 15. Impulse requirements for fast Mercury missions. 

date. Earth departure is from a parking orbit at 1.08 Earth radii, 
Mercury capture at 1.05 Mercury radii, Mars capture and departure 
in a circular orbit at 1.3 Mars radii, Jupiter capture in a circular 
orbit at 26.38 Jupiter radii, the distance of JIV (Callisto), the 
outermost of the Jovian moons and the only one of the major 
moons expected to lie outside the most intense portion of Jupiter’s 
radiation belt. Because of greater differences in angular velocity 
of the planets, more launch windows are available for flights to 
Mercury (3 to 4 annually) and Jupiter (1 annually) than to Mars. 

The departure windows to and from Mercury are very narrow; 
mostly 1 to 2 weeks, although some are longer, particularly for 
longer transfer times (90 to 120 days) not shown here. The 
variations in minimum velocity for a given transfer time are 
considerable, due to the pronounced eccentricity and high inclina¬ 
tion of the Mercury orbit. Particularly low minima occur only 
about once annually and are associated with arrival near Mercury’s 
aphelion (256° longitude).* Capture periods of 2 to 3 months are 

•Which is comparatively close to the descemlinar node at about 227’ longitude. 
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Figrure 17. Impulse requirements for fast Jupiter missions. 

6 months), based on 46-day transfers; or in about 3 to 4 months 
based on a 30-day outbound and a 45-day return flight. Thé 
required mission velocity is of the order of 80 to 100 km/sec. For 

PW?8 aÍ 0£t,mUm deParture Windows, a time interval between 
fr*? *n.d Mercury departure window of the order of 1 year 
(Earth) is required. In that case, the overall mission period is 

+>,year*K US Je,turn fllght time ; the capture period is 1 year minus 
the outbound transfer time. Short mission periods are, in the case 
of Mercury, achieved by a combination of fast transfers and by 
the reduction in capture time made possible by the fast transfers. 

Departure windows to Mars (Figure 16) occur at about 
ZB-month intervals. Eccentricity of the Martian orbit, more than 
inclination, causes a variation in mission velocity, resulting in un¬ 
favorable mission years (UMY) when Mars arrival occurs at or 
near aphelion; and favorable mission years (FMY) upon arrival 
near the Martian perihelion. Mars is in the vicinity of its peri- 
+1? i£on°r j arth launch Endows in 1971, 1986, and 2001. Thus, 
tne 1990 s do not contain a particularly favorable window. However, 
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conditions are relatively more favorable at the beginning and the 
end of the 1990’s. Mars missions tend to involve long capture 
periods, unless a fast outbound transfer is followed by a short 
capture period and a longer return flight of the type No. 5, Figure 9 
(but in reverse, i.e., from outer to inner orbit). A marginal 
propulsion capability offers only two basic alternatives. The first 
alternative consists of a No. 1 or No. 7 type transfer orbit 
(cf. Figure 13) of 160 to 190 days flight time, followed by a short 
(10- to 40-day) capture period and a long (220- to 250-day) return 
flight of the type No. 5 (but in reverse, from outer to inner orbit). 
The outbound velocity requirement lies between 7 and 10 km/sec; 
the return requirement, with capture in circular orbit at 1.1 Earth 
radii, lies between 14 and 20 km sec—of which between 7 and 
14 km/sec are for the Earth capture maneuver (av4) which varies 
more strongly between FMY and UMY missions than any of the 
other maneuvers. The other alternative consists of flying a 
synodic mission; i.e., transfer during one favorable corridor, hold 
over in capture mode until the next launch window to Earth opens 
up, using a favorable corridor for return. This mission lasts ap¬ 
proximately 750 days (25 months) plus return transfer time, 
including a capture period of 750 days minus outbound transfer 
time. Very fast, i.e., hyperbolic outbound transfers, permit longer 
capture periods (3 to 4 months) than the first of the above men¬ 
tioned alternatives, if the return trip follows a No. 5 orbit section. 
Very fast transfers both ways provide capture periods of 30 to 
60 days, comparable to those obtained with the first alternative, 
but at a significantly shorter overall mission time. 

Launch windows to and from Jupiter recur in 13-month in¬ 
tervals. Jupiter capture periods of 2 to 6 months are feasible. The 
marked variation of the minimum velocity Jupiter-Earth departure 
date with transfer time will be noted in Figure 17. To a lesser 
degree this is also found for Mars return flights. The reason is 
that very fast inbound transfers are of the type T.O. 1 or T.O. 4, 
Figure 9 (in reverse) ; whereas, the slower transfers are of the 
type T.O. 3 (in reverse). Because they require longer flight times, 
earlier departure dates are required. This is shown in Figure 18. 
For this reason, outbound transfers to Jupiter tend to be longer, 
inbound transfers shorter, if capture periods are to be limited 
to the order of 1 to 3 months. For Mars, the reverse is true as 
pointed out before. Transfer velocities to Jupiter also show a 
cyclic variation, though less pronounced as for Mercury or for 
Mars. Transfer conditions are most favorable when the spacecraft 

I 
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TNAXSt FR TIME (DAY!) 

Figura 19. Comparison of one-way transfers. 

e^remcly fast (i.e., hyperbolic) transfers, such as 1' to ^ and 3' to 
in Figure 20 (a) permit equal transfer times both ways at their 

respective velocity minimum (lowest point in constant transfer 
time curve). Figures 10 and 11 show that, for an elliptic transfer 
orbit No. 1, the transfer time (days) becomes increasingly larger 
than the transfer angle »?,. Since the Earth moves about Io daily, 
the transfer time equals approximately the angle covered by Earth ; 
this means Earth is ahead of Venus or Mars upon arrival at the 
target planet. Thus, if the same transfer time is to apply for the 
return, one has two alternàtives. The first alternative is to either 
leave Earth or the target planet at an off-minimum point of the 
respective constant-transfer-time curve. Thereby the transfer time 
can be equal in both directions, but at the penalty of higher than 
the least possible velocity for the particular transfer time. The 
other alternative is to depart after a short stay time and follow a 
long transfer path which “undershoots” the Earth orbit when 
returning from Mars [3-4 in Figure 20 (a), (b)] or which “over¬ 
shoots the Earth orbit when returning from Venus [3-4, Figure 20 
(b)J. Therefore, to the extent to which hyperbolic transfer orbita 
are involved, equal transfer times to and from Mars can be com¬ 
bined with brief capture periods at the planet. This applies rough¬ 
ly to transfer times of 50 days or less. For longer transfer times 
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sufficient lead ahead of Earth at Jupiter arrival to permit a return 
with the same transfer time after a brief capture period. This can 
be deduced from Figure 12. T.O. 10 (the solid line, T.O. 1 beyond 
e = 1), with an eccentricity e = 6, shows a transfer time of 0.86 
years (about 130 days) and a transfer angle of about 86°, meaning 
that, at Jupiter arrival, Earth leads by about 45° ; and when Earth 
leads, either a long return transfer orbit must be used when brief 
capture period is desired, or a waiting period to the next favorable 
return window must be interspersed. This waiting period is seen 
in Figure 17 to be of the order of 6 months. 

From the data and discussions presented above, it follows that, 
for a velocity capability of 40 km/sec, round-trip mission periods 
to Mercury he between 8 and 10 months, allowing for capture 
periods up to about 3 months; for 80 km/sec, between 6 and 
7 months ; and for 120 km/sec between 2 and 3 months. For Mars 
missions, the same velocity capabilities result in round-trip mission 
periods of 6 to 10 months, 3 to 6 months, and 2 to 4 months, 
respectively. For flights to Jupiter, 40 km/sec correspond to a 
round-trip mission period of 900 to 1000 days, 80 km/sec to 500 to 
560 days; whereas 1-year round-trip missions require a velocity 
capability of the order of 120 km/sec. 

6.2 Partial Acceleration Transfer (PAT) 

Partial acceleration transfer paths involve a powered flight 
mode over a more or less large section of the transfer route at 
the two terminal portions (departure and arrival) with an inter¬ 
mediate coast period. 

Equation (2) previously stated that, for a given interplanetary 
transfer, the planetocentric departure or arrival velocity is deter¬ 
mined by the hyperbolic excess velocity v^ and the parabolic 
velocity at the planetocentric distance r where the maneuver takes 
place. The equation applies to impulsive or brief acceleration 
maneuvers of such short duration that the distance r is virtually 
constant during powered flight. In a nonimpulsive maneuver, 
the thrust acceleration is reduced to the point whezfe the distance 
may change significantly during propulsion. This is demonstrated 
in Figures 21 through 23 where the planetocentric velocity of the 
vehicle (in units of the circular velocity in its initial parking orbit, 
v^vrl) is plotted as function of planetocentric distance (in units 
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TANGKNTIAl. I.OW-THRLST DEPARTURE MANEUVERS 

Flfiire 22. Path velocity vs. distance for n„ 
gential). 0 

10-« gt = 1000 Mg (tan- 

equations of powered flight. The computation is extended beyond 
local parabolic speed (at which point = 0) to the desired value 
of (or V* in units of Earth-Mean-Orbital-Speed, EMOS). 
Figures 24 and 25 show the powered flight time t and maas ratio M 
(which includes the effect of gravitational losses) versus v* for 
Earth departure at different specific impulses and for initial thrust 
accelerations of 10-* and 10-* g. Again, acceleration is by tan¬ 
gentially oriented constant thrust, starting from a circular orbit 

y° = 325-km altitude. The initial acceleration is given as 
thrust (F) to weight (W0) ratio at y0 in local g units. 

Earth departure is only the first of four major maneuvers in- 
volvm in a one-planet round-trip mission with capture at destina¬ 
tion. In order to keep the overall mass ratio for the round-trip 
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Pifare 24. Earth departure: masa ratio p and powered flight time 
hyperbolic excess velocity for different specific impulses. 
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Values for Mercury missions are of similar order as those to Mars. 
For Jupiter, using transfer orbit No. 1 (e < 1) and No. 10 (e > 1), 
the mean transfer periods to Jupiter are 550, 405, 234, 164, and 
124 days for e = 0.8,1.0, 2, 4, 6, respectively. The associated mean 
values of v* are: 

oo 

V* 
oo.l 

0.33, 0.41, 0.72, 1.24, 1.66; and V* 
00.2 

0.394, 0.692, 1.14, 1.84, and 2.24. 

6.3 Powered Transfer 

Into this group belong the previously mentioned Category I 
(CHAT) and Category IV (CLAT). They are distinguished from 
the partially powered transfer by the absence of any coast period 
between the accelerating (departure) and decelerating (arrival 
phase). Therefore, the difference between the partially powered 
transfer and the powered transfer, whether of high or of low 
acceleration, is a matter of degree. Low-acceleration powered 
transfer is characteristic of ion propulsion. For high-acceleration 
(¾ 10-2 g), representative data are presented in Table III. The 
transfer times are based on near-radial transfer at inferior con¬ 
junction or at opposition, respectively, of the target planet with 
respect to Earth ; and on continuous acceleration to the midpoint, 
followed by continuous deceleration in the second half of the trans¬ 
fer path. The maximum velocity refers to the product of thrust 
acceleration and time and does not represent the vehicle’s heliocen¬ 
tric velocity. The mass ratio i2 = is based on acceleration 
to maximum velocity (/m) and deceleration by the same amount 
(/i2) at the specific impulse shown on top of the table for the 
particular acceleration. Correspondingly, /«,_« = is the mass 
ratio for the roundtrip, assuming the same acceleration/decelera¬ 
tion sequence on the return flight. The latter means holdover 
until the next radial transfer window occurs; or return along a 
longer transfer time, in which case a coast period would be in¬ 
terspersed if the same acceleration/deceleration profile is used. 
The product n(/x—1) = n 0*1-4 —1) is a performance parameter 
which will be used later in the comparison of propulsion systems. 

ENVIRONMENT 

Three important external environments must be taken into 
consideration: thermal, meteoroidal, and (corpuscular) radiation. 
A fourth item of concern is the (intravehicular) bioenvironment. 
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Although these environments warrant extensive attention at slow 
or fast transfers, we are concerned subsequently primarily with 
the effects of hyperbolic transfers on the environmental problems 
encountered by ship and crew. 

7.1 Thermal Environment 

The thermal environment is dominated by solar radiation, at 
least beyond 2 to 3 radii distance from any planet. The Sun’s 
radiation constant is Se = 1.36 kw/m2 at 1 astronomical unit (a.u.) 
distance and varies with the square of heliocentric distance. The 
product of solar constant and time represents the thermal energy 
offered by the Sun to the spacecraft in the course of its mission. 
The vehicle readily rejects a large portion of this energy merely 
by the reflection of incident sunlight. However, some energy is 
absorbed. The amount increases with time and proximity to 
the Sun. The greater the required heat rejection rate, the more 
elaborate becomes the required thermal protection system. Intense 
solar radiation flux, as for missions to Mercury, therefore imposes 
particular problems which can be alleviated by reducing the ex¬ 
posure time. The thermal energy offered by the Sun is 

Qo = SE/R/tx -1- dR dt = /1 SR dt (4) 

where R _ heliocentric distance and t, = exposure time, the ther¬ 
mal input into the spacecraft is 

Qm = (l-r) Q0 = —/"x' /x k dT dt 
tin* 

(6) 

where r = reflectivity, S = total surface area, Tlnt and T„t are the 
interior and exterior wall surface temperatures, respectively, and 
k = thermal conductivity of the wall. It can be assumed that TP„ is 
equal to the equilibrium temperature of the wall, because insulation 
material will slow down the heat flux across the wall and because 
of the gradual change in heliocentric distance even for very fast 
transfers. This equilibrium temperature is defined by the relation 

(«) 

where a„, e„ are the absorptivity and emissivity, respectively, of 
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for outbound and return transfers separately. It is seen that the 
principal factors determining the IRHF characteristics of a trans¬ 
fer are not so much the heliocentric distances of the target planets 
but rather the transfer time and the perihelion distances. The ef¬ 
fect of transfer time on the amount of radiative energy offered is 
clearly apparent. 

Equation (5) shows that the amount of thermal energy soaked 
up by the spacecraft interior, Qln (for given values of 3, tlD. and k) 
is a direct function of exposure time t, and of the outer wall 
equilibrium temperature, tMt. The latter, in turn, is a function 
of the thermo-optical characteristics (a0/t0) of the surface coating, 
of the effective vehicle aspect ratio (S^S.) and, most importantly, 
of the local solar constant, SR = S0/R2. The latter is the result 
of destination and flight profile. The effective aspect ratio can 
be optimized (Sa/S, minimized) by appropriate vehicle configura¬ 
tion, by adjustable shadow shields and/or by vehicle orientation 
control. For continuously powered vehicles, thermal orientation 
requirements are likely to interfere with thrust orientation require¬ 
ments. The a/e ratio is an important parameter, because a very 
small value significantly reduces the temperature gradient 

- Tim across the wall; hence Qln. Surfaces such as carbon 
black and black laquera absorb and emit all wavelengths about 
equally, yielding a/e ~ 1. About the lowest presently attainable 
value is a/e = 0.2, using zinc oxide, a coating which is highly 
reflective to solar radiation wavelengths and highly emissive at 
long wavelength thermal surface radiation. Reduction of a/e to 
still lower values is the subject of considerable material research 
efforts, but has not been achieved so far. Figure 27 shows the 
equilibrium wall temperature of rotating spheres, nonrotating 
spheres and planar surfaces of aspect ratio Sa/S, of 0.1 and 1.0 nor¬ 
mal to the solar radiation as function of a/e for the mean distances 
^Mercury, Earth, and Jupiter. It is seen that a/e has consider¬ 
able influence aai that, for vehicles carrying cryogenic fluids a 
reduction of this ratio below 0.2 would be very helpful. Among 
the advanced propulsion systems considered here (cf. Section 8), 
the gaseous core reactor carries a cryogenic fluid (hydrogen), the 
controlled thermonuclear reactor carries deuterium (aH), and the 
helium isotope (3He).* The electric and the nuclear pulse drive 
use solid or easily solidifiable propellants (e.g., mercury for the 
electric drive). The thermo-optical characteristics of coating 

•In Hm of »Ho, tho nfakr ‘Ho is shown in ths figuro. 
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Pifare 28. Methods of hydrogen storage and thermal protection in the 
StT—t plane. 

Short transfer time, therefore, tends to reduce solar-thermal 
problems by reducing the exposure time which might in¬ 
crease the a/c ratio; by reducing the thermal flux which must be 
absorbed and disposed of by the HISV ; and by tending to simplify 
the thermal protection system. The relative importance of these 
tendencies depends, of course, on how much the transfer time is 
reduced, on the HISV propellants and propulsion system as well 
as on mission destination and flight profile (e.g., very close peri¬ 
helion distances, say, ^ 0.25 a.u., will constitute an enormous 
technological problem, even at hyperbolic flight paths of eccentrici¬ 
ties between 5 and 10). But, if anything, hyperbolic transfers tend 
to reduce thermal problems rather than aggravate them. 

7.2 Meteoroid Environment 

Within the solar system region of interest in this paper, the 
two principal meteoroid danger zones appear to be the asteroid 
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Figure 29. Methodology of determining influence of transfer time on 
meteoritic effects. 

penetrate the walls. The number N* of penetrations is, among 
other things, a function of particle mass and impact velocity. 

N* is determined in the following manner: The penetration 
thickness t« is a function of a number of parameters as explained 
at the bottom of Figure 29. Using a relation for the penetration 
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bHa (8) 
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1.0 to 0.5; Shield thickness and N* would remain the same, 
because the effect of higher impact velocity would precisely com¬ 
pensate that of shorter exposure time. The worst case would 
be one in which (a) were tilted to (a' "). In that case, the effect 
of higher impact velocity outweighs shorter exposure time so that 
faster transfer would carry the penalty of greater shield thickness 
(if the number of penetrations were to be held constant). 

In simplified terms, f r.e above line of thought narrows the 
problem to the effect of transfer time on impact velocity ; and to 
the effect of impact velocity on shield thickness. This is simplified, 
because the density and consistency of the impacting particles 
enters into consideration, as well as the fact that different shield 
designs may be most weight-effective, at different impact velocity 
regions. But, the two above mentioned effects and the nature of 
the particles will no doubt be the principal influence factors. We 
will subsequently restrict ourselves to the asteroid belt. This, 
tentatively, eliminates particle density/consistency as a variable. 

Figures 30 and 31 show the transfer time and the relative 
particle velocity for crossing the asteroid belt. Figure 32 sum¬ 
marizes these data in terms of time in asteroid belt and the rela¬ 
tive velocity of HISV, and particles in asteroid belt as a function 

Fifurc 30. Transfer time through asteroid belt of Jupiter-bound spacecraft. 
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Fif ure 32. Transfer characteristics through asteroid belt. 

will exceed, in reality, those indicated in Figure 32. Taking an 
arithmetic mean value, the velocity varies roughly between 42 km/ 
sec at 55 days in the asteroid belt and 12 km/sec at 200 days. 

Next we compute the particle flux <t> = a m-». Flux intensity a 
and flux gradient ß in the asteroid belt are not knowr. from meas¬ 
urements. Typical values in interplanetary space between Venus 
and Mars a = 10-»« to 10-»«, )3 = 1 to 1.4. If the asteroid belt 
is the source of most of the stony meteoroids, the flux intensity 
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Using V, = i2 km/sec the tu i, Ht 
velodty ratio as Curve Í in Figure 84 “ «“• ° is p,otted ve™° the 
by Herrmann and Jones suggests a raiitiT ‘hat the r<,,atio" raests a relatively small effect of 
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Fifure 33. Number of penetration« of aluminum skin in asteroid belt for 
particle flux * = 10-» m-* (high density model). 

velocity on shield thickness. Since this may be too optimistic, 
several other functional relations, not based on the Herrmann and 
Jones equation, are also plotted : 

where (II) f = 1/3, (III) c = 2/3, and (IV) i = 1. The actual 
correlation may be represented by C — 1/3 or 2/3; f — 1 and 
case (I) may be regarded as extremely unfavorable and favorable 
iimits, respectively. 

We are now ready to apply the methodology of estimating the 
effect of faster transfer on N* and/or t«. Returning to Figure 33, 
we select arbitrarily N* = 3 and t#,i = 1.0 cm as reference, yielding 
a reference area-time product of AT = 480 m3days (Figure 35). 
Since the values in Figures 33 and 35 are based on V = Vi = 14.5 
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case (I), Figure si yS ~ 0-78- 
Thus, the effective shield thickness of t =- Î f°r Va/Vl = 2* 
U,2 — 1/1.12 = 0.893 for V insprfi Cm at koines 
tercept with the horizontal AT line Jng ?h.lsThne' Jt is 8een to in- 
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such a degree that for equal wall S '"crease in velocity to 
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om 3 to 2. Taking case (II), Figure 34 yields 
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a thickness ratio of L26, reducing the effective wall thickness 
mj*'2 - V1-26 - °-8 and fading to point (II) in Figure 35. 

be favonfhi ~ 13 ^ effect of ahorter transfer time would 
? • H°WeVer> for C = 2/3 and I A Points (III) and (IV), 

respectively m Figure 86, the effect of reducing the transfer time 

£neî«r°U d 06 *! y unfavorable: Either a larger number of 
penetrations or great wall thickness would have to be accepted. 

For design purposes, the analysis would have to be more 

" ? °f the 8implifif'*d example presented here 
! ^mt °“t that the effect of faster transfers on the meteoroid- 
induced environment may be favorable or unfavorable. Shorter 
exposure time reduces the number of penetrations for a given 
impact velocity because the number of penetrations is directly 
"nal îheJexP°8Ure time for a given shield thickness. 
Faster transfer leads to higher impact velocities and, therefore, 

an increase in the meteoroid population capable of penetrating 
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penetrations or heavier meteoroid shields). ' 

»£~P‘ä'2 
y to decrease with decreasing distance from the Sun ithe 

measurements of Marinpr n \r i oun 'tne 
MarinerlVtnwL # d V 10 Venus versus those of 

V to Mars verified this expectation). For these reasons 

n thT^t^t" tran8^SPeed that ^¿avates thrsSon 
Vpnno Z be,t may not have this effect in transfers to Mars 

certainly'fa^Iess^pronounoed: ^ is “lmos‘ 

; ÄSÄriÄ'X' rs 
as positive or negative becausp that a j , generally 
the Pffppf nf „.i / oecause that effect depends decisively on 
the effect of velocity increases on shield thickness. A corollarv 

for aXid8 t.het®chno,°^ of meteoroid shields should stri^ 
, r enaJ8 and a desiCT which mintafeea the eftet 

impact velocity on shield thickness (i.e., minimizes {). General¬ 
ly, this may be desirable. It is particularly important for s^e- 
craft capable of hyperbolic heliocentric transfer. ^ 

7.3 Radiation Environment 

thUPH?netary r?diation belts (Earth, Jupiter) are not relevant to 
this discussion because they do not relate to transfer times unless 

for Mars^but^M*^ t0 tranafer times- Th® latter’is true 
rnlni^f ^ Marahas no ™<«ation belt. The radiation environ- 
ment of relevance therefore is solar flare induced. 

Solar flares have a profound effect on manned heliocentric 
missions regardless of the speediness of transfer, but no entirely 
independent of it. The frequency and intensity of tie veS 
solar flare induced radiation environment are a function of helio- 
centnc distance, level of solar activity and. of course, exposure 
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In the course of earlier studies for NASA, a computer program 
was developed for calculating mean solar flare fluxeç encountered 
during interplanetary transfers.4 The purpose was to establish a 
workable method for predicting mean annual solar flare fluxes, 
flare encounter probability and probable flux doses filtering 
through the crew shielding. The solar distance was approximately 
accounted for by assuming alternatively an inverse square law 
spatial dependence or propagation according to inverse cube power 
of distance up to 1 a.u. and according to inverse first power of 
distance beyond Earth. Despite the paucity and uncertainty of 
solar flare data at various heliocentric distances, the program 
yields probable mean radiation doses by running the same mission 
profile some 50 to 100 times against the background of a Monte 
Carlo probability distribution of solar flare occurren^e, modulated 
by the 11-year solar cycle. Therewith, missions can at least be 
compared on a consistent basis (Figure 36). 

Figure 37 shows a number of examples of missions to Mercury, 
Venus, Mars, and Jupiter.6 It also shows the required solar flare 
shield thickness, using polyethylene as shield material, for eight 
sample missions. For each mission, two columns are shown. The 
left column indicates the shield thickness required if the mean 
crew dose is not to exceed 0.25 rad/d ; the right column refers to 
1 rad/d. Each column has two heights, referring to the two 
alternate modes of flare propagation as indicated. The effect of 
heliocentric distance (characterized, but not fully defined by peri¬ 
helion distance) constitutes the dominant influence factor. This 
becomes quite apparent when comparing the Mercury mission 
(380 days) with the 1975/78 synodic Mars mission (400 days) or 
the Venus mission (1170 days). Next in importance is the r lar 
cycle, as is reflected in the growing shield thickness requirement 
for the second through fourth Mars missions, having almost iden¬ 
tical mission duration but occurring at progressively greater solar 
activity. The overpowering effect of heliocentric distance is 
further evidenced by comparing these three Mars missions with 
the Venus-Mars round trip (1010 days) which occurs in the same 
time period of increasing solar activity, but never approaches the 
Sun as closely as the Mars missions. The same case also indicates 
a subordinate influence role for exposure time. Howevei, the 
Jupiter mission (whose profile is depicted in Figure 18) shows 
that high transfer speed can be an important influence factor. In 
spite of a very close perihelion, the required shield thickness is 



A STRATEGIC APPROACH TO 
INTERPLANETARY FLIGHT 347 



34® BIOASTRONAUTICS AND EXPLORATION OF SPACE 

10 10' 10' 

SPECIFIC IMPULSE 

.¿I“ ‘hn“t,w'¡'h‘ ’*■ -P"“*' 'or «ri.» 

small because, due to very high speed inside the Venus orbit, the 
vehicle is exposed to close solar proximity for a far shorter time 
than in the second Mars mission; for example, one which involves 
a comparable perihelion distance. It must be added, however, that 
this comparison is somewhat biased because the Jupiter mission 
occurs in a year of minimum solar activity. Nevertheless, a pro¬ 
portionality exists between exposure time and the number of solar 
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PROPULSION 

We have surveyed the heliocentric transfer velocity require¬ 
ments in Section 6 and the environmental aspects in Section 7 
The heliocentric interorbital spacecraft (HISV) provides the means 
of transfer between the orbits of Earth and the destination body 
e sewhere in the solar system. The HISV may serve as personnel/ 
equipment transport (HISV/PET), as logistic carrier (HISV/LC) 
and as ireight carrier (HISV/FC) according to the transportation 
requirements for exploration, logistics and freightage outlined in 
Figure 8. The principal difference between the PET and LC is 
that capability of descent/ascent transfer (DAT), in case the 
destination is one of the planets or the larger moons previously 
classified as accessible, LC is of greater importance than PET 
For heliocentric interorbital transfer (HIT), the difference is 
snght, if the LC carries personnel along with cargo to supply extra¬ 
terrestrial establishments. Hyperbolic HIT is desired in either 
5?t8*- Therefore, these two versions are summarily referred to as 
HISV. For the HISV/FC, the capability of transporting high-mass 
cargo at high payload fraction (high cost effectiveness) is of 
greater importance than very fast transfer. The key to either 
capability is the propulsion system. For the HISV, high specific 
impulse at thrust accelerations of n =' 10-» g is necessary and 
desirable. For HISV/FC, the need for high absolute thrust values 
is emphasized still further because of the more massive payloads 
which may be involved. 

8.1 Genera] Aspects 

The purpose of propulsion systems is to provide a mechanism 
for the conversion of energy at a prescribed rate (power) into 
thrust. Accordingly, the two principal components of a propulsion 
system are the power generator and the thrust generator. The 
energy sources presently within our technological grasp are 
chemical, solar, and nuclear (radioisotope, fission, fusion). Nuclear 
fission and fusion provide the most concentrated energy sources 
and, therefore, they are of primary interest here. Thrust genera¬ 
tors convert “static” power (heat, electricity or both) to “dynamic” 
power in the form of high-speed discharge of matter (jet power). 
The principal conversion mechanisms are: (a) thermal power/ 
adiabatic expansion [chemical combustion (C) ; solid core reactor 
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and thrust F (kg) is related to these parameters by 

F = 20.855 P,/!^ 
(12) 
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I* igure 35 compares the above mentioned propulsion systems in the 
VPj-F plane. The graph shows that, with increasing specific 
impulse, most propulsion systems are no longer capable of achiev¬ 
ing high thrust values. This means that, for a given thrust ac¬ 
celeration, the vehicle mass (hence, the payload mass) must either 
decrease with increasing specific impulse or, for a given vehicle 
mass, the thrust acceleration must decrease. Exceptions are the 
NP, CTR, and the hypothetical MAR. 

The jet power per unit vehicle weight, i e., the concentration 
of usefully available power in the vehicle (vehicle specific power) 
is a function of the jet power per unit thrust, Pj/F and of the 
thrust/weight ratio F/W of the vehicle, i.e., its thrust acceleration 
in g units, 

Pj F 

where c, - 2.18-10 2 if Pj in kwj (kw jet power) and VV and F 
m lb; and ci = 4.795 10-2 if W and F in kg. The principal propul¬ 
sion systems are compared in Figure 37 in terms of Eq. (13). 

The mass ratio (ratio of vehicle mass with full propellant load 
to vehicle mass without propellant) can be shown to be a function 
of the energy per unit mass of the spacecraft, transferred to the 
spacecraft after all propellant has been expended. This energy per 
unit mass (joules/kg = m2/sec2 kg) is a function of the time rate 
of energy transfer; i.e., the power per unit vehicle mass (1 kw/ 

K 1 mVsec3) transferred to the vehicle during the duration 
of powered flight. The power transferred to the vehicle is given 
y the integral /f2dt, the product of time rate of power transfer 

(1 mVsec4 = 1 kw/sec kg) and duration of powered flight, where 
f is the thrust acceleration in m/sec2. It can be shown that 

t > p 
/Vdt = 2000 (m—1) —Î- nu (14) 
o P 

where tp is the powered flight time, M the mass ratio and n„ the 
initial thrust acceleration (in g units). The above equation is based 
on constant thrust, F. Replacing the term Pj/F with the aid of 
Eq. (12) yields 

fpf2dt = 95.9 I„pn„<M-l) (15) 
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the GCR promises specific impulses as hi^h as 5000 sec at not too 
low thrust/weight ratio. This performance renders the GCR drive 
very attractive for cislunar transfers as well as for a number of 
interplanetary missions. In the electric drives*, the breakthrough 
is very unlikely because the multiple energy conversion processes 
involved in thrust generation take a heavy toll in terms of energy 
utilization efficiency. This does not mean, of course, that these 
propulsion systems cannot have a useful function. However, for 
high-energy missions with manned HISV, only drives which offer 
the possibility of a “breakthrough to the upper right” promise 
the greatest return on the investment in their development. 

8.2 Description of Selected Propulsion Systems 

On the basis of their potential performance, the nuclear pulse 
(NP) and controlled thermonuclear reactor (CTR) are of primary 
interest as drives for manned HISV. Of secondary interest are 
the gaseous core reactor (GCR) and the nuclear-electric-ion (NE) 
drive. Since the NE drive ..s well known, only the other three are 
described briefly in order to identify the reference concepts. 
Table IV shows representative initial performance characteristics 
and possible initial operational availability of the principal four 
advanced propulsion systems. 

Among the various GCR concepts, the “light bulb” concept 
developed by United Aircraft Corp. looks particularly attractive 
(Figure 39). The “fuel” [fissionable material (EM)] is contained 
in an enclosure whose walls are protected by a layer of helium or 
neon gas surrounding the FM and serving as buffer gas to protect 
the light bulb walls, made of SiCU or BeO.., from direct contact 
with the FM. Both buffer gas and light bulb walls are, to a high 
degree, transparent to the thermal radiation and the neutron flux. 
Their energy is absorbed by hydrogen flowing around the light 
bulb, protecting at the same time the outer walls of the engine. 
Fuel enclosure satisfies basic safety requirements against nuclear 
contamination and also results in high fuel economy. 

The nuclear pulse drive (Figure 40) uses small nuclear explosive 
charges (pulse units) which are store«! in the vehicle. The pulse 
units are sequentially ejected and detonated at a given distance 

‘Electromagnetic (EM) and electrodtatic-ionic (ESI). 
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2 g in the main body of the vehicle. The number of pulses is 
determined by the required velocity increment of the vehicle. 
While the technical problems appear to be less severe than with 
any other of the four major drives, a political problem is presently 
associated with the NP due to the Nuclear Weapons Test Ban 
Treaty, seeking ultimately “the discontinuance of all test explosions 
of nuclear weapons for all times” and excluding all nuclear 
explosions, except for underground tests. In that form, the treaty 
prohibits in effect (though not necessarily by intent) the develop¬ 
ment, testing, and operation of nuclear pulse vehicles. The system 
can release large amounts of energy per pulse, in accordance with 
the thrust required, without encountering the engineering problems 
associated with handling prodigious energy releases in a confined 
space. The pulse method avoids the problem areas connected with 
steady-state fusion processes. For these reasons, fission or fusion 
pulse units can be used if they are of appropriate size; and virtually 
any desirable thrust level can be attained. The nuclear fuel 
detonates in all directions. Therefore, only a fraction of the 
nuclear energy is used. This is true for the NE drive also. But 
m the NE drive, the loss of some 65 to 757, of the nuclear energy 
unfortunately is associated with heavy power conversion and 
conditioning equipment and with large radiators. In the NP this 
is not the case, resulting in the lowest conversion equipment except 
for the chemical drive. The propellant consists of solid material 
which is turned into a plasma by the nuclear detonation. This 
plasma blast is, of course, not omnidirectional, as is the nuclear 
detonation, but oriented toward the pusher plate. The percentage 
of the propellant plasma which bypasses the pusher plate, rather 
than the nuclear material, constitutes a loss which reduces the 
effective specific impulse. If 50% of the nuclear energy were 
absorbed by the propellant, and if all propellant were focused 
precisely on the pusher plate (transferring all of its momentum 
to the vehicle), a specific impulse of at least 200,000 sec could be 
obtained. Initial performance values on small nuclear pulse vehi¬ 
cles with a pusher plate diameter not exceeding the diameter of 
Saturn V are probably of the order of 3000 to 5000 sec. However, 
a growth potential to 100,000 sec or better is not an unrealistic 
expectation. Only the CTR offers a comparable specific impulse 
level, albeit at a lower thrust. The nuclear pulse alone among all 
advanced propulsion concepts presently within our technological 
grasp offers high specific impulse and sufficiently high thrust to 
drive freight carriers which are characterized by a particularly 
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D + «He -* «He(3.6 Mev) + H(14.7 Mev). 

Both reaction products are charged particles and can, therefore, 
fee confined by magnetic fields, thereby isolating the plasma from 
the wall. A small amount of reactions of the type: 

D + T -» <He(3.5 Mev) + n(14.1 Mev) 
and 

will also occur as the result of intermediate formations. 

These secondary reactions, however, can be minimized so as 
to produce only a small fraction (1 to 2%) of the total system 
power in neutrons. The plasma is envisioned as being confined 
in a magnetic geometry which combines the cusp and the regular 
m*rror geometry and which has both the needed resistance to 
instabilities and a long adiabatic confinement time needed for ade¬ 
quate reaction efficiency. The magnetic field is maintained by 
superconducting coils made of the intermetallic compound of 
vanadium and gallium. The superconductive characteristics of 
certain intermetallic compounds, such as niobium-zirconium (Nb- 
Zr), niobium-tin alloy (Nb3-Sn) and vanadium-gallium (V-Ga), 
provide the basis for developing relatively lightweight, low-power 
systems for generating and maintaining very strong magnetic 
fields equal to, and in excess of, 200,000 gauss without the heavy 
coils used earlier, without extensive power conversion system, 
large radiators, structural parts, and without large electric power 
requirements. Principal “building blocks” of the CTR engine 
include : 

• Bremsstrahlung and Neutron Heat Shield 

• Superconducting Coils 

• Coil Support Structure 

• Thermal Protection Subsystem (Coolant Cycles) 

• Coolant Circulation Subsystem (Cryostat) 

The CTR drive must meet three basic requirements: Stable, 
self-sustained nuclear reaction must be achieved. A proper geo¬ 
metry of the magnetic field must be developed which permits a 
steady-state reaction condition and a stable fusion plasma which 
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?h?heL eVei °f optimum specific* imnni*10 rand’ conse(luently, a 
(b) reduced vulnerability to hostil*P 86 f°r a given mission; 
reduction in radiator area as will mn environment due to 
into or through the asteroidtelt rth’ • 'ke y 06 needed ¡n flights 
tion that the radiator temperaturl V8^^ on assum¿! 
cantly increasing the penrtraLlitv of ^ without signify 
micrometeoroids; and thi«» »a radiator surface to 
severe obstacle ¿ a significaiMn^0" stains the mos? 
entirely new energy reiertion increase ln radiator temperature- 
ventional radiator deaign may have'to b T°ciated »Ith con- 
aensitivity to -Car thermal radiation” 
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capability at closer proximity to Sun, as in flights to Mercury. The 
absolute thrust level of nuclear-electric drives [electrostatic (ES) 
and electromagnetic (EM)] does not indicate significant growth 
potential because of inherent limitations due to many energy 

=r,so,ved <ES and EM) and due to spa“ 

Growth of the NP drive is in the direction of increased specific 
impulse and increasing absolute thrust force. Thrust (F) and 
s|»c,fic impulse (I.p) are not interchangeable in the NP as in the 
NE or CTR drive where the power output is constant and can be 
expended either in a jet of lower mass flow and higher specific 
impulse or of lower specific impulse and higher mass flow. Never- 

eless, in the NP, thrust and I,p are not entirely independent of 
each other. The I.p is a function of the degree of perfection in 
focusing the propellant plasma jet on the pusher plate of the space- 
craft. Pusher plate mass (largely determined by its diameter) 
and shock absorber system must be compatible, so that there is an 
upper limit of thrust force which can be absorbed by a pusher 
plate of given diameter. For larger thrust forces, the diameter 
must be increased. A larger diameter, in turn, facilitates plasma 
focusing hence, improves the Isp. A third influence factor is the 
magTiitude of the nuclear pulse unit (in terms of TNT-equivalence). 
Obviously, the smaller the spacecraft, the smaller the pusher plate 
and the smaller is the maximum tolerable thrust pulse. If nuclear 
pulse units cannot be made small enough to be compatible at lesser 
size levels, the quality of focusing is degraded intrinsically. In 
addition, intentional defocusing may be necessary in order to keep 
-ue thrust pulse within acceptable limits. Therefore, Saturn V 

(meanin£ Primarily a pusher plate diameter of about 
10 M) limits the thrust value. Size of pusher plate, limiting thrust 
value and minimum available nuclear pulse unit determine the 

*0f^ÍfÍC imPu,se- InitiaI1y the I.p is expected to lie in the 
d000- to 5000-sec area. With maximum pulse unit size compatibility 
and refined focusing, values in excess of 10,000 sec may be at¬ 
tained. For very large NP-driv n freight carriers, whose payload 
mass is of the order of several thousand tons and whose pusher 
plate dmmeter measures 30 to 50 m or more, specific impulses in 
the high 10,000-sec range or of the order of 100,000 sec should 
be attainable. 

CTR growth concerns (a) the increase in the range over which 
rust and I,p can be interchanged, (b) growth in engine thrust/ 
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weight ratio, and (c) attpmn+o * 
fusion process. The first oWective""’11"’’'*26 the efficienc>’ of the 
'tait of specific impulse thaT is mTU”t8 40 redudnft the >°™ 
electrons from the thrust’augmentor thár“1"! '"flux of cold 
Quenching the nuclear reaction pwesf n™ .T™**1 Without 
as high an engine thrust/weighl r,H^ ”h hcre 18 to attai" 
thereby maximizing the flexibility of th^CTR ^ ^ CTR’ 
wide a range of gravitational fiou- * . . CTR to °Perate in as 
in engine thrust/weight ratio can^e ^ Gr<>wth 
means, all of which add nn + ^ achieved through a variety of 

value „n.5. to 2 ¿g/kw ,et ‘ Wi*ht 
as initially attainable goal to the m'Rrht be anticipated 
improves the thrust f This 
specmc impulse for a given mission thee the optimum 
lant economy. ^ ’ erei>y improving the propei- 

8-3 Propulsion-Vehicle Integration 

nents-6 w‘ ^ °f a,',P8Ce 'ehk,e “"8Í8‘8 »f three compo¬ 
und propellants,’ \v“’ The Te'Lht'^T ^"'rt weight>' w-‘": 
maneuver is, therefore, WA = W ï ^nninf of a Powered 
weight is W„ - w,.> -i. w and tho"’ + ,^2° + W3,,; the emPty 
Figure 42 shows the functional breakTwn T™ M = Wa/W»- 
HISV concept. The NP drive imnn J °f a nuclear Pu,se driven 
straints on the shape 0f thl n T?8 partlcularly «tringent con- 
exposure to nuclear blast. Ther-fõre iSi ^ l""1" ‘0 PreVCnt 
generated during coast periodst „ ill,/ a£lflclal gravity is to be 
might be considered, amom? othpr tv P emodule system 
mission modules which contain th^rn m ad^ltion to the central 
handling center. The one shown in F.m £¡and inforniation 
telescopic booms at whose ends oviind^ c°nsists of awing-out 
mounted. During powered flicht dl!lcal mission modules are 
against the center axis of the fn ’ the /J11®81011 modules are tucked 
toward the vehicle base downward direction being 
the HISV in powered flight mode3 ‘L? artlSt'S concept lowing 
celeration phaVe, thTtelescoDrboòm ^ terminati°n of the ac 
Artificia, gravity is' ge^aîcd lyTZlTT^ ^ 
_ ^ SI0W sP*n of the spacecraft 

delivered to the prylo.Cd.POWer lr*ner,tion- «lev.nt, even though power m.y .1,,, b, 

be re«1uirH.'h0rt 0f the °rd" "'»nth., .rtlflcl.l gravity en route may not 
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AND FEED SYSTEM STORAGE POWER
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Fignre 42. Nuclear pulse interplanetary vehicle concept.
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about its center axis. Downward is now at right angle to the center 
axis, but in the same direction within the frame of reference of 
the cylinders. Figure 44 shows the vehicle in coast mode. Figure 45 
depicts the functional arrangement of a CTR driven HISV concept.

■

\

Figure 44. Nuclear pulse-driven interplanetary vehicle during coast with 
extended mission modules, spinning slowly to provide artificial gravity.

ttntVISiH j a iNU*<. a
4 XlCtlNf. PRO. iSKm

M*.H MtSSIOS MOOLfli 
CARi.0 FLOOR

ATMOSPHRIC tWRY MULThSTORAG'
VlHICU CARC43S(CTI0»»

*1Th JbOWG 
OOCKii^ PROVISIOSS

LIH SUPPORT SlCTlCm

pa>loadsictioh PROPULSION SECTION

. Figure 45. Controlled thermonuclear reactor vehicle concept (schematic).
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The front end shows an alternate design without provisions for 
artificial gravity en route other than that provided by the con¬ 
tinuously operating engine. A three-dimensional view of this 
concept is shown in Figure 46. Vertical light guards are shown at 
the rim of the radiators to assure greater flexibility of orientation 
during missions closer to the Sun to avoid excessive solar irradia¬ 
tion causing degradation of the radiator’s heat rejection efficiency. 
Figure 47 shows an artist’s concept of the HISV in the vicinity 
of an asteroid. 

The HISV design details are not important in the broader con¬ 
text of this paper. They were explained briefly in relation to the 
concepts shown above exemplifying the integration of the propul¬ 
sion system into the overall vehicle. 

Important integration parameters are 

Mass fraction 

W, '30 

— (propellant mass per unit mass of 
"20 + "an propellant and inert mass) 

Propellant fraction 

W,0 

(16) 

= A = 1 exp( —r/I^) (propellant mass per unit 
initial mass) 

(17) 

Figure 46. Controlled thermonuclear reactor vehicle concept. 
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Payload fraction

= ^ = 1-------(payload mass per unit initial mass)

Propellant mass factor

** X (x/A)-l
(propellant mass expended per 
unit payload mass transported)

and the inert mass factor 
W,o 1

= i = p(------ 1) =
X

-1-x

(X/A)-1
(inert mass required per 
unit payload mass 
transported)

(18)

(19)

(20)

It is obviously desirable that x and A be large and that p and i 
be small. The propellant fraction A relates the vehicle integration

/

Fifure 47. Thermonuclear powered interplanetary carrier approaching aste- 
roidal mining station.
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parameters x, a, p, and i to propulsion performance (Iip) and mission 
velocity requirement, represented by the sum of all maneuvers to 
be carried out by the particular vehicle or stage, divided by g, to 
make the term r = SAv/g dimensionally compatible with the 
specific impulse. Figure 48 shows the variation of p and i with x 
ior discrete values of r/Itp. A small value of t/I,p indicates that the 
specific impulse is high, compared to the velocity requirement. It 

Figure 48. Propellant factor and inert mass factor vs. mass fraction. 
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t/4 values low enough to permit values of x < 0.9. Using curves 
A and D as the two boundary cases of the x fir/I»,,) curves, 
the variation of payload fraction à with r IM> is shown in Figure 49. 
This chart is read as follows: (a) given mission velocity ïav 
[point (1)] and 1,,, (II), one proceeds from (I) to (II) ana up 
(or down) to the point of intersection (Ilia, Illb) with one of the 

A vs. t/Ihi, curves; (b) given 2v (I) and desired payload fraction 
(Ilia or Illb), one proceeds from point (Ilia) or (Illb) down 
(or up) to the point of intersection with the horizontal line extend¬ 
ing from (I), defining the required I,,, (II) ; (c) given 1,,, (II) and 
A[(IIIa) (Illb)], one proceeds from (Ilia) or (Illb) up (or down) 
to the given 1,^, (II) and from there horizontally to the right deter¬ 
mining the attainable 2av. Approximate regimes of heliocentric 
transfer characteristics are shown at the right in Figure 37, based 
in part on the data presented in Section 6. The chart illustrates, 
among other things, that for missions involving hyperbolic transfer 
and 107( payload mass (a = 0.1), specific impulses upwards of 
2500 to 3300 sec are required, depending on whether reference is 
made to curve D or A. Considering that 80 kni/ sc^ covers 
more adequately than SAv = 50 km sec the fast mission spectrum 
into the asteroid belt and to Jupiter, I„, 3300 to 5200 sec or 

i • 

APPROXIMATE REGIMES OE 
HELIOCENTRIC TRANSFERS 
MERCURY TO JUPITER 
ROUND-TRIP; CAPTURE 
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Figure 49. Variation of payload fraction with t/IB|), IB|(, and ÏAv. 
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by modular or vehicular staging. The larger x, the higher the 
performance threshold beyond which this becomes necessary For 
reusable interorbital spacecraft, p is more important than i, be¬ 
cause propellant must be resupplied after every mission and be¬ 
comes, therefore, a major factor in determining the operating cost 

I™/7* ; P16, acceptable upper limit of P depends on too 
many factors to be discussed here. But if p values of 2 to 4 are 

oHpr0o^ieX Ttded’ f0r examp,e’ a limit is placed on r/I-p of the order of 1. This, again, points at values above 10« sec (myria- 
seconds) • 

is I,p¿ 2AV and X values- the payload fraction 
K¡tlmat®,y* the Performance of a propulsion system is 

reflected by the product of the two most important outputs, name¬ 
ly, payload fraction and velocity. Representing the latter, for 
greater generality, by r(sec) = 2Av/g, this product At is presented 
m Figure 51 as a function of SAv for five discrete specific impulses, 
based on the payload fractions shown in Figure 49. These curves 
show a pronounced maximum in the vicinity of t/I,p = l. This 
is expected on the basis of the mechanics of propulsion in general, 
whose discussion exceeds the purpose of this paper. The declining 

™fuer*ofx. VBrÍatÍOn °f Xr “ fUnCtÍOn °f 2AV and '-p for ccrt8in boundary 
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One of the principal elements of a strategic approach to manned 
interplanetary flight—and a significant breakaway from past pro¬ 
pulsion development philosophy—must be the development of pro¬ 
pulsion with a reserve capability, or at least a definite, significant 
growth potential, of specific impulse beyond minimum needs for 
initial missions. 

8.4 Comparison of Propulsion Systems 

A detailed comparative analysis of the four principal propulsion 
systems would exceed the frame of this paper. Based on the pre¬ 
ceding discussion, two quality charts were constructed. Each 
chart combines a number of “yardsticks” representing important 
criteria. Each of the four propulsion systems is rated relative to 
every one of the criteria listed. The number of rating points 
ranges from 1 (very poor) to 10 (very good). The first chart, 
shown in Figure 52, measures the propulsion systems against 
eight performance and flight operational criteria. Each system 
forms a characteristic quality pattern as shown. An octagonal 
pattern at any point level (e.g., all ratings being 2 or 5, etc.) would 
indicate that the system measures up evenly to all eight require¬ 
ments, though not to the maximum degree desired. An octagon 
at level 10 would depict a virtually ideal system so far as these 
criteria are concerned, since the criteria are so formulated that 
a high number indicates a high rating. An uneven pattern shows 
at a glance the particular strengths and shortcomings of the sys¬ 
tem. A very uneven pattern indicates a highly specialized system 
(from a mission standpoint). The second chart, Figure 53, shows 
nine additional criteria related to transportational and develop¬ 
mental aspects. 

The point ratings are by necessity somewhat subjective because 
they cover a very wide range of interplanetary missions and a 
large time span, about 1985 to 2000, in which the performance of 
systems may grow more or less spectacularly, depending on the ef¬ 
fort devoted to their development and improvement. Therefore, the 
pattern reflects the general "complexion” of the respective sys¬ 
tems, based on anticipated initial performance and growth 
potential, as outlined in Tables IV and V. It is also assumed that 
the potential promised by the individual systems can indeed be 
realized, i.e., each system is given the benefit of the doubt. Finally, 
it should be kept in mind that the patterns obtained refer to the 
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Fifarc 53. Propulsion system quality charts for manned flights between 
Mercury and Jupiter. 

of its engine and its capability of extraterrestrial refueling. The 
former is not really important in interplanetary or even cislunar 
flight (outside the Earth’s radiation belt). The latter is based 
on certain requirements for evenness in propellant particle size 
and in the need for a heavy metallic propellant component to insure 
better propellant focusing on the pusher plate. The rating num¬ 
ber 4 given the system on that count is meant more as an expres¬ 
sion of lack of knowledge than an absolute rating. Compared to it, 
the chances to refuel hydrogen (CTR, OCR) have been, tentatively, 
equally as good. Whereas, the chances to refuel on cesium or 
mercury (NE) have been rated one point lower, merely on the 
general grounds that their abundance is lower on Earth than that 
of heavy metallic propellants for the NP. In any case, the extra¬ 
terrestrial refueling capability criterion is one of the least certain 
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Longer lead times are required for this approach, especially 
so far as manned missions are concerned; but no longer than the 
lead times available for defining meaningful manned missions. 
The expenditures involved are applied more efficiently. They are 
likely to be less in the long and in the short run, because this 
strategy justifies more consistent support, greater steadiness of 
technological objectives, absence of crash programs and a strategi¬ 
cally meaningful sequencing of unmanned and manned missions 
in accordance with long-range objectives. 

The overall objective is the acquisit >n of the solar system, 
defined in the first two sections of this paper as exploration, oc¬ 
cupation (manned transportation and residence capability), and 
utilization/exploitation. The core of this objective is the recogni¬ 
tion of future human needs for resources beyond Earth. In this 
context, the solar system region extending from Mercury to Jupiter 
is recognized as of primary initial interest. 

This strategy does not look at the solar system as an extension 
of a scientific laboratory. It rejects the scientifically unfounded 
conjecture that man is not useful in solar system exploration or 
not able to tolerate the rigors of interplanetary flight. The 
strategy recognizes that every experience so far gives us confidence. 

• That man indeed is useful in solar system exploration, when assigned 
the proper missions, 

• That man is needed for solar system acquisition, 

• That man is able to go anywhere from Mercury to Pluto, or beyond for 
that matter, given the appropriate technological armor. 

In manned missions, it is of considerable importance to reduce 
heliocentric transfer times as much as possible, because of the 
great distances involved. In terms of orbit mechanics, this re¬ 
quires hyperbolic heliocentric transfers. 

Why short transfer times? Fundamentally, because the 
utilization/exploitation potential of a new region is only as good 
as the means of transportation available. In addition, the over¬ 
whelming number of individual effects of hyperbolic transfer is 
beneficial : 
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0' transportation'" 'r'n'r*l: ""Proves the practicality and convenience 

• Artificial gravity: Lea, critical need, if .„y. 

transfer.'» -Pont in heliocentric 

7"*f »-r exposar, ^„ce, 

Mrl °< th'- *"l«r thermal radiation o!CÍ "" un*voi'l»b|r -bsorptlon 

• Meteoroidal effects: Fewer hi»c i 

greater penetration due to higher speed nf eXp°*sure but 
N<,t ^'t may be favorable or unfavÍmKl J to m‘‘teoroid8. 
increased velocity on meteoroid shield tWek^ 0n the of 

• Corpuscular radiation (solar flares)- Fff t 
because of shorter exposure time- but n • .fffecti' are mildly favorable, 

eVt>l -l«r activity5 are st on^er tCT / 1° ^ °f P“th and 
exposure .¡me, to he considered. Ln s^d „f ^ •» 

mission duration, 'cnpturt“ periods"',n“i"li| 'fbf'C‘j,,e in rcduemif overall 
mission requirements due to the fast orbit 1 y tai 0rcd to the Particular 
Karth. Capture periods, therefore. írf litt.e a feTt h°Í °f MWU^ ««««ve to 
Reduced overall mission duration is in the ,-, Speedlness of transfer. 

fc.nl in terms of thermal ami corpuscular radiltion efStT Partk,U,arIy b— 

periods to missio^re^emen^WitreXTic^ra^?^ in*djUsUn« c^re 
must either be brief ,10 to 110 days 0 "no.ll ^ CaPtUre period8 
launch window). Longer capture periods Cañ ^ ^ í the neXt ri‘turn 
maneuver (perihelion maneuver) is execute/ u K'd ,f a midcourse 
is feasible. Hyperbolic transfers permit 1!«!/ Wf retUrn flight via Venus 
without penalizing transfer times. * l8pture Peri°ds (2 to 4 months) 

reducing outbound andTet^n^ans^L^0^8'' Particular'y effective in 

reduce overall mis^ion ^^e^fmst^transf0™1516'! T° thC eXtent to which they 
before failure (MTBF); or. for given MTBF, ^ 

f°r attaining hyper^uftrlnSth 0bVÍ°US PrÍCe 
propulsion system of high soerific i T 18 thC avai,abi,ity of a 

thru.,, acceleration. The^^tpZtu^e Ä'T 
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f^ioooo" thefT^Si0'l Velocity ap“'trum to be covered; and 
/nnT :00^0. ec lf the entire renr*on of interest, from Mercury to 

' 13 ‘“¡'""‘"f0 «»sidération. The minai,in velocity spectrum 
depends on the desired range of transfer times and reuuires round 
np rmssnin velocities upwards of 80 km sec. The thrust “'"ce 
hould be high enough to permit thrust accelerations of the order 

o T « In addltlon’ 13 uf importance that the propulsion 
rr-fma,re‘,iatiC “nd ai,{nifica"t Krowth potential in terms 

el Z:!ulTr.to ^ ~40'000 8ec and ut h'*h ^ 

Why specificail..-, are these characteristics important’ In 
addition to the previously mentioned general reason ^thev offer a 

sequently^inTerms* ^ sequentiy in terms of important criteria: 

mass* frLÂÍpt'1- in“" th ^ to 

development risk than K I.„ is marZTtoV^wZ. 'ÄTon sT" 

anee of crew survNaUmfof in^u.?ai°f Th^ 
oesign marein means ;,u„ « * antral. The improvement in 

ments the before m ntinneH i • ’ 'S velocity margin, therefore, comple- 
safetyand success probant t0 ^ s¡ífnificant'>’ the overall success probability margin on account of higher specific impulse. 

fr«L.M‘“ÍOn Wi,i" ‘r"ie",,f r,"ie °' tr*"s,'r ‘i™ versus p.ylo.d 

initi.' „“Zr 'I', Ability ,0 tranBPnrt larger p.yluad masses. The 
of "o Hoo m"“ mTa:;id 7Pl;rer ^ °< tl* »rder 

apeeJictaZt ;o?;„LTt7.Z'(e“P,bÍ'ÍtS ^ ““““ “'f“,ively ^ 

iUlBHlOn (1 
\t ofq.. k- u «roaaer mKSaSion velocity flexibility (ie 

stays high over a wider range of mission velocities). See Se product 
8.3. 
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advocated that man’s visual sense would be confused by illusions.1* 
Others felt he mi^ht be restricted by his perception time, fixation 
time, and reaction time and later argued that the power of resolu¬ 
tion of the eye was too limited. 

I am sure that this recalls to mind the controversy over what 
astronaut Col. Cooper saw and the numerous articles and letters 
that transpired in the columns of both scientific and lay publica¬ 
tions. Many writers and speakers were adamant, and their opin¬ 
ions rantfed from absolute denial to total acceptance. Numerous 
hypotheses flowed, such as possible hallucinations, magnification 
due to atmospheric conditions, and the possibility of improvement 
in visual acuity because of weightlessness. Most of these ex¬ 
planations either were insignificant or were not accepted. Con¬ 
sidering Col. Cooper’s capabilities and the prevailing conditions 
during his first flight, most authorities concluded that the visual 
sightings as reported from an orbital altitude of 8(j miles had 
finite probabilities, or in other words, “lie saw what he said he 
saw.’’3-4 Experimental data from later Gemini flights supported 
these conclusions.4 

With impending space flight, many investigators became in¬ 
creasingly concerned about the effects of weightlessness upon the 
eye. There were suggestions that there would be changes in the 
shape of the cornea or tilting of the lens with a resulting astig¬ 
matic error and change in refraction causing a decrement in visual 
acuity. There were speculations that in the weightless state the 
extraocular muscles as well as the ciliary muscles, long accustomed 
to a 1-G environment, might be affected to produce variations in 
muscle balance, accommodation, and fusion—and diplopia or 
double vision would ensue. It was asked, “Would the eye be able 
to make the necessary adaptation during prolonged weightlessness 
to provide for safe, accurate, and comfortable visual performance?” 
and “Could the eyes rapidly readapt to the positive gravity state 
upon reentry into the Earth’s atmosphere?” 

During the Third International Symposium on Bioastronautics 
and the Exploration of Space in 1964, Dr. Clark and I discussed 
some of the considered important stresses of space flight, among 
them, weightlessness and its effect on vision. 

It was our opinion that weightlessness was not necessarily a 
stress on the visual system but, rather, a relief from stress. We 
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long as our men are informed and continue to have adequate life 
support and protective equipment. 

The planners for future space missions, such as Apollo, realize 
that man will continue to operate in a unique visual environment 
and know that many of the mission requirements are absolutely 
dependent upon the astronauts' vision.* They are therefore inter¬ 
ested in obtaining important information concerning the visual 
requirements of these missions to enhance man’s effectiveness. 
Adequate, accurate information is required by engineers who must 
design guidance systems, display panels, and protective and sup¬ 
port equipment. Available information, as shown in Table I 
regarding parameters of the space environment which could 
directly affect vision, is being catalogued by NASA scientists. 

Table I. Primary Parametera of the Visual Environment of Space* 

Earth 

(Night illumination with 

full Moon = 0/.04 ft-c) 

EVA 

(Earth Orbit) 

Moon 

(Pull Earth = 1.26 ft-c; 

30° pb/ije = 0.80 ft-c; 

»0° phase = 0.26 ft-c) 

Mars 

90° Solar 
Illumination 

10,800 ft-c 

12,700 ft-c 

12,700 ft-c 

7,600 ft-c 

Surface 
Reflectance 

Ocean .03 

Ground .16 

Snow .80 

Aluminum .66 

Dark Paint .10 

White Paint .80 

Maria .07 

Crater Wall .20 

Maria .17 

Continents .18 

Mean Atm. 
Transmission 

.70-.80 

1.00 

1.00 

.80 

•From th* «rtieU, “Advancad VUIon Research for Extended Spaceflight.” hr Walton L. 
Jonaa, M.D., William H. Allen, and Jaman V. Parker, Jr., Ph.D., Aaraepace Medicina, Vol. IS, 
PP. 476-8, 19*7. Reproduced by permteelon of Aaraepace Med!tine. 
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by spacecraft window», vis„rs "te •, to extent 
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in the biomedical fields.« ° englneers as well as to investigators 

delinead indéfini ZÍ^iZ^80 ** and 

-St lWettonmCerX ^ 

-____^O M*8",on T,8k8 With Critical Visual Performances 

Visual Tasks 
Mission Tasks 

Navigation 

Docking 

Lunar Landing 

6L0°oate andide"Wy navigation stars usine lx" 
canning telescope and 28X, 1.8° sextant. ’ 

Angular rate discrimination in a range up to 

“omTet-n„ Xíf“” based °" 
to 4300 ft-0 (.u, « .„„“"'"“‘“J"'1» 1500 

Discriminate briirhtnes« o».! i 
high XUie with 

Prom the article “Arf -a 

»i7W‘ï:pmJuc£"- .»« ®P*ceflisht.” by Walton L. 
•»•produced by permission of Aero»pi^t A#r0*P‘c* M^IcIh.. Vol. 38. 

Extravehicular 
Maintenance 

Lunar Exploration 
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Researchers at the Ames Research Center are concerned with 
the exacted visual environment of Mars7 and with the possible 
problems created by high luminances. They are studying visual 
processes associated with extreme light adaptation and glare and 

in whi>fnhCeflrhed th.e phenomenon called “retinal irradiance" 
m which a bright object appears larger than the angle it physicaltv 
subtends Since several navigation systems require measurements 
that involve luminous objects in the night sky, they feel the sub¬ 
jective expansion might lead to errors in measurement that could 

of Sh0Uid theSe invest^ations Prove the existence 
gi..fleant errors, designers can consider corrective factors for 

filtpffj Ví® navigat;onal systems or select appropriate optical 
filtering. These investigators are also concerned that retinal 
irradiance can lead to a oerceived change in the physical appear- 
anc.e, a glare source under high-luminance conditions. They 
feel that space activities requiring the visual identification of an 
object on the basis of its shape may involve serious errors if the 
object subtends a small visual angle and is highly illuminated.« 

Thus far, our astronauts have been successful in sighting and 
rendezvousing with the Agena vehicle or another Gemini capsule 

Tnd - ^ Were fami,iar and Which they were anticipating, 
and the Soviet cosmonauts have not reported any apparent prob¬ 
lems in their successful missions. 

I 

At Texas Christian University, NASA contractors are con¬ 
tinuing the study of problems of distance judgment and rate of 
closure under simulated space conditions by presenting targets at 
apparent distances of 6 to 6,000 meters (20 to 20,000 ft) The 
object of this research is to ascertain the distance at which the 
visual detection of closing conditions is reliable. It is recognized 
that some of the visual cues utilized in judging distance and in 
perceiving depth are altered in the space environment, but they 
apparently have not deterred our astronauts in docking accom¬ 
plishments thus far. Gemini VIII was cur first experience with 
rendezvous and docking in orbit, and further experience was 
gained in IX-A, X, XI, and XII, with rendezvous and docking 
being completed during the initial orbit on Gemini Mission XII. 

Man and his visual sensors are highly adaptable and can 
function well under even unusual circumstances; nevertheless, it 
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period in which optical landinTcUditfo™™^ ™°t 
tirely possible, because of unforeseen circumstances that a landino- 

^^^“iPherefor80'001*1'^"^ ,^Ur*n^ ^'"'^^^e^ather^than^urN 
Spacecran Cente; ^ ^ Um,erWay at the Manned öpacecratt tenter to study the minimum illumination reouire 
ment., ,° pçrform auccessfu| lunar ,andi Tbis inves Z on 

‘ “mtda e'ZIT mtZ rT't a mWUfied "'»'•ule Sow 
nnnm r of, d"le thltht irom 30 meter, 

tl.OOO ft) of altitude to the .surface. The trajectory the window 
visibility requirements, and the ability of the piloteo select and 

briXnetá ‘Z“ eV!,IU!“e<l Under various luna" r KUtness et e s. This investigation indicated that a surface 
brightness level of 0.04 ft-L is required. The Apollo schedule 
calls for a landing in daylight, but circumstances could change at 
he la,, minute and data on the astronauts' ability to land "n the 

hinai surface under all conditions is therefore essential. 

men^ 7e L rhTa “Z'“1’1* re«a''di"* '""ar environ- 
«cêedsThat on p a K T" ,numinati«" at ‘he Moon's surface 
tion facing he líetí V “ ^ a"d the "•“•’“¡me illumina- 
due to Far t', , f approx‘ma‘e'y «« times that of the Earth 
mum nate to. Ve • ancee' This «Ivantaiwou, earthshine will 
illuminate the Moon s surface with a brightness which is suffi¬ 
cient to read a newspaper. It is noted that many of the visual 
cues which we ordinarily use will not be available or may be modi- 
f ed on the lunar surface, and certain cue, such as aerial pe "pec 

will be Lking“ Haráh ?“• °bJeCtS f0r j"d,tinB distance and size , .ackinR- Harsh luminance contrasts will provide the astro nau w,th unuaual picture and because of tPe lack» 

phene scattering, the deepest shadows will approach zero 
uminance.* " Due to a lack of scattered light to illuminate areas 

needed fr°m,the Sun’ auxiIiary light sources will be 
?imtr , W:"-(lesif?ned reflectors and even small fingertip lights 
similar to the ones developed by astronauts on early Mercury 
flights could be most useful. mercury 
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Since the sky will appear essentially black above the lunar 
horizon, the Sun will present a definite glare source, and, due to the 
need for thermal regulation, vehicles and fixed installations which 
may be highly reflective will contribute other glare sources.9 The 
time necessary to cause a possible solar retinitis by viewing the 
sun will also be shortened due to the lack of protective atmosphere, 
but the use of visors which also attenuate glare will obviate this 
possibility.10 

The precise thresholds for an actinic keratoconjunctivitis from 
ultraviolet radiation have not yet been verified. Again, due to 
lack of atmosphere on the Moon’s surface, ultraviolet radiation will 
be more intense than on Earth. The NASA has requested investi¬ 
gators at the USAF School of Aerospace Medicine to ascertain 
these threshold levels. This up-to-date information will provide 
data for proper visor and window design. 

Filters will remain a necessity, and, should the state-of-the-art 
permit, a variable density feature that will automatically change 
with ambient illumination would be a welcome addition. 

Some presently available materials can provide advantageous 
properties such as added strength or photochromie properties, but 
they still may contain some flaws that present-day technology has 
not yet alleviated. Consequently, some trade-offs may have to be 
considered. For example, should it be necessary to accept a less 
than perfect helmet or visor because of superior structural prop¬ 
erties or other advantages, it becomes necessary that we know 
how much distortion can be tolerated by man’s visual system with¬ 
out a serious performance decrement. Norma Miller at Technol¬ 
ogy, Inc., under contract with NASA, has been investigating 
visors, helmets, and transparencies with this problem in mind. 

The visual capability of potential astronauts requires accurate 
assessment. The ophthalmologist-flight surgeon’s function in the 
space program has been as examiner, consultant, and advisor. In 
the selection process, it has been his responsibility to ascertain that 
the astronaut-pilot’s visual capabilities are excellent and will 
continue to be so on a long-term basis. His examination must rule 
out active subclinical diseases, early asymptomatic dystrophies, 
potential glaucomatous processes, abnormal accommodation, etc., 
and be designed to predict possible future incapacity of the visual 
system.11 
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These sensors are still wit) >ut parallel and will not fail, pro¬ 
vided onr support systems are maintained and available knowledge 
is utilized. The human eye has p oved to be a most reliable, un¬ 
surpassable, and indispensable sensor in the exploration of space. 
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Biodynamic Environments in Spaceflight 

Lt. Col. Neville P. Clarke* 

INTRODUCTION 
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crewmen may be expected to perform complex control tasks during 
exposure to, for instance, boost and reentry accelerations. ‘ On 
the other hand, under emergency conditions, they may only be 
expected to survive the forces associated with, for instance, an 
abort on the launch pad. These two extremes of required per¬ 
formance level are separated by a continuum when the multiplicity 
of in-flight conditions associated with the nominal and non-nominal 
function of a complex manned space system is considered. For 
example, if future spacecraft include an orbital escape system,1 
crewmen may be called upon to effect a manually controlled reentry 
in a ballistic vehicle which exposes them to high acceleration forces, 
vibration, and unusually high temperatures. 

Somewhat in contrast to the hardware system, man’s response 
to the environment is not the same during all stages of flight but 
is dependent upon antecedent exposures to the conditions of space- 
flight, including weightlessness. His response 1o biodynamic 
environments is also affected by concurrent exposure to other 
environmental extremes. 

The relation between man and the space system he operates 
is, then, a complex one. The design of a manned space system 
involves estimating crew capability as a function of time and 
previous exposures versus engineering trade-offs in the functional 
characteristics of the system to optimize the usefulness of man. 

In this paper, attention will be focused on two major aspects 
of effects of biodynamic environments of spaceflight on crew¬ 
men: (1) the effect of increasing duration of exposure to weight¬ 
lessness and other environments associated with spaceflight on 
subsequent response to mechanical force environments, with 
particular reference to (2) the effects of extremes of sustained 
acceleration, vibration, and impact forces which occur under 
emergency conditions. 

MATHEMATICAL MODEL OF THE HUMAN BODY 

The injurious effects of mechanical forces on the human body 
result from their producing relative displacement of one tissue 
or segment of the body with respect to another. For this reason, 
models which have been most useful in predicting effects of these 
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In studies of the effects of vibration on man, the force is measured 
at the seat surface and constitutes an estimate of energy trans¬ 
mitted to the man. The function reflects the body’s main reson¬ 
ances as shown in Figure 2.3 Whole body impedance changes 
considerably if the body is exposed to more than one g of sustained 
acceleration. This is important, for instance, if boost accelerations 
and booster induced vibration of the spacecraft occur concurrently, 
since effects of sustained g on vibration response characteristics 
are increased stiffness, reduced damping, and higher energy 
transmission to internal organs.4 As will be shown in a subse¬ 
quent section, models related to this general analogue can be used 
to accurately assay the t ffects of G, impact forces on man. 

EFFECTS OF VIBRATION ON MAN 

Figure 3 shows man’s voluntary exposure tolerance to vibration 
as a function of frequency and duration.5 6 This shows that the 

THE MECHANICAL IMPEDANCE OF ONE SUBJECT 
SITTING AND STANDING IN VARIED POSTURES 

Figure 2. ITie mechanical impedance of one subject sitting and standing 
in varied postures. From C'oermann, et al. (3). 
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body vibration on mean arterial pressure, cardiac index, heart rate and 
oxygen consumption. From Hood, et al. (7). 

nonfunctional in that only the physiological dead space is ven¬ 
tilated. In some cases, the pC02 is decreased, and clinical signs 
of hypocapnia are observed. This suggests that such exposures 
produce some degree of hyperventilation. Blood levels of corti¬ 
costeroids and catecholamines are increased in animals during 
prolonged or severe vibration, indicating that this environment 
elicits the generalized response which has been shown to exist for 
other stressors.8 The combined cardiopulmonary response to vibra¬ 
tion in the 2- to 12-Hz range is one which resembles the response 
to exercise. The increased effort in bracing against the vibration 
and possibly the increased work of breathing may account for some 
of the response, but apparently not all of it for the same trends 
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short. However, in situations where exposures last for the order 
of minutes or hours rather than seconds, the overall factor of 
fatigue and its effect on performance are of concern. There is no 
clear-cut indication that vibratory environments, per se, influence 
man's intellectual capability. 

Most of the potentially severe vibratory environments predicted 
for manned space systems occur during boost or reentry. This 
means that the vibrations which do occur will be superimposed 
on varying levels of long-duration, linear acceleration. Very little 
data exist concerning the effect of the combination of these two 
environments on the crewmen’s ability to perform. The limited 
studies which are available suggest that the linear acceleration 
may provide an improved coupling of the body and head to the 
support system, with the result being that the performance, par¬ 
ticularly in terms of visual ability, may be slightly enhanced by 
the combination of the two environments." There is at least no 
indication that the combination of sustained acceleration and 
vibration is any worse than the equivalent vibratory environment 
in the absence of sustained acceleration. 

Protection against vibratory environments can be approached 
in basically two ways: First, the restraint and suppr.t systems 
employed can couple the man as rigidly to the system as possible. 
Secondly, the protection system can provide isolation from the 
environment where possible. Under ideal conditions, the optimal 
protection system would employ the latter approach, but this 
frequently proves impractical in the case of very low frequency 
vibration because of the requirements for displacement and the 
limited space available to provide this within the spacecraft. 

One example of an isolation system currently in use is the 
nonlinear seat cushion which is used to attenuate high frequency 
(low displacement) vibration while at the same time providing more 
or less rigid coupling of the man to the system where large dis¬ 
placements are encountered with low frequency vibration. A 
second, more recent development under consideration involves an 
active mechanohydraulic isolation system which is interposed 
between man and the seat of the vehicle.12 This system senses 
the acceleration environment and adjusts the degree of damping 
imposed between the system and the seat in such a way as to 
optimize the acceleration force delivered to the man. One of the 
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EFFECTS OF IMPACT ON CREWMEN 
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EFFECTS OF SPACEFLIGHT DECONDITIONING 

Spaceflight deconditioning, as considered in this paper refers 
to the physiologic and biomechanical alterations in the body which 
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which ^rpa the combination of environmental stressors 
wh ch are assoc,ated with spaceflight. It is assumed that the 

Previous oZ-ít P Í the physioIogic effects of weightlessness. Prevmus o^rational experience has involved variations in per¬ 
formance of environmental control systems, so that it has not 

een possible to attribute the observed deconditioning solely to the 
therm8,0 ''reigbtlessness but* rather, to the concurrent effects of 
therma extremes, i.e., possible dehydration. Weightlessness is 

!Zo7kiZtTeSTed t0^ffect mainly the cardiovascular and mus- 
to studv thpSy temS' Gfround*based simulations of weightlessness 
kL . h Systems consist of evaluating the effects of 
oed rest, immobilization, or immersion of the body in water 
Results of both operational and experimental studies of cardio- 
ascular effects of space flight deconditioning and possible counter¬ 

measures are discussed elsewhere in this book (Ref: Swan, 

FECTS OF BONE DEMINERALIZATION FROM WEIGHTLESSNESS 

ON ACCELERATION TOLERANCE 

It has been known for over a century that mechanical stresses 

thr f,roducc:dtby wei*ht bearitiK and muscle tension are 

trZ ‘»"l'™ »»"«y and porous tÍÍ. 
ftartur« wkT ï Jdlm!n,shes’ and « becomes susceptible to 
fractures. Whole body immobilization and bed rest to some 
extent, without immobilization result in an increased excretion of 
calcnim in human subjects and a gradual loss of bone density.1« 17 

he similarity between these experimental conditions and those 

rU^red-dU,nng ?eightIessness in spaceflight led to the postula- 
Simi af ?h*ngea in bone composition and morphology 

ÍÂ» TrPeC , rÍng protracted orbitaI or interplanetary 
flights. These predictions were at least qualitatively confirmed 
n the recent experience with Gemini flights.1« In Gemini V for 

instance, a 10% to 20% reduction in bone density of the calcanei 
and metacarpals was estimated for both the command pilot and 
the pilot after this 8-day mission. Although less quantitative 
measures were obtained in Gemini VII, this 14-day mission IlL 

excretion í wl , r ^ ,0SS and increased calcium 
xcretion. Whole body immobilization of human subjects by 

casting is associated with a reduction of between 1 and 2% of total 
y calcium per month.16 This calcium loss persists for many 
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Firnre 5. Effect of immobiliution on nrchitectural changes of lumbar 
vertebra in the monkey. On the left sagittal section of a vertebra from 
an animal immobilized for 60 days in comparison to the vertebra of a 
control animal on the right. From Kazarian 121).

Figure 7 shows the external appearance of lumbar vertebrae 
from a normal rhesus monkey. In contrast to this, Figure 8 shows 
a similar vertebra from an animal immobilized for 60 days. The 
most notable feature is the marked resorption of cortical bone— 
particularly at the sites of muscle and ligamentous attachment. 
Notice also what appear to be numerous resorption channels 
which have formed over the external surface of the cortex. Disuse 
atrophy of the .skeletal muscles was also demonstrated by using a 
technique which estimated the volume of corresponding control 
and experimental muscle masses. There was approximately a 
30% reduction in the energy required to separate tendons from 
the periosteum overlying these areas of porous cortical bone. In 
animals exposed to -f G, impact following immobilization, compres­
sion fractures of the thoracic vertebrae occurred at energies which 
were also approximately 30% lower than those required to produce 
similar injury in control animals.

Figure 9 shows similar osteoporotic changes in the head of the 
femur in comparison to control animals (shown on the left). Note 
that the trabecular stucture, as well as the cortex, is reduced 
in volume.
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Figure 7. Externml surface of the vertebra from a normal rhesus monkej. 
Prom Kazarian (21).

increases the probability of bony injury due to losa of the support 
that normally would be provided by the muscles.

Although the rhesus monkey, a subhuman primate who is fairly 
analogous to man. is a u.seful experimental animal for these studies, 
it is apparent that the growth and maturation rates of this animal, 
as well as other di.ssimilarities between this species and man, make 
it necessary to evaluate the quantitative results of these data with
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Flmre 8. External surface of the vertebra from a monkey tamobiliaed for 
60 days. Note the resorption of bony material particularly at the site of 
insertion of vertebral muscles. From Kazarian (21).

some caution. The similarity of whole body immobili^ation to that 
of the situation encountered in weiKhtlessness is also subject to 
reservation, although the similarity of general pattern observed 
in man between bed rest and the limited obsert-ations of astronauts 
under operational conditions leads one to believe that the Qualita­
tive results of these experiments can be accepted as being likely 
analogues to the operational situation.

It seems reasonable to conclude, therefore, that considerable 
attention must be devoted in future ground-based experiments, as 
well as in longer duration spaceflight missions to the factors which 
lead to the altered structure and metabolic changes in bone which 
are associated with weightlessness. It is difficult to propose an 
effective countermeasure against this phenomenon in the absence
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Fifure 9. Sapttal section of the head of the femur from (left) normal and 
(right) from an animal immobilized for 90 days. Kazarian (21).

of definitive knowledge of the mechanism.s which are involved 
in maintaining normal bone geometry. Preventive measures which 
come to mind are artificial gravity, hormone therapy, and physical 
exercise—although, to date, none of these have been validated. 
Tailoring of reentry acceleration profiles, as previously indicated, 
and optimization of support and restrain^ .systems to reduce the 
bending and loading of bony structures can also be considered. 
Adequate methods for impact attenuation to reduce the effect of 
the accelerations associated with post-reentry ejection and escape, 
as well as with ground landing impact, will need consideration in 
future manned space missions of increasing duration.

BEHAVIORAL LOSS AND OTOCONIA DISPLACEMENT IN 
GUINEA PIGS FOLLOWING LINEAR ACCELERATION

The pathophysiological effects of sustained acceleration have 
traditionally been cited as being primarily related to the cardio­
pulmonary system.^^ Performance limitations are usually regarded
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as those restricted by incapacitation of the motor and visual 
systems.=^

Recent experiments have revealed still another potential patho­
physiological effect of this environment as it may occur under 
operational conditions. This was the demonstration of mechanical 
damage in guinea pigs to the saccular and utricular maculae; 
sensors which detect static gravitational forces.Histological 
evidence of this damage was significantly correlated with loss of 
swimming ability and righting reflex in these animals. Figure 10 
shows a dissection through saccule of a guinea pig exposed to 25 g 
for a period of 195 .seconds. Detachment of the crystalline maculae 
from tne otoconia and dispersion of the granules in the endolymph 
is clearly evident. F'igure 11 shows a similar, although less severe, 
detachment of the same structure produced by an acceleration of 
25 g for 95 seconds. The minimum acceleration intensity for loss 
of the righting reflex and swimming ability was approximately 
60 g, lasting for a duration of 60 seconds. Evidence of loss of the

Figure 10. View through a dissection microscope of the saccule of a guinea 
pig exposed to 25 g for IPS seconds. From Parker, et al. (25).
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Figure 11. View throujrh a dissection microscope of the middle ear 
j^inea pi^ exposed to 25 k for 195 seconds. From Parker, et al. (25).

of a

otoconia from the maculae, without demon.strable behavioral 
changes, may be produced by acceleration as low as 12 to 25 g 
for duration.^ of 195 to 330 seconds. Acceleration at 100 g for 
30 seconds results in severe loss of otoconia from all maculae. 
Recovery of swimming ability and righting reflex may take place 
in from 1 to 64 days following exposure of accelerations of up to 
300 g for 15 seconds. However, exposures at 400 g for 15 to 
20 seconds result in an irreversible loss of the righting reflex 
and a severe disturbance of swimming ability. No histological evi­
dence w’as observed for otoconia reformation during postexposure 
periods. However, the possibility for replenishment of the gela­
tinous layer of the otoconia was suggested. Similar deficits in 
righting reflex and swimming ability were also observed following 
severe exposures to vibratory environments. Although the nomi­
nal op>erational accelerations predicted for launch and reentry are 
less than those required to produce functional and anatomic evi­
dence of injury to this system in the guinea pig, this potential 
mechanism of injury and its resulting behavioral deficits must
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Nutrition for Long Space Voyages 

Dr. John E. Vanderveen* 
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Planning diets to meet the individual energy requirements of 
each astronaut is a cumbersome task. Ideally, each astronaut 
would undergo a metabolic balance study to define his individual 
requirements. The demanding training schedule of the flight 
crews has made such a study impossible; therefore individual 
energy needs will have to be established on a less rigorous basis. 
During the past 75 years, extensive research has been conducted 
to establish the factors associated with energy requirements-. 
This research has resulted in the establishment of several systems 
for predicting individual energy needs. However, even the most 
consistent methods were not reliable for predicting the caloric 
requirements of men having extremes in body composition. As 
a result, the Physiology Branch of the USAF School of Aerospace 
Medicine (AMD), Brooks Air Force Base, Texas, undertook a study 
to measure the nutrient requirements of man while living in a 
simulated space environment. These studies were carried out 
using a low pressure chamber to provide an atmosphere comparable 
to that planned for future space vehicles. Subjects were selected 
from volunteer airmen on the basis of medical records, results of 
aptitude tests, and personal interviews. Metabolic balance studies 
were performed for energy, nitrogen, calcium, potassium, sodium, 
phosphorus, magnesium, and manganese. Prior to and immediate¬ 
ly following each study, body composition measurements were cal¬ 
culated for each subject using data on total body water, body 
volume, and body weight'1. 

The results of these studies show that lean body weight meas¬ 
urements are very reliable for estimating human caloric require¬ 
ments. In Figure 1, the body weight changes for forty subjects 
are plotted versus the kilocalories consumed per kilogram of lean 
body weight. A level of 41 kilocalories/kilogram of lean body 
weight/day was sufficient to maintain body weight for periods of 
at least 60 days. In Figure 2, the lean body weight changes are 
plotted versus the caloric levels consumed. These data reveal that 
lean mass is lost when insufficient energy is consumed to maintain 
body composition. In Figure 3, the fat body weight changes are 
plotted versus the caloric intake, and these data show no correlation 
of losses when insufficient calories are consumed. However, excess 
caloric intake is expected to show a corresponding increase in body 
fat. For long space voyages, it is now possible to estimate each 
astronaut’s caloric requirement and thereby permit him to consume 
the correct amount of food to maintain his body composition 
throughout the flight. 
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METABOLIZABLE ENERGY REQUIREMENTS-MEN BODY WT. 

Figure 2 

be eliminated from their diet. The existence of other enzyme de¬ 
ficiencies has been postulated; however, further research will be 
required for verification. 

VITAMIN AND TRACE ELEMENTS 

During long-term space voyages, greater attention must be 
given to the vitamin and trace element requirements of man. Re¬ 
quirements for these nutrients are ill-defined for man largely 
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Figure 3 
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which are suspected of being produced by bacteria in the lower 
gastrointestinal tract, may become in short supply because of 
alterations in the bacterial population as a result of the environ¬ 
ment and diet aboard the spacecraft. Although the body usually 
stores sufficient quantities of vitamins for use in periods of low 
intake, these supplies are exacted to be depleted in a period 
from 30 to 60 days. A solution to the problem would be the use 
of daily vitamin supplements. 

Trace element nutrition will be more difficult. There are 
elements which may be required in very small amounts which 
are as yet unrecognized as nutrients. In the last ten years, 
zinc has been identified as an essential element for growth, and 
it appears that selenium may also be required in trace amounts. 
Perhaps what is more important in trace element nutrition is the 
delicate balance which is necessary among the elements. The 
existence of interrelationships of copper, molybdenum, and sulfate 
are well known. Similar interrelationships are suspected for other 
elements. Several researchers have drawn correlations between 
trace elements imbalances and heart disease. Further investiga¬ 
tion is required before such a relationship can be proven, but the 
importance of not adding trace elements to the diet indiscriminate¬ 
ly is clearly emphasized. 

IMPORTANCE OF FOOD ACCEPTANCE IN LONG SPACE VOYAGES 

The importance of food acceptance has been well established 
in the short-term space missions completed to date. Indications 
are that the astronaut’s food likes and dislikes influenced both 
what he ate and his total food consumption. In future flights, 
consumption of adequate nutrients will be vital to mission success. 
This does not mean that the astronaut will have to eat precisely 
the same amount of food each day, but rather that his daily 
average must meet his needs. 

Research in the area of food acceptance and voluntary food 
consumption0 has confirmed several facts; (1) Individuals tend 
to select foods with which they have had previous experience. In 
general, they must acquire taste for entirely new foods. (2) Foods 
differ in the frequency with which they can be fed. Such foods 
as bread and potatoes can be consumed more frequently than other 
items, without the individual tiring of the item. (3) Any food 
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THE AIR FORCE OFFICE OF SCIENTIFIC RESEARCH 

PROGRAM IN SPACE CHEMISTRY AT UCLA 

To illustrate a possible direction of development of space 
chemistry of the next decade, I will describe our UCLA program. 

For 6 years, the Air Force Office of Scientific Research has 
supported the chemical researchers in my group at the University 
of California at Los Angeles, and the National Aeronautics and 
Space Administration has supported us in the areas of geophysics 
and planetary physics. In the borderline regions between these 
two fields, funds from both agencies have been applied. We’re 
very grateful to both NASA and the Air Force. 

I wish to speak this morning mainly about our work in five 
principal areas ; four pertain to the study of chemistry in the space 
environment; high temperature, radiation, high pressure, vacuum 
chemistry; and the fifth: the chemical aspects of the evolution 
and nature of the planetary atmospheres, particularly those of 
Jupiter and Venus. 

Chemistry of High Pressures 

The chemistry of high pressures is still largely unknown, but 
we know that certain general principles must apply—atoms are 
squeezed together by high pressures, and solids and liquids which 
have vacancies or holes in their structures are compressed to 
eliminate these vacancies. For example, as Bridgman first showed, 
ice with its very open tetrahedral lattice (considering the oxygen 
atoms only) collapses progressively through seven different forms 
as pressures are applied up to 100,000 atmospheres. The chemical 
consequences of such structural collapsing may be substantial. 

For instance, if a Group IV element which normally has a 
tetrahedral diamond type lattice corresponding to four nearest 
neighbors is compressed until it has more neighbors, it is clear 
that the number of chemical bonds which are possible in the 
denser phase is less than the number of neighbors because the 
maximum number of bonds to a fourth group atom is four, and 
this leads to a fundamental change in chemical properties. Just 
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Table I. Lattice Spacinga for SnOO, InSb(II), and 

InSbSnj, InSbSn2 and InSbSn4. 
for Metallic Alloys 
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2.918 

2.793 

2.062 

2.015 

1.658 

1.484 

1.458 

1.442 

1.304 

1.294 

1.205 

1.096 

1.041 

1.032 

1.025 

5.8356 

10.0007 

3.1810 

:0.0013 

0.54510 

2.921 

2.794 

2.064 

2.017 

1.660 

1.487 

1.457 

1.440 

1.303 

1.294 

1.206 

1.096 

2.897 

2.776 

2.057 

2.012 

1.654 

1.476 

1.438 

1.301 

1.290 

1.201 

5.8337 

±0.0027 

3.1873 

±0.0029 

0.54636 

5.8219 

±0.0024 

3.1665 

±0.0022 

0.54389 

2.910 

2.788 

2.062 

2.030 

1.654 

1.474 

1.452 

5.833 

t0.019 

3.170 

:0.014 

0.5436 

2.907 

2.778 

2.055 

2.007 

1.651 

1.474 

1.453 

1.436 

1.300 

1.287 

1.198 

1.091 

1.037 

1.035 

1.028 

1.022 

5.8181 

10.0007 

3.1634 

:0.0007 

0.54372 

A regularity comes out of the work on Metallic Diamonds 
which is very useful in estimating the pressure for the metallic 
transition in diamond itself.84 This relation is that the free 
energy of the transition (pressure x volume change) is a constant 
fraction (close to one-half) of the energy required to lift the 
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highest valence electron in j- 

metallic conducting state in that taZT“ Th““ int° the lowes 
tromc energy gap. Table II give« th ! j J*"8 18 Ca,,ed the elec 
can be calculated for diamond (excenT fS a' ThC V°,Ume chan^ 
to change the atom radius which nroh IT any at°mic ^ezini 
of the volume of the diamond* soluf w* 7 18 8ma,,) to be 21% 
the pressure at which diamond wilt hp therefore estim«te 
Diamond’s molal volume is 3 24 b®. conyerted into the metal. 
Kap is known to be 5.6 ev we f!. ai™e Us energy 
version to metal will be about 3 7 ltS pressure f°r con- 
we conclude with considerahio ^ !,0n atniosPheres. Therefore 
Ís the idea, mateHa, ^ that diamond Probably 
highest pressure, since iï Xot sX ^T^8 ^ attain the 
pressures as high as 3 million ítL Í a Pha8e C0,,aPse under 
the Earth is slightly in excess of 3P Thc pressure inside 
center. We believe that structural Ion »tmospheres at the 

tion of low coordination n rberTa tice X the transforma- 
attices into close-packed lattices) 
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Table II. Comparison of the PaV Work for the Semiconducting - Metallic 
Transition with Eg of the Semiconductor 

Substance 

Sn 

InSb 

Ge 

Si 

GaAs 

C 

GaSb 

AlSb 

inAs 

InP 

Transition 
Pressure 
(kilobars) 

AV 
(cm-Vmole) 

PAV/atom 
(ev) 

AEg/2 
(ev) 

-0.7 

+ 22 

120 

200 

240 

90 

125 

102 

133 

4.3 

7.59 

2.85 

2.73 

5.52 

0.72 

5.19 

4.97 

5.82 

6.45 

0.003 

0.09 

0.32 

0.56 

0.69 

0.22 

0.32 

0.31 

0.38 

0.03 

0.09 

0.32 

0.64 

0.69 

2.80 

0.35 

0.75 

0.18 

0.60 

will occur in nearly all other cases below these pressures. There¬ 
fore, we expect that all materials (except, possibly, diamond) at 
the pressure at the center of the Earth will be in the twelve- 
neighbor, close-packed lattices and that many nonmetallic mate¬ 
rials will thus have become metallic. 

It is interesting that all metallic diamonds tested so far have 
proved to be superconductors. Figure 2 shows the data for 
inbb (H) and its alloys with tin. There are many possible metals 
of this type, for it isn’t necessary to work just with Group IV 
elements; III-V combinations, as in indium antimonide, and even 
II-VI or I-VII will work also. Thus, many new metals can be made 
by the technique of compression and freezing. 

During the past year, we have discovered new metals with the 
following properties: 

(1) Cadmium Arsenide II (CdsAs.) : stable at atmospheric 
pressure to 150° K, crystallizing in the D52 structure with a = 

0 A, c — 6-87 A and c/a = 1.60 A. This high-pressure metallic 
polymorph is not superconducting down to 1.1° K (Ref. 6). 
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(2) Cadmium Tin Arsenide II (CdSn As-..) : stable at at¬ 
mospheric pressure to 300 C, crystalliziiiK in the NaCl (Bl) 
structure. Its superconducting proix*rties are now beiriR ¡! 
vestida ted. 

It is our hope and plan at UCLA to try to build a megabar 
(1 million atmospheres) press at UCLA. Prof. George C. Kennedy 
of the Institute of Geophysics is seeking support from the National 
Science Foundation and the Advanced Research Project Agency of 
the Department of Defense for the construction and operation of 
such a facility. At present, our maximum capability statically is in 
the diamond anvil presses of Prof. II. Drickamer of the University 
of Illinois which uses milliKram samples, but takes them to about 
half of one me^abar. Dynamic techniques usiner niyh explosives 
in a number of laboratories here and abroad—but particularly at 
the Stanford Research Institute and the Lawrence Radiation 
Laboratory at Livermore—have driven severa! me^abars, but for 
only a few millionths of a second, so measurements of many im¬ 
portant properties are extremely difficult. 

The problem of building a static press of appreciable volume 
(half of 1 cu cm of sample, or so) that would reach into the 
elusive megabar region appears to consist primarily of the problem 
of bonding diamond powder as a particulate aggregate, much as 
tungsten carbide is bonded by metallic cobalt in the material com¬ 
monly used in most static presses whose present usage is in the 
range of up to 100,000 (atmospheres). This problem probably is in 
part the matter of wetting the diamond surface with a material 
of compatible compressibility and thermal expansion coefficients— 
although this is not completely clear. A great deal of work here 
lies ahead, but at least this is the direction towards the static 
megabar press. 

A megabar press would be just as revolutionary to geophysics 
and planetary science, and possibly to chemical industry, as was 
the original Bridgman work (up to 100,000 atmospheres) which 
resulted in the present process for the manufacture of synthetic 
diaiTionds.“ Such a press would open up the science of the 
planetary intenors to more direct laboratory attack. 

Beyond structural collapse to the densest twelve-neighbors 
lattices, high pressures eventually collapse even the atomic struc¬ 
tures themselves. After structural collapse has proceeded to the 
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excited states in the chemical effects of ioniziriK radiation Ex¬ 
perimentation seems to bear out this presumption in many systems. 

1. General Principles.'" One would expect to find some suK- 
gestion of the chemical properties of ions in those ions of analogous 
electronic structures in neutral atoms and molecules. For ex¬ 
ample, knowiiiK that araron with its eighteen electrons is a chemiril 
ly inactive species, we would immediately predict that chloride 
urns and potassium ions as well as calcium and scandium ions (Cl 
\ Ca* \ Sc* all with their eighteen electrons would also be 

chemically inactive, although it is clear that the charges polarize 
molecules and thereby attract them to contact and react, if reaction 
is possible. This Principle (,f .4/<«/0.7//—that electron structures 
which differ only in nuclear charge will behave similarly—appears 
to be sound and helps us to understand some chemical properties 
of 10ns. 

We should expect that an ion with one electron (i e He • ) 
would be hydrogenic; and we should expect, if it were possjble 
or He4 to react without catching electrons because of its high 

electron affinity, that it would form molecules like those formed 
by ordinary hydrogen atoms. A better case is the argon ion. Ar- 
which by our principle should behave as does a chlorine atom. So’ 
we should expect that the chlorine-like properties would show by 
Ar+ attacking hydrogen molecules to form HA4 and release 
atomic hydrogen just as chlorine forms hydrogen chloride and 
hydrogen. HA4 should be a very stable molecule as long as its 
positive charge is not neutralized by an electron or bv some other 
negative-charged species. 

In fact, it s quite clear that the extra positive charge on the 
nucleus of this chlorine-like Ar+ ion makes its levels all lie below 
those of ordinary chlorine atoms and that it should therefore have 
a higher ionization potential and form stronger chemical bonds. 
In other words, the dissociation energy of HA * should be greater 
than that of hydrogen chloride. Lampe» has used this reaction 
to catalyze the production of atomic hydrogen by ionizing radia¬ 
tion. Using argon’s large cross section to absorb gamma rays, he 
was able to increase the yield of atomic hydrogen and thus of 
ethane by adding argon to a mixture of hydrogen and ethylene. 
On neutralization, the HA+ gives another atomic hydrogen, so 
the net result is that the argon catalyzes the dissociation of the 
hydrogen molecule into two atomic hydrogens. 
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charged, it again is a much more powerful Lewis acid than any 
neutral species, and it, too, is able to treat ordinary hydrocarbon 
molecules as bases with surprising ease. For example, it even 
reacts with methane itself to form hydrogen and another 
Lewis acid: 

CH;|+ + CH4 _ -f C2H5+ (2) 

This type of reaction might be expected to continue to add 
CH<, but it has been observed" to stop in the gas at C2H,+. The 
two ions, C2H,+ and CHS + , are the main products of the initial 
reactions, and both are chemically active as Lewis and Bronsted 
acids in keeping with the Principle of Analogy. C2HS+ attacks 
higher hydrocarbons too, of course: 

cïhs4 + CnH2n + 2 = C2H4 + Hj + C.H + j,, + , (3) 

In pure methane, which is not a strong enough base to react 
with either of these acids, the reaction stops, and the result is 
simply the production of CHÄ+ and C2H5 + , which of course are 
eventually neutralized. This act may lead to further reaction 
through fragmentation and subsequent reaction of the fragments, 
but all of this is delayed for some appreciable time such as a 
fraction of a millisecond. And, as Munsen and Field" suggest, 
if another organic gas is added to the methane in small amounts 
up to 1%, these acid ions can attack it and produce a spectrum 
of ions, with the main ion being the original molecule less one 
hydrogen atom. This greatly simplifies mass spectrometry and is a 
powerful tool for studying the ionic chemistry itself. 

3. Aromatic Hydrocarbon Positive Ions. Aromatic systems 
differ from aliphatic systems in that their ions probably are of 
the Jr electron type (i.e., the electron which is most easily removed 
in aromatic systems usually is a » electron which belongs 
essentially to the whole molecule). This means that the 
charge or electron deficiency is distributed over the entire 
system, atid, as a consequence, the chemical effects of the ioniza¬ 
tion should be much weaker than with the saturated aliphatic 
hydrocarbons. Evidence from experiments confirms this nrediction 
that the aromatic ion is much less active than the aliphatics. In 
fact, one type of atomic power reactor (the Organic Moderated 
Reactor) uses terphenyl (three benzene rings together) as the 
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of the ions formed by 70-ev electrons bombarding methane are 
CH3 corresponding to the elimination of a hydrogen atom. Now, 
of course, it is true that the .appearance potential of CHa+ will be 
above the appearance potential of CH4+ because only those CH4 + 
ions which are sufficiently excited to eliminate an atomic hydrogen 
and form CHS+ can do so. And so the yield of CH4+ ions at the 
onset of CH4+ is less than the total ion yield at the onset of CHs* 
because more molecules can be ionized by the electrons at the high¬ 
er energy. Similarly, at higher electron bombarding energies, the 
methane will eventually form CH2+ and CH+ and O. Of course, 
it is possible to produce the CH4+ ion in a state excited electronical¬ 
ly as well as vibrationally, but it seems very likely that most of the 
destruction of the parent ions which occur in polyatomic systems 
is due to the vibrational excitation caused by the great speed of 
the ionization act itself as induced by fast electrons or photons, 
the electronic Franck-Condon Principle. 

This raises the question as to whether it is possible or not 
to ionize in a slow manner. The answer is yes, as Munsen and 
Field13 have shown (as described above), by using the Lewis acid 
C2Hä+ or the Bronsted acid CHS + . A hydride ion is removed rel¬ 
atively slowly because its mass is so much larger (1840 x) than 
that of the electron with a minimum of destruction. The ioniza¬ 
tion act in this case, according to the Franck-Condon Principle, 
allows time for the ion to relax, at least in part, to its proper 
geometry as it is produced. 

6. Destructive and Nondestructive Neutralization. The elec¬ 
tronic Franck-Condon Principle appears to be very general in its 
applicability to all neutralization processes, and the fragmentation 
theories of the excited ions appear to apply very well to the mole¬ 
cules made from freshly neutralized ions if electrons do the 
neutralizing. 

Thus, we expect that (1) neutralization by electrons will be 
destructive, and that (2) neutralization by anions will be less 
destructive. 

In most systems subjected to ionizing radiation, anions can 
form (air impurity is particularly effective in this regard since 
oxygen rapidly captures free electrons) and can thus be provided 
the means of slow neutralization by heavy anions. In the case 
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radiation is effective in ionizing methane and the other minor 
constituents of lower ionization potential, with the result that ionic 
chemistry probably is very effective in the Jovian atmosphere. 
It seems likely, therefore, that a very large population of free 
radicals and complicated organic molecules exist in the atmosphere 
of that planet for this reason. The strong colors which are seen 
there seem to indicate that this is true, and we believe that the 
strong radio signals from Jupiter may be due to abundant organic 
free radicals.1" 

The general principle of electron transfer under conditions of 
no electronic f ranck-Condon Principle blockage is an important 
one in the chemistry of ions, and there is no doubt that the 
phenomenon occurs. The question is, “How important is it in a 
given situation?” A solution of normal hexane dissolved in liquid 
xenon irradiated with Co"" gamma rays was found17 to yield 
radiation products in the dilute solution of 49( hexane in xenon 
(molal percent) at just as high a rate as if pure hexane had been 
used. In other words, electron transfer to the Xe+ ions was 
completely effective in transferring the radiation energy into ioniz¬ 
ing hexane in this system: In fact, a higher yield was found in the 
solutions because the stopping power of the xenon for the cobalt-60 
gamma rays is larger than for n-hexane. It is interesting that the 
distribution of the products was not greatly different indicating 
that the degree of excitation that the hexane ion received was 
similar to that received from direct gamma-ray ionization by 
secondary electrons. 

It should be pointed out that electron transfer is to be thought 
of as being a fast process in the sense of our previous discussion. 
The electron jumps instantaneously, probably by tunneling through 
the potential barriers of the intervening xenon atoms, and frag¬ 
mentation effects similar to those for electronic bombardment 
should be expected. 

8. Heavy-Ion Transfer. Perhaps the most important heavy 
ion found to transfer is the hydride ion, though proton transfer 
also occurs. Heavy-ion transfers are to be thought of as processes 
occurring relatively slowly in contrast to electron transfer pro¬ 
cesses. Thus hydride-ion transfer from heavy hydrocarbons to 
the Lewis and Bronsted acids, C2HB+ and CHB+, gives the new 
Munsen and Field13 technique for nondestructive formation of the 
positive ions of heavy hydrocarbons. 
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solutions of methane ^1,01^ "''''‘'‘'f16“ di'Ute and concentrated 
formation. ",U'd argon t0 look f»r effects on polymer 

Table The P'"»'“"- 
Drawing arbitrary divisions for c'T PaPer 0n.S°'id me‘ha"e-” 
protons and 45% CH, and CH nmt’ ^ 8:648 55 ^ methyl 

- and CH protons (divided about three to 
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Table III : Data on Polymer from Methane-Argon Solutions 

••Irradiated at 0.6 mesarad/hour. 
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enough methane before electron recombination. Therefore, the 
polymer must come from combination of a number of methane 
fragments produced in a small region. The NMR data require 
that about equal quantities of CH;,, CTT., and CH be involved. 

We suggest that such a high local concentration of fragments 
could be produced by an Auger electron emitted folloiving inner 
shell ionization. A 206-ev Auger electron and an Ar* f are the 
major products from ionization of the 245-7-ev L levels of argon.-- 
K ionization of argon requires 3200 ev and yields a variety of 
Auger electrons and positive ions up to Ar 7.- ' Carbon K 
ionization gives a 246-ev Auger.-4 The low-energy electrons thus 
made will be scattered in a short, random, walk path and will 
produce a small sphere containing a number of ions and excited 
neutrals. (Since no decrease in polymer size is seen at 0.15-mole- 
percent methane, the sphere must be at least large enough to con¬ 
tain twenty methanes, i.e., about 100 A in diameter). 

In the low methane concentration runs, the initial species 
produced will be made from argon by argon Augers, but rapid 
charge and excitation transfer reactions to methane will occur just 
as they do for isolated species. (Methane has a lower ionization 
potential.) Electron recombination with likely methane ions such 
as CH4+ and CH,+ could give-'7' CHj + H.. and CH f H2. Excita¬ 
tion transfer to Chh is known to give CH:, 4- R and CH.. f IC.28 
Hydrogen atoms might interfere with condensation of fragments 
to polymer, but molecular hydrogen could not 

At high-methane concentrations, carbon K Augers will be 
operating directly on methane, and this different excitation process 
plus the greater availability of methane could account for the in¬ 
creased size of the polymer produced. 

11. Application to Radiobiology. It is very likely that as we 
become better acquainted with the chemical properties of ions, 
we will be able to understand bettef and better the implications for 
radiobiology of their formation in biological tissue. Their great 
reactivity and their extraordinary properties indicate that it is 
in this area that many of the explanations of the miraculous 
phenomena observed may lie. Perhaps in the not too distant future 
as we come to understand more thoroughly the general properties 
of ions, especially such highly stripped ions as CH2 + , we shall be 
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from the well-known fact that bacteria have been found which 
can convert crude oil (or certain of its physically separable frac¬ 
tions) into amino acids, we can expect that bacteria could be found 
to convert meteorite organics (or certain separable fractions there¬ 
from) into nutritive amino acids. This may be a major point, for 
it means that we might be able to live in part from the stuff of 
the planets and their moons if they are meteoritic in origin and 
haven t been volcanically cooked too much in the course of time. 

In fact, it seems possible that the whole fabric of biochemistry 
may have sprung in major part from the nr -essity of selecting 
from the primeval nutrient organic stuff t,.at we find in the 
meteorites. We may come to see that, just as our blood resembles 
seawater in overall composition, our moleculai architecture re¬ 
sembles this original food. 

High-Temperature Chemistry 

The chemistry of high temperatures is largely a question of 
laboratory technique. It is obviously of very great importance 
and potential, but the eternal question is the technique for obtain¬ 
ing and controlling the extreme temperatures necessary. 

One very satisfactory technique is the plasma torch. It uses 
a radio-frequency power source which feeds a water-cooled meta’ 
coil through which gas is circulated. The gas is ignited by 
the insertion of a metal wire heated by the absorption of the radio 
frequency; when the gas is hot enough, it itself becomes ionized 
and picks up the radio frequency ; then a flame is formed. Flames 

JTade in this way in any Kas running at temperatures in 
the 10,000- to 100,000-degree range. Of course, all molecules are 
atomized at these temperatures, and, as the matter leaves the 
flame, it reforms into new molecules which may be both useful 
and interesting. The reactions are doubly complicated because 
ions exist in the flame together with the high-temperature atoms 
and the separation of the effects due to ionic chemistry from those 
due to atomic reactions is very difficult. However, the plasma 
torch gives a very hot flame for general use in the laboratory. It 
can be used to vaporize all known oxides. In this way, sapphires 
can be grown by dropping aluminum oxide powder through the 
plasma flame onto a seed crystal of sapphire below the flame. The 
tip of the sapphire is kept at exactly the right position relative 
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an apparatus. I he liquid aluminum oxide is constrained by the 
centrifugal force to the walls of the cavity, and the material being 
studied is supported on the liquid, if compatible chemically. 

The principal progress in the chemistry of high temj)eratures 
in our own laboratory at UCLA to date has been with carbon vapor 
whmh we have studied in its reactions with solid benzene-7 at 
77 K. Similar studies have been made by Skell and co-workersïM 
on olefins. The best technique here is laser evaporation from a 
thin filament of graphite suspended in the bulb containing benzene. 
This technique shows very great promise. 

Vacuum Chemistry 

The chemistry of high vacuum is essentially the chemistry of 
uncontaminated surfaces. This is a very promising area; we 
have never been able to work with clean surfaces on Karth because 
of the air contamination, and it seems very likely that it would be 
possible to do air-free chemistry in a spaceship without introduc¬ 
ing oxide or nitride contamination into the product. It is very 
likely that such oxide-free materials would have very different 
properties. Many crystals probably could be grown under such 
conditions—so a budding field of chemistry may exist in this ap¬ 
plication of the inexhaustible vacuum of space to the preparation 
of pure materials in bulk which are free of oxides and nitrides 
and other constituents of the atmosphere. 

It is almost impossible to produce, in the laboratory on Earth, 
a vacuum pump of sufficient capacity to rival that available on a 
spaceship in orbit—so we see that there may be possibilities of 
using spaceships as chemical laboratories and factories for the 
production of materials, such as diamond, by the evaporation 
of carbon. At present, the technique of testing the possibility of 
making diamonds from carbon vapor is well under way. It is an 
old problem, and it seems likely that the atmospheric contamina¬ 
tion of the surfaces has been in large part responsible for past 
failures and the use of high vacuum of the levels available in outer 
space may solve the most difficult problem and lead us to success. 
In any case, the possibilities of using the high vacuum as a chemical 
aid appear to be large. 

We are attempting the growth of diamond from carbon vapor 
(Section C, High Temperature Chemistry) using the LEED (Low 
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absence of any appreciable amount of carbon monoxide (the actual 
amount of carbon monoxide is reliably reported to be 45 parts per 
million), shows that the one-tenth to two-tenths atmosphere of 
oxygen reported probably could not have been derived from the 
photolysis of carbon dioxide nor from that of water. There is no 
inanimate way in which carbon monoxide can react with the surface 
of the planet, so the carbon dioxide photolysis would have to pro¬ 
duce carbon monoxide in twice the oxygen yield. The photolysis of 
water has been well demonstrated by Urey and by Marshall and 
Berkner to be unable to explain the oxygen on Earth, and, it would 
seem, it therefore cannot explain the oxygen on Venus. 

On this basis, we conclude that it is likely that oxygen on Venus 
is derived from plants. Of course it’s possible that the Russian 
detection of oxygen is in error, in which case the evidence for life 
disappears. 

However, an additional argument makes it even more likely 
that there are temperature regions on Venus: It’s the argument 
of chemical similarity. Venus and Earth have, on the whole, very’ 
nearly the same density and very nearly the same size. It seems, 
therefore, likely that their overall chemical compositions and 
volcanic histories would be similar. The main differences between 
these two planets will be the slower rate of rotation of Venus and 
its closer position to the sun. This leads us to argue that the 
18 or more atm of carbon dioxide found on Venus (which, in¬ 
cidentally, compares well with the total limestone on Earth, if it 
were converted to carbon dioxide) was accumulated because oceans 
were not present. A similar argument was made years ago by 
Mentzel and Whipple2” who suggested that the entire surface of 
the planet was covered with oceans. Of course the high tempera¬ 
ture of 280 C found by’ the Russian probe in the Venus equatorial 
region rules out oceans. Therefore, we are forced to ask where 
the water may be and to suggest that it is present in giant ice 
caps which may extend to as far as 45° latitude and average some 
10 km in thickness. 

The question has been raised as to whether such ice caps would 
actually not flow back too rapidly into the hot equatorial regions 
and thereby melt. W e suggest not for two reasons: (1) one reason 
is that the ice on Venus may not be pure ordinary ice, but may be 
in part a carbon dioxide hydrate (CCU • 5-'Vj. HjO) whose physical 
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oAft!Sr8Kh.e8rÍhaR“e8rCh iB0Ulder’ C0l0rado) thr0U‘th th* «operation 

CONCLUSION 

in the Space Pro^ram. as >n most scientific and 
chnological programs, the chemical properties of matter are 

gnmthantSnhemrhtS therefore P1^ a maJ°r role in the future 
growth Space Chemistry probably is minor in importance when 

andoffe0 aatr0n»,0T and a‘strophysics-but it has its opportunities and offerings which may be substantial. 
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stimulating his ingenuity, must be solved for successful space 
ventures. In addition, we must solve them quickly, and we are 
restricted in volume and weight to accommodate any solutions. 

To allow man to survive in his microworld in space, we are 
forced to immediately and simultaneously attack some of the 
problems to which on Earth we address ourselves leisurely (and, 
as we all realize, frequently, only too leisurely) such as environ¬ 
mental pollution, toxicology, bu.engineering, automation, etc. It 
is for this reason that the intert'isciplinary areas composed of the 
hie sciences, physical sciences, and engineering sciences have been 
of particular interest in connection with the space effort and have 
been supported and pioneered by it to an impressive degree. It is 
obvious that the final long-range importance, extent, and applica¬ 
tion of these fields goes far beyond the space effort ; many efforts 
m these areas are already today continued and supported for 
earthly” reasons overshadowing the original space-oriented in¬ 

terest. However, this does not mean that their necessity for the 
continuation of a progressive space effort has been lessened in any 
way. J 

. 0ne thfse new interdisciplinary areas combining the life 
sciences, physical sciences, and engineering sciences is the subject 
of this paper. The emphasis of this review will be on Riomcs, 
although some might question why I do not term it “Bioengineer¬ 
ing” or “Biocybernetics.” It is futile to spend much time trying 
to give a sharp definition of fields which overlap to a large degree 
and which often require the same basic knowledge, differing only 
m the use and application of this knowledge. An attempt to 
i.lustrate the interrelation between these fields is given in Figure 1. 

Cybernetics grew as the unifying science, considered by many 
as the healing counterweight against overspecialization and separa¬ 
tion of the disciplines, allowing a new synthesis and unification 
of the biological, social, physical, and engineering sciences.' 2 3 
Its future is heralded by many as holding the required key to the 
optimization of man’s development in the new technical environ¬ 
ments created by him on Earth and in space. It is obvious from 
many signs in our technological world that, while in the past man’s 
technical endeavors concentrated on extending and multiplying 
his energetic capabilities, his future depends to an increasing 
degree on an extension of his intellectual insight. Cybernetics 
may well be the scientific start in this direction. 
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Biocybernetics, in contmaf * 
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and the action of physicafenerev o^ h3.8^ theories 10 biology 

energy on biological systems.* I 
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Bionics can be looked at from the biologist’s point of view as 
applied biology or cybernetics from the engineering point of view, 
it is basic research into biological systems with the goal to con¬ 
tribute to the design of better technological systems based on 
biological prototypes.7, 9 10 

Bioengineering grew from the originally somewhat restricted 
interphase between the traditionally established schools—of 
engineering, of medicine, and of biology—to a concept ant’ program 
of ambitious scope and importance, which is considered by many 
today to include, at least for academic training, most of the areas 
shown in figure l.n 

The importance to space research of the areas outlined is 
obvious. Figure 2 summarizes the main goals: (1) The hostile 
environments of flight and space posed engineering challenges in 
life support equipment which could be solved only by the closest 
cooperation of the life and engineering sciences, and by a more 
quantitative description of man and his functional reaction to 
unusual environmental conditions and changes. Man and machine, 
or better man and his man-selected environment, had to be married. 
(2) The new environments which man chose for himself required 

MISSION OF 
BIONICS 

[BIOENGINEERING' 
CYBERNETICS. 

IN BIOASTRONAUTICS 

1. Adapt man to environment \ 
Adapt environment to man ) 
Match man and machine / 

b / Quantitative description 
y V of systems 

2. Extend man's physical and intellectual capabilities by prosthetic 
devices in the most general sense. 

3. Replace man by automata and intelligent machines. 

Figure 2. The Three Primary Goals of Bionics/Bioengineering/Cybernetics 
Efforts in Support of Bioastronautics. 
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100 
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COMPLEXITY 
OF 

SYSTEMS 

Figure 3. Systems Complexity Vs Reliability of Biological and Electronics 
Systems. 

But in other areas, primarily those related to sophisticated infor¬ 
mation processing (such as pattern recognition, concept formation, 
prediction, optimum decision making, learning, self-adaptive con¬ 
trol and “intelligent behavior" in general), biological systems are 
far superior with respect to capability, efficiency, and space 
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d/I *17% elliptic note

Re»lcF

216*4

178%

174%

176*4

parabolic note 
ReoiO'llO*)

Figure 5. Laminar Profiles of Fish and Whales (from Hertel, Ref. 13).

DC-8-61 d/I =7% 
(251 passengers)

Proposed lominor profile 
(Dolphin) for 300 
passenger oirbus d/l=22%

Figure 6. Comparison of Conventional Fuselage (Thickness Ratio 7%) with 
the Proposed Laminar Profile (Thickness Ratio 22%) Based on Studies of 
Biological Forms (Fig. 6). Note: The biological prototype has maximum 
volume for the smallest possible drag in the Reynolds number range for 
which it is designed. The proposed air bus model sliows the application of 
another principle found in biological propulsion, which has been studied with 
respect to its superior efficiency: the concentration of the thrust in the area 
where the main drag occurs (from Hertel, Ref. 13).
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of Lhe intricate functions of signal-to-noise enhancement, property 
filtering, and reliability by redundancy, which lead in turn to a 
remarkable information compression and reliability at the input 
of the central processing stage. Figure 8 illustrates this condensa- 
tion and filtering of the incoming information flow which is 
selectively filtered at the conscious level by a 1:107 factor 19 The 
information content at the output (effector) stage of the biological 
information processing system increases again sharply, as indi¬ 
cated, due to genetic and learned ‘'programs'’ and subprograms 
stored and selected for effective action. It is revealing to compare 
tfte capability of the human central processor with that of a large 
conventional general purpose digital computer (Fig. 9). The 
special characteristics and the differences between the systems are 
obvious from the comparison. 

... the most interesting on-going work in analyzing quan- 
titatively and in modeling central nervous system functions is 
that by McCulloch, Kilmer, and Blum on the concept of the Reticu- 

i^’17,18 Lookin& at the RF as the computer 
with the central command function, new ways to couple and de¬ 
couple computer systems, depending on the need of the overall 
systems combination, present themselves. These authors think 
of the RF as one would think of the commander of a battle fleet 

OLis/de world 
-> 

Idvtl of consciousness 

degree of selection I 107 

selective attenuation addition of 
by feedback systems stored programs 

Or gams m 

Note wi,ilJÎÏ * Information Through Man (after Ke.del, Ref. 16). 
Note. While the amount of sensory input information is reduced on its way 
to the conscious level, the number of elements engaged in processing the 
information increases at the cortex of the brain. 
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SIMPLEST MODEL OF RECTICULAR FORMATION 

I After Kilmer, McCulloch ) 

Fifure 10. Reduced Schematic of the Model of the Reticular Formation (RF) 
(after Kilmer, et al., Ref. 17). Note: The M,’» are the basic logic modules 
interconnected to a degree and in a way suggested by the known RF axonal 
anatomy. The S,'s correspond to the various exteroceptive and interoceptive 
sensory and internuncial systems which feed into the RF. For the distribution 
rules for the », and 7, interconnection lines and other details of the model, 
see references. 

The plasticity of this system achieved by the strategies em¬ 
ployed is now very interesting: modules which apparently have 
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sgn Ap ~ sgn V • i>gn iu(t-âí) 

Figure 11. General-Purpose “Probability State Variable" Module for Self- 
Organizing Controllers (from Barron, Ref. 19, Patent Pending). Note: The 
input logic accepts binary value signals sgn v from an external means of 
performance assessment; sgn Ap is the polaiity of an increment to a p-register 
which is part of the statistical decision dev 'e (Fig. 12); sgn Au (t-At) is 
the polarity of the step taken one clock interval earlier. The sgn Au pulses 
from the decision device are integrated in the u-register (output register). 
The output is a function of the input and the probability state. 

compared to conventional nonadaptive systems. Components 
within the PSV system could even fail, with little effect on its 
learning ability. This self-organizing flight control system has 
been successfully simulator tested and is programmed to be flight 
tested on the F-101B within this year (Fig. 12). 

The potential of the same system has been demonstrated with 
considerable success for multiple axis control of a 19,000-lb satel¬ 
lite and appears to be a fairly universal, highly reliable, rapid 
learning control system with the ability to compensate for un- 
planned-for eventualities such as being hooked up backward!19'28 
Its application to systems with multimoded inputs operating in 
environments in which we have little a-priori knowledge is present¬ 
ly being studied. Here it must learn on the spot the environmental 
characteristic: for example, in a planetary environment about 
which we have very little detailed information. 

Another example studied under contract for the AF Avionics 
Laboratory uses the same PSV technique to solve energy alloca¬ 
tion problems in a varying but unknown environment: for exam¬ 
ple, as in a satellite. The PSV solutions in this case were several 
orders of efficiency better than those of preprogrammed computers. 
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FAILURE RATE CURVE FOR MANUFACTURED ARTICLES 

DEATH RATE PER THOUSAND OF U.S. MALES (1964) 

Figura IS. Theory of Aging Based on Accumulation of Uncorrected Errors: 
Comparison of the Failure Rate Curve for Manufactured Articles with the 
Death Rate as a Function of Age for a Normal Population (from Goldman, 
Ref. 24). 

compression as indicated on the left-hand side of Figure 7 and in 
the loss of all sensory information of no direct interest. In higher 
order biological systems, many preprocessing tasks are delegated 
to the peripheral level to relieve the central processor and to per¬ 
mit faster response. For this reason, the preprocessing of visual 
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A visual pattern recognition problem of considerable practical 
significance in Larth-bound clinical medicine as well as in space 
medicine is the electrocardiogram (ECG) analysis. As one specific 
example from the large literature on pattern classification tech- 
/pnvfi ojbf aPplication of the Polynominal Discriminant Method 
(JrUM) to the diagnosis of heart abnormalities as evidenced in 
the vectorcardiogram will be mentioned. The PDM is a non- 
parametric statistical method by which a pattern is classified as 
indicating one of several possible states of the natural event based 
on estimates derived from a learning space of the probability 
density functions for each of the possible states. The method 
separates by computer calculation points belonging to different 
categories as illustrated on Figure 17 for various point distributions 
(<r represents the “smoothing parameter” for the distrioution 
functions calculated). In applying this method to the vector- 
cardiographic diagnosis problem,-’» samples were taken every 
5 msec up to 75 msec after onset of the QHS complex of the 
electrocardiogram. A separating surface was then calculated for 
the total set of 46 measurements (15 points on 3 leads plus dura¬ 
tion of QRS complex) which would separate points belonging to 
normal patients from those belonging to abnormal patients. After 
training the classifier with 192 “normal” records and 57 “ab- 

normal records, the classification accuracy on a testing set of 
ELG s was 97% correct on normal patients and 90% correct on 
abnormal patients. This recognition rate of abnormal patients, on 
the basis of the ECG alone, appeared to be considerably higher 
than the number of abnormalities detected by clinical diagnosis 
onJt^e ^asîs of the QRS complex alone. These results by Specht 
and Toole indicate the potential usefulness of such pattern classi¬ 
fication methods. Such a recognition method can certainly be 
used in space applications for the real-time alerting of any devia¬ 
tion of a crewmember’s ECG from an established baseline. The 
total system can be realized by several ounces of microminiaturized 
circuitry and can be built as an adaptive element (Fig. 18) so that 
baseline functions can be establk hed on Earth or during various 
phases of the space mission. By suppressing all “expected” signals, 
a method such as the one proposed would yield significant data 
compression by restricting telemetering to changes from the base¬ 
line function. 

In auditory pattern recognition, the interest and efforts of 
many groups have been concentrated for quite some time on 
automatic speech recognition.1» This area is potentially of groat 
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Figure 18. Functional Block Diagram of Adaptive Polynominal Threshold 
Element (from Specht, Ref. 28). Note: The Polynomial Discriminant 
Function F(X) is calculated from the input variables Xp and their powers 
and cross-products. For calculation of the weights D, the normalizing factor 
exp (XtX/2ff2), etc., see reference. The classifier learns during the training 
phase (by arriving at the right weights D) the decision surface P(X) = 0 
separating the two categories to be classified. 

properties of the signal-producing mechanism (voice) or the 
channel vocoder which transmits the short-time amplitude spec¬ 
trum of various frequency bands and the pitch characteristic of 
speech. In all these approaches, bandwidth compression of 10 
to 1, or more, has been achieved. 
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The bionics approach to speech compression or speech analysis- 
synthesis systems is to endeavor to model the biological filtering 
f ,sp®ken messag:e. This process starts in the mechanical 

and hydro'Vnarmc filters of the middle and inner ear, is continued 
in the coding process on the basilar membrane (where the analog 
motion pattern is transformed into a pulse interval coded electrical 
signal), and is completed by the selective transmission and filtering 

analog *V^8 the aUditory P lthway* An electronic 
analog model of the human ear has been developed for this purpose 
which presents as its output the three-dimensional speech pattern 
(cochlear position, basilar membrane amplitude and time) as the 
nervous system sees it at the basilar membrane.31 3- Artificial 
neurons modeled after the characteristics of the auditory neurons 
observed in neurophysiological experiments on the guinea pig, are 
used for pube coding, further processing of the spoken messages 
and property filtering by neural networks.33 The results of this 
approach are interesting with respect to coding, speech compres- 
.., anJ Altering. Speech recognition itself still poses appreci¬ 

able problems, no matter what method is used.30 34 A main one 
is the segmentation problem: the cutting of continuous speech 

to discrete chunks which are then recognized as linguistic units. 
This capability ,s difficult to achieve by present-day, real-time 
machines and is so easily performed by the nervous system. 
Preprocessed speech, for example, has been presented as visual or 
tactile signals to human subjects; in general, they were able to 
learn to recognize these patterns with high reliability. This is 
accomplished by the nervous system’s general ability, regardless 
of the sensory channel used, to operate on the pattern of the entire 
word and simultanously perceive subset patterns. Furthermore 
the nervous system must be able to augment or de-emphasize 
certain pattern features prior to making final recognition decisions. 
It appears that these are essential features for real-time automatic 
speech recognizers and that we should be able to improve our 
understanding of these processes by studying the passing of speech 
signals through finer and finer distinguishing branches of property 
niters formed by complex nerve nets. 

One specific bionics speech compression system developed by 
Stewart will be mentioned here. It uses the human analog 
cochlea described above and a neural processor inspired by specula¬ 
tions about the neural processing of acoustic information in the 
grasshopper. It promises to achieve intelligible speech transmis¬ 
sion with a bandwidth of approximately 50 Hz—a considerable 
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improvement over most vocoder systems. It has also some appeal 
with respect to automatic speech recognition. Each section of the 
basilar membrane of the analog cochlea used (Fig. 19) is connected 
to “neural analyzers” which provide a space-time display of the 
modulation envelope of the various cochlear sections. Examples 
of patterns obtained with this system for speech sounds are 
presented in Figure 20. 

Speech recognition research is presently at the point where 
machines are feasible which recognize limited vocabulary speech 
(10 to 50 words). Learning networks are being used to train the 
program to increase reliability and allow adaptation to individual 
speakers or dialects. Although this present capability is still far 
from continuous speech recognition, some of these research results 
can be applied immediately to hardware problems. For example, 
under the Bionics Program of the AF Avionics Laboratory a voice 
controller for an astronaut maneuvering unit is presently being 
developed.315 The voice controller is a limited speaker, limited 
vocabulary speech recognition device (Fig. 21). It is being de¬ 
signed to accept the voices of three different speakers—the size 
of an Apollo crew—and to recognize fourteen distinct words 
(Fig. 22). These fourteen commands will be adequate to control 
the complete functional capability of the dual-maneuvering unit. 
The voice controller fríes the hands of the astronaut, making them 
available for cargo transfer, maintenance, repair, and assembly 
operations. 

20,000 Hz DISTANCE 50 Hz 

System (from Stewart, Ref. 31). 
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capacity and is therefore a prosthesis in the broadest sense.3® 
Despite advances in remote manipulation, control of an artificial 
hand or arm by biocurrents37 and various robot designs, progress 
in these areas has been slow due to the lack of appropriate sen¬ 
sory feedback regarding the environment and due to lack of 
“intelligent” or adaptive behavior of the device.3S The intelligent 
control of the prosthetic capability, rather than the capability as 
such, is the problem. In other words, the main problems en¬ 
countered in the design of such extensions are those of pattern 
recognition,39 self-organization, adaptation, and control, and any 
progress in these vital areas will support specific prosthesis de¬ 
sign efforts. Whether the problem of interest is automatic screen¬ 
ing of cloud pictures taken from a weather satellite or the screen¬ 
ing of particles under a microscope and the automatic recognition 
and counting of certain cells, the task is basically the same: it 
requires creating some of the functional capabilities of the human 
visual system and its learning capability. Similar statements are 
valid with respect to automata expected to perform in complex un- 

Hf COGNITION 

Nt T iff OftK 5 

Figure 21. 11001. Diagram of Voice Controller for Astronaut Maneuvering 
Unit (from Kelly, et al., Ref. 35). 
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ISOLATED COMMAND WORDS: 

1. Command 

2. Stop 

3. Forward 

4. Back 

5. Right 

6. Left 

7. Roll 

Command sequences such as 

8. Hold 

9. Open 

10. Pitch 

11. Yaw 

12. Down 

13. Up 

14. Translate 

'Command Translate Right" or 
Command Yaw Left" are possible. 

Astronaut Maneuvering Uniro^Fi^re^l^the^V^ p0“* <Jontrol,er 
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soon forgotten, as its almost already the case today, when engineers 
talk about “adaptive” antenna systems or “learning” flight con¬ 
trollers. The examples of on-goiag work cited in this paper are 
neither exhaustive in depth nor in breadth. Time did not permit 
describing the contributions of biomathematical investigations to 
the understanding of systems reliability and of control processes 
in large systems. The potential payoffs of modeling biological 
chemoreception,40 studying biological “fuel cells”41, or investigat¬ 
ing the vestibular system as prototype of a miniature attitude 
control or short-term inertial guidance system42 have not been 
touched upon. 

It was not possible to include in the discussion another hard¬ 
ware item, a radar ground-speed detector which was built according 
to the principle discovered in the beetle’s eye for target speed 
detection.41 This system, developed for the US Air Force,44 is 
being flight evaluated this year to determine its merits compared 
to other speed indicating systems. However, it was not the pur¬ 
pose of this review to discuss specific problems or their potential 
solutions. It was the purpose to discuss the “biologization” of 
the engineering sciences and the new mission for the biological 
and medical sciences. Biological research today no longer serves 
exclusively the direct support of man, but has its potential impact 
on practically all areas of modern technology. Such efforts to un¬ 
derstand and duplicate the functional capabilities of living systems 
are not to be looked at as separate roads to technological progress 
leading to solutions completely different from what present-day 
technology attempts. For this, interdisciplinary communication is 
already too lively, and it will certainly further improve. But the 
biological prototypes can stimulate our imagination and provide the 
living proof that certain capabilities are possible and feasible. 

The capabilities and approaches which allowed life to originate, 
to survive, and to develop on this planet over millions of years 
are basically the same capabilities needed to assist man and his 
man-made microenvironment to survive, to explore, and to conquer 
the new environments of space. The most promising road to suc¬ 
cess in this venture would be to take full advantage of the biological 
approaches developed during evolution. No intelligent machine 
would hesitate to confirm this statement. 
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and beyond the moon, to the p.anets as possible targets for manned 
landing missions. 

In terms of planetary environmental medicine, bioastro.iautics 
is faced with the basic questions: Which planets are visitable? 
0.6., which are accessible for a landing mission, and which are 
nonvisitable or inaccessible?). Those which are nonvisitable may 
be approachable by orbital or fly-by operations. And some may 
not even be approachable at all. On those accessible, what are the 
specific hazards en route to and on the planets themselves? How 
much human life support and protection do they offer naturally’ 
And ho* much has to be provided artificially in planetary stations 
to compensate for the deficiencies in order to meet the human 
physiological requirements and to make the extraterrestrial en¬ 
vironments as terrestrial as possible on a confined base? 

HOMO SAPIENS TERRESTRIS 

The e:ophysiological requirements of man can best be dem¬ 
onstrated by the concept homeostasis (W. B. Cannon. 1929) -3 the 
tendency of the human body to keep the chemical composition and 
p ysical properties (oxygen, carbon dioxide, ion concentrations, 
temperature, etc.) of the interior milieu (intercellular body fluids) 
in any exterior milieu nearly constant: a precondition for man’s 
ftealth and intact sensorimotoric and mental performance capabil¬ 
ity. if one of the physical or chemical components of the external 
environment deviates from normal but is still above the physiol¬ 
ogically required minimum or below the permissible maximum, 
the human body responds effectively with coordinated compensa¬ 
tory and/or defensive respiratory, cardiovascular, muscular, renal, 
perspiratory, etc., reactions. Deviations beyond these two ecologi- 
eal cardinal points” lead to pathological effects within cells, 
particularly brain cells. As a result, the psychophysiological func- 
tions, deteriorate. Maintenance of a nearly steady state of the 
body s fluid matrix” is the function of the autonomic nervous and 
endocrine systems, governed by control centers in the thalamus 
and hypothalamus of the diencephalon, or interbrain. These 
systems and centers make the human body a self.regulating sys¬ 
tem, but only within certain limits. 

I have referred to this fundamental physiological phenomenon 
of homeostasis because it is an ideal departure point for a medical 
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distance, heat radiation amounts to 2 cal per sq cm and min, known 
as the terrestrial solar constant. The plant Venus is exposed 
to a solar thermal irradiance of almost 4, and Mercury to more 
than 13 cal cm -min The Martian solar constant amounts to 
0.86; at Jupiter’s distance, it drops to 0.074; and, at the distance 
of Pluto, to 0.0013 cal cm -min '. This factor—heat radiation 
from the sun, which includes essentially the infrared and visible 
rays—is ecologically important for manned space operations with 
regard to the temperature control of the spaceship, the temperature 
climate on the planets themselves, and the temperature control 
within planetary stations. 

The thermal radiation intensities to which the planets, as a 
function of their orbital distances, are exposed and to wh: ,h space 
ships would be exposed can best be illustrated by an asteroid which 
comes very close to the Sun and, therefore, has been named 
“Icarus” by its discoverer, Walter Baade (Mt. Palomar Observa¬ 
tory, 1949), after the legendary Icarus whose wings melted away 
when he ignored the advice of his father, Daedalus, not to fly too 
close to the Sun. But this asteroid’s very eccentric orbit, with a 
period of 409 days, also carries it very far from the Sun. The 
surface temperature of Icarus at its aphelion (283 million km, 
between Mars and Jupiter), has been estimated to be below the 
freezing point of water; but, at its perihelion—28 million km from 
the Sun, within Mercury’s orbit—it might rise to some 500 C. 
At this phase of the orbit, this miniature planetoid (about 1.0 km 
in diameter) may show temporarily a feeble luminosity of the 
glowing surface. 

This thermal aspect of solar irradiance indicates that there is a 
heat barrier for interplanetary spaceflight, maybe in the region 
between the orbits of Mercury and Venus, which would make it 
difficult or even impossible to keep the temperature in the space¬ 
ship’s cabin within the range compatible with the thermostasis of 
its occupants. The decrease of solar irradiation beyond Mars or 
Jupiter poses problems of its own; for instance, limitation for solar 
batteries. 

As for temperature on the planets themselves as the result of 
their solar distance, Venus is too hot all around for a manned 
landing mission, but it may be approachable by a fly-by or orbiting 
operation. Mercury is too hot on the sunlit side and very cold 
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practitioners who have controlled these flights will have a decisive 
influence in this respect. 

In connection with long-range manned spaceflight, suggestions 
were made some 10 years ago to transform astronauts into 
cyborgs; i.e., to provide them with artificial organs. These sug¬ 
gestions attracted great interest, and they might be revived in 
these days of the utilization of artificial organs and organ trans¬ 
plantation. This revolutionary, fantastic progress in surgery is 
certainly of great benefit for man on his own planet, but, for space- 
flight of any kind, it would add an additional complication to the 
already complicated life-support system. 

But, prefMght prophylactic surgical measures must be con¬ 
sidered, such as removal of obsolete and semi-obsolete organs 
whicn can become the source of illness. For instance, ar ap¬ 
pendectomy and even a chlolecystectomy (gall bladder removal) 
would certainly be advisable; the latter, of course, only if there 
is some doubt that the astronaut is completely free of positive 
and negative gall bladder stones ; such a case would require surgerv 
sooner or later, anyhow. 

After these general planetary medical remarks, I would like 
to elaborate in more detail on the medical problems involved in a 
manned landing mission to Mars, the only known visitable planet. 
A medical evaluation of the Martian environment can, in addition 
to the modern ground-based astronomy,12 13 u now refer to the 
exploratory experiments and close-up photos of Mariner IV. 

MARS ENVIRONMENTAL MEDICINE 

Mars medicine includes selection and medical preparation of 
the astronauts or areonauts, the medical problems en route to 
Mars, life support and protection in the Martian environment 
and safe return to Earth. Some of these points have been 
discussed elsewhere ;18 the following paragraphs are confined to 
a medical evaluation of the various environmental spheres of Mars. 

NEAR-MARS SPACE 

As soon as a spaceship comes closer than one-half million km to 
the Red Planet, it enters its inner or orbital gravisphere and can 
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a w, tunaieiy, according to Marinpr nr 
no radiation hazards from a Van am /eCOrdlngS' there are 
near-Mars space due to the absencf oT ^ "adiation **11 in 
sphere." There are therefore n f a0 effective rnapneto- 
orbits in contrast to the sítuaiion T™ ^ for Parking 
shows the orbital periods and velorit neafr'Efrth sPace- Table II 
20,000 km, including the mean orbital'Ti a Se.ected a,titodes up to 
moons, Phobos and Dei mol °f the two Martian 

related lower limit for a useful lifer^^f heS the atrnosPhere 
On Earth, this levei is found around 200 ^ °f a" 0rbitini? chicle? 
tion experiment in Mariner IV indict the AS ^ °CCU,ta' 
on Mars might be as low as 10 to 7 mb Rnf h air Pre8sure 

10 7 mb- But, because of the lower 
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Martian gravity, the border of the sensible atmosphere might 

rert«n|dlJU 08 00 Earth> A parkin» orbit ^ 200 km would 
Änd f MPr0V1íe a revea,ini? perspective for visual observation 
and for Mars photography. The orbital velocity at this altitude is 

humanm/8eC' • thl8 height the resolvin<? P°wer of the unaided 
pnlhî ft76 If ab0Ut 60 m (rninimum separable). This would 
enable the observer to get a detailed view of the darker linear 

rcanali';) and t0 '"«y ^ I"“«»» as to whether 
the bluish-green coloration of the dark areas and oases is real or 

So farT H 0" raSt phen?menon from the reddish surroundings. 
far, all indications are that the green color of the larger areas 

at Icaai, 18 not an optical ülu8Íon And about those earth.baseij 

IrlvZl a8tr.onomic ^servers to whom these areas always look 
gray, the orbiting areonauts might wonder if they ever had their 

not Uable examined; From their orbital altitude, they would 

veLÏat.nn f u ""'f Whether thc green coloration is due to 
humidív f Ch,?m‘Ca reactions the soil, to variations in 
humidity, or to fluctuations in radiation. To find the answer 
requires landing and exploration of the surface in situ. 

GRAVITATIONAL MILIEU ON MARS 

With the beginning of deceleration duiing the landing maneu- 

orL-7hateVer m?th0d iS USed in the thin Martian atmosphere, 
0 y again enters the life of the areonauts who, after their 

coSîT 7 W!1?ht,esS j0UrTiey of about 2 months, will be 
completely deconditmned from gravity. If, during this time, 
an adequate exercise regime and pharmacological therapy had 
been applied to prevent such symptoms as cardiovascular and 

«¡Tm hypotoa,a (hypotension) and bone décalcification, there 
¿d ï n° prob,em to become conditioned to four-tenths of 1 g 

the Martian surface gravity. Certainly this should be easier than 
the reconditioning after return to Earth from Mars. 

i *n orb*tal flights the astronauts showed a slightly 
lowered blood pressure.** >» ™ The interpretation has been that 
the parasympathetic subdivision of the autonomic nervous system 
has become somewhat dominant over the sympathetic part during 
weightlessness. We might expect to some degree also a para- 
sympathicotonia (vagotonia) in the gravitational milieu on Mars. 

urthennore, the hydrostatic blood pressure pattern might show 
a smaller difference between the lower and upper part of the 
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r ògicaMev n“trMefli‘fht8,rJTire artifioial 
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gravitationally. mediately at home on Mars—- 

me AimoSPHERIC ENVIRONMENT 

reslrt8 M„radÍpall);’ different “ncerning the atmosphere In this 
S sUuaHo®nV,îreb‘alha8 40 »«h the fo“ 
mosphere* includes JarLn T'™! comP08Í4io" «f the Martian at- 
traces of óxygen if am d °fX'de’ 1,1 a"d arion, but only 
gaseous sphere terre’trial, w„nH V eXP°8ed 40 4his kind of 
Furthermore, if the surf*™ • d expenence complete anoxia. 
as indicated by Mariner IV 23 this h u the range oi 10 mb» 
lent an altu"™"^! rS km ™ e,UÍVa- 
Would cause boilinir of bodv t id if »th and’ conse(luently, 
roosphere occurs at^Okn/A^tr^g fi 

iynne~to”th" Mm?.re8CrVe'” °f a ma" sudde"ly and cl;8: e 

ior°r 4haa 16 

rzzz'v:; sir T't 10 °,fe" ^4^^^ 
whl serves‘them 
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caloricity requires roughly 500 liters of oxygen per man per Mars’ 
day, which is only 37 min longer than the terrestrial day. This 
oxygen amount has to be provided in a two-gas atmosphere with 
nitrogen or helium as the diluent.-'4 -v 2" 

The barometric pressure within the Station could vary from 
1000 mb to 500 mb. If the latter is chosen, the oxygen volume 
content should be 409Í, which would provide an oxygen partial 
pressure of 1Î00 mb to which the areonauts, as oxybiotic creatures, 
have been accustomed on Earth. Nevertheless, variations in the 
oxygen partial pressure of plus/minus 50 mb are within the 
medically permissible limits. The carbon dioxide, one of the end 
products of the body’s oxidation processes, should not exceed 10 mb. 
Carbon dioxide and water are the base materials for the biologic, 
i.e., photosynthetic regeneration of oxygen of the station’s air. 
Whether or not the carbon dioxide and nitrogen of the surrounding 
thin Martian air can be made available for this process is a bio¬ 
engineering problem. (Nitrogen, by the way, is required by 
plants for the buildup of protein.) The intensity of sunlight on 
Mars during most of the day is within the effective range required 
for photosynthesis. (For more details concerning life-support, 
see the chapter “Life Support (Survival) in Space,” by A. G. Swan.) 
I would like to mention only that the pressure suit used in extra- 
stational excursions should have an oxygen pressure of around 
240 mb — 180 mm Hg. 

PROTECTION FUNCTION OF THE STATION 

The Mars station must also protect the occupants from outside 
hostile factors such as meteoroids, particle radiation, and the low 
night temperatures. 

The question of meteoritic hazards arises from the low density 
of the Martian atmosphere which is in the order of 10'1 molecules 
per 1 cm3 near the surface, as compared with 10"' molecules per 
1 cm3 in the terrestrial atmosphere. It attracts additional interest 
because of the neighborhood of the belt of the asteroids. If some 
300 million years ago a planet X between Mars and Jupiter disin¬ 
tegrated into many thousands of asteroids, it is reasonable to as¬ 
sume that this catastrophic event or a collision of two smaller 
planets led also to a population explosion of smaller pieces of 
matter: macrorr.eteoroids and micrometeoroids. Those iron and 
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the Ear‘h'a are 

£“.an^ atr co„8WeSyrrr0hf iïzûiï: 
therefore Jower than It^h^Earth’s orbital region^ and^l™ they 

iSHp‘~3HS- 
fc Si. jsr*- >•—'•■• -Ä 

On Earth we are protected from the primary energetic particle 

fàtráSttSSSSÂ 
to which we are daily exposed without ill efZts On mZ 
without such a magnetospheric umbrella, all the particle ravs in 

to its b'w density"1 ff" ihe atmosphere which >n itself, due 
atmosphere^ It will ^ U T „ffeCtÍVe shieId than the Earth’s 
Mars station to «h ^e essent,a,ly {‘ function of the wall of the 

* I , n to abaorb tbe primary particle rays effectively or at 

¿r hour Th‘he radiati°" d"9e «f Ls S T'Lm'rad 

b h,"™ p;,'r!ion fo:1?few houra' ex"irai“n ; but 
"fU'r » exLrastationary 

th/Jhiiu“"’ thC life-,upport sYsLeni ¡„»¡tie a Martian station and 

have to'¿'"iro6;,;' t,,e .^,11 fr0m »“‘sida hazardous factors 
the Fsrth’ f Jess e<luiva,ent to the respective functions of 
In Forth , ,atm0aphJre' A M“r»' station, therefore, is actually 
an Earth station on Mars-a Terra-island, on the Red Planet 
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LOCATION OF MARS STATION 
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it poses the problem of prevention of ' K1®in ^ For medicine, 
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way to explore ^6^0^60^7^^3 eXpedition is «>« best 

Of life. A precondition in this respect is^f ^ & P°Ssib,e abode 
terrestrial microorganisms ha« * con^amination with 

sterilized unmanned prXs prior T™“"«1 * insufficiently 
overall synopsis of the pro and enntX ma""ed expedition. An 

possibility or even probability of »e „Vv UmentS apeak8 f°r «le 

Its microenvironments found^in craters ff0™’ part,cuIar,y within 

the soil. Only areonauts during extrastat.-88^68' and the ^68 of 
a critical, deep look upon rock formal 1 excursions can take 

which might give us a hint abotTh^n^ ,n.Ci:aterS and fi88u^ 
the Martian biosphere. They are in thpPh e°nto,0irical evolution of 

problems concerning the areograph.V W ^81^°° ^ S0,Ve 80me 

hnear markings (“canali”) and oases ThaT?* SUCh 38 the dark 
ability, impacts of giant meteorit«« r latter are, in all prob- 
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the lowlands, but more recenïlv ^dart ^8 and the bri^ht 
tions^ indicated just the opposite again^68 and °ther conaidera- 
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A manned expedition to Mars will be the most dependable 
method of extending the spectrum of our knowledge abLt its 
paleological evolution and biotic realities beyond that range that 
has been gained so far and will be explored in the future by earth- 
based astronomy and instrumented planetary probes. 

ho 1° 8,1 theSe scientific the Martian explorer must 
be kept m the state of best health, well-being, and on the highest 
p ysical and mental level. To secure this is the responsibility of 
Mars medicine And, last but not least, it is medicine’s responsi- 
biht> to control tne safe return of the Mars-adapted terrestrials 

their way back to their bluish-green home planet, and to prevent 
backcontamination of the latter with possible Martian microbes 

in TabTJnn °f environmentaI biomedical data of Mars is offered 

Table III. Martian Medical Data Table 

Atmospheric Pressure. jq 

Chemical Composition rn xi * 
.^^2» ^*2» A 

Oxygen Condition: 

Human Physiological a • * 
Ebullism °X,a at 'round level 

. At ground level 
Mean Total Solar Irradiance: 

Martian Solar Constant 0.S4 cal cm-2 min-» 
Mean Solar Illuminance: 

Extra atmospheric .. . |||x 

A'lK!d0 0.15 
Surface Temperature: 

Noon—Maximal 
Midnight—Minimal 

Day-Night Cycle 
Extension of Umbra 
Gravity 

Gravisphere (radius) 
Orbital Velocity at 200 km 
Velocity of Escape 

Orbital Velocity of Mars 

Sidereal Revolution Period: 
Mars Year 

+ 25CC 
— 70°C 
24 hr .37 min 
1.18 million km 
0.38 g 

½ million km 
3.46 km/sec 
5 km/sec 
24.1 km/sec 

669 Martian Days 
= 687 Terrestrial Days 
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purely in terms of the work done to move his mass through the 
gravitational field. 

For the average man,* the energy requirement is about 1000 kilo¬ 
watt-hours, which customers with a favorable tariff can purchase 
for $10 from their electric utility company. What might be called 
the basic cost of a one-way ticket to space is thus the modest sum 
of $10. 

For the terrestrial planets and all satellites—Mercury, Venus, 
Mars, Pluto, Moon, Titan, Ganymede, etc.—the exit fee is even 
les.’ : you need only 50 cents worth of energy to escape from the 
Moon. Giant planets like Jupiter, Saturn, Uranus, and Neptune 
are naturally much more expensive propositions. If you are ever 
stranded on Jupiter, you’ll have to buy almost $300 of energy to 
get home. Make sure you have enough Traveller’s Checks! 

Of course, the planetary fields are only part of the story ; work 
also has to be done travelling from orbit to orbit, and thus moving 
up or down the enormous gravitational field of the Sun. But, by 
great good luck, the Solar System appears to have been designed 
for the convenience of space-travellers: the planets lie far out on 
the gentle slope of the solar field where it merges into the endless 
plain of interstellar space. In this respect, the conventional map 
of the Solar System, showing the planets clustering round the 
Sun, is wholly misleading. 

If we employ the value of gravity at the Earth’s surface as 
our unit of measurement, then the work necessary to lift an 
object from the Sun all the way to Pluto—or for that matter to 
Alpha Centauri—is the same as that involved in a 12,000,000-mile 
climb. From the gravitational point of view, the Sun is therefore 
at the bottom of a pit or crater 12,000,000 miles deep. Almost 
vertical at first, the walls of this imaginary crater soon start to 
flatten outwards ; it is shaped, in fact, very much like a whirlpool, 
and this provides quite a good dynamic analogy of the Solar Sys¬ 
tem, which I have developed at some length elsewhere.1 

The point I wish to emphasize is that whereas the full depth 
of the solar whirlpool is 12,000,000 miles, all the planets are spread 

*Tak«< >a 110 lb, which I* probably hl*h for tha global avarapc. 
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such exploits, our energy sources will also be correspondingly 
cheaper. 

It may also be objected that, even today, the cost of the fuel 
is trivial compared with the cost of the hardware. Most of the 
mountainous Saturn V you see standing on the pad can be bought 
for, quite literally, a few cents a pound. The expensive items are 
the precision-shaped pieces of high-grade metals, and all the little 
black boxes that are sold by the carat. 

Although this is true, it is also to a large extent a consequence 
of our present immature, no-margin-for-error technology. Just 
ask yourself how expensive driving would be if a momentary 
engine failure was to write off your car—and yourself—and the 
fuel supply was so nicely calculated that you couldn’t complete 
a mission if the parking meter you’d aimed at happened to be 
already occupied. This is roughly the situation for planetary travel 
today; it will not always be so. 

Meanwhile, let us come back to the harsh realities of the 
Twentieth Century and get some of these ideas in perspective. 
The best—perhaps the only—way of doing this is to look at the 
record of the past and to see what lessons we can draw from the 
early history of aeronautics. 

Soon after the failure of Langley’s “Aerodrome” in 1903, the 
great astronomer Simon Newcomb wrote a famous essay worth 
rereading which prove that heavier-than-air flight was impos¬ 
sible by means of known technology. The ink was hardly dry on 
the paper when a pair of bicycle mechanics irreverently threw 
grave doubt on the Professor’s conclusions. When informed of 
the embarrassing fact that the Wright brothers had flown, New¬ 
comb gamely replied: “Well, maybe a flying machine can be built. 
But it certainly couldn’t carry a passenger as well as a pilot.” 

Now, I am not trying to poke fun at one of the greatest figures 
in celestial mechanics. When you look at the Wright biplane, 
hanging up there in the Smithsonian, Newcomb’s attitude seems 
very reasonable indeed, and I wonder how many of us would have 
been prepared to dispute it in 1903. 

Yet, and this is the really extraordinary point, there is a 
smooth line of development, without any major technological 
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Table 1 

Date Aeronautics Astronautics Date 

1903 

Streamlining 

Retractable u/c 

V/p propellers 

Slots and flaps 

Concrete runways 

1945 Jet propulsion 

None required 

1957 
First Breakthrough 

Reusable boosters 

Airbreathers 

Orbital techniques 

Refuelling on/from Moon 

^ * Lightweight materials 

Second Breakthrough 

Nuclear propulsion 1975 

Electric propulsion 

Gaseous fission ? 

^ Fusion? 2000? 

Third Breakthrough 

Beamed momentum transfer ? 

Cosmic energy sources ? 

“Space drive”? 

to provide swifter connections between already highly developed 
communities: a state of affairs which almost certainly does not 
exist in the Solar System, and may not do so for centuries to come. 

It seems, therefore, that we may be involved in a peculiarly 
vicious circle. Planetary exploration will not be really practical 
until we have developed a mature spaceship technology—but we 
won't have good spaceships until we have worthwhile places to 
send them. (Places, above all, with those adequate refuelling and 
servicing facilities now sadly lacking elsewhere in the Solar 
System.) 
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remote manipulator. (Routine procedures may be, but experimental 
and development work on the frontiers of science and technolojry, 
certainly not.) One mi^ht as well attempt to run Cape Kennedy 
by remote control from Washington, without any human beings 
on the spot. Oh, it could be done; but everything would take ten 
times as lonj? and cost fifty times as much. This may seem a 
ludicrously far-fetched analogy, but it isn’t. The Cape Kennedys 
for the Solar System will be above the atmosphere, and they will 
have to be manned. 

And here is a thought-provoking paradox I would like to 
present. For the efficient exploration of the planets, even by 
automatic robot probes, manned orbital facilities will be essential. 
Today’s robot spacecraft already start their flights from parking 
orbits; but that is w'here they should be assembled and tested in 
the first place! Instead of spending hundreds of millions of dollars 
to duplicate conditions in space—which can never be done per¬ 
fectly in any event—we should do the whole job in orbit. 

The advantages (and, admittedly, the problems) are obvious; 
but some of the greatest advantages are perhaps not so immediate¬ 
ly apparent. The reliability of a planetary probe which has been 
fully checked out in space by an orbital lab will be far higher than 
one which has been folded into a high-acceleration launcher and 
shot through the atmosphere. Perhaps most important of all, large 
zero-gravity structures—especially the huge and flimsy antennae 
essential for transmitting information at high bit-rates back from 
the far reaches of the Solar System—can be built in sitv. This 
may well be a decisive factor. 

Now, all this is not a digression from the subject of my talk; 
what we first learn about the planets by other means will deter¬ 
mine the priorities, and often the procedures, of manned explora¬ 
tion. Here again, the facilities that are going to be set up in near 
space will be vital—none more so than the orbital observatories 
which within the next generation are going to revolutionize almost 
every field of astronomy. 

In particular, the impact on Solar System studies of medium¬ 
sized telescopes outside the atmosphere—a mere couple of hundred 
miles above the Earth!—will be overwhelming. Until the advent 
of radar and space probes, everything we knew about the planets 
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And what about Venus? You can find, in the various reference 
books, rotation periods for Venus ranging all the way from 
24 hours up to the full value of the year, 225 days. But, as far as 
I know, not one astronomer ever sují^ested that Venus would 
present the extraordinary case of a planet with a day longer 
than its year! And, of course, it would he the one example we 
had no way of checking, until the advent of radar. Is this 
subtlety—or malice? 

And look at the Moon. Five years ago, everyone was certain 
that its surface was either soft dust or hard lava. If the two 
schools of thought had been on speaking terms, they would at least 
have agreed that there were no alternatives. But then Luna 9 
and Surveyor 1 landed, and what did we find? Good honest dirt... ! 

These are by no means the only examples of recent shocks 
and surprises. There’s the unexpectedly high temperature beneath 
the cluods of Venus; the craters of Mars; the radio emissions from 
Jupiter; the complex organic (not necessarily biotic) content of 
certain meteors; the clear signs of extensive activity on the sur¬ 
face of the Moon. And now Mars seems to be turning inside out. 
The ancient, dried-up seabeds may be as n.uch a myth as Dejah 
Thoris, Princes» of Helium, for it looks as if the dark Marin are 
actually highlands, not lowlands as we had always thought. 

The negative point I am making is that we really know nothing 
about the planets. The positive one is that a tremendous amount 
of reconnaissance—the essential prelude to wanned exp'oration— 
can be carried out from Earth orbit. It is probably no exaggera¬ 
tion to say that a good orbiting telescope could give us a view of 
Mars at least as clear as did Mariner IV. And it would be a view 
infinitely more valuable—a continuous coverage of the whole 
visible face, not a single snapshot of a few percent. I suspect that 
when we can build large optical systems no longer limited by 
those two bugbears, atmospheric distortion and gravity, such im¬ 
provements in resolution will be possible that much of the work 
we have planned for Orbiters, and even Landers, can be performed 
visually without leaving home. Which means, of course, that we 
can save our unmanned spacecraft for the tasks that only they 
can carry out. 

Among these tasks is one which, though of great scientific 
value, is of even nore profound psychological importance. I refer 
to the production of low-altitude oblique photographs. 
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The late Professor J. B. S. Haldane once remarked—and this 
should be called Haldane’s Law: "The universe is not only sfranger 
than we imagine, it is stranger than we can imagine.” We will 
encounter the operation of this law more and more frequently as 
we move away from home. And as we prepare for this move, 
it is high time that we face up to one of the more shattering 
realities of the astronomical situation. For all practical purposes, 
we are still as geocentrically-minded as if Copernicus had never 
been born; to all of us, the Earth is the center, if not of the 
Universe, at least of the Solar System. 

Well, I have news for you. There is re..dy only one planet that 
matters; and that planet is not Earth, but Jupiter. My esteemed 
colleague Isaac Asimov summed it up very well when he remarked: 
“The Solar System consists of Jupiter plus debris.” Even spec¬ 
tacular Saturn doesn’t count; he has less than a third of Jupiter’s 
enormous mass—and Earth is a hundred times smaller than 
Saturn! Our planet is an unconsidered trifle, left over after the 
main building operations were completed. 

This is quite a blow to our pride, but there may be much 
worse to come, and it is well to get ready for it. Jupiter may also 
be the biological, as well as the physical, center of gravity of the 
Solar System. 

This, of course, represents a complete reversal of views in a 
couple of decades. Not long ago, it was customary to laugh at the 
naive ideas of the early astronomers—Sir John Herschel, for 
example—who took it for granted that all the planets were teem¬ 
ing with life. This attitude is certainly over-optimistic; but it no 
longer seems as simple minded as the opinion, to be found in the 
popular writings of the 1930’s, that ours might be the only Solar 
System and, hence, the only abode of life in the entire Galaxy. 

The pendulum has indeed swung, perhaps for the last time, 
for in another few decades we should know the truth. The dis¬ 
covery that Jupiter is quite warm, and has precisely the type of 
atmosphere in which life is believed to have arisen on Earth, may 
be the prelude to the most significant biological findings of this 
century. Carl Sagan and Jack Leonard put it well in their book, 
Planets:* “Recent work on the origin of life and the environment 
of Jupiter suggests that it may be more favorable to life than any 
other planet, not excepting the earth.” [My italics] 
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Today, it can likewise be shown that various conceivable, 
though currently impracticable, applications of nuclear and medical 
techniques could bring at least the closer stars within the range 
of exploration. And I would warn any skeptics who may point out 
the marginal nature of these techniques that, at this very moment, 
there are appearing simultaneously on the twin horizons of the 
infinitely large and the infinitely small, unmistakable signs of a 
breakthrough into a new order of creation. 

Although I am sure that Dr. Teller and Dr. Zwicky will be 
talking about this, I would like to quote some remarks made re¬ 
cently in my adopted country by a Nobel Laureate in Physics, 
Professor C. F. Powell: “It seems to me that the evidence from 
astronomy and particle physics which I have described make ii 
possible that we are on the threshold of great and far-reaching 
discoveries. I have spoken of processes which, mass for mass, 
would be at least ;> thousand times more productive of energy 
that nuclear energy ... it seems that there are prodigious sources 
of energy in the interior regions of some galaxies, and possibly 
in the ‘quasars’, far greater than those produced by the carbon 
cycle occurring in the stars ... and we may one day learn how 
to employ them.”r’ 

And, if Professor Powell’s surmise is correct, others may al¬ 
ready have learned, on older worlds than ours. So it would be 
foolish indeed to assert that the stars must be forever beyond 
our reach. 

I am sure that you all know Tsiolkovski’s famous and moving 
metaphor: “The Earth is the cradle of the mind—but you cannot 
live in the cradle forever.” Now, as we er-ter the second decade 
of the Age of Space, we can see still fuuner into the future. 

The Earth is indeed our cradle, which we are about to leave. 

And the Solar System will be—our kindergarten. 
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Importance of the Use of Extraterrestrial 
Kehources to the Economy of Space Flight 
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Working Group, and could be of far-reaching influence on the 
future course of space flight. Those who have followed the work 
of this group will remember the frequently stated fact that sup¬ 
port of extraterrestrial space flight and the logistics of manned 
stations on the Moon or in interstellar space will require that 
~90% in weight of all vital logistic supplies will consist of water 
or its derivations, if oxygen and hydrogen are used as fuels. 

Another subject recently discussed more frequently in space 
flight-related meetings is the quest for utilization of the extra- 
terrestrial environment for commercial and industrial uses in 
addition to research objectives. Many processes performed on 
Earth are subject to limitations as a consequence of our particular 
Earth environment. To achieve particular objectives, man has 
artificially changed his environment, for instance, to make these 
commercial objectives more efficient or mo.e economic at a cost. 
However, our state of technology and the Celestial Body we hap¬ 
pen to live on sometimes do not permit us to duplicate environ¬ 
ments on Earth with the same economy ; we could achieve them 
more easily in space or on the surface of celestial bodies within 
reach of our Earth by space flight. 

A third observation I would like to make is that space flight 
at the present cost level will not become attractive to many of the 
proposed uses, particularly those which entail commercial uses, 
much beyond the ones recognized as economically feasible. Sub-' 
stantial reduction in space flight cost would attract into the “orbit” 
of commercial utilization of space flight many other uses, which 
in themselves would tend to reduce space flight cost due to in¬ 
creased volume of space flight and the factors involving reaction 
to cost as a function of volume and time. 

FUTURE COMMERCIAL USES OF SATELLITES AND SPACE STATIONS 

One of the areas Nobel Laureate Prof. Willard F. Libby predicts 
is space chemistry” which will be performed in orbiting space 
stations. He calls “space chemistry” the chemistry of the strange 
conditions of outer and inner space (inside the stars or the sun) — 
the chemistry of highly ionizing radiations, of temperatures too 
high to be produced on Earth commercially, of extremely high 
pressures to be found inside the cores of planets, and oí the chem¬ 
istry of the ultrahigh vacuum. He suggests, for example, since 
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transportation of materials to orbit and of the products from 
orbit would still provide stronj,' economical incentives. Ht further 
suggests that complete electronic components and electronic sub¬ 
systems of communication and other satellites be manufactured in 
space on an experimental basis including in-orbit manufacture of 
circuit beards, multi-integrated circuits, and molecular electronic 
subsystems, using ion-beam deposition techniques, etc. He believes 
that these techniques will have reached this state about 1974 or 
1975. Besides providing components and subsystems for direct use 
in space, increasing volume of manufacture for Earth use is pre¬ 
dicted. With the greater purity of the materials used, considerable 
increase in reliability, or, what is equally important, mean time to 
failure will be extended—an important feature needed in space¬ 
craft operation. Similar to the deflection of electrons in TV picture 
tubes, ions can be deflected in a controlled manner and can be 
deposited on substrata in which density and geometry of the de¬ 
posited materials can be very closely controlled, ion-by-ion if 
necessary. This makes possible computer-control of very complex 
manufacturing processes and generation of any pattern for which 
a program can be designed. This way, any combination of metals 
which can be separated from an ionized vapor stream can be under 
control of a computer deposited in any way possible to produce 
atom-to-atom or molecule-to-molecule combinations of value for 
complex electronic functions. It is quite obvious that the variety 
of manufacturing processes of great promise will be difficult to 
duplicate with equal economy and flexibility on Earth. The stakes 
are so high that I would not be surprised if we have the first in¬ 
dustrial research laboratories in space before the next decade is 
over. 

Another area of considerable industrial interest is an area my 
colleague Hans Wuenscher of NASA-Marshall has recently pro¬ 
posed. Although our technology, more than two decades ago, 
produced foamed plastics of a wide variety of properties, technol¬ 
ogy has not yet equally succeeded in producing foams of equal- 
perfection high-strength metals such as steel, aluminum, titanium, 
tungsten, etc. However, space applications and high-speed aircraft 
design would gain greatly if we could, for example, produce curved- 
foam sheets of these materials and then deposit on their surfaces 
thin covers of compact material of the same metal to produce 
three-dimensional honeycomb. According to Wuenscher, director 
of manufacturing methods development at Marshall, lack of gravi- 
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term even broader. Physical phenomena can be considered extra¬ 
terrestrial resources too, if these permit us to conduct processes 
or operations which would be more difficult or less economical to 
achieve in the natural Earth and Earth atmosphere environment, 
such as lowered or disappearing gravity, wide spectrum of radia¬ 
tion level, varying degree of vacuum, extreme temperature environ¬ 
ment, or potential or kinetic energy levels difficult to achieve from 
Earth. 

These resources (Fig. 1) could be—minerals used to produce 
fuel, breathing oxygen, building materials for encampments, or life- 
support-providing replenishments. Of the consumables, water and 
oxygen require the highest support level in weight to maintain 
human life in extraterrestrial space. Since oxygen is the major 
weight component of water (~89%), availability of water alone 
could reduce logistics requirements to support life by almost 90%. 
Oxygen and hydrogen, a highly effective fuel and oxidizer combi¬ 
nation for chemical rocket motors, could be supplied from water 
and could increase this logistics percentage far above the 90% 
fraction. 

More recently, many proposals have been made to use extra¬ 
terrestrial environment for manufacture of products which would 

WHAT ARE EXTRATERRESTRIAL RESOURCES? 

* INDIGENOUS RAW MATERIALS TO PRODUCE FUEL AND LIFE 
SUPPORT 

* INDIGENOUS RAW MATERIALS TO SUPPORT CONSTRUCTION AND 
OPERATION ON THE MOON 

* RAW MATERIALS OF VALUE AND QUALITIES TO BE FURNISHED 
FROM CXTRATERESTRIAL RESOURCES TO THE EARTH 

* ENVIRONMENTAL CONDITIONS DIFFICULT TO ACHIEVE ON 
EARTH AS E.G, LACK OF GRAVITY, DIFFERENT RADIATIONS 
OR LACK OF RADIATIONS, AND DEGREE OF ACHIEVABLE 
VACUUM 

* NATURAL RADIATION SPECTRA AND PROPAGATION PHENOM¬ 
ENA NOT DIRECTLY AVAILABLE ON EARTH. 

Flrure 1 
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surface rocks (Fig. 2) similar to that observed on rock samples 
ef the Earth, confirming the expectation of approximately the same 
relative abundance of elements as on Earth. This scientific 
achievement can be considered as one of the greatest in human 
history! Even if this fundamental experiment to obtain the chemi¬ 
cal composition of the lunar surface material only reflects the com¬ 
position of a very thin surface layer and does not give insight into 
the composition of rocks of the crust below, it could reveal much 
information based on the meteoritic dust (not originally from the 
Moon at all) spread over the Moon’s surface; this achievement 
loses none of its significance. Another characteristic of this ex¬ 
priment is that it cannot disclose or detect the presence of hydro¬ 
gen, which is necessary to prove the presence or certainty of water 
within the Moon. To arrive at the relative abundance of water, 
it has to be derived by indirect means of rather high uncertainty. 

Before I come to another observation, which may point to the 
presence of water at some point of time in the history of the 
Moon, I would like to present two figures (Fig. 3 and Fig. 4), 
originally published by NASA, which compare abundance of the 

CHEMICAL COMPOSITION OF THE LUNAR SURFACE 
AT SURVEYOR V AND VI SITES (PRELIMINARY RESULTS) 
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resulta of the Surveyor mission, postulates that* the lunar surface 
material as presented by the a-scattering experiment is best inter¬ 
preted to consist of a general basaltic composition, confirming the 
prediction of Dr. Jack Green, in particular, who has been a dis¬ 
tinguished speaker to the Working Group. Proof of presence of 
basaltic material, confirmed in parallel to the a-scattering experi¬ 
ment by a magnetic-properties test and a proton-scattering test, 
points to the fact that, within the interior of the Moon, rock 
material of an ultrabasic type has reached temperatures necessary 
to drive out water of crystallization or of hydration, but in some 
cases or locations has not reached temperatures sufficient to melt 
the original rock material in at least some areas of the lunar 
sphere. I would not postulate at this time whether such melting 
took place as a result of mechanical heat generation due to impact 
of large meteors (which possibly resulted in the existing maria) 
or whether it is a direct consequence of internal heat generation 
(independent of heat of impact) or as a consequence of a source 
of the material being not originally of the Moon. 

Prof. Donald Menzel—in his paper presented to the last tech¬ 
nical conference of the AIAA at Anaheim, California, in October 
1967—showed a number of specific surface features of the Moon 
which, according to his interpretation, could only have been caused 
by liquid erosion by a medium like water or by one having similar 
properties. These erosion features are distinguished by meander¬ 
ing tracks which begin, mostly, near a crater’s fractured wall and 
continue towards lower territory and then gradually fade out. 
Figure 6 shows such a case, taken from Lunar Orbiter V. Pictures 
obtained from Gemini missions show similar erosion features on 
the surface of the Earth caused by water erosion in desert areas 
(Fig. i). Both Dr. Urey and Dr. Menzel agree that these features 
point toward active water erosion sometime in the Moon’s history 
and to the possibility that, in spite of the apparent barrenness of 
the surface, the existeuce of underground liquid water storage is 
a distinct possibility. Dr. Menzel goes even further in his conclu¬ 
sions; he postulates that, under the assumption of cosmic relative 
abundances of elements on the Moon, the Moon must have had an 
atmosphere in its distant past and evidence of this should turn up 
in future observations on the Moon itself. These thoughts and con¬ 
clusions are not much different from those presented in past years 
by Dr. H. Strughold and this author. 
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Fifvre 5

EFFECT OF INDIGENOUS FUEL SOURCES ON 
SPACE TRANSPORTATION

The problems of producing fuel and an oxidizer on the lunw 
surface or planeUry surface based on indigenous raw materials 
have been studied, and a number of processes have bwn developed 
or proposed as conceptional approaches which are derivatives of 
industrially known processes that take into account the particular 
operational and environmental peculiarities of extraterrestrial
application.

Since transportotion cost to a lunar or planetoir location is 
very high as compared to the specific cost of establishment, opera- 
tion, and maintenance of industrial chemical plants and ite man­
power for conventional Earth use, design has to reflect extremely
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t-'.

Figure 6

low weight construction, long life design, minimum-type preventive 
maintenance, resistance to wear, and a very high degree of automa­
tion to save operating manpower. Also, installation and assembly 
are areas which require a very high degree of sophisticated engi­
neering; therefore, final assembly needs to be accomplished at the
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EARTH SURFACE AND LU.SAR SURFACE LAUNCH 
PAYLOAD FRACTIONS 

VS 
MISSION ALTITUDE 

MISSION ALTITUDE N. M. 

Pi for« 7 

level of technology, the lunar-based system on the other hand will 
deliver 6.5%, or 65,000 pounds, to the 300-nm Earth orbit. 

While fuel per pound produced on the Moon will be more ex¬ 
pensive than that produced on the Earth, the implication of the 
lunar supply permits the classification of operations into individual 
traffic sections and to achieve an optimum traffic pattern such 
that the space flight system can be designed as a fully reusable 
system permitting hundreds or thousands of round trips with 
little cost of maintenance and spare parts, as soon as the used 
powerplants are designed for a high reuse level. In such a us¿ 
pattern, currently employed stages (e.g., the Saturn SIVB and SII) 
show spectacular payload weight fractions, even if unmodified from 
their standard configuration. Since thrust-to-weight fractions for 
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r„fr,Earh f0r e,very landins on the Moon- In this <**«. only the lunar landing module must be brought from Earth. 

establifhini? a smaI1 fuel-generation plant supplied with 
ctnc energy from nuclear electric plants (e.g., SNAP-50) fuel 

could be produced first for the sole purpose of returning LEMS 

the Earth T* °,rblt’obviatiafer the need to bring new LEMs from 
the Earth to the Moon. Since the LEM has a greater navload 
capability than the lunar return vehicle, now a new capabdity of 

n payloads begins to take shape. Increasing the fuel-plant 
capacity further could lead to providing an increasing percentage 

orbit6 "Er fUf fi°r SI - and SIVB Stai?e‘S frorn lunar orbit t0 Earth orbit Excess fuel, arriving from the Moon in Earth orbit, could 
be stored at the Earth-orbit terminal and could now be used to 
refuel outbound trips whenever possible, reducing further the need 

thebn "I fU/ t0 KMrth °rbit froni the Earth itself and increasing 
the payload capability of the Earth surface to Earth orbit trans¬ 
portation system even further. 

interiml6 th¡S Stage °f °Peration- there could be an 
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from Parth asaumPt,on nf the operation first with water brought 

m Earth and later with water extracted or mined from the Moon 
The next step would then be to dissociate water directly on the 
Moon and so supply the fuel for the return to orbit of LEMs and 
unar return vehicles. Payload of the LEMS could be lunar watëî 

to be converted to fuel in lunar orbit. Those famdiar with the 

frne^f8 0f thf AP0lI° SyStem Wil1 agree that such a bootstrap- 
SL P °n 0f.1°U1f space flight capability would consider-bly 

MSEC °uUnrdeSrT m* WOrk d°ne by and for NASA^ MSFc under the Mimosa Study and work done by Howard Segal 

Amllnlth the T6 °! AP0,1° CO!nponent8- beyond use of the original 
Apollo concept, and represent work extremely promising toward 
increasing economy of space flight. 

W?0n¡f 0f ihe, thinkin» of Howard Segal should be reviewed 
here. If one .ooks at the lunar-orbit rendezvous mode this combi 
nation can deliver from lunar orbit 5750 pounds oT return ^ 
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2410 pounds of cargo to the lunar surface. If fuel would be avail­
able from )urces on the Moon, the 5750 pounds of fuel could be 
replaced by payload (8160 lb). One could return not only the 
ascent portion of the LEM back to lunar orbit but al.so the complete 
original landing vehicle which carried the LEM, and in addition to 
payload it would carry al.so fuel for the next landing on the Moon 
on its return flight; Howard Segal has inve.stigated cases to return 
it and the command module to Earth orbit. With the.se two vehi­
cles, one could maintain two levels of shuttle operation between 
lunar surface and orbit. Figures 8 and 9, de.scribing the Segal 
case, show a two- or three-man crew rotation case and a five- or 
six-man crew rotation case, with the as.sociated objectives to re­
turn to lunar orbit or to Earth orbit. (1 did not prepare new fig­
ures, as I believe Howard Segal’s original figures make my point.)

One interim approach which could be expected to reduce Earth 
logistics by a factor of ~2.3 would be an approach which would use 
lunar rocks recently proven to exist on the Moon by Surveyor 
In 1964, Dr. Rosenberg investigated the use of silicate rocks rich 
in oxygen (e.g., MgSiOs) which are expected to be abundant on
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the Moon and to provide oxygen for life support and for an oxidizer 
for use in rocket and extraterrestrial surface vehicle propulsion. 
Figures 10, 11, and 12 describe the process Rosenberg came up 
with which is within the state-of-the-art of chemical manufactur¬ 
ing. In order to get the process started, an initial supply of 
methane is needed, which is recycled in the process. The product 
is water, but it needs to be dissociated to recycle the hydrogen into 
the process again. If methane, hydrogen, acetylene, ammonia or 
other fuels could be found on the Moon and easily collected, dis¬ 
sociated to hydrogen and liquified, no further resupply from Earth 
would be needed. 

To obtain an insight into the yield of the process, it takes 29 
pounds of lunar rock to produce 8.33 pounds of oxygen, a yield of 
~28.8%. However, at the site of the first lunar base, where 
according to recent surface material analysis (Fig. 2) rocks rich 
in oxygen, silicon, and magnesium should be found, one cannot 
expect that with these other raw materials providing above or 
similar fuels to go with oxygen would be immediately available. A 
long time may pass before raw materials for these companion fuels 
may be found. I think the prospect to find water tn minable 
form may look better. 

However, this process could be the second step in a bootstrap 
buildup of space flight capabilities. The first step would be not to 
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as to other possibilities of processes and compounds which have 
still higher hydrogen yields, but have a high enough specific den¬ 
sity to reduce the transport volume further. 

While the weight fraction, 1/9 of water, of hydrogen is attrac¬ 
tive, the low density of even liquefied hydrogen gas requires stor¬ 
age volumes and structural tank weight fractions which might be 
impractical as an avenue toward the final goal of independence 
from Earth logistics, using current space systems components as 
reusable carriers. Then, if water as a compound is found in min¬ 
able and processable qualities, the Rosenberg process could be re¬ 
placed by more efficient processes involving extraction and 
dissociation to obtain LOj and LH2. Every one of the described 
steps would reduce the logistics requirement and lead to a higher 
degree of economy and independence from Earth. For a while, 
these processes could be used parallel to each other until the Jess 
efficient ones could be replaced by a proven and more efficient, 
newer process. 
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of these are concerned. The current limited number of annual 
space launches of NASA and the Department of Defense does not 
justify the early replacement of the current nonreusable space 
launch systems, and a desire for their replacement would not find 
strong support in either camp. However, thoughts have been ad¬ 
vanced throughout the scientific community to gradually improve 
subsystems which eventually would prepare the road toward more 
economic space flight, including at least partial reusability. One 
item that could pave the way is a fully recoverable reentry vehicle 
with a capability to bring to and return from orbit considerable 
payload weight (40,000 to 60,000 lb per flight). The other possi¬ 
bility would be to develop a mobile, reusable space launch platform 
using horizontal take-off and landing on existing military runways 
such as are needed for B-52 and C5A. Several approaches for such 
a launch platform, covering the range from subsonic launch speed 
to hypersonic launch speed, have been advanced by the scientific 
community and by industry. While one can obtain higher pay- 
loads per pound of take-off weight by going to high separation 
speeds, there is much indication that degree of reusability, level 
of preventive maintenance, cost of initial development, test ancs 
procurement, as well as technological risks and uncertainty involved 
would make such an approach a long lead-time approach and could 
be detrimental to the level of cost effectiveness needed even with 
high launch numbers to affect space launch cost favorably. Use of 
the lower speed spectrum from high subsonic to supersonic trans¬ 
port speed range, besides reduction in technological risk, provides 
interesting possibilities and could turn out to be economically 
superior to other advanced solutions. It should find further scru¬ 
tiny; however, it would place a higher An burden on the upper 
stage or stages; or it would require the reentry vehicle to have a 
limited Au capability of its own. The interim stage or stages 
would use conventional space launch systems technology. 

This approach, if jointly undertaken by DoD and NASA, could 
first lead to a space rescue system which would be desirable as a 
point of departure and as a means to rapid access to low Earth- 
orbit targets, independent of inclination and ephemeris, as well as 
to space stations which could serve as a crew rotation vehicle. The 
initial use of a subsonic space launch platform would not involve 
major advances in space technology and would only require the 
typical lead time of a development within current state-of-the-art 
of design and construction or modification of aircraft and rocket 
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d. An augmentation of the current space launch vehicles by 
an Rarth-surface to low Earth-orbit system which is partially re¬ 
usable in which the first stage be a horizontal take-off, horizontal 
landing aircraft of subsonic (Ma — 0.9), or a low supersonic 
second stage k unch speed (Ma — 2.7 to 3.0). The second stage 
should be a hydrogen-oxygen-fueled expendable rocket stage and 
should be augmented by the already proposed moderate Ay (~ 5,000 
fps) fully recoverable upper stage (3rd) of a 40,000- to 
60,000-pound payload capability. In the event a Mach 2.7 to 3.0 
first stage is used, it could be possible to lay out the third stage 
capability so that all of the second stage would reach orbit and all 
expensive major components could be recovered again with the 
third, fully land-recoverable stage, after disassembly of the second 
stage at the orbital terminal. The tanks of the second stage could 
be salvaged for orbital fuel storage and for other purposes. This 
possibility is based on LHj-LO^ as the standard fuel for these 
missions. Such missions would be more difficult to achieve if use 
of LH2-LF;> would be planned. 

With liquefaction and dissociation capabilities for water, it can 
be visualized that by equipping these terminals with nuclear elec¬ 
tric powerplants, water rather than fuel could be brought to orbit 
and there converted to fuel, thus saving transport volume and 
insulation during ascent through the dense Earth atmosphere. 
Utilizing this capability, the return fuel should be dissociated in 
lunar orbit and the lunar, reusable, shuttle system inaugurated to 
establish service between the lunar-orbit terminal and the lunar 
surface. 

The next step could be the establishment of a lunar oxygen- 
extraction plant, as proposed by Dr. Kosenberg, which would pro¬ 
vide interim oxygen supply. If the water is now replaced by 
methane brought from Earth, SII and SIVB stages could then 
return to Earth orbit by using hydrogen fuel derived from methane 
and using oxygen supplied from the Moon. It is quite obvious that 
this approach increases cargo capabilities both ways and could al¬ 
ready lead to industrial exploration and possible exploitation of 
commercial uses in Earth and Moon orbits as well as on the lunar 
surface. 

With progressing lunar surface exploration and growth of our 
selenographical knowledge, sources for lunar water may now be 
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CHEMICAL EVOLUTION 

There «re several reports in which detection of certain oceanic 

exEr there “n" P'a"etS ‘S considere<i *» » Proof of life existing there. However, one should hardly accept such a con 
elusion in view of the following: 

■tiu'.-SH“’',’1' 0f ™rious or**nlc compound« undoubtedly took place and ii 
atm taking pUce, outer apace. Various hydrocarbons, .rom.t!cTnd“„tÿ 

me^cYzrua^zrthirEd 

S lUng cen". Oc^rr0,Z^d* “î ^ »“bout any participation’ 

furtber'.uZrtEh^.ir;1'""“,n n“ura' °n ^ 

b. 3.i.„Tcr¡uc'.iivo,r:pv“::á"r ive •,“b,'*nces ^ °< ^ ^ 

be expectei ““J h" «mosphere, and all meteorites would 

;ignmc.», number caZZu. Zn^ Sli 

^¡■d ZTn, ‘ZZLrSíEErfZE TenlÄ 

- -~.^,hfEZct ,rr¿’ 

radlatlona^ult^vioírt * raya^elecrrlca^'inschargea* ^reasure^Tempe'rature* 

:zFF:z *'S.“doE EuntZ’ rÄÄ 
."EÄtdZ^aZÄirr ”“",c 

Hke^IU8BuEnid.SZheSi%0f ürganic '»“PoPPds in space seems 
«f rViànatut ,the detection of organic compounds in the ground 
of Planets does not necessarily prove existence of life^ere 
11118 conclusion, of course, does not diminish the specific value 
of detailed chemical examination of the soil on a planet 
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repeated attempts to find life forms which are based on carbon. 
One would hardly need to argue with Lovelock’s opinion that it is 
highly impractical to send spaceships . . to detect speculative 
life forms.” 

Judging from conditions prevailing on Mars, one may risk to 
speculate on possible physiological groups of microorganisms 
which might be met on the planet (Table 1). 

Table I. Possible Occurrence of Various Physiological Groups 
of Microorganisms on Mars 

MICROORGANISMS OCCURRENCE 

Photosynthetizing bacteria 

Chemo.'jmthetizing bacteria 

Heterotrophic bacteria in 
the atmosphere 

Heterotrophic bacteria in 
the ground 

Xerophytic bacteria 

Psychrophylic bacteria 

Anaerobic bacteria 

Quite possible 

Possible but oxidation not on account 
of the absence of free oxygen 

Low possibility 

Quite possible 

Possible near equator 

Possible in various regions 
of the planet 

Quite possible 

POSSIBILITY OF DETECTION OF EXTRATERRESTRIAL LIFE ON EARTH 

The idea of extraterrestrial life being imported to Earth is not 
a new one: many distinguished scientists and philosophers have 
contributed to this idea’s development. But, so far, there is no 
experimental evidence in support of this hypothesis. 

Much attention was paid to the search for living organisms in 
meteorites. Some reports on microorganisms in meteorites were 
made. But on subsequent examination it was shown that meteor¬ 
ites which fell on the Earth’s surface rapidly became contaminated 
with soil microflora. Only those which have fallen on snow in the 
Arctic (or Antarctic) or on the surface of desert soils during arid 
periods are considered to be useful for microbiological analysis. 
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by "panoramic survey” equipment and the recording of growth 
and multiplication of unicellular organisms. The last method- de¬ 
serves special consideration as only results obtained by this method 
are absolutely irrefutable. Here are some of the requirements to 
the method : 

1. Optimal sensitivity: This means that life should not be detected where 
it does not exist, hot should be detected where it does exist. 

2. Results should be reproducible. 

3. Method should be reliable. 

4. Necessary equipment should be of acceptable size and weight. 

5. Absolutely sterilizable reagents and equipment should be employed. 

6. Method should not rely on analyses which depend in their precision 
on some unlcnown chemical characteristics of soil and/or atmosphere 
of the planet to be examined. 

7. Method should not be used as a sole one. It seems reasonable to try 
to employ more than one method to record the same phenomenon or 
process. 

Now we proceed to discuss current methods for detection of 
life. 

Indirect Methods 

Astronomical methods. Some of the astronomical data have 
direct bearing on the problem in question. Although some of 
them have outstanding academical interest (to mention seasonal 
variation on Mars’ surface, Sinton’s absorption maxima), it seems 
improbable that data provided by such methods will offer a final 
solution to the question of whether life exists on Mars or not. 
Some new and interesting data will probably be obtained through 
the use of equipment (telescopes, among other things) installed 
on a spacecraft encircling a certain planet. 

Microscopy. This method occupies an intermediate position 
between direct and indirect methods. In a drop of liquid mixed 
with soil particles, by use of a microscope one can reveal cells of 
miscroscopical plants and animals. What is important is that 
active motility of such cells can be ascertained. In such capacity, 
microscopy can be regarded as a direct method. There are, how¬ 
ever, certain complications, which make employment of micros¬ 
copy more difficult if compared to those methods of direct 
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Direct Methods 

Transmission of panoramic survey. Transmission of pano¬ 
ramic pictures taken for a considerable time and covering a signifi¬ 
cant portion of a planet landscape certainly deserves serious 
consideration. Especially valuable might be color pictures obtained 
by a camera moving on the planet’s surface. 

However, if there are no plants or animals of appreciable size 
on the planet, the panoramic survey pictures will fail to yield 
valuable information. More promising seems to be the trans¬ 
mission of pictures of the soil surface taken with low magnifica¬ 
tions. 

Recording of growth and multiplication. Demonstration of 
cellular ability to grow and reduplicate the biopolymer molecules 
is beyond doubt the most convincing method to prove existence of 
extraterrestrial life. Only this method permits one to follow the 
cellular multiplication, metabolism, assimilation of nutrients, and 
energy sources. One of the fundamental advantages of this method 
is in its giving a dynamical picture, while most of the chemical 
analysis give a statical picture. This method includes the follow¬ 
ing main procedures: (a) taking a sample and inoculating it onto 
suitable media; (b) recording the microbial growth; and (c) 
transmission of the results of the experiment to the Earth. The 
last step will not be considered in the present paper. 

Taking a sample. Several techniques for taking a sample of a 
planet soil were suggested. We shall not analyze their respective 
advantages. Instead, we shall formulate requirements any such 
method should meet: 

a. Ground sample should be taken on a distance from the landed space¬ 
craft. 

b. The ground sample taken should be large enough to permit reliable 
inoculation, but not too large an inoculum should be used. 

c. Samples for inoculation should neither be taken from the very surface 
of the planet, nor, on the other hand, from the deep layers of the 
ground. 

d. Inoculum should not interfere with subsequent evaluation of growth 
and multiplication of cells. 
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T»We I. It .seems probabl that MHal ” PreSented in 
matter on Mars might depend on nho.i l synthesla of organic 
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evaluation various media suggfstd Z ZT*' C<>"ve 
by inoculating them with decfeasimr !h 1, p“rp08e c,n be made 
on which distinct growth annils if. 8. Samples- Me<«8 
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microorganisms should be made in th r !arCh f°r beterotrophic 
their detection is easier buTato hi "l rate' not because 
to be examined is expeled tú he T 86 ‘1"' nUmber in “mples 
Pbotosgnthetic or cheCnthlif ÍIZZ 10 tha* af 

based on detertíoñlf groltí aZ'muw'r" r' ^ Method is 
data relevant to changes occurringTrim H fT in dynamic- All 
might serve as controls Subseoufnt y Up0n inoculation 
continue for not less than hours p Ch*ngeS should 

cecord registering some changes SSt vafyer,0d‘C'ty °f taking 8 

or photometrically^ ^Thel mel'! 1 followed "«Phelometrically 
might be employed if thl . 8' °r modifications thereof 

to i«, cerir vz: zTiTvj", firreveaiip 
quires that the turbidity of fhl 1 of these methods re- 
should not change during the spacêfílr ‘0 ^ Used 
oculum should not be used beeanl -?f T°0 ,arge a soil >n- 
the medium. Recording of turbiditv^im aUer the turbidity of 
should be included as one of the y Upon. ““c“'1“''»" 
of a mixed culture is associated '1 th , dron H*’ dTlopment “'i a arop in the redox (RO) 
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po cntml °f the medium. Hence, automatic recording of RO poten- 
tia of a developing culture might yield valuable information. Less 

nnS 6 T Í e ,recordinK of P” changes, since medium com¬ 
position and physiology of inoculated microorganisms might affect 

l limitlT8 S1fnifl.cantIy- Use of media containing glucose with 
a limited supply of nitrogen sources might be attempted. Such 

fVomVp™ fSUa! y aCldlfled durini? development of microorganisms 
ZohJT Samp,eS- In thi8 Case’ P°tentiometry might be 

en recommended techniques to detect microbe 
growth especially since it has been recommended for this pur¬ 
pose by eminent specialists. F 

The process of cell multiplication in a microbial culture is 

Doundrnrd K lth^he pr0CeSSes 0f deiTradation of organic com- 
and fermpn^f0" ï l companies both respiration 
a d fermentation. In the last case, evolution of hydrogen might 
aso be exPectcd. The increase in pressure of evolving gases in 
a closed chamber might be followed manometricallv. Increase in 

withdUrraewrgThise and then excess of ^ses might be 
ri««,, V. Th proc,'dure can be repeated when necessary, and 
pressure changes might be registered in dynamic. However, the 

anometnc method seems less perspective than that of the em- 

clrhü!ientnf nfUtrift.lonaI mediu with constituents containing labelled 
• estruction of such compounds by microorganisms will 

be accompanied by evolution of carbon dioxide containing radio- 

recording of" t ™niatKurized counter would enable continuous 
recording of evolved carbon dioxide. 

innln,Tng ^ of this method is the possibility to 
rarhnn " n medm Various comPounds containing radioactive 
nf n /e f8 comPounds labe»ed in different positions. Use 
i/JupH Pr0tT’ uniformly labelled glucose and some other 
labe led ^ promisin«- By employing variously 
thp daim P^UndS,u°n® Can get Some Preliminary insights into 
the decomposition physiology of developing cultures. 

«. ?r£rdÍ-n? of .orfiranic compounds containing labelled sulfur 
Znl I" luT f- Among the isotope techniques, one counts 
also a method employing -^0 and ,s0 enriched substrates with 
fn registration of increased heavy oxygen concentration 
ntrat er> Sulphates, nitrates, and phosphates are used as sub- 
trates, while changes in heavy isotope concentration are followed 
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Nevertheless, oxygen Isotope technin,,« , 
tlon- technique deserves careful consldera- 

be fo'iowed r^oS !'!, might also 
organic substances ’.-l¡ove¡l t h a ‘'»"centration of several 
Among such substances In! f°r ,ivi"« cell“ 
As With other methods, it ¡s im„o tai,t '¡"T cont!"nin8' Proteins, 
of such substances parallels bZ»i 1 ,1 °W‘hat acc“mulation 
tion of iron prophyrine protei™ ',:., „™i h k Quall'tat¡ve estima- 
methods. The latter reveals presence ^ ^ ^ chemo|umi'm'scent 
•lase, hemoglobin, cytochrome, etc A mT6' Ci“alaSe' Pero!t¡- 
hydrogen peroxide responds tn ini i xture of iuminol and 
hydrogen peroxide decomposition with^hr T, °l catal^a‘ors of 
This mi^ht lie registered with -i u c^emoluminiscence 
¡galvanometer, / ‘ P^tomultiplayer, connected to 

ao(,il|m ... , , t: 'r':»r,iUm.(pH bencfsomt 
'am. since, i„ ., highlv rdkáu'é m , This h impor- 
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,ase- H should be mentioned hi °n °f ,0“9 ^ '»"1 of cata- 
well as mineral salts of iron if ll'T™ 8 coníaíning iron, as 
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0r ,nstance. when some powdered lim ^1S Was tbe case 

reaction cuvette. However sul h010"116 was added to the 
interfere with subsequent deterndnattons Um'niscence does not 
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Biomass accumulation might be followed by checking the 
increase in the enzyme phosphatase which might be assayed by 
fluorescent technique. Increase in flavine concentration accom¬ 
panying growth of a mixed culture upon inoculation of suitable 
medium with planet soil sample might also be followed in this 
manner. 

Careful consideration is understandably given to a method 
of qualitative estimation of ATP contained in growing microbes. 
This method utilizes the phenomenon of bioluminiscence : a process 
in which luciferin is the energy substrate while the enzyme luci- 
ferase acts simultaneously both as a catalizator and a light- 
emitting agent. Presence of Mg+^ ions and oxygen is required 
for the reaction. The presence of ATP light emission occurs and 
might be registered by the same device employed for chemo¬ 
luminescent assay of iron porphyrines. Sensitivity of the method 
for ATP assay is appreciably high and permits detection of 10-u 
to 10-11 g/ml of ATP. It is considered to be one of the most 
likely methods to be employed in search of extraterrestrial life. 
Unfortunately, this method might be successfully used only with 
preliminary disintegrated microorganisms. Use of ultrasonic or 
mechanical disintegrators for the purpose seems difficult because 
of the increase in weight and power demand. Possible solution 
might lay in utilizing various enzyme preparations obtained from 
microbial cultures and able to decompose microbial cell walls. 
Use of lysozyme might also be recommended. 

A>s a rule, multiplication of microorganisms is accompanied 
with accumulation of optically active compounds. Dynamic of 
their accumulation might be followed using polarimeter or spec- 
tropolarimeter. Such observations can give interesting informa¬ 
tion; since, in this case, increase in biosynthetically produced 
optically active substances is recorded. 

Utilization of calorimetric technique might also be contem¬ 
plated. Growth of microorganisms in a closed thermoisolated 
chamber is associated with some rise in temperature of the cultural 
liquid. The rise in temperature is more pronounced as the growth 
and biomass accumulation becomes more intensive. However, the 
growth might not be vigorous enough to give measurable tempera¬ 
ture shift, especially since optimal conditions for growth of un¬ 
known microorganisms must first be ascertained. Poor growth 
might not result in measurable temperature shift. 
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extraterrestrial6life^IIowe thelr^tenfc t““eSted for detect.™ of 
Rroups; a, raost Tangemerit ¡"‘o ‘hree 
Which employment i, lL prohibí TM “d (3) those »' 
‘fated in Table II and deals oily with (hJ^f^efent is illus- 
iiona. ,y w,th the most known recommenda- 

me i noos 
-»W ■ «« I ERRCSI KIAL ... „ 
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°„ff iÄy8io,o,tica"y active compounds 

Ä*r.?Ä Mvrin 
tx ^ -rot-r^rr 
clh rfi l ffe:ent processes- these devices can be moved while 
cultural chambers are kept motionless. It is well known that th* 

underjroes'marked XT h*™ <MarS’ SUrfacc' for i"81“"«) 
in irr,;? f* . ,fts- h seems unreasonable, however to trv 
o imitate these variations in cultivation chambers. Psychrophylli? 

imu?h am°n Rarth d° T1 l00Se their amty t0 multiply vigorously 
(much more vigorously, in fact, than at low temperatures) 5 
elevated temperatures. Hence, it would be advisable to keen the 
tm^rature within the cultivation chamber in the interval of 20° to 

C- Criowth ‘Should be registered at least three times a dav 
but nutre fretjuent registration is preferable. y’ 

T'1™1™1 c°mponents of a voyage biological laboratory 
. hould undergo preliminary tests to show that vibration start 
and landing - 'll not interfere with their effectiveness No reaeent 

chmlngïighT me(,ÍUm Sh0U,d Chanire itS ProPerties and sterHity 

Results of experiments might be immediately transmitted to 

fCXiZZT°\1 daJa in memori2i"R ^¡ce“uL° luent reí ase of the whole information seems more expedient. 

CONCLUSION 

wni'US,™thty„P„r|tapbt'<' 'fhat befT bio1»^“' '»boratories 
ir, f i • 6-t0 P anets of our so,ar «ystem (Mars, in the first 
IT tance) information concerning these planets will improve This 

improvement ,n knowledge will necessitate correction to both our 

XlXXZX™*™™ m a"d “> - construct! “f 

in this paper I mentioned that the most reliable method for 

St'T/i- e2tr“ter;Mtri“1 life <8 based on recording „fgr!! 
and multiplication of heterotrophic microorganisms which might 
occur the surface of a planet. Microbe existence is probable! 
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two cases: either various organic substances accumulated on a 
planet as a result of chemical evolution, that is, abipgenic synthesis; 
or chemosynthetic or photosynthetic bacteria are present which 
synthetize organic compounds at the expense of atmosphere carbon 
dioxide. This last assumption looks more probable. Hence, as a 
next step in search for extraterrestrial life, attempts to detect 
photosynthetic and chemosynthetic bacteria might be considered. 
This would require modification of methods suggested for detec¬ 
tion of heterotrophic unicellular organisms. Such modifications 
will not be principal, since the ability to utilize carbon dioxide for 
building cell constituents might be followed by several methods. 

Two interesting possibilities might arise in search for extra¬ 
terrestrial life: First, active life may be absent, but, upon chemical 
and morphological examinations, remnants of former life might 
be found. The research program should include paleobotanical 
and paleozoological studies. Second, there is a possibility that 
microorganisms, which are complex organisms in an evolutionary 
sense, will not be found, but that some very primitive forms of life 
will be detected. Discovery of such primitive forms of life will 
no doubt be more interesting than the detection of microorganisms 
which resemble those inhabiting Earth. However, at present, no 
method for detection of such primitive forms of life is available. 
However, that does not mean that they could not be suggested in 
the future. 
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primitive replicating system resulted. Experimental support is 
growing for the contention, first propounded by Oparin\ and 
soon thereafter by Haldrane4, that the origin of terrestrial life had 
its beginnings in a reducing atmosphere of methane, ammonia, 
water, and hydrogen in the orimitive terrestrial atmosphere. 
Miller5 showed in 1953 that certain amino acids and other organic 
compounds were formed when this “primitive atmosphere” was 
subjected to a spark discharge continuously in a closed system. 
Since those initial results, numerous investigators using a wide 
variety of energy sources and the “primitive atmosphere” as 
starting material have been able to detect a large array of organic 
compounds of biological interest. The rapidly moving develop¬ 
ments in this field, recently reviewed by Ponnamperuma8 7, are 
briefly summarized in Figure 1. 

That the initial period of transition from simple precursors 
to living systems on Earth may have been relatively short is now 

Primitive Energy 
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Water Ultra 
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loniiing 
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' Pol) accharides 
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Figure 1. Summary of experiments on chemical evolution (after Ponnam¬ 
peruma*). The “primitive” gases, methane, ammonia, water, and hydrogen, 
have been condensed, using the energy sources shown, with the result that 
amino acids, sugars (including hexoses and pentoses), and organic bases 
have been formed. In addition, under these conditions, porphyrins and simple 
peptides and polynucleotides are also made. High molecular weight polymers 
of amino acids (proteinoids) have been produced from amino acids with heat.41 
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becoming apparent. Fossilized microorganisms resembling both 
bacilli and algae have recently been discovered in terrestrial sam­
ples that are 3.0 to 3.4 billion years old." • Therefore, if 
biological evolution had progressed to the point where both bac­
terial and algal forms were already pre.sent 1 to 1.5 billion years 
after the formation of the planet, the critical era during which 
life first appeared on Earth must have occurred soon after the 
Earth was formed, certainly well within the first billion years.

The second major theme concerns the probable number of sites 
in the universe where chemical evolution, of the type envisaged on 
this planet, may have taken place. The astronomers point out that 
the Sun, about which the planets of our solar system orbit, is but 
one of more than 100 billion stars in our galaxy, the Milky Way. 
For comparison, Figure 2 presents a photograph of the neighboring

Fifurc 2. Crest gslaxy in Andromeda. SatelliU galaxies are also shown. 
(Courtesy of Mount Wilson and Palomar Observatories).



572 BIOASTRONAUTICS AND EXPLORATION OF SPACE

sralaxy, in the constellation Andromeda, with its billions of stars. 
In turn, as the astronomers probe the distant recesses of the uni­
verse, it is evident that hundreds of millions or billions of additional 
Ralaxies are visible (e.g., see Figure 3). The number of stars in 
the universe thus seems to be staKjrering.

That many stars may have planetary systems of their own has 
been considered by a number of astronomers. For example, Hoyle” 
estimated that in our Ralaxy there are probably about 100 thousand 
million planetary .systems. Brown'- came to the conclusion that 
just about every star should have a planetary system associated 
with it. Indeed, he went so far as to suRKest that, on the average, 
each star should have two planets in its planetary system at dis­
tances that would receive sufficient radiation to support life. 
Other authors (Huang", Shklovskii and Sagan”) akso considered 
the probable occurrence of planets capable of supjwrting life, that 
is, planets having appropriate temperatures, ma.sses, and life times. 
And in this connection, the latter authors concluded that at least

Figure S. Cluster of galaxies In Corona Borealis. Distance about 120 million 
light years. (Courtesy of Mount Wilson and Palomar Observatories).



extraterrestrial biology-prospects AND PROBLEMS 573 

own galaxy*1™ hMtMe pl“ets within our 

frnJh!i 'n!erplay of these two themes—first, that life evolves 
s mple precursors when conditions on a planet favor th« 

condensât10" of these materials to more complex subs.anc™ 
nlflnofhat aTnfir the enormous number of stars in the universe 

ct.™cterisTicse wm ad' indeed' P,anetS Wi,h 8uitsble environmentai 
Wl11 “PPear—suggests that the search for extra 

terrestrial life can hardly meet with failure. 

virriv>uLiiE3 Ur DISTANCE 

While the “statistics” discussed above tend to lead us to th* 
conduswn that extraterrestrial life is widespread and invitees 

° ~ 7ríIVeS 10 sorne not t0° distant time making detailed 

mous distances involved as follows: I nasized the tnor- 

2" r7¿erf.t0 help visualize (these) astronomical distances I will 

then i6 thfem W,th- “ m0del °f SCale 0f 1:180 billion- The Earth 
hen a tiny Rrain of desert sand, just visible to the naked eye’ 

than '"I far”Und Its Su,n’. wbich riow is « cherrystone a little less 
feet away. Within approximately the same distance 

some few feet lies the goal of our present space travel- the 
her planets of our solar system, such as Mars and Venus But 

he nearest star, Proxima Centauri, is another cherrystone 

AndromedíTh i ' Z' ^ ^ ™ may add the dÍ9ta^e to the dromeda Nebula, the next stellar system comparable to our 
own galaxy : in our model, it is as far away as, in reality Z 
Sun is from the Earth.” reality, tne 

w."'i''ma,n be “ble ,0 »P»" the tremendous distances involved’ 
While the stars closest to the Sun are about 4 light years awav i 

our ™T»r P0':,e" T"' " that Witbi" the immediate VST of 
system, stars about 10 lights years away might be of 

i?rCa i:1 inrnfro,n tbe p“ta‘ »f 
: To reach 8Uch a star would, of course, require a rocket system 

that could escape from our solar system. Suet a rXt is weU 
yon our present capability, since a speed of 18 mps would be 

required. A system of this type travelling to one of the stär» of 
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interest, 10 light years away, would take about 100,000 years to 
reach the star and another 100,000 years to make the trip back to 
Earth. 

Von Hoerner15, in considering the possibilities of interstellar 
space flight, pointed out that if a rocket engine could be developed 
capable of using the energy of fusion of hydrogen into helium for 
propulsion, a spacecraft could be accelerated to about 36,000 mps. 
Even such a system, however, would only reduce the roundtrip to 
such a star to about 200 years. 

It has also been claimed14 that if spacecraft could be propelled 
to reach velocities approaching the speed of light, the time dilation 
phenomenon would come into play. For passengers on the space¬ 
craft, the elapsed time for a trip could be less than for those on 
Earth. The advantages of such relativistic travel would become 
increasingly great as the distance to be traversed increased. At 
such velocities, a round trip to the Andromeda galaxy, for example, 
would require about 30 years for the crew while the elapsed time 
back home would be a few million years ! 

Clearly, if relativistic travel could be achieved, and it should 
be mentioned that some authors (cf. Ref. 16) have challenged the 
time dilation concept, it would necessitate the development of com¬ 
pletely new forms of propulsion, such as one based on the complete 
annihilation of matter. Whether such engines can ever be devel¬ 
oped, of course, is open to conjecture. But even if this were 
possible, other considerations enter in. Oliver17 estimated that for 
a crew of several men making a round trip to the nearest stellar 
system, alpha-Centauri, in a spacecraft weighing a thousand tons, 
33,000 tons of matter would have to be annihilated en route! His 
conclusion, shared by others who have analyzed the prospects for 
interstellar space travel1 r' Is, is that almost certainly the tech¬ 
nological requirements are so overriding that for all practical 
purposes we will be restricted in our space travels to the solar 
system. 

SOME TARGETS IN THE SEARCH 

It now appears reasonably certain that the Earth’s neighbor, 
the Moon, will be the first extraterrestrial body to be explored. 
Both the Soviet Union and the United States are rapidly moving 
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Beyond Jupiter, Saturn is thought to have an atmosphere 
similar to that of Jupiter. If this is the case then many of the 
considerations, however tentative, about Jupiter would also apply 
to Saturn. We know so little at this time about the more distant 
planets of our solar system that very little can be said, even 
speculatively, about the chances of finding living organisms on 
them, although it would appear that these planets are too cold and 
too dark to support living systems. 

MARS 

Of all the planets of the solar system, Mars seems to have a 
range of environments most like that of the Earth; therefore it 
represents the best available target in the search for extraterres¬ 
trial life. Mainly as a result of astronomical observation, but also 
from data obtained from the Mariner IV flyby of 1965, many of 
the gross physical characteristics of that planet are reasonably 
well known.25 The planet, which orbits the Sun at a mean distance 
of approximately 140 million miles, has a diameter approximately 
one-half that of the Earth and a mass one-tenth that of the Earth. 
Mars is inclined at an angle of approximately 25° perpendicular 
to its orbit (compared to an angle of 23.5° for the Earth) ; thus 
that planet experiences seasonal changes as it rotates about the 
Sun. Since the Martian period of rotation is also very similar to 
that of the Earth, being 24 hours and 37 minutes, day-night cycles 
are analogous to that on Earth. 

The major surfaces features of the planet (Figure 4) include 
the white "polar” regions, now thought to be composed of frozen 
carbon dioxide and ice26, and the so-called "bright” and "dark” 
areas. The polar caps are known to wax and wane with the 
seasons, diminishing in extent during the "summer” season in a 
particular hemisphere and then growing larger in the "winter” 
months. As the ice cap recedes with the approach of summer, 
there is also a wave of darkeniruj in the hemisphere, during which 
the dark regions appear to become darker. In the past, this 
darkening has been ascribed by many authors to be the result of 
stimulation of plant growth, related to the presumed increase in 
available water. While the "darkening” phenomenon' is generally 
accepted by astronomers, the biological explanation rêmains with¬ 
out experimental verification. 
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Flgim 4. The pUnet Men.

The results of determining the surface temperature by various 
techniques agree that the average surface temperature, across the 
planet, is about 50° C colder than that of the Earth. Maximum 
temp>eratures near the equator have been estimated to rise to as
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high as about 30e C for a few hours per day during a Martian 
summer, but to fall to —70° to —80 C that same night in the 
same place. Daily temperature fluctuations in the range of 100° C 
are the general rule across the planet. 

The atmosphere of Mars has been probed spectroscopically 
from balloons and from Earth-based telescopes and also by radio- 
occultation methods.27 The total pressure of the atmosphere is 
probably close to 10 millibars, or about 1 100th of the total atmos¬ 
pheric pressure on Earth. Within the Martian atmosphere, two 
gasses have been identified, carbon dioxide and water, although 
neither of these has been quantitatively determined with any great 
accuracy. Carbon dioxide is thought to represent the major 
gaseous component of the atmosphere while water at best con¬ 
stitutes only a very minor constituent. The water vapor in the 
Martian atmosphere has been estimated to be of the irder of 
l/1000th the amount in the Earth’s atmosphere. Repeated efforts 
to detect oxygen in the Martian atmosphere have failed, and, if 
it is present, oxygen must represent a minute fraction of that 
atmosphere. Whether or not nitrogen is present is not known, 
although it is presumed to be a constituent of that atmosphere.'-”5 

The Mariner IV flyby not only yielded results of interest in 
connection with the structure and composition of the Martian 
atmosphere but also it collected data on the density of cosmic dust 
en route between Earth and Mars. It also made measurements of 
the magnetic fields around that planet. In the latter connection, 
the data indicate that little or no magnetic fields exist around 
Mars. Not only does this conclusion indicate the possibility of 
a different internal structure than that of the Earth but also the 
absence of a magnetic field may mean that the surface of the 
planet is subjected to considerably greater bombardment by 
charged particles from the Sun. The rarity of the Martian atmos¬ 
phere, together with the absence of oxygen (and, therefore, ozone) 
in that atmosphere would also suggest that the planetary surface 
is subject to far more intense ultraviolet radiation than is the 
Earth, although the planet is often covered by a thin “blue haze,” 
which may effectively absorb considerable ultraviolet radiation.25 

MARINER IV PHOTOGRAPHS 

The Mariner IV, of course, had as its primary mission the 
photographic reconnaissance of the surface of the planet as it flew 
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paat. roughly from pole to pole. Approximately one-half of 1% 
of the surface was photographed as the Mariner relayed twenty- 
one pictures to Earth, the closest approach to Mars being 6,118 
miles.

Figure 6 is one of the most interesting of the pictures, the 
eleventh picture. This v.as Uken from about 7,800 miles above the 
planet and covers an area of approximately 25,000 sq miles. As 
in other pictuies of the series, numerous craters are visible over 
the surface of the planet; the largest one .seen here is over 100 km 
in diameter. Of interest is the fact that the large crater seen in 
the center has been extensively eroded so that only about half of the

IT ,lP
I ^

Ficure S. Mars surface fe turei; Mariner IV picture No. 11.
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crater wall is now visible. From this and from the other photo¬ 
graphs of the series, it can be deduced that variations in surface 
elevation of the order of several thousand feet exist. We must 
anticipate, then, that over the surface of the planet large varia¬ 
tions in local environments are possible as one goes from pole to 
equator and from low to high regions of the planet. On this basis-”1, 
there should be a wide spectrum of ecological “niches,” affording 
many permutations and combinations of environments for a 
Martian biota. 

That the Mariner IV photographs did not detect life on the 
planet came as no surprise—even to the most enthusiastic exobiol¬ 
ogists. As pointed out14, it has been virtually impossible to detect 
life on Earth from the many thousands of photographs taken of 
this planet by U.S. weather satellites. Mariner IV did not, and 
could not, settle the question of the presence of life on Mars. It 
did, however, corroborate or extend many of our estimates of the 
physical characteristics of that planet. 

To recapitulate these properties, the present physical environ¬ 
ment on Mars is very bleak. There is little or no oxygen; there 
are large temperature extremes; the average temperature is low; 
the atmosphere is very thin and contains extremely small quan¬ 
tities of water. There is probably no free water on the surface 
and probably a high flux of ultraviolet radiation at least some of 
the time. This is not, by terrestrial standards, a favorable en¬ 
vironment for life! 

ADAPTATIONS OF ORGANISMS 

But, if the biologist is impressed by any overriding property 
of terrestrial life, it is by the adaptability of organisms. If life 
on Earth started in a primitive “soup,” the first surviving organ¬ 
isms have evolved into an almost infinite number of environmental 
niches. Organisms, particularly microorganisms, are found to 
grow under such widely divergent conditions as in boiling springs 
of Yellowstone Park, where the temperatures are constant at 
about 96° C29, and in perpertually frozen lakes of Siberia. 
Some are so fastidious that they cannot long survive outside the 
warm, moist, nutritive recesses of the animal body, while others, 
the autotrophic bacteria, live in the soil or in bodies of water 
using hydrogen or ammonia, or even iron or elemental sulphur, as 
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cuitures died while others, after a few cycles be^n 7n °f ^686 
in numbers (Figure 6). Other strains derived from such “adapted» 
cultures managed to grow very well under even more “s 
conditions in which they were kept at -70° C for all but 
minutes of each day (Figure 7). but 15 
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Ficon 6. Growth of bacteria under simulated Martian temperatun regime. 
In experimental culture, periods at -70* are not shown. During periods 
above freezing, both control and experimental cultures incnased about a 
thousand-fold. (Courtesy of Dr. Richard S. Young.) 

From what is known about the planet, taking all of the physical 
characteristics of Mars into account, it sèems quite clear that the 
limiting factor for life on Mars is likely to be the unavailability 
of water. Temperature fluctuations, low atmospheric pressures, 
lack of oxygen, ultraviolet and other kinds of radiation are all 
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thermal activity might well make available liquid water at or close 
to the surface.®* 

SOME PROBLEMS IN PLANNING "LIFE DETECTION" EXPERIMENTS 

The considerations that lead us to conclude that Mars is cur¬ 
rently the best target in the search for extraterrestrial life—the 
plausibility of the concept of an early genesis of life from methane, 
ammonia, and water, and the idea that, once formed, living organ¬ 
isms might have successfully adapted to changing conditions on 
that planet—do not, however, mean that Martian organisms would 
necessarily be chemically or morphologically analogous to terres¬ 
trial forms. Instead of l-amino acids, for example, Martian organ¬ 
isms may have proteins comprised of d-amino acids. Rather than 
the twenty amino acids common to terrestrial organisms, Martian 
proteins may be composed of fewer or more amino acids. Further¬ 
more, these acids may not include any of the particular amino acids 
commonly found in terrestrial organisms. Perhaps, in order to 
filter out ultraviolet radiation and to conserve water, fats or waxes 
unfamiliar to us have become major constituents of Martian 
organisms. The point of these examples is that we really have 
no idea just how far apart the process of chemical evolution, let 
alone biological evolution, may have diverged on Mars and on the 
Earth. 

This problem leads to difficulty in planning so-called “life- 
detection experiments.” Chemical tests for compounds commonly 
found in terrestrial organisms (say, 1-aspartic acid or D-glucose) 
are considered to be “high risk” determinations because a negative 
result would not be conclusive. As another example, all terrestrial 
organisms appear to rely on certain adeninenucleotides as their 
main energy carriers. And exquisitely specific and sensitive assay 
systems have been devised»« to detect adenosine triphosphate 
(ATP), the major compound of this type. Suppose, however that 
Martian organisms use guanosine triphosphate (GTP), instead of 
ATP, in the same physiological role as we use ATP. Then, the very 
specificity of an ATP test would preclude our discovery of GTP 
(and possibly of life) on Mars ! 

On the other hand, less specific chemical tests (e.g., a test for 
the presence of organic carbon), while reducing some of the “risk” 
involved in such a test, have another kind of limitation. In this 
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media (where water is much more readily available), Martian 
organisms would be killed. 

Most of the uncertainties associated with trying to design a 
growth experiment in the search for extraterrestrial life apply 
also to assays for individual enzymes. It has been suggested37 

that, like certain enzymes present in terrestrial soils, Martian 
surface samples might contain enzymes that could be readily 
assayed. In principle, there would be certain advantages in testing 
for individual enzymes. Under optimal conditions, they have very 
high catalytic activity, generally many orders of magnitude higher 
than that of inorganic catalysts. Unlike tests for growth, which 
could be limited by a single factor such as the omission of some 
essential trace nutrient, enzymatic activity depends on only the 
availability of the substrate for the enzyme and occasionally of 
one or two appropriate cofactors. , Another advantage is that 
certain enzymes, like phosphatases and urease3" in terrestrial soils, 
may be released into the soil upon the death of soil organisms. 
These enzymes are then often found to be present in samples in 
which little or no life can be detected. 

Although tests for enzymes on another planet require fewer 
assumptions than tests for growth, a number of uncertainties in 
this procedure still make it a “high risk” type of assay. As in 
the case of trying to estimate the optimal environment in which 
to grow extraterrestrial organisms, such factors as pH, tempera¬ 
ture, metal-ion availability, water activity, and substrate concen¬ 
tration would essentially have *o be assumed in conducting the 
assays. 

There are even possible ambiguities in making inferences from 
pictures. We can, of course, imagine a picture sent back from 
Mars that contains one or more objects of such complexity and 
form that it would provide compelling evidence for the existence 
of life. But Martian organisms may well be relatively small, 
scraggly things—perhaps microorganisms too small to be seen ex¬ 
cept by microscopic methods. Ingenious techniques are being 
developed38 39 for automated scanning of soil samples for the 
presence of microorganisms, and it might appear that, at the level 
of microphotographs, it should be easy to discriminate between 
the living and the nonliving. But it is a relatively common observa¬ 
tion to minerologists to find inorganic filaments, globules, and 
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Figure 8. Microspheres produced by heating a mixture of amino acids. Seen 
under oil immersion (970x). (Courtesy Dr. Sidney Fox.)

other life-like particles in their specimens of rocks, sediments, and 
meteorites (cf. Ref. 40).

That pictures may be misleading is also apparent in Figure ® 
This is a microphotograph of some of the microspheres synthesiz ed 
by Fox.^' This preparation was made by heating a mixture of 
amino acids and subsequently dissolving the polymerized material 
in water. As the saturated solution of “proteinoid" cools, millions 
of microspheres settle out of the solution. As is seen in this 
figure, the microspheres have obvious similarities to biological 
materials. Indeed, with no additional information but the picture, 
a team of biologists might well conclude that the sample photo­
graph showed a large variety of different organisms.

APPROACHES TO THE PROBLEM
Only some of the more obvious difficulties have been presented 

in the section above. From them it is evident that any single
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assay or experiment to detect life on Mars or some other planet 
has a high probability of leading to ambiguous conclusions, except 
by the greatest stroke of luck Clearly, the question of determin¬ 
ing the presence of life on another planet will probably require 
many different determinations, preferably on the same material, 
before reasonable conclusions can be drawn. Since there is no 
single, simple definition of life; if in order to “define" life one 
has literally to describe it in terms of its propertie'i (i.e., its 
chemistry, physiology, and morphology) ; if one has to define 
fully and carefully the gray area between the living and nonliving 
in order to ar/ive at a definition of life, it should not come as a 
surprise that, in engineering terms, no single, simple test will 
suffice. Proof for the presence of life on another planet has to be 
deduced from many observations and tests. These each will yield 
onl> partial answers, but, by a series of approximations, we will 
get closer and closer to a definite conclusion—a process more or 
less in the nature of approaching the asymptote of a hyperbola. 

Basically three schemes can be visualized for obtaining the 
necessary information. One is to automate a large multifunctional 
laboratory, which could perform chemical and other analyses and 
also carry out all the necessary sophisticated tests in situ on 
another planet. Such a concept42 visualizes a more or less com¬ 
plete computer-based laboratory capable of sampling an extra¬ 
terrestrial environment, making preliminary determinations and 
then, depending upon the results of these determinations, going 
on to a variety of tests and procedures, the results of all of which 
could then additively allow a reasonable inference as to the presence 
of living organisms. In the face of so much ignorance about the 
detailed environment of Mars and because of the technical break¬ 
throughs that would have to be solved in order to carry out such 
a massive effort, it seems unlikely that this approach will be given 
serious consideration at this time. 

The second scheme is less likely to appeal to the enthusiastic 
exobiologists who are eager to obtain the crucial answers in the 
shortest possible time and to those who would minimize the 
number of chances of contaminating the planet. In this view, ex¬ 
periments and analyses would begin with further probing of the 
Martian environment, its topography, atmosphere, surface com¬ 
position, etc. Then, armed with more details about the physical 
properties of the planet, and after further detailed reconnaissance 
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to think about in trying to explain the absence of life there. New 
hypotheses about the origin of terrestrial life would almost cer¬ 
tainly emerge in this case. 

So, while we cannot make a very strong case for life on nearby 
Mars, and while there are obvious difficulties to be overcome in 
the search for life on that and other planets, there is so much to 
be learned about biology that the effort must be undertaken. Thus, 
many biologists feel that the search for extraterrestrial life is 
the most important scientific objective of the space program. For 
example, in a study by the Space Science Board of the National 
Academy of Sciences", this group concluded, "The biological 
exploration of Mars is a scientific undertaking of the greatest 
validity and significance. Its realization will be a milestone in 
the history of human achievement. Its importance and the con¬ 
sequences for biology justify the highest priority among all ob- 
jecthes in space science—indeed in *he space program as a whole.” 
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to once again rejuvenate the affirmation of why we are in space, 
what we are attempting to do, and how important it is that we 
get on with the job. 

Now, I am merely the traffic cop here. I am going to call on 
each of the panel mem! .*8 for a short 3-minute statement, and 
that 3-minute statement is intended to permit me to change from 
being a traffic cop to being a chef ; from that point on, I will see 
that the pot keeps boiling, and I will attempt to see that it doesn’t 
boil over. My first request will be for Dr. Zwicky to give us some 
of his thoughts. 

DR. FRITZ ZWICKY : After I came back half-dead from 
Hiroshima in 1945, the Air Force insisted that I do not go on the 
first spaceflight. They said they preferred to see me killed on a 
more useful project. Nevertheless, as >he vice-president of the 
International Academy of Astronautics, I am obligated in 1975 
to establish LIL, the Lunar International Laboratory. Before I 
do that, I must, however, demand several things. Number one, 
that finally we do what we tried to start in 1948 with the first 
shots of artificial meteors (from a V-2), to plug a fast-reducing 
slug into the Moon and see from the reaction how deep crystal 
water exists in the rocks. If there is crystal water within easy 
reach, it will be immensely easier to live there. . then shall haul 
up a special solar furnace, with a magneto-hydrodynamic genera¬ 
tor attached to it, which guarantees the production of all necessi¬ 
ties of life from rocks on the moon. 

Secondly, I must demand that, after 25 years of planning of 
certain sophisticated jet engines, like the terrapulse and the 
terraresonator, which I invented as director of research at Aerojet 
Engineering Corporation, we finally get ready to build and use 
them on the Earth and especially on the Moon. Otherwise, I am 
afraid the Russians might appear one of these days with one of 
my engines of this earth-boring typa under the Pentagon. 
[Laughter] 

Furthermore, there are several other things which should be 
done and which we have proposed for a long time, among them 
laminar (whisker) metals of soap-bubble structure, with which 
you can make strong solid bodies lighter than air and then, before 
all, launchers for space missiles and vehicles which will work with 
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to other things. This is particularly true in biology. Biology is a 
field that today generally is not looking out into space for nev/ 
horizons. Biologists are looking at the molecular or submolecular 
level. If we don’t sustain the current interest of those biologists 
who are interested in the exploration of the planets, I’m afraid 
we’ll lose the support of the biological community. So my plea 
would be for increased emphasis in a planetary exploration pro¬ 
gram, a real planetary exploration program. The Soviet Union 
probably will be sending two or three spacecraft to Mars and Venus 
at every opportunity. They’ve done that in the past, and we can 
expect that they will continue to do so in the future. It would be 
a shame, politically and scientifically, if the efforts of the United 
States slowed down to a trickle. [Applause] 

MR. GOLAND: Thank you very much, Dr. Klein. I’ll call 
now on Dr. Libby. 

DR. WILLARD LIBBY: I’d like to echo Dr. Klein’s sentiments 
in different words. It seems to me that our space program is our 
present frontier. Our country has always had a frontier; it is char¬ 
acteristic of this country that we live off of discovery, adventure, 
and new development. In order to continue this well-tested and 
profitable tradition, we have at this time to ask ourselves, how did 
we get into the fix that in order to fight in Viet, Nam we have to 
give up the Moon race and the development of the space stations? 
I see so very clearly that the only way to fight in Viet Nam is to 
build a base on the Moon and to build a space station; for it is 
only from the strength that we get out of these efforts that we 
have any chance—any chance to do what we should do in our 
worldwide commitment. Now, it should worry all of us that we 
come to a state in this country that these truths, with which I’m 
sure most of the people here would agree, are not self-evident. It’s 
something we must correct, to where our congressmen and our 
leadership understand the value of scientific technology. They 
mouth enough about it, but. when the chips come down, they are 
looking elsewhere. 

We have our boys being drafted into Viet Nam, our graduate 
students who are going to be Ph.D.’s and teachers—that was a 
wise one! But even beyond that, I’d say, is the killing off of the 
space program, and I advisedly use the words “killing off.” I think 
everyone who contributed to this decision should be examined for 
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Fvprvnn.T',/0'' "'‘T' that he sh«“w be in Washington. 
Everyone! If you need a list, I’ll ^ive it to you. 

We, however, shouldn’t talk about politics because space isn’t 
really a political question. I mean, you’ll find Democrats and 
Repu dicans just about equally divided on this. It’s a kind of 
malaise we have, where people just don’t understand that this is 
mportant. I was for 20 years a main supporter of the atomic 

erpry program and had a lot to do with its development. But I 
tell you, frankly I hate to say it. the atomic energy program isn’t 
qui e as new and shiny as it once was, and I’ll tell you where the 

in^pn mr 6'1 f ll • Wlth the y0Un* kids-how t0 «et them interested 
m going into science and technology. This is one of the great 
values of the space program; it is so new, it is so fascinating to 
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mad to save this space program. [Applause] 

MK. GOLAND: Thank you very much, Dr. Libby. It’s not 
my mtenhon to inject any comments here, but may I say, sir, 
that those early days on the Atomic Energy Commission, when 
the program was put together by you architects, not even those 

^ y°u inv® vec in Jt could have foreseen the enormously rapid 
evelopments of nuclear energy completely outside of the military 

and defense areas to the point where it is now completely trans- 
forming the energy balance of the world. This also is a*parallel 
we should take into account. 

Dr. Strughold, may we hear from you ? 

narticni U,lJBERWS fTRUGHOLD: Ladies and gentlemen, I am 
particularly impressed by the theory of the decrease of the gravi- 
Rational constant suggested by Dirac in 1937, and explained and 
discussed .at our meeting by Professor Jordan of Hamburg. The 
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point in which I am interested in this respect is: what role does 
the resulting tendency of our planet to expand play in the occur¬ 
rence of earthquakes. So far, only volcanic activity is mentioned, 
but I think behind the scene this tendency to expand plays an 
important role with regard to the extension of earthquakes. 

Second, one of my specialties, or favorite topics, is the day-night 
cycle, the cycle of sleep and wakefulness, and activity. So far, 
we talk always about the circadian cycle, which is synchronized 
with the day and night cycle of Earth, of 24 hours. But it might 
be that this cycle can be replaced by a shorter cycle in space life, 
for instance, a cycle of 20 hours. The Russians have made some 
studies in this respect and have suggested that this might be 
the best cycle; there are certainly some possibilities for deviations 
from the norm. That a 20-hour cycle is acceptable for men has 
previously been suggested by Dr. N. Kleitman, based on his studies 
in caves in Kentucky, carried out some 20 years ago. I would like 
to mention another point. It has been suggested that electrosleep 
could be used in space. But I do not think that electrosleep could 
ever replace natural sleep. 

My third point has to do with the effect of zero gravity. We 
know now the effects of zero gravity, and one of them is that it 
leads to décalcification of the bones. Recently, it has been re¬ 
ported that a new hormone has been found in the thyroid gland ; 
it is called thyrocalcitonin which prevents décalcification of thé 
bones. It might be that this will offer a new approach to counter¬ 
act osteoporosis or décalcification of bone during prolonged zero 
gravity. 

The next point has to do with international cooperation. It is 
very important that the metric system (or as it is called now, the 
international system based on the meter, liter, and kilogram) be 
introduced as fast as possible. Otherwise, there will never be 
international cooperation in the activities of space. [Applause] 

MR. GOLAND: Thank you very much, Dr. Strughold. Now, 
HI call on Mr. Clarke. 

MR. ARTHUR C. CLARKE : Well, I thought I’d probably said 
enough already today, but I do see I have a few more points. 
Professor Strughold mentioned international cooperation. In the 
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a couple of generations, and it would probably cost something 
much less than a billion dollars a year for the whole Earth. Well, 
now, if someone had the guts to suggest that the United States 
should sponsor a program like this (this only occurred to me this 
morning; I haven’t had time to think it out), what a dramatic 
effect such a thing would have! It would bring the space program 
back into public respect, and I would like to throw this suggestion 
out. That is all I have to say at the moment. [Applause] 

MR. GOLAND: Thank you, sir. And last on the panel up 
here, I call on Dr. Ehricke. 

DR. KRAFFT EHRICKE: Well, I think I would like to 
approach the concern we all have regarding the space program, 
still from a different standpoint. It is quite obvious that we have 
to have a more continuous and consistently supported space pro¬ 
gram. The contrast between the apparent consistency and purpose¬ 
fulness of the Soviet space program with the blowing hot and 
blowing cold type of approach in the American space program is 
apparent. Part of it is due to the fact that we do not have the 
proper mechanism to agree on a consistent set of goals, and, in 
part, it is due to the fact that we are afraid to plan too far ahead. 
Now, again, spectacular programs are necessary; they are the 
individual accelerators. But, underlying this has to be a balance 
which I advocate most urgently at this point. Space is scientifically 
important; it is in many other respects still more important for 
the nation as a whole, for the increasing population of the planet, 
and for the long-range evolution of the human species. Because 
of the close interrelations between exploration and utilization of 
space, we must strive toward maintaining a balance between these 
two processes. This seems to be terribly difficult. I have been 
involved in our space effort since its beginning. Yesterday, the 
word was space exploration and today the battle cry is space 
utilization. And each time one crowds out the other. This “either/ 
or” attitude is not healthy ; it is simply not rational. Both must 
go on simultaneously in a balanced form. Relative emphasis may 
vary in time to a skillfully-modulated degree, but it is not an 
either/or proposition. The past decade has brought the exploration 

of geospace, and with it the development of transportation systems 
and payloads needed to utilize this space region, in existing ver¬ 
sions and in still more advanced configurations. I, personally, am 
very intrigued by the possibilities of resources monitoring and 
navigation control from space, in addition to communication. A 



PANEL DISCUSSION 603 

utilizing geospMe?’ Earth^spa^^T^r^h116 ma,n^oId ways of 
««.space utilization has hcc^e' (aJÄ atan.? • ,eXpedite 
the arguments for slowin* down 1,,««»^ ] fc a.slnme) one of 
exploration. This aririimonf ^ a and esPecialIy planetary 
cessfully spac^at St ^681 incidentally- how suc- 
part of the general sphere of ^ beCn .S°.Id' has become 
that seemed to be virtually imnoQs’w ° ^ civilizatioR, í omething 
period. But, at the same S tv® &nd inconceivabIe in 1945-47 
now utilize Earth-soace and no 18 argu.ment that we have to 
Moon and the planets, strangely rejecthTva botlî®ring with the 
this argument rests. A decade or y evidence on which 
practical usefulness and imnorfan/. f n0W’ We Can exPect the 
civilization to become recognized and bfthê^^S^H t0 T 
then some will say, “We can’t <»ivanri 6 Jn. and maybe 
planets. You have to woZ ab^.ï .a ^ nying anybod>' *» «>e 
Moon." We might as wcl] Íe.Moon only and utiIize the 
Of space are two sides of the "same ^ exploration and utilization 
Plan appropriately and eontinue t ™ Ut us’ therefo™. 
be needed for luna“and n," deVelo|’.‘he ‘a<=hnology that will 
«me, we advance the utilization ^ Same 

veÂ^m“ngntheS aÂfhumaír"^ ¡S ^ on 
this process. We will see it creativ* y P161*6 is no stopping 
Technoscientific world leadershi/Ld^ accelerated in the 70’s, 
will be inseparable. To a ?rowing extentaCbo?rrati0nal Capability 
requisites of world-power Status and ïotÎ h neces.sary Pre- 
the great powers, eventually perhaps to conP prerequisjtes for 
cooperation. Therefore we haw * to some form o{ 

and very specific immediate iroal«. » 6 V®1?®8 of very mundane 
marize in my paper while at th« ’ °me ,?f whlch I tried to sum- 

longer-range planning without beingTfraïto ca°l|SHm-a°f i“”8 
because we are looking furthVr than fl f 6d ndlculous 
[Applause] tn 10 or 15 years ahead. 

thought th^space píogram r^°ple whether they 
And now. I hear from cveíldv th.^'’^ ^ “id- »»I" 
I have also been pessimiTtlTb^íôi.^h' fact, 
thought through systematically SnmÍV™?0"1 haS not been 
have, therefore, wriiin. o friends of míne and I ugnt of writing a comprehensive monograph 



1 

604 bioastronautics and exploration of space 

on the observations and experiments in medicine, biology astron. 
Chei?i8try’ psychoIo«y> engineering, and so on, which 
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DR ZWICKY : I say that if eight of us sit together, you see 
a physician, a biologist, an astronomer, an engineer, a psychologist 
etc., and we write a book, this will sell millions of copied 

MR. GOLAND: The discussion has become a public relations 
discussion, or let s say a public education discussion!^ 



r/MMEL DISCUSSION 60S 

R. KLEIN. Well, I think education is our problem. 
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years, and we cannot afford this, whatever your purposes would be. 
If it would be that giving up our technological future would help 
solve the ghetto problem, I might even be for it. I think it won’t. 
It will destroy jobs; it won’t help. We’ll make jobs, and I don’t 
see these as in very serious conflict. I think there are a number of 
things we could give over other than the space program. 

MR. GOLAND: Dr. Zwicky, do you wish to comment? 

DR. ZWICKY : I think the gentleman has a tremendous point, 
actually. And, of course, the point is against us, the scientists, 
who have been going their own way and very, very few of them 
have spent any serious and unselfish efforts for sociological 
problems. For instance, I am a trustee of a large foundation 
which established seventy-five villages for destitute children all 
over the world, and there are only three scientists among our 3000 
people. Then take a problem like smog over Los Angeles. Two 
or three of us at Cal Tech have analysed the situation and made 
sure-fire constructive suggestions for the past 15 years, only to 
be ignored by our colleagues. We have also challenged our presi¬ 
dent, Dr. Du Bridge, the chancellor of U. C. and the president of 
U. S'. C., to come forward and get together twenty independent 
experts to meet that problem. Well, they must have been running 
for their lives with flying coattails, because nothing was heard 
from them. We shall have to get the scientists away from just 
hunting promotions, medals, and Nobel prizes, and I-don’t-know- 
what. We shall really have to do science for mankind as Cal Tech 
promises to do for the next $85 million which they are trying to 
raise from friends. But if we only use this “science for mankind” 
as a catchword and do not really do it, I predict that coming gen¬ 
erations will call ours that of the biggest hypocrisy. And, in fact, 
everything may then be lost, and, actually, there may not be any 
future generations to judge us. 

DR. KLEIN : I should like to comment on that point, too. I 
think we have a “red-herring” situation here. Anybody who is 
frustrated about anything in the public domain compares his pet 
project to the ¿pace program and says why shouldn’t we do this 
or that instead of going into space? I think this is false; it is 
erroneous. Most of our problems have been with us much longer 
than the space business. One could also make the argument tnat 
the $15 to $20 billion we Americans spend per year on cigarettes 
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dark side. We’ll not use artificial spaceships, but some of the 
most easily available tiny cosmic bodies. Once we have that 
nuclear fission generator I mentioned before and which is acti¬ 
vated by the impact of solid particles of 1000 km/sec speed on 
solid targets, we can kick our planetoid spaceships around at will. 

DR. KLEIN : Just a word about that “man on the street” who 
really is sort of optimistic. During one of the Gemini flights, when 
the astronauts were doing a docking maneuver, I happened to be 
in California in a bar watching this on television and wondering 
what the “man on the street” next to me thought of this. The 
stranger next to me was quite on the way toward inebriation. As 
he watched the television screen, he suddenly slapped me on the 
back and said, “Well, what do you think of that?” I said, “What?” 
He said, “What those guys are doing.” I said, “What do you 
think of it?”, whereupon he answered, “I don’t mind paying for 
this as long as they’re successful!” 

MR. GOLAND: I’m not at all unhappy we got onto a some¬ 
what political-educational overtone because, although space is a 
scientific and engineering venture in this day and age, it is also 
a political and economic one. May I say, perhaps in defense of 
those people in Washington who are not here, that in the last 
analysis they do not make the decisions—we make them. And I 
know that Dr. Libby and many others here have dealt with the 
Congress, dealt with the Senate, and know that perhaps the most 
compelling drive in both of those groups is to reflect what the 
people want. If the space program is going to move ahead, we 
must want it to do so. Perhaps this group, through this meeting 
and other meetings, can get renewed inspiration and renewed dedi¬ 
cation to go out and do the job we must do: to make the people 
of this country want the space program. 
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There is no doubt it will be a time of change. 

By that time, we will know whether Dr. Urey is disappointed 
in finding the Moon is only a drop out from Earth or if, as he 
believes and hopes, it is an exciting first new piece of the Cosmos. 
This finding will give us impetus for pursuing the extraterrestrial 
life hypotheses of Drs. Imshenetsky, Klein and Ponnamperuma. 
It will also provide information for Dr. Zwicky to buttress hia 
provocative statements. 

It is not likely that we will yet be supervising the harvest on 
Dr. Ehrioke’s south forty acres on Venus, but we will have a good 
indication of the planetary mineral prospects which he predicted 
and Dr. Steinhoff suggested we utilize. We will also have concrete 
evidence of the possibilities of the new chemistry foretold by 
Dr. Libby. 

Many of the benefits of the space program will then be evident 
in our every day life. Drs. Whipple, Strong, Evans and de Vau- 
couleurs have given us early indications of how such information 
is helping us to revolutionize our thinking about the universe. 
Dr. Hurtado, one of the space pioneers, has given us evidence of 
how this medical research on far-out space can be related to such 
mundane areas as leukemia, heart disease and fertility. Dr. Berry 
and Colonel Culver have shown us that man’s abilities may be 
extended far beyond the limits which some pessimists placed on 
them. The work which has been pioneered by Dr. von Gierke, 
Colonel Swan and Lt. Colonel Clarke will continue to extend the 
capabilities of the astronauts but (like all their predecessors from 
Odysseus’ crew down) despite the work of Dr. Vanderveen, they 
will be still complaining about the chow. 

It will be a different age, an almost unbelievable age, in which 
(as Dr. Stnghold pointed out) the man on the street will truly 
be the man of the Cosmos. Even his brilliant imagination and that 
of Arthur Clarke will have difficulty in predicting future achieve¬ 
ments which will match those being made on a regular basis. 

And I agree with the belief expressed by almost everyone that 
the search for truth in the area of space will result in greater 
insight to the problems which we face up close. 
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In a last minute printing change, the introductory material was re¬ 
numbered. TTiis has caused the index citations for the Roman Numeral 
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