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INTERNA TIONA L SPACE REPORT 

Buran Flies West 
Soviet Shuttle at Paris Air Show 

The Soviet Space Shuttle Buran made 
Its first appearance In the West at the 
Paris Air Show, J�ne 8-18. The space­
craft was ferried to the show atop the 
massive Antonov An-225 cergo plane. 

The An-225, named Mriya (meaning 
dream). arrived at the Baikonur Cos­
modrome in mid-May to pick up Buran. 
The shuttle was attached to three struts 
on the Antonov's fuselage. The combined_ 

vehicle carried out a number of test flights 
and on June 6 the An-225 and Buran took 
off on a non-stop flight to Paris. 

Unlike its American counterpart the 
Soviet shuttle does not use a tail cone 
during ferry flights. US Shuttles have their 
main engines shrouded within a tail cone 
to prevent damage to the engines and to 
avoid turbulence. Buran has no need for a 
tail cone: its has no main engines and tur­
bulence is avoided because the An-225 
has two twin vertical stabilizers mounted 
on each end of a vertical stabiliser. 

Glavkosmos chief, Aleksandr Dunayev 
told reporters in May: "Buran has been 
completely restored and is ready for more 
flights." However, Soviet State Television 
reported not all of Buran's scorched sur­
faces had been cleaned and some of the 
tiles lost during her maiden flight have 
have not yet been replaced. Dunayev 
added the next mission would be con­
ducted when there a was a payload that 
could, at least partially, make up for the 
costs involved. In a reply to a reader's 

The sheer size of theAn-225 is dear when photo­
graphs of the US Shuttle and its Boelng 747 carrier 
(boiDn) and Buran on the� are OCJil1liV8d (1Dp). 

The Antonov Mriya and Buran during a test flight. 

letter in Komosomolskaya Pravda, 
Dunayev said: "There are no faults [with 
Buran). We have simply started counting 
our costs and relating them to economic 
and technical expedency." 

• During the 1 1  day Paris Air Show 
NASA exhibited a full scale model of the 
Hubble Space Telescope, now sched­
uled for launch in early 1990. OCher ex­
hibits included a 75 foot 11'10C:k-up of the 
US National Aerospace Plane (NASP) 
and full scale mock-ups of the Hennas 
mini-shuttle, ESA's ERS-1 remote sens­
ing satellite, the European Columbus at­
tached and free-flyer laboratories for Free­
dom Space Station. 

Soviets Give SL-16 Details 
The Soviet Union has revealed details of the SL-
16 Medium Uft Launch Vehicle. The tv«> stage 
booster, named Zenit, is capable of lifting 13.7 
tonnes into Low Earth Orbit. The vehicle is 
expected to launch a large cargo craft for space 
station resupply missions. Because the vehicle 
can be readied for launch very quickly (in about 
80 hours), the booster could also launch 
manned craft for an emergency space station 
rescue mission. 

Shatalov Speaks Out 

Columbia Engine Leak 
Engineers at the Kennedy Space Canter have 
discovered a leak in a fuel pump in the No.1 main 
engine of Columbia. The pump is to be replaced. 
Launch Director Bob Sieck was unable to tell 
what effect the problem would have on the 
launch date, which is currently scheduled for no 
earlier than August 1. 

Proton Stage Comes to Earth 
A Proton rockefs third stage failed to burn 14> in 
the atmosphere as planned after its launch on 
May 31. Parts of the stage fell along the us-ca­
nadian border. The Soviets have launched an 
investigation into the incident, which was re­
ported by American officials. The Proton had 
orbited three satellites: Cosmos 2022, 2023 and 
2024. 

Galileo at the Cape 
The Galileo Jupiter penetrator probe arrived at 
the Kennedy Space Canter on APril 17. The 
Galileo orbiter arrived a month later on May 16. 
They are undergoing checkout in the Spacecraft 
Encapsulation and Assembly Building No.2. 
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In a recent Interview, Lt-Gen. Vledlmlr Shata­
lov head of the Gagarln Training Centre at 
Star Town castigated central planners for 
not providing the cosmonaut team wHh a 
plan for the future. 

The decision to stand down the two teams 
training for the Soyuz TM-8 flight (prime crew 
Viktorenko/Balandln, reserves A. Solovyo Sere­
brov) was taken late in the training cycle Shata­
lovsaid. 

He said that the crews would need to be 
trained for working with the new modules which 
were to be launched in AugusVSeptember 1989 
and later. 

He also said that because of the delays in 
launching the modules some SOo/oof Mir's scien­
tific equipment was not functioning and the inte­
rior of the complex was cramped due to the 
amount of equipment that had been delivered. 

Shatalov caBed for the tormalion at a Space 
Agency of the Soviet Urion � WOicil iillle al 
aspects of the progamme. ltWOl*l be sinilar to 
NASA of the United StaSes. 

He cited the a.arrent syslam as at� 
of fail�.n in long tenn pl;n*'9. In 118 past this 
was the province of at i�lla scien­
tific and tedlrical cotn:lled by Aca:tamician 
M. V. Keldysh, President ofl18 USSR Academy 
of Sciences. The counc:l is now headed by Aca­
demician G. I. Marchuk.. But, Shalalov said, 'We 
are still waling for resulls from ils work.· 

Today, he said. 1he Soviet Urion has "no 
pmgnmnes ... I have no idea what we wll have 
to do Dnom:IW or lhe day after. And even 1he 
currant tasks are changing allhe lime. We sliD 
haveno�forspec:iliclraHigfor, say, 
next ve-. nevw n*'d 118 more dlstalt fulure: 

Nftllle Kidger 

NASA Names Crews for 1990 
Military Missions 

NASA has named Shuttle crews for two De­parlrnerit of Defelise Shuttle millslons 
scheduled for Mld-1990. 

Air Force Colonel Richard 0. Covey win 
command ST8-38, a classified DoD mission 
aboard the Space Shuttle Atlantis, In May of 
1990. Covey's pilot wiD be Navy Commander 
Frank L. Culbertson. Assigned as Mission Spe­
cialists are Marine Colonel Robert C. Springer, 

Air Force Major cart J. Meade and Army Cap­
tain Charles D. "Sam" Gemar. 

Named as Mission Specialists for STs-39, 
another DoD mission scheduled for July 1990, 
are All Force Colonel Guion S. Bluford Jr., 
Richard J. Hleb and Charles Lacy Veach. The 
remainder of the seven member crew will be 
assigned later. The early assignment of Mission 
Specialists wiD allow payload training to begin. 
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INTERNATIONAL SPACE RfPORT 

Phobos Loss- Spacecraft Designers Blamed 
The loss of the two Phobos probes has 
caused much controversy In the USSR. The 
designers of the Phobos probes are being 
criticized by the sclenUsts. Mikha/1 Ch­
emyshov, speeka to leading Soviet space of­
ficials and esks what lessons have been 
learnt 

Several months have passed since the 
completion of Project Phobos, but passions are 
still running high in the scientific community. So 
what happened to the two automatic probes 
which successfully started out on their journey 
to the planet Mars but never completed their 
mission. The special commission which is look­
ing into the matter has so far failed to arrive at 
any definite conclusion. Conversely, the situ­
ation seems to be growing more complicated, 
and the decision now is to enlarge the commis· 
sion by inviting foreign scientists in order to 
preclude any bias in the investigation. For the 
time being, let us look at the data provided by the 
Phobos probes. 

The International Scientific Council on Proj­
ect Phobos met in Moscow to sum up the first 
results of research relating to Phobos, Mars and 
the Sun • the three bodies which the joint pro­
gramme was mostly concerned with. As for the 
study of solar activity, scientists consider it a 
great success that the Terek telescope, 
mounted on the first probe, had sent back to 
Earth a number of extremely interesting pictures 
of the Sun before its loss, including a picture of 
plasma shooting out at a distance roughly equal 
to the Sun's radius. The onboard photometer of 
the probe recorded more than a hundred out-
bursts of hard gamma-radiation. 

· 

In January-March of this year, when the 
second craft reached the vicinity of Mars, it 
transmitted data relating to Mars and Phobos. 
Altogether several dozen detailed television 
pictures of these bodies had been obtained. 
Ballistic and other measurements will enable a 
more accurate assessment of the Phobos or­
bital movement and Its mass and the mapping of 
its surface. lt turned out that Phobos minerals 
contain less water than was expected. Daytime 
temperatures on Phobos reached 27 degrees 
Centigrade. 

The new data about Mars concerned, in 
particular, the Martian atmosphere and the 
plasma and wave proceeses taking place in the 
magnetosphere of the planet. The probes failed 
in what was their principal mission: they were to 
approach Phobos at a maximum distance of 50 
metres and to do a high resolution photographic 
survey. Several major experiments had not 

One of the two PhODos probes during final prepara­
tions. Novosti 
been carried out either. So what are the factors 
behind the failure? 

"The breakdown of the second craft is being 
attributed to extraneous causes, notably, a 
possible collision with a meteorite, • says Profes­
sor Vasiliy Moroz. "Indeed, there may be a 
rarefied meteorite belt around Mars, but the 
likelihood of collision with a spacecraft is very 
low. I think it was just that the systems were not 
good enough. They might have overheated 
because of the strenuous work schedule." 

Says Academician Roald Sagdeyev: "'f 
course,the participants in the project, who come 

.. from 13 countries and who carried out experi­
ments using tax payers' money ought to have 
given an explanation in their countries as to what 
exactly had happened to the two craft. But, 
within the first few weEiks of the failure of the 
mission, there were only hints that the craft 
might have come into collision with something. 
At the meeting of the International Council, we, 
at long last, heard statements by the developers 
of the crafts' main systems. That was the first 
time that the general and chief designers spoke 
before a scientific audience. And we agreed on 
the need to set up an international working group 
that would sum up the results and analyze what 
had happened. In any future missions, an inter­
national group concerned with spacecraft sur­
vivability will be in place from the outset. right 
after the outline of an international p roject  has 
been defined. I see it as a fur1her step in promot­
ing greater openness. 

"'n Project Phobos, we were at odds with 
General Designer Vyacheslav Kovtunenko, 
who blames the breakdown on extraneous fac­
tors, whereas we are taking a different view. I 
think a joint inquiry would shed light on the 
matter. The first and second craft were both lost 
in a very similar way. In the case of the former, 
an operator's error on Earth caused the craft to 
go off course. In the latter case, some malfunc­
tion in the onboard systems led to the same 
result. However, a really foolproof design must 
return the craft to the original position in a contin­
gency. Something like that happened on the 
Vega-2. Thirty minutes before its rendezvous 
with the nucleus of Halley's comet, its computer 
guidance system. broke down. But a similar 
backup system was switched on, and the ren­
dezvous was successfully accomplished. Re­
grettably, such options were not available in the 
case of the Phobos probes. I hope that, in the 
future, space technology producers will have 
their absolute freedom restricted so that the 
world scientific community, as the end user of 
this technology, can have a say in decision­
making on spacecraft design. 

"At present space programmes are having a 
difficult time. Deputy Boris Yeltsin, tor one, has 
proposed shelving them for 5 to 7 years. This is 
a serious matter. In addition to nuclear-phobia, 
there has emerged a space-phobia. lt is not just 
a question of economic·difficulties. The fact is 
that there is no openness as far as spending on 
particular projects is concerned. In my election 
platform, I urge the re-establishment of the 
popular belief in space science and exploration 
through truthful information. I will press for the 
publication of the space budget and spending on 
particular projects and activities. Nothing short 
of open debates will convince the public of the 
need for such work. I am positive that we must 
not throw overboard what we have already cre­
ated. But a number of projects may seem to be 
before their time. For instance, there appears to 
be nothing at this point to justify the outlays for 
the reusable spacecraft Buran. • 

"Space technology designers; says Roalcl 
Krernnev, one of the men behind the Phobos 
craft, "have to comply with a set of restrictions 
relating to funds and the weight and size of 
spacecraft, etc. Of course, Project Phobos has 
taught us a lesson , and we are determined to 
rectify the defects we have identified, notably, 
those relating to power_ supply , operational er­
rors, and the possibility of probes functioning in 
an automatic mode. Actually, I think such craft 
are capable of efficient performance.· APN 

Progress 41 Reentry: Another Soviet Space Mishap 
The unique re-entry of Progress 41 - four 
days of artonomous flight-was noted In IMt 
month's SpaceD/gilt. AneJyst PhiUip s. Clerk 
has provided an exp11nat1on In the lbsence 
of official Soviet clarification - the craft ran 
out of propellant! 

Working from data supplied by the Goddard 
Space Center, Clark has derived the following: 

Between April 9 an(j 17 two manoeuvres 
were��the Prograss4 1� 
to place the Mir complex into a higher orbit. The 
complex was being stored In the higher orbit due 
to the entoroed need 10 fly the station in an 
autonomous mode for a period of about IIYee 
months following delays to the launchings of the 
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add-on modules for the station (see Spacefllght 
June 1989, p.191-194). 

Progress left the complex in an orbit of 373 x 
416 km after the April 16117 manoeuvre. (The Soyuz TM-7 engine was later used to raise the 
perigee to 388 km). 

Progress 41 undocked at 0146 GMT on April 
2 1. Fn'lngsofthe engines after this time gave this 
history of the decay: 

April 21.38orbitwas 2 13 x 417 km 
April21.5001bitwas 191 x 410 km 
April21.63 orbit was 124 x 390 km 

After the tailed .uempts at re-entry lle orbit 

decayed naturally, and sharply, until, at April 
25.33 the orbit was 105 x 203 km. Clark's analy­
sis of the Goddard data shows that at April25.51 
(I.e. midday GMT) Progress 41 was In an orbit of 
92x 150km. 

· 

TASS later announced that Progress 41 has 
entered the Earth's atmosphere at 1202 GMT 
April 25. 

H the delayed, and hence uncontrolled, re­
entry of Progress was due to running out of 
pnapellant it llustrates the degree to which the 
Allpid decision to terminate the permanent man­ning of lle Mir complex affected mission plan­
ning. 

Nevllle Kldger 
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CITIES ON THE MOON- A L OS T  VISION? 

Cities on the Moon - A Lost Vision? 

A concept for an early, permanent, ten man International lunar base from prefabricated sections ferried from Earth� 

Twelve years after Columbus 
discovered America, Breton 
fishermen were trawling the cod 
banks off the coast of 
Newfoundland. Thirty years 
later, Cortez was engaged In the 
conquest of Mexico. The human 
race first landed on the Moon in 
1 969. Apollo 1 7  left In 1 972. 
Since that time there has been 
no return. Nor, at least In the 
Western world, are there plans 
to return In the remaining years 
of this century. Yet If we look at 
the parallel with Columbus, we 
should have returned to the 
Moon by 1981. We should now 
be planning for the start of per­
manent Lunar colonies by the 
end of the century. 

The prophets of astronautics in the 
1950s saw a natural succession of de­
velopments. First we would build a re­
usable, regular Shuttle launcher to 
take men and equipment into low 
Earth orbit. (They didn't cal l  it a 
Shuttle, and by regular they meant 
perhaps once a week, not six or eight 
times a year, but they had the scale 
right). Once established in orbit, we 
would build a permanent space sta-
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By Dr. R. C. Parklnson 

tion to act as an observation point and 
a construction site for ships to take us 
further. We would build true space 
ships in orbit, unfettered by the need 
to lift structures through the Earth's 
atmosphere and to carry wings and 
protection for re-entry. From the stag­
ing point of the space station we would 
move onward to the Moon. Initially the 
exploration of the Moon would make 
temporary encampments, providing 
stays of six weeks or so. But we would 
quickly convert from a temporary to a 
permanent base · with a stockpile of re­
sources, and from there we would 
move outward. Soon we would learn to 
use the resources of the Moon and 
found permanent colonies. One day 
there would be Cities on the Moon, 
with inhabitants who were bom, lived, 
worked and died there. 

What went Wrong? 
This isn't simply an article about 

what went wrong with the vision of the 
Founding Fathers of astronautics. 
The Moon remains the most important 
natural resource in our sky. If we are 
to exploit space, if we are eventually 
going to leave our planet behind, we 
will need to learn to use what the Moon 

84e 
offers. The findings of the Apollo mis­
sions have not altered that. There is 
oxygen on the Moon, extractable as 
rocket propel lant, and capable of 
being transported into Earth orbit for 
a fraction of the expenditure of energy 
required to l ift  material from the 
Earth's surface. There are construc­
tion materials - basalt fibre as tough as 
glass fibre, and chemical engineers 
will give you schemes for the recovery 
of titanium and aluminium from sur­
face rocks. Even nickel must lie below 
the asteroid impact craters scattered 
across the lunar surface as it does on 
Earth. If we are eventually to bui ld 
large structures in  space, it wil l  be 
easier to do it  with Lunar industry than 
launching from Earth. Orbital industry 
on a large scale will have to draw on 
the Moon for its stocks. And as an en­
ergy resource, if 

·
clean fusion power 

eventually comes, it may need a ready 
supply of helium-3-atoms which have 
been gently deposited over millennia 
in the surface dust of the Moon by the 
Solar Wind. 

Yet the world seems to have few 
plans to retum to the Moon, let alone 
build permanent bases, colonies and 
industries on its surface. Why? 

I bel ieve that the answer to that 
question reveals rather more than 
why the richest nation of the world won 
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the race to the Mooh. and then sp�rned 
the prize. I believe that the same prob­
lems continue to bedevil "European 
Space", and have relevance to the at· 
titude taken by a "poor country" (in 
space terms) like the UK. 

One reason for the demise of 
Apollo was the cost. Each Saturn V 
launch, in modern-(lay terms, cost in 
excess of one billion dollars. Ever:'J the 
USA could not afford to keep such an 
expenditure going for long without 
very positive returns. Yet, in less than 
a decade, the USA had found $40 bil­
lion to invest in Apollo. Had it spent a 
similar amount over the next two dec· 
ades in reducing transport and oper­
ating costs, the price for a ticket to the 
Moon today (or say by 1 992, for the 
500th anniversary of Columbus' land· 
ing in the New World) need have been 
no greater than that for a current 
Shuttle flight into low Earth orbit. lt 
would probably have been less. 

That much was in NASA's plans in 
1970. The Space Shuttle was aimed at 
bringing costs of transport into low 
Earth orbit down to $ 300/kg. With 
hindsight, that may always- have been 
unrealistic. Even with our studies on 
HOTOL we believe that a realistic tar­
get lies in the range of $500·$1000/kg. 
But the basis on which we calculate 
costs today are far sterner (post· 
Challenger) than those useq by NASA 
in 1970. And achievable launch costs 
are still well below the actual $5000· 
$10",000/kg for a Shuttle launch. 

Coupled with the Space Shuttle in 
· the 1970 plans was a reusable, cryo-
. genic, European Space Tug intended 
to extend low cost access to space as 
far as Lunar orbit. The cost of cargo on 
the Moon need have been no more 
than four or five times that in Wow Earth 
orbit. Furthermore, NASA had plans 
for a modular Space Station which, if 
not to the scale of the current $20 bil· 
lion Freedom International Space , 
Station, would certainly have 
matched the Russian Mir as ·a staging 
point in low Earth orbit, and for a quite 
moderate cost. 

lt  is hardly necessary to review 
what went wrong. With restricted d&· 
velopment budgets, successive deci­
sions made in the Space Shuttle 
design abandoned the target of low 
operational costs. Without the Space 
Station (which in 1972 need have 
been no more than a second Skyliib) 
the Space Shuttle had to turn into a 
miniature Space Station of its own on 
each flight. European participation 
was diverted from the Space Tug to 
Spacelab, to provide an extended 
laboratory capability for the Shuttle 
which, 'with a Skylab station in orbit, 
would not have been needed. Trans· 
port beyQ.nd low Earth orbit was re­
stricted to inefficient and expensive 
solid stages, and a reusable cryo-
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SpaceStationFreedomwillsetthestandard forfuturespacecraftloryearstocome. 

genic Tug (now that Shuttle-Centaur 
has gone) still lies a decade or more 
in th� future. The path to low cost 
Space Transportation was certainly 
more difficult than envisaged by 
George Muller in his historic speech to 
the Briti�h Interplanetary Society in 
1969, but decisions and events made 
in the meantime have meant that it is 
no longer even possible to evolve to­
wards suCh an objective. The Shuttle 

It is the glory of things which 
have never been done before 

that command funding; 

operations are cast in concrete and 
steel, and while it is a brilliant techni­
cal achievement, future low cost 
launchers will not build on it so much 
as bypass it. 

Cost was one factor in the aban­
donment of Apollo, but not the essen­
tial factor. The planned scientific pro­
gramme was incomplete. Indeed, the 
first trained scientist on the Moon -
Harrison Schmidt - did not fly until the 
final Apollo mission. At least three 
more Apollo missions were planned • 

the objectives defined, the hardware 
paid for - Saturn V vehicles were aban· 
doned in mid-construction. Even 
more telling • there are other, cheaper 
ways of ret•Jrning scientific informa­
tion from the Moon, post Apollo, but 
none have been taken up. A lunar po­
lar orbiter would give detailed geologi­
cal information about the Moon - es­
sential information for future colo­
nists - for the price of a modest un-

manned space-probe. lt has been pro­
posed several times since 1972, but 
remains unfunded. 

Despite the fact that it revealed a 
more interesting world than we had 
imagined, Apollo did not encourage 
further exploration. lt actually inhib· 
ited it. 

Not only lunar exploration suffers 
this way. Mars has not been visited 
since Viking. Mercury lies untouched 
since Mariner 10. lt is not that there is 
no work to be done, it is the spectacle 
of achievement that is missing. While 
politicians and administrators listen 
patiently and with polite interest to 
carefully thought out and cost-effec­
tive programmes presented by the 
scientists, the words mainly serve to 
ass�re then that their money is not 
being mis-spent. They have little in­
terest in progressive plans for space 
exploration. lt is the glory of things 
which have never been done before 
that command funding. 

Unfortunately, for space pro­
grammes which are done for glory and 
not for simple commercial gain, this 
attitude seems likely to stay. And it 
brings with it two problems which con· 
tinue to bedevil us. 

· 

The first problem is that if each new 
thing we do in space is done because 
it has never been done before, be­
cause it is difficult and shows off our 
cleverness, then the impetus to reuse 
systems and hardware, to design 
spacecraft and launch vehicles for the 
long term is reduced. The Apollo pro­
gramme was a prime example. NASA 
built hardware dedicated to a very 
specific mission. 1t performed that 
mission admirably, and then turned to 
something else. Skylab succeeded 
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because it ingeniously used left over 
hardware to score another f i rst, but 
like Apollo it· was not allowed to lead 
on anywhere. The Space prqgramme 
is l i ttered with one-way examples. 
The engineers and planners are only 
too aware that such econom ics are 
senseless. M u l ti-purpose spacecraft 
which can be used for mission after 
mission, with relatively low costs after 
the in itial development, are proposed 
regu larly. But programmes are 
funded on a one-at-a-time basis. That 
front-end funding is i mportant, and 
commitment to doing the same thing 
twice is qu ite missing. 

Looking  to its future programme, 
and as a background to the "Path­
f i nder" technology development pro­
gramme, NASA has made studies of 
potential ways of putting a Man on 
Mars as a "long term goal". lvan Bekey 
described some of these studies at 
Space 88. lt  is apparent that these 
studies continue to follow this philoso­
phy. The possibility of exploiting lunar 
resources has been looked at - but  
only as a cheaper way of  getting one 
manned mission to Mars, not as a long 
term investment to our whole future in 
space. Not surpr is ing ly, g iven the 
terms of reference of the study, the ini­
tial conclusion was that exploitation of 
lunar resources was probably not cost 
effective. But the objective was to re­
peat Arol lo, this �ime .on Mars. 

The second problem follows. If dif­
ficul ty and spectacle are drivers for 
governments to put money into space, 
then it does not matter very much that 
space is expensive despite lip service 
given to. the idea. Those governments 
which want glory from space will want 
to demonstrate that they com mand 
the resource and the wi l l  to do such 
things.  (Furthermore, s ince it is a 
hugely glamorous thing to do, there 
are chousands of scientists and engi­
r.eers who wi l l  f lock to such enter­
prises and help demonstrate - for a 
price - the scope of their ingenuity and 
expertise). Those governments 
which see no profit in glory, on the 
other hand, will suspect that the large 
investments needed to make space 
activities cheap and affordable are ex­
cuses for �pending vast sums on 
space in  another gu ise. 

' I detect this sort of process in the 
current European activity on Hermes 
and Columbus. French engineers are 
quite clear that the more modest cost· 
of a Gemini-style ballistic capsule to 
carry men into space and service the 
Col u m bus Man-Tended Free F l ier  
would not command the funding which 
Hermes has acqu i red. The United 
Kingdom, briefed to take a moderate 
anp cautious l ine, instead s imply 
abandoned European space to its 
fate. There is now a danger that, H the 
German Columbus MTFF and the 
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An Apollo 12 astronaut holds a conlainer of lunar soil. The Apollo programme proved Man could work on the Moon. 

French Hermes cannot be reconciled, 
or becom e  u naffordable, the conse­
quence wil l  be not a return to realistic 
proposals, but a catastroph ic  col­
lapse in  European interest in  space. 

The tradit ional assumption has 
been that space ex�oration will natu­
ral ly  be fo l lowed by space exploita­
t ion. Exploration represents the de­
s i re to do diff icult and expensive 
things first, and can be funded as na­
tional  goals. Exploitation  makes a 
profit and is natural ly  funded from 
commercial sources. But this expec­
tation m isses a stage .  Explo itation 
only fol lows the establishment of an 
infrastructure. And to date, the explo­
rative motive has been notably unsuc­
cessful  in establishing a commercial ly 
viable i nfrastructure. 

The one spectacularly commercial 
return from space has been i n  tele­
communications. The returns were so 
obvious and so large (putting the sat­
e l l ite in geosynchronous orbit costs 
only about 2% of the revenue it gen­
erates), that President Ken nedy 
founded in telsat to stop commercial 
warfare between  the industrial com­
municat ions g iants. Nevertheless, 
even with the m ultinational resources 
it had at its disposal, lntelsat has not 
even partial ly  funded the develop­
ment of one launch vehicle or even an 
upper stage. 

· 

The reasons why commerciaL ven­
tures are unwill ing to found infrastruc­
tures is twofold. One is that all the pos­
sibHities for exploitation are not ap­
parent until the transport and handling 
infrastructure is in  place. The second 
is that there is a political dimension -
infrastructure defines the channels of 
power in the new territory. Develop an 
i nfrastructure for commercial ends 
and your profits are at the mercy of 

No\54 
those who wish to use the infras.truc­
ture for other, political ends. 

Actual ly, exploitation of the possi· 
bi lities provided by an i nfrastructure 
demands not on ly  the existence of 
that infrastructure, but confidence in 
its future. Prior to the Challenger ac­
cident, such confidence was begin­
ning to develop with the Space 
Shuttle. As a consequence a variety of 
commercially funded space exploita­
t ion ventures were beg inn i ng to 
emerg e. The Chal lenger accident 
thr�w the Space Transportation Sys­
tem f i rmly back i nto the pol it ical 
arena, and the commercial ventures 
based on it are now dead. Such con­
fidence will be more dHficult to estab­
l ish the second time around, even if 
the Shutt le becomes avai lable for 
such enterprises. 

lt  appears that Space Exploration 
has ceased to provide the requis ite 
long-term infrastructure needed for 
Space Exploitation. Those things that 
can be done with expensive, throw­
away launchers, will be. That includes 
telecommunications (although some 
telecommunications applications are 
undoubtedly inhibited by costs sti l l), 
Earth Observation (if the question of 
getting people to pay for things they 
expect to get "free" can be solved), 
and possible some very exotic micro­
g ravity products . The things which 
cannot be done for the price are 
obviously not worth doing. And so 
space wi l l  remain a playground for the 
very rich. 

Recognis ing that sett lement of 
space is a goal might help to change 
that. If we could design new systems 
just a little bit beyond the local Spec­
tacular towards a belief in a long term 
future Space Development mig ht 
bui ld towards a consistent long-term 
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CI TIES ON THE MOON- A L OST VISION? 

infrastructure. 
Let me mention a couple of little 

things. The �S Freedom Space Sta­
tion project will set some standards for 
a long time to come. The docking 
hatch is one. Things that visit the 
Space Station will have to have a com­
patible docking interface. Things that 
they dock with will also. Whatever 
replaces the Space Station will still 
need to provide compatible docking 
arrangements. The Space Station 
hatch could well set the dimensions of 
the hatch of the Starship Enterprise. 
The hatch will eventually provide in­
terfaces for vehicles operating on the 
Moon - operating under gravity condi­
tions. Yet such long term objectives 
were not considered in the detailed 
debates within NASA, and certainly 
would not have been considered 
prime reasons for decision making. As 
a consequence, long after the world 
has gone metric there will be a funny­
sized hatch on every spaceship. 
Rather as railway gauges were set by 
Stephenson's coal trucks, remaining 
a problem for every carriage designer 
for the next 150 years. 

The railways are a good example. 
For over a century they provided the 
central transport infrastructure for the 

developed world, and it was possible 
to evolve a steady series of develop­
ments which improv6d efficiency, 
speed and pulling power without ever 
having to abandon what had gone be­
fore. We need to learn how to do the 
same exercise in space. 

How do we build systems which will 
last? Logically the hard-won experi­
ence of Spacelab should have pro­
gressed directly into the Space Sta­
tion module. In practice the sub-sys­
tems of Spacelab were old before it 
made its first flight, and even on the 
European Columbus Module the in­
heritance from Spacelab will be mar­
ginal. Electronic systems are particu­
larly vulnerable in this way. But we 
cannot afford to redevelop launch 
vehicles, orbital modules and upper 
stages every fifteen years or so when 
it takes that· long to get the financial 
decisions and carry out develop­
ments. 

Let us agree then what the pioneers 
of astronautics knew full well. After 
the Space Station we need a Lunar 
Base. We need to start the Lunar Base 
programme soon enough to exploit 
the technologies and components 
won for the Space Station. There is not 
a need for a long preparatory pro-

gramme - we could set the location for 
a permanent Lunar Base site today as 
a centre for exploration and exploita­
tion if we cared to. But we need to 
reflect the Lunar programme poten­
tials already in the Space Station pro­
gramme. Then, when we begin the 
Lunar programme, we need to build a 
permanent facility with an emphasis 
on long-term industrial benefits, and 
we need to ensure that its architecture 
reflects the following step - Mars. 

The opinion makers have tended to 
talk about goals in space, missions 
and objectives. We have become coy 
about the real reason we want to go. 
We have lost our Cities on the Moon 
because we feel that they may not be 
credible to the outside world. But that 
is the long term goal, and if we become 
serious about it then some of the 
shorter term goals might become eas­
ier. And one of the messages that we 
must get over to the decision makers 
is that space is not an arena for large 
and exJ)ensive projects, but needs 
more and more· efforts into making ac­
cess cheaper. Only then \vill our chil­
dren be able to afford to build and live 
up there in the sky, and use the re­
sources of space to solve Earth­
bound problems. 
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SPACE INDUSTRIAL/SA TION- A NEW PERSPECTIVE 

Even the earliest pioneering 
thinkers assumed that In­
dustrial applications would 
eventually become man­
kind's most important activ­
Ity in space. In the event 
space technology found 
early commercial applica­
tions with communications 
satellites and, more re­
cently, Earth observation 
systems. The next step will 
undoubtedly be small-scale 
manufacturing of space 
processed products. In­
deed, one of the main rea­
sons for orbiting laborato­
ries such as Mlr and Shuttle/ 
Spacelab Is to explore the 
potential of mlcrogravlty 
processing, thus leading to 
the first "made In space" 
products. 

These f i rst commercial products 
will involve very small production runs 
of h igh-value items such as drugs, 
large pure protein and semiconductor 
crystals and advanced structural ma­
terials. One example which has al­
ready proved viable is the production 
of very small but perfect spheres used 
for calibration purposes. These f i rst 
products represent valuable business 
and wil l ,  no doubt, profit those coun­
tries that show the foresight to invest 
in the necessary technology. 

How important is space industry? 
Much of past discussion regards it as 
j ust another business opportun ity, >a 
desirable but optional extra for a 
developed economy. However,  re­
cent studies which have examined the 
long-term development of this embry­
onic technology suggests that the 
industrial isation of space is far more 
than just another shrewd investment; 
it is crucial for the continued survival 
of our technological civilisation. 

The chain of work which led to these 
conclusions did not begin  with the 
intent of considering the future of 
spaceflight at all. A number of studies 
were performed in the late 60's and 
early 70's using computer simulations 
of the total world system [1 ]. These 
showed that the depletion of vital 
resources and the accumulation of 
pollution effects are l inked to in­
creases in population and standard of 
l iv ing.  The models predicted growth 
continuing until early in the next cen­
tury but after that the effect of pollu­
tion and resource depletion constrain 
growth and cause a rapid decline to 
medieval levels or lower. The solution 
proposed by the early researchers 
was to undertake .a retreat into a 
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By Mark Hempsell 

"Post- Industrial" society, which would 
lead eventually to the same low eco­
nomic levels but more gradually and in 
a more controlled manner. 

Not unexpectedly,  these conclu­
sions were u nattractive so it is not 
surprising that those looking for alter­
natives explored the impact of the 
continu ing advancement of technol­
ogy on the computer models. The 
most famous of these responses was 
the work by Kahn at the Hudson Insti­
tute [2] which showed that technology 
could significanUy alter the predic­
tions made by the models. However, 
these "technological fixes" are gener­
ally vague as to which technologies 
will really achieve the two effects of 
increasing resources and reducing 
pol lut ion.  From this viewpoint ,  the 
most satisfactory of the new investi­
gations ( i .e. those providing the most 
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detaH and the most sustained growth) 
are those which consider the impact of 
a major space economy, able to pro­
vide a new source of raw materials and 
a sink for pollution and yet not affect 
the Earth's biosphere . 

The earliest specific use of space 
in these models is attributed to Peter 
Vajk. He was largely sceptical of the 
computer model l ing technique and 
was using the space i nputs to eco­
nomic models as a "parody" of the 
Club of Rome work "to show that such 
models can be used to 'prove' any 
conclusion you l ike" [3] . 

At the British Interplanetary Soci­
ety's Space 1 984 Conference , Dr. 
Tony Mart in provided a talk which 
outlined the conclusions of his work on 
the effect of such space industry [4]. 
He took the modell ing more seriously 
and showed that it pointed to only two 
alternatives for mankind, e ither a 
space age or a stone age. He demon­
strated the urgency of establ ishing 
space economy by the second haH of 
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the next century, otherwise it wi l l  
come too late to save civilisation. The 
volume of space activity needed is not 
clearly defined in Martin's work but it 
was clearly substantial. More recent 
work by F. W. Schultz [5] shows the 
need for almost a third of all industrial 
investment to be in space-based 
business ventures . 

Figure 2 (p.226) shows two projec­
tions into the future. The first is by For­
rester of M IT which is, essentially, an 
indication of what happens if we do 
noth ing .  For the immediate future 
population wil l  continue to increase, 
as will the average standard of living, 
but these lead to an increase in  the 
consumption of material resources 
and the level of pollution. By around 
2020 the impact of these last two 
factors start to constrain the first two, 
so population and the average stan­
dard of l iv ing start the i r  i rrevers ib le 
d ec l i n e. 

The second projection is by Martin. 
This analyses the impact on the origi-
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Mars 
pop 1 200 
GNP $ 0  5 8  

nal project ion of a space industry 
addition to the model Which increases 
the material resource base and acts 
as a sink for pollution, both features 
being i ntroduced during the second 
half of the next century. The effect is 
again  dramatic. Population ,  after a 
s l ight d ip ,  once again  continues to 
g row and the material standard of 
living also steadily increases. 

The global system modelling tech­
nique is clearly too simplistic to pro­
vide an accurate prediction tool.  How­
ever, the overal l  picture shown must 
be taken seriously. Different models 
have been created by othef research­
ers Which are more complex than the 
orig inal Forrester model shown in fig. 
2, but al l  have produced simi lar re­
sults. In any event some of the pre-. 
dieted effects can be seen at first hand 
in the real world. In the 20 years since 
the Forrester models were first pro­
d uced , the populat ion has g rown a 
l itt l e  faster than predicted. Some of 
the dramatic effects of pol lution are 

apparent in recent events such as the 
depletion of the ozone layer, acid rain 
destruction of the northern temperate 
woodlands and the g reenhouse 
warming of the atmosphere. One can 
even see the beginnings of a major 
decl ine in  resources such as o i l .  

The broad conclus ion of  these 
studies is that, in the second haH of  the 
next century, there wi l l  need to be a 
massive movement of i ndustry J nto 
space, if we are to maintain our cur­
rent civi l isat ion. The question then 
arises of how will this happen? l t  i s  un­
reasonable to assume any. major 
change in  Society's economic struc­
ture over the next century, so each 
new space factory would need to be 
constructed on a commercial bas is ,  
dr iven there by a carrot and stick 
effect. The carrot w i l l  be the freely 
available energy and resources which 
wi l l  become increas ing ly rare on 
Earth. The stick wil l  be the Draconian 
leg is lation which w i l l  be requ i red to 
keep i ndustr ial  activity compatible 
with the Earth's ecology. 

I f  major companies are to m ake 
such decisions, the space option must 
be viable. When setting up a factory on 
Earth ,  viabi l ity is assessed on such 
factors as transportation l i nks , power 
ut i l i t ies and workforce avai labi l ity. 
These factors are generical ly referred 
to as "the infrastructure·. The same 
will be true in evaluating the economic 
viabi lity of a space factory; it will be as­
sessed on the extent and efficiency of 
the space infrastructure in place. 

The next stage in the argument is 
thus to establ ish what i nfrastructure 
has to be in place around the middle 
of the next century so that expansion 
into space is bQth a viable and eco­
nomical ly attractive commercial op­
tion . lt must be attractive not just for 
special ist processes that can only be 
done in space but also for products 
where it is merely more desirable that 
they be processed in space. 

Dr .  R .C.  Parkinson has been 
modelling a possible space economy 
around the year 2050 [6) . The work 
uses a technique called input/output 
modell ing and was not origil"ally in­
tended as a fol low-on to the g lobal 
modell ing work. Parkinson was inter­
ested using this relatively new econ­
omy model l i ng  techn ique to get an 
insight into the way an economy could 
develop with in  the space i nfrastruc­
ture. However, its results forward our 
understanding of the imp l icat ions of 
the global models. What needs to be 
i n  p lace is  an infrastructure that 
makes it economic for moving indus­
try into space. The Parkinson model 
shows the transport cost, wages, and 
other important factors. lt is useful as 
it provides a link hetween pure eco­
nomics and the technical features 
such as the size of facilities, the prod-
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F�gure 2 :Comparison of Global System Models With and Without a Space Economy. 

ucts and the technologies used. 
The Parkinson model (fig. 1) has all 

the main types of activity requ i red. 
However, it is nowhere near the scale 
of activity required. From the Parkin­
son model in 2050 with a Gross Space 
Product of around $1 5 bi l l ion to a 
Gross Space Product a thousand 
times greater m the year 21 00 would 
suggest that the growth in the space 
economy in the second haH of the next 
century would average 20% per an­
num. When this is compared to cur­
rent national economic growth rates, 
typically 2% to 3% p.a. ,  the scale of 
the problem can be appreciated. 

The Parkinson model can be 
viewed as the absolute minimum that 
needs to be in place by the middle of 
the next century if mankind is ' fo have 
the option of a space future. 

Currently, new space i nfrastruc­
ture elements are introduced in . the 
West every 15 to 20 years. There are 
only 60 years until 2050 and it is clear 
that much more than 3 or 4 pro­
g rammes of the Space Shutt le or 
Space Station type are going to be 
required . The pace of the Western 
space effort will need to be substan­
tial ly accelerated if we are to get 
anrythere near this target. 
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Some of this effort may be commer­
cial , though it is difficult to predict at 
present which steps could be com­
mercial and which would need to be 
directly funded by governments.  As a 
general rule, the less the government 
invests in the early stages, the less op­
portunities for commercial activity 
arise and the more government wi l l  
need to invest i n  the later stages. 
Conversely, the more the government 
invests in  the early stages, the more 
business opportunities arise and the 
commercial sector becomes more 
confident and willing to invest capital. 

This can be seen by looking back to 
a long-term programme put forward in 
the United States 20 years ago. I n  
1 969 NASA proposed the Post-Apollo 
programme which covered 20 years 
from 1 970. By 1 990 there would have 
been Space stations, Lunar and Mars 
bases, all large facilities with 50 to 1 00 
people. The growth that would then 
have been required to reach the 2050 
target from this start would have been 
about 8% per annum. At. this level the 
majority of the growth activity would 
probably · have · been commercial . 
NASA estimated annual budgets for 
the Post-Apol lo  programme at the 
same sort of level as during the peak 
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of the Apollo programme. This would 
have been about twice the actual 
funding level over the period. 

However, the Post-Apol lo pro­
gramme never happened and new 
long term programmes are now being 
proposed. The National Commission 
on Space report [7] and the Ride 
report [8] both l ike the Post-Apol lo  
before them, offer a vision of  Lunar 
bases and manned flight to Mars. The 
pace of the two proposals is different 
and the scale of the activity a l ittle 
vague in both , but they could lead to 
bases and stations of several hundred 
people in the various locations by 
2020. If this took place, then growth 
over 1 5% per annum would reach the 
2050 target. In this case it is unlikely 
that so m uch of the g rowth activity 
could be commercially sponsored, as 
would have been in the case of the 
Post-Apol lo .  

Cost estimates on these pro­
grammes show annual  budgets four 
times the current levels or twice the 
annual budgets needed for the Post­
Apollo programme. When the longer 
t imescale is taken into account the 
total programme cost is four times as 
great and, even then ,  the overal l 
result is not as effective in terms of 

SPACEFLIGHT, Vol. 31 , July 1 989 



reaching the 2050 target . 
If we do riot undertake such pro­

grammes and leave space alone with 
on l y  modest i n it iatives {e . g . ,  on ly  
undertake the Space Station pro­
gramme} for another 1 0  or 20 years , 
the task of reach ing tile 2050 target 
becomes massive. There is so l itt le 
t ime that, effect ive ly ,  a l l  the g rowth 
would ne.ed to be government-funded 
and the tota l programme would cost 
maybe 1 5  t imes that of the Post­
Apo l lo  programme.  This w i l l  mean 
annual Western world civi l ian space 
budgets 1 0 t imes current levels. That 
is in the order of $200 billion a year in 
late 1 980's do l lars ,  with money 
needed to be found at the time when 
the decl ine of the g lobal economic and 
socia l  infrastructure has al ready 
start e d .  . 

Not only are such levels of expen­
diture un l i kely, there would also be a 
technical problem with moving at such 
a fast pace . Each infrastructure ele­
ment needs to be i ntroduced before 
the other systems it rel ies upon are 
properly v3 ri f ied and operat iona l .  
Thus the budgets , t h e  pace , methods 
of techn ical progress , and the prob­
able cost in human l ives, will make the 
exercise seem more l ike a war than 
bu i ld i ng an i nfrastructure. 

l t  is imperative to act now. There 
are many good short-term reasons 
why i nvestment i n  space is important 
and these a lone cou ld  be used to 
justify the development of a space in­
frastructu re . However, we should not 
lose s ight of the tong-term goal of 
expand ing our  c iv i l isat ion i nto the 
Solar System,  as this wi l l  be the only 
viable way, eventually, of maintaining 
that civi l isation .  We face a choice of 
the type future that we leave to poster­
ity; a stone age or a spaee age. If it is 
to be a space age there is a need to act 
now with much greater vigour than is 
cu rrently bei n g  shown . 
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Near-Earth Asteroids 
Observed 

International cooperation plays a vital 
role In the observation of near-Earth 
asteroids and the determination of their 
orbits. When an orbit becomes estab­
l ished, lt may be possible to relate old 
sightlngs to the same asteroid body. 
The feasibility of spacecraft rendez­
vous missions to asteroids is currently 
being assessed on the basis of avail­
able orbital data. 

In 1 988, 390 new asteroids were 
d iscovered dur ing  the Planet-Cross­
i n g  Asteroi d  Survey's { PCAS} 
month ly  observing runs at Palomar 
Observatory . Of p�rt icu lar  i n terest 
are three near-Earth asteroids ,  
Apollo 1 988 EG and two Amors, 1 987 
QB and 1 988 PA. To date, 1 988 EG 
and 1 988 PA are the only near-Earth 
asteroids found worldwide although  
the search activity for those rare 
objects has i ncreased substantia l ly .  
I n  conjunction with the I nternat iona l  
Near- Earth  Asteroid Search { I NAS) 
program - coordinated from JPL - the 
Bu lgarian wing of the project discov­
ered Apol lo asteroid 1 987 SB. Nearly 
concurrent ,  conf i rm i n g  observat ions 
were provided from Palomar. I n  addi­
tion , about 40 h igh- incl ination objects 
were found: Mars-cross asteroids and 
i n ner-belt- reg ion objects , the H u n­
gar ians and Phocaeas . Since 1 982,  
the known number of  those intriguing 
objects , which seeq� to be precursors 
to the near-Earth asteroids and 
probably number among them a few 
degassed comets, has more . than 
d o u b l e d .  

Of special note i s  the num�r of re­
coveries of PCAS-discovered aster­
o ids .  Amor asteroid 1 982 XB was 
recovered in November 1 987.  Re­
fined observations led to the recovery 
of tiny, 350-m asteroid by radar from 
Arecibo. These radar results will help 
ensure the futur� acquisition of 1 982 
XB over the next 25 years.· Amor 1 982  
X B  h as been identif ied as a pr ime 
mission candidate because of  its low 
delta v {5 .2 km/s) requ i rement for 

rendezvous.  Th i rteen opport u n it ies 
between 1 990 and 201 0 have been 
f o u n d .  

The most favourable are in  1 992, 
1 995, 1 997, and 2007. lt has now been 
off icia l ly n u m bered 3757. Tow other 
very fa int  near-Earth asteroids , 1 986 
LA and 1 986 PA, have been recov­
ered . They are two of the  smal lest 
objects of the some 1 1 0 known near­
Earth asteroids. Amor, 1 985 002, was 
recovered in August 1 988. lt bright­
ens to magnitude 1 3  in  September so 
that it offers an excellent opportunity 
for extens ive physical observat ions .  
U n ique  Mars-crosser {3800)  1 984 
AB, and strong Mars-crosser {3737) 
1 983 PA were a lso recovered and 
n u m bered this year. 

I Earth-cross ing  Apo l l o  1 988 EG 
was discovered March 1 2, 1 988, after . 
it had a l ready made its c losest ap-1 proach to Earth on February 26 at 
0 .040 AU {6 m i l l ion km) .  l t  was then 
a l ready moving  away from Earth . 
Apollo 1 988 EG travels in an orbit that 
takes it i ns ide the orbit of Venus 
{perihe l ion  d istance of 0 .64 AU)  to 
beyond the orbit of Mars {aphelion dis­
tance of 1 .90 AU). The asteroid has an 
incl ination of 3.5 deg to the ecliptic 
and an orbital period of 1 .4 years. The 
circumstances of discovery were for­
tuitous, s ince the sman body makes 
an approach to Earth is favourable for 
observat ion on ly  once in 1 0  years. 
1 988 EG has been observed over a 2-
month' period ,  wh ich ensures the 
astero id 's recovery with the use of  
large telescopes i n  mid-1 990 and the 
spring of 1 991 . 

P re l im inary assessment s uggests 
that, with its small orbit, modest ec­
tentricity, and a low inclination ,  they 
recently d iscovered Amor asteroid 
1 988 PA may rank among the f i rst 
dozen or so further spacecraft mis­
sion candidales with minimum 'lelta V 
req u i re m e nts .  
From a NASAIJPL 1988 report on lhe Asteroid 
Search Program. 

Orbilal plot ol Arnor asteriod 1988 
PA at discovery on August 9, 
1 9!18. A possible candidate for 
spaceaaft rendezvous. 
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Space Travel: Fiction and Reality 
In his Pulitzer Prize winning book ... the Heavens and the Earth, Waiter 
McDougall  suggested that all science fiction "was a form of cultural 
anticipation." [1 ]. He begins ••• the Heavens and the Earth: "The great 
pioneers of modern rocketry-Tslolkovsky, Goddard, Oberth, and their 
successors Korolev, von Braun, and others, were not Inspired primar­
I ly by academic or professional interest, financial ambitions, or even 
patriotic duty, but by the dream of space flight. To a man they read the 
fantasies of Jules Verne, H.G. Wells, and their Imitators. The rocket, 
for them, was only a means to an end" [2]. 

Tsiolkovsky saw science fiction as 
gMng direction to his work: MFor a long By Dr. L. Suld 
time, I thought of the rocket as every-
body else did - just as a means of science but also experienced the thrill 
diversion and of petty everyday uses. of seeing man land on the Moon . 
I do n ot remember exactly what Oberth's broad interest in mechanical 
prompted me to make calculations of things that moved quickly received an 
its motions. Probably the first seeds of early focus from science fiction:  MAt 
the idea were sown by that g reat the age of eleven, I received from my 
fantastic author Jules Verne. He di- mother as a g ift the famous books , 
rected my thoug hts along certai n  From the Earth to the Moon and Travel 
channels,  then came a desire, and to the Moon by Jules Verne, which I 
after that, the work of the mind" [3) .  read at  least f ive or  six t imes and,  

For  h is  part, Robert Goddard be- finally, knew by heart" [6] . 
l ieved that he had probably i nherited Whi le the stories of man's f i rst 
his M innate interest" in mechanical journey to the Moon stirred his imagi-
th i ngs from •a n u mber of ancestors natio n ,  Oberth .. recognised Mthat 
who were machinists. • Nevertheless, shooting a missile out of a g iant g u n  
the future rocket scientist attr ibuted with the travel lers inside,  as Verne 
the motivation for exploiting his apti- imagined for space flight, would not 
tude to reading science fiction stories, work. Even if it would have been tech-
particularly H .G.  Wells's MWar of the nically feasible to produce such a gun, 
Worlds."  Accord ing to Goddard , the the travellers inside the missile would 
stories Mgripped my i mag ination tre- have- been crushed without pity by the 
mendously.  Wells's wonderfu l true enormous acceleration." Although he 
psychology made the th ings very had not yet acqu i red a s ignificant 
vivid, and possible ways and means of knowledge of mathematics , Oberth 
accompl ish ing the physical marvels was able tp calculate that Verne had 
set forth kept me busy thinking" [4] . come close in his writings to the actual 

In writing to Wells in '932, Goddard escape velocity which a missile would 
described how the images in War of need t� leave Earth's g ravitat ional  
the Worlds interacted with his thought fief<l. Since a gun would not serve as 
processes : "I was sixteen years o ld  . "" ti missi le launcher, 'Oberth began to 
and the new viewpoints of scientific""" < th ink of other solut ions of g iv ing a 
applications, as well as the compel- , ·  · vehicle the necessary speed [7] . 

l ing realism of the thing, made a deep His early musings did not provide 
impression .  The spe l l  was complete answers to the problem.  Neverthe-
about a year afterward and 1 decided less, he continued to draw on Verne's 
.th at what m i g ht conservatively be ima� i�ativ� writings:  �From the .very 
caUed 'high-altitude research' was the beg1nmng 1n th� �11dhood proJects, 
most fascinat ing problem in exis- I always had m m md the rockets 
tence." This inspiration had led God- designed by Jules Verne for braking 
dard to the study of physics and of the gravitation pul l  toward the Moon 
space flight. He told Wells that he did and for changing direction of travel in 
not know how long he would be able to space. I gradually realized that reac-
work on the problem, but he hoped, •. . .  t ion propulsion actual ly offered the 
as long as I l ive. There can be n o  only means o f  achieving space travel 
thought of finishing, for 'aiming at the and that giant rockets would be used 
stars , '  both literally and figuratively is as spaceships of the future, even if 
a problem to occupy generations, so they lost in appearance any resem-
that no matter how much progress one blance to our fireworks, as in the case 
makes, there is always the thrill of just with the electric spaceship designed 
beg i n n ing" [5) . by myself" [8] . 

In contrast to Tsiolkovsky and God- Ultimately i n  1 923 , Oberth pub-
dard ,  Hermann Oberth contributed lished The Rocket into the lnterplane-
not only to the development of �ce tary Space, in which he set out all he 

228 

had to sa�· about transporting human 
beings into space using liquid rockets. 
The book established his eminence in 
the field and his reputation grew dur­
ing the 1 920's as he continued to write 
and teach.  As a result of his reputa­
tio n ,  the German f i lm di rector t:ritz 
Lang asked him to serve as the tech­
n ical adviser during the production of 
his 1 929 fi lm A Girl in the Moon. Al­
though Oberth's efforts to promote 
the film by launching a l iquid fuelled 
rocket failed, the f i lm inspired many 
young Germans,  inc luding Werh ner 
von Brau n whose early i nterest i n  
rockets h a d  also come from J u les 
V e r n e .  

Like them , Oberth worked on the 
German wartime rocket programmes 
and jo ined von Braun in H u ntsvi l le  
later d u ring the development of the 
rockets that were to put the first men 
on the Moon . In Oberth ,  then ,  the 
transformation of the dream of 
manned space flight into reality came 
full  circle.  I nspired by Verne, Oberth 
provided the scientific basis that 
tu rned imag i n at ion i nto hardware 
and, unlike most of the early visionar­
ies, he was at Cape Kennedy to watch 
Apollo 1 1  take off for the Moon.  

On h is  part ,  however ,  Waiter 
..McDougall argues that scientists and 
rocket engineers made n o  contri bu­
tion to the policy decisions that led to 
the Apol lo  program m e :  

"Of all th0$8 who contributed t o  the 
Moon decision , the ones farthest i n  
the background were the engineers of 
Langley, Goddard and Marshal ! ,  
many of whom devoted their l ives to 
space flight, designing dreams. Their 
reports and studies were necessary 
buttresses to the political arguments : 
they had to persuade that the thing 
could be done. Otherwise, they were 
absent. Some of their visionary talk 
about exploration and destiny found 
place in political speeches but their 
efforts to stretch the minds and hearts 
of their fellows, to sow wonder for its 
own sake, got lost in their very adop­
tion by the technocratic state. [9] . 

President John Kennedy did not go 
before Congress on May 25, 1 961  to 
request money for research and 
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development of rockets so that the US 
could someday have a space pro­
gramme. In fact, he came to Capitol 
Hill to propose specifically that the US 
tum man's dream of going to the Moon 
into reality. He could propose this only 
because the space scientists and 
rocket engineers , the Tsiokovskys , 
Goddards, Oberths, and von Brauns, 
inspired by Verne, Wel ls ,  Lang and 
their cultural successors, had already 
developed and were prepared to build 
the vehicles that could go to the M!)on 
"in this decade." 

Simply put, the imagination of 
manned space f l ight ,  at least since 
Jules Verne, had convinced the vast 
majority of the American people that 
a trip to the Moon would occur sooner 
or later. Without this belief, people 
would undoubtedly have laughed 
President Kennedy off the podium for 
proposing such an absurd idea of 
going to the Moon. 

What relationship did the ideas 
about man's first trip to another heav­
enly body have to the reality of the 
Apol lo Moon programme? 

H.G. Wells may have made a deep 
impression on Robert Goddard but, 
nonetheless, his images of space 
travel remain l ittle more than fantasy. 

· ie . ,  Martians coming to Earth in firey 
missi les and man going to the Moon 
propelled by an anti-gravity element 
attached to the outside of the space 
caps u l e .  

I n  contrast, Jules Veme drew upon 
the best available scientific informa­
tion,  thus gaining credibil ity from sci-

A scene holr. Destination Moon. 
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Hennann Oberth 

entists. and the general public. To be 
sure,  some implausibilities exist in his 
stories, e .g . ,  the method he used to 
launch his space vehicle·. Conse­
quently, despite the occasional flaws, 
Verne's work i ntroduced science to 
the masses in a form they could under­
sta n d .  

I n  From Earth t o  t h e  Moon and 
Around the Moon Verne's travel lers 
reach Moonspace and continue thei r  
voyage back to Earth, ultimately land­
ing in the Pacific where an American 
warship rescues the astronauts. 
Verne did not have . his crew actually 
land on the Moon,  probably because 

he could conceive of no way to dupli­
cate his launching cannon there. 

Veme's ideas had a profound influ­
ence on readers , in  addit ion to the 
early pioneers of space f l ight .  Dr .  
Melvin Calvin ,  the 1 961 Nobel Prize 
winner for chemistry and a lead ing 
p lanner  and experimenter in  the 
search for extraterrestrial l ife recal led 
that as a boy, he read Wells and Veme 
from cover to cover: "I used to l ive 
those stories. I can remember actu­
ally departing from this world for the 
course of the hours or days that it took 
to read one of the books. I was not a 
part of this world - I was a part of what 
I was reading" [1 1 ] .  . 

Even Nei l  Armstrong,  who has 
claimed that he could not "provide any 
information regarding science fiction 
films that would be of any value, as I 
have no expertise in that field,"  once 
cited Verne . In a televised news 
conference on his way back from the 
Moon , the fi rst man to walk on the 
Moon told the world, "A hundred years 
ago, Jules Verne wrote a book about 
a voyage to the Moon. His spaceship 
.Columbia [sic] , took off from Florida 
and landed in the Pacific Ocean, after 
completing a trip to the Moon. lt seems 
appropriate to us to share with you 
some of the reflections of the crew as 
the modern day Columbia completes 
its rendezvous with the planet Earth 
and the same Pacific tomorrow" (1 1 ) .  

Turning to the fi rst  cinematic repre­
sentation of manned space f l ight i n  
the 1 903 French movie A Voyage to 
the Moo n ,  the f i lmmaker, George 
M eleis d rew his i nspiration  from 
Veme's two books. While also com­
mitted to scientific accuracy, Melels 
changed the l iterary images. Un l ike 
Veme, who had postulated a barren 
and lifeless Moon, Meleis, populated 
it with strange, fairy tale- l ike crea­
t u re s .  

This allowed th e  director to include 
a major battle between the Earthmen 
and the residents of the Moon. More 
important, having landed his men on 
the lunar surface, sc:oring a direct hit 
in the f1'{e of the man in the Moon in the 
process, Meleis did solve the problem 
of getting the space travellers back to 
Earth . 

Their capsule conveniently falls off 
the Moon and p lummets i nto the 
Pacific Ocean and is rescued by a 
warship. Meleis created one enduring 
image that proved prophetic: his crew 
received a tumultuous welcome, very 
simi lar to what both the cosmonauts 
and astronauts were to endure. 

A Voyage to the Moon had a great 
impact . The landing itself ,  actual l y  
port rayed twice from different per­
spectives, has become something of 
an icon of science fiction and remains 
almost as familiar as Neil Armstrong's 
first step on the Moon .  According to 
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I n  July 1 969the fiction became a reality when Neil Armstrong and Buzz Aldrin became the t1rst men on the Moon. Buzz Aldrin Is pictured here assembling an experiment . 
NASA 

the fi lm director's granddaughter and 
great granddaughter, the fi lm became 
the most popular of all the director's 
500 plus movies . Some audiences 
even came to bel ieve· the f i lm por­
trayed an actual trip to the Moon and 
became very worried, not unl ike what 
happened with Orson Welles •war of 
the World" only 50 years ago [1 2) .  

Fritz Lang's 1 929 A Girl in the Moon 
did not provide any single image that 
has endured as long as Meleis's lunar 
landing . Whi le the f i lm has its own 
moments of implausibility, the visuali­
sation of the rocket hardware does not 
look al l  that outdated even today, 
undoubtedly due to the technical 
advice of H&rman Oberth. 

To be sure, Oberth could not dis­
suade Lang from having his Moon 
contain a breathable atmospl')ere. 
The director argu� that he would not 
fi lm his actors in •diving· suits even 
though Oberth pointed out that the 
Moon had no oxygen. He even cited an 
authority to justify his portrayal - H.G. 
Wel ls ,  who provided his Moon with 
breathable air. 

Giving some lipservice to plausibil­
ity, however, Lang did have the first 
man on the Moon disembark from the 
lunar lander in a space suit and test for 
an atmosphere, by lighting a match. 
When it bums, the scientist joyously 
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throws off his protective outfit and 
Lang has his freedom to fi lm the actors 
cavorting in normal clothing. 

On the other hand, the director did 
use Oberth's concept of a multi-stage 
rocket as the vehicle of choice. Unlike 
fictional trips before and after A Girl in 
the Moon, lang created an ambience 
of scientific exploration by including a 
reference to an unmanned surveyor 
satel l ite which sends back photo­
graphs of the Moon to prepare for the 
manned trip. 

like Verne and Meleis, Lang In­
cluded the standard debate between 
groups of scientists over the possibil­
ity of manned space flight to the Moon. 
In his case, the scientist who pro­
posed the trip in order to mine gold is 
discredited and the actual fl ight oc­
curs many years later - with the now­
old scientist aboard. 

Lang, with Oberth's help, created a 
--�oon journey not too different from 

the ultimate trip. Unique to science 
fiction, the movie anticipates the fu­
ture by portraying the vehicle as a 
multi-stage rocket assembled in a 
building not unlike the Vehicle Assem­
bly Bui lding at the Kennedy Space 
Canter. The completed rocket is then 
towed out to the launch pad which 
proves to be under water. According 
to the title, this technique is necessary 

because the rocket is too l ight to 
support itself during its launch. 

I ronically, NASA seriously consid­
ered using a barge as the launch pad 
for Apollo because of the very weight 
of the Saturn rocket. 

The actual launch,  wh ich takes 
place at night, probably to save money 
on special effects , anticipates the 
huge gather ing of spectators and 
media types, If nothing else, the 
scene suggests that science-fict ion 
writers and f i lmmakers appreciated 
the significance of the first trip to the 
M o o n .  

During the f l ight, Lang portrayed 
weightlessness aboard the rocket, 
albeit for dramatic effect when con­
venient. The crew moves around

·
, 

sometimes normal ly, sometimes by 
floating , and sometimes by hooking 
their feet through stirrups attached to 
the walls of their ship. But Lang does 
not concern himself with maintaining 
the effect on a consistent basis since 
the movie remains nothing more than 
a romance and melodrama set on the 
M o o n .  

Overal l ,  the hardware i s  surpris­
ingly believable. The portrayal of the 
rocket stage separations is not all that 
different from the simulation which 
the TV networks used during the 
ApoUo missions and the rocket lands 
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on its tail .  
What A Girl in" the Moon and most 

similar stories from Meil is onward 
lacked was any portrayal of a series of 
fl ights , each bui lding on the experi­
ences of the pr9)rious effort in prepa­
ration for the final assault on the lunar 
s u rface. 

When asked about the significance 
of the lunar laridlng , Wernher von 
Braun observed: ·oh , I would say 
about with the events of aquatic l ife 
crawling on the land for the first time. • 

After the successful touch down of the 
lunar lander, the rocket engineer went 
even further: , think the ability of man 
to walk and actually l ive on other 
worlds has virtually assured mankind 
immortal ity• [1 2] .  

Put another way, the landing of the 
Eagle on the lunar surface repre­
sented the culmination of man's cul­
tural dreams of manned space flight 
and of his scientific and technological 
creativity. 

The success of his book, Rocket­
ship Galileo, and the Images of 
manned space flight which he created 
provided Robert Helnlein with an en­
tree to Hollywood and, working with 
George Pal , he wrote the screenplay 
for Destination Moon, the first post­
war and first colour movie about a 
lunar expedition.  

Unlike his book, the movie portrays 
a highly plausible expedition. The 
•standard• debate focuses not so 
much on whether man can or should 
go to the Moon, but whether the gov­
ernment or private industry should 

· undertake the project. Given Heln­
lein's political philosophy, private 
industry wins out. We are told that the 
government does nothing except in 
crisis so industry must act to protect 
the nation's interests . 

Besides fal l ing to predict that a 
lunar landing would require the entire 
resources of the nation,  fi lmmakers 
did not foresee the explosive growth 
of television and how the medium 
would be able to capture virtually 
every moment of the lunar flight. Nor 
did they recognize that computers 
would become indispensable for the 
journey. -

Moreover, Pal and Heinlein did 
choose to return to the pre-Girl In the 
Moon,  single stage ,  d irect ascent 
rocket, now atomic powered, rather 
than accept Oberth's multi-stage 
rocket. Like a good action, adventure 
movie, the crew Is composed of a 
cross-section of Americans and, in 
the tradition of previous science fic­
tion movie, the men do not undertake 
any special training for their flight. 

Nevertheless, the fi lmmakers dld 
have a strong commitment to making 
Destination Moon as scientifically 
accurate as possible Within the knowl­
edge then available. Consequently, 
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for th e  most part ,  the film h as  the aura 
of a documentary, which, even today, 
does not seem too dated. 

During the flight, the crew functions 
in a weightless environment at al l  
times. The rocket lands on its tail and , 

whi le on the Moon, the astronauts 
perform their tasks as if they were 
actually under the influence of one­
sixth Earth gravity. More Important, 
they seem genuinely awed ·by their ac­
complishment and their comments 
are not too different from those of the 
men who walked on the Moon less than 
twenty years later. While the fi lm's 

The luudware of the Mercury, 
Gemini, tl1ld ApoUo progrtlliUIIBS 

sltlrled to influence what 
jilmnulkers began to create. 

climax resembles a melodrama, the 
viewer has the impression that the 
ship wil l  return to Earth safely. 

Whatever dramatic and scientific 
shortcomings Destination Moon had, 
it did launch the Golden Age of Sci­
ence Fiction that existed during the 
1 950's. Ironically, the movie lost the 
race to the nation's theatre screens 
for Rocketshlp X-M made in ten days, 
appeared a few weeks before Pal's 
m ovie .  

Originally intended to portray 
man's first voyage to the Moon, the 
producers changed the destination to 
Mars ta avoid a � lawsuit from 
Pal. While lacking Some of the scien­
tific accuracy and production values 
of Destination Moon, Rocketship X-M 
contains many of the same images as 
its more expensive companion, and it 
offered the same message :- man 
would shortly break his Earth bonds, 
fly to other heavenly bodies, and face 
new challenges. 

As is often the case with literature 
or film, most of the stories which fol­
lowed the Initial groundbreaklng sto- ' 
rles remained little more than pate 
imitations of the originals. One of the 
worst of these, and perhaps one of the 
worst movies ever Cat Women on the 
Moon, uses a generic, single stage, 
direct ascent rocket to &like its crew to 
the Moon. 

Budget considerations or, more 
likely, a disinterest In hardware or 
plausibility take over. The space­
ship's cabin looks as H shot In some 
office furnished with a •government­
Issue• desk and standard, commercial 
radio microphone for communication 
with Earth. The producers did not 
bother to simulate weightlessness, 
even occasionally, as Fritz Lang had 
done. Though they did follow his 
approach to the environment of the 
lunar surface by providing it with a 

breathable atmosphere. Of course, 
the film was not aimed at a knowledge­
able audience but to young males who 
might find the •catwomen• appealing. 

Whether bad or good, however, the 
science fiction literature and movies 
up to Sputnik and the beg inn ing of 
manned space fl ight may well have 
influenced at least one element of the 
population,  the rocket engineers.  
Except for Hermann Oberth, the men 
most directly Involved in finding ways 
to transform the dream of manned 
spaceflight Into reality seemed com­
mitted to the direct ascent approach of 
putting man on the Moon. 

In discussing his efforts to sell to 
NASA engineers and scientists the 
•rendezvous in orbit" approach, John 
Houbolt recalled that he simply could 
not interest anyone in the method. 
When asked If this resulted from 
images in books and movies having 
influenced people Into thinking only in 
terms of a direct ascent approach to 
a lunar landing, Houbolt replied that it 
seemed as good an explanation as 
any [1 3]. 

In any case, once Presic:tent Ken­
nedy Issued his call to the US to place 
a man on the Moon before the end of 
the 1 960's, the fiction and reality of 
manned spaceflight began to merge. 
The hardware of the Mercury, Gemini, 
and Apollo program mes started to 
influence what fi lmmakers began to 
create. However, NASA never really 
came to terms wilh how to use these 
Images to further its programmes. lt 
tried tb spread its message through 
the news media and In educational 
programmes but, in the end, did not . 
trust the reality of its space missions 
to generate sufficient excitement to 
produce on-going support within the 
US Congress and among the Ameri­
can people. 

As a result, the NASA Public Affairs 
Office cooperated with Hollywood in 
the making of feature f i lms purport­
edly to show the American space 
programme In operation .  Unfortu­
nately, the major releases did not 
contain stories that In any way would 
engender support for its projects. 

Countdown portrayed NASA's 
internal operations f i l led with pol icy 
disagreements, backbiting among 
officiaJs and astronauts, and a deci­
sion to launch a suicide mission to the 
Moon in the hopes of beating the 
Soviet Union to a lunar landing. As the · 

title suggests, Marooned told the 
story of a failed American orbital mis­
sion, the death of one astronaut while 
the crew waits for an American rescue 
rocket and their ultimate rescue by a 
Russian cosmonaut. Finally, Capri­
corn One details how the head of 
NASA stages a fake landing on Mars. 

The success of the Apol lo pro­
gramme itself made all previous sto-
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SPA CE TRA VEL : FIC TION A ND REA LITY 

ries about the first men o n  the Moon 
obsolete. 2001 stands as a link be­
tween the scien·ce fict ion past, the 
contemporary reality of the Moon 
becoming known to man and the 
model for the subsequent space epics 
that appeared during the 1 970's.  I n  
making the movie, Arthur Clarke and 
Stanley Kubrick faced the possibi l ity 
of having the discoveries of the Apollo 
programme render their portrayal of 
the Moon out-of-date . The fact that 
the movie's images of the Moon sti l l  
seem real speaks to the success of the 
f i l m m akers . 

Except for the fleeting scenes on 
the Moon in 200 1 , no significant por­
trayals of life on the Moon existed for 
NASA to use in helping sell Congress 
or the American people on the need to 
establ ish permanent lunar colon ies .  
So,  wi th  the Vietnam War having 
drained funding from NASA and cre­
ated antipathy to future, large scale 
government programmes l ike the 
Apollo Project, America's space pro­
gramme entered into limbo during the 
1 97 0 ' s .  

The Apollo 1 1  Lunar Module, Eagle, retums to the Command Module alter completing work on the surface. 

To science fiction writers and 
fi lmmakers, the Moon no longer be­
came the focus of attention .  The 
shuttle became the vehicle of choice 
for travel in near space. However, for 
the most part, images of manned 
space fl ight from Star Trek to Star 
Wars and the continuation of lsaac 
Asimov's Foundation series, became 
those of exploration i nto the outer 
reaches of the Un iverse, "where no 
man has gone before ." 

Whether these images wil l  u lt i­
mately have an impact on America's 
space programme remains to be 
seen. Jesco von Puttkamer, NASA's 
Programme Manager for Long-Range 
Plann ing  and a techniqll advisor to 
Star Trek: the Movie ,  believed f i lm 
provided NASA with •a legitimate way 
of beating our drum" and "by showing 
deeds rather than words , demon­
strate what we are standing for." The 
film, he said, gave NASA • a chance of 
being depicted in a positive way where 
we can show, hey, we made it 200 
years from now. And that the name 
NASA survives and is being used as a 
plug• (1 4] .  

Beyond that possib i l ity, what im­
pact has science fiction had on Amer­
ica's space programme? In his chap­
ter on the decision to go to the Moon, 
McDougal l  says , "When the Soviets 
weighed in by orbiting Gagarin ,  and 
the Shepherd flight confirmed NASA's 
contention that the mission was fea­
sible, all barriers came down. All, that 
is, except cost, and that, too, was less 
important in the new White House. We 
wil l  probably never know precisely 
what was in Kennedy's mind when he 
decided that Americans should go to 
the Moon. What may have tipped the 
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balance for him and for many was the 
spinal ch i l l  attending the thought of 
leaving the Moon to the Soviets . 
Perhaps Apollo could not be justified, 
but, by God, we could not not do it" 
[ 1 6 ] .  

John F .  Kennedy did not apparently 
read science fiction and so did not see 
his decision to embark on a l unar 
landing as fulf i lment of a ch i ldhood 
dream. He saw space as a new arena 
to el(plore in much the same way as 
Columbus saw the oceans of Earth as 
avenues to the unknown . I n  some 
measure then,  by launching the 
Apol lo Programme, Kennedy saw 
himself in relation to NASA as lsabella 
to Columbus, with a successful  land­
ing on the Moon ensuring his · place in 
h i story.  

Clearly, the President could not go 
before Congress and request $25 
bi l l ion to become immortal .  I nstead , 
he used other arguments the need to 
beat the Soviets and so demonstrate 
the continued American technologi­
cal superiority over the USSR;  the 
gains for science and technology re­
gardless of the outside competit ion ; 
and the "focus argument", which used 
1he Apol lo programme to push the 
entire US space effort [1 6) . 

Likewise, whi le cit ing the space 
race and the need to demonstrate 
leadership to the World, Bobby Ken­
nedy recal led that the President 
compared the importance of space to 
the exploration of the US by Lewis and 
Clarke, concluding, "I think that made 
a profound impression on him" [1 7]. 

As with most significant events in 
history, the decision to go to the Moon 
can only be understood as the result 
of the merg ing of many ideas and 

NASA 
inf luences . Whi le not the only one,  
popular cultural expressions of  sci­
ence fiction clearly had an impact on 
the American space programme, i n  
the pol itics of space and,  through 
scientists and engineers,  on the de­
velopment of the technology of space 
f l i gh t .  

If noth ing else, science fict ion 
created an i nterest i n  space among 
the majority of the American people 
and convinced them that going to the 
Moon would occur one day. In turn,  
President Ken nedy, consciously or 
subconsciously. drew on the cultural 
images of adventure and exploration 
within science , fiction to sell the Moon 
programme to the nation .  

1 .  WalterMcOougall, . . .  the Heavens and the Earth. 
p. 100. 

2. Ibid., p.20; Author's conversation with McOougall, 
January, 1 986. 

3. Wemher 1100 Braun and Fraderiek On:lway Ill, His­
tory of Rocketry and Space Travel, p.41 . 

4. Robert Goddard, •Autobiography." in Arthur 
Clar1!8, ed., The Coming of the Space /lqe, p.107, 
cited hereafter as Clarke. 

5. Robert Goddard to H.G. Wells, April 20, 1932, Cor­
I'I!SJlOndence, pp.821 , 3. 

6. Hermann Oberth, •Autobiography." in Clarke, 
p.1 14. 

7. Ibid., p.1 1 5. 
8. Ibid., pp.1 15-6. 
9. McOougaH, p.324. 
1 0. Slmey Thomas, "Meevin Calvin," in Men in Space, 

V. 6, 59. 
1 1 .  Nei1 Armstrong letterto author,August22, 1 988. 
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13. Interview with John Houbolt, April 6, 1956. 
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1 6. Interview with Theodore Sorensen, December 2, 

1987. 
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INTERNATIONAL SPACE UNIVERSITY® 
HEADING TOWARD ORBIT 

T
. he International Space University (ISU) was foundeQ in  April l987 at a confer­

ence held at the Massachusetts Institute of Technology (MID. The ISU 
eo-founders- Peter H. Diamandis, Todd B Hawley and Robert D. Richards­
forwarded a concept in space education which has captured the imagination 
and support of the world's space community With the involvement of acade­

mia, governments and industry from numerous nations. ISU wil l  expand into a full-year 
academic program and pennanent campus locations following 1992. the International 
Space 'rear. "Clearly the ISU plans are quite ambitious. but the concept has won over 
many of its early doubters�"  notes Mr. fan W Pryke, head of the European Space Agency's 
Washington Office. "The momentum and success the ISU has built b why I am proud to 
serve as its Chairman of the Board " 

continued ori next page 

A D V E K T I S E M E N T  

The Birth of a 21st 
Century Institution 

lt is my pleasure to write a few words 
on behalf of an organisation I helped to 
start and which is close "to my heart: the 
International Space University ISU is an 
outstanding new institution dedicated to 
identifying, unifymg and educating toe 
world's best young professionals and out­
standing graduate students involved in 
space-related studies from architecture 
and engineering to life sciences and busi­
ness. Through its academic programmes, 
ISU is cultivating a new generation of lead­
ers dedicated to the peaceful use of outer 
space. 

After the phenomenal success of its 
inaugural summer session at MIT, ISU is 
setting its sights on the establishment of a 
pennanent central campus during Interna­
tional Space 'kar (1992). In the next few 
years, ISU will expand to include multiple 
campuses at centres of excellence around 
the world -l inked together via satellite, 
sharing an electronic library and data 
bases, offering live lecture transmissions 
and implementing modern technologies­
to enhance cooperative research and 
development of space. One day soon, 
perhaps by 2001, ISU will have a campus 
where it is destined to be: in orbil! 

ISU is doing more to promote and 
guarantee the peaceful and permanent 
development of space than any other 

. institution I know. I have been a sponsor of 
ISU since its founding, and I hope that you 
will be able to join with me in supporting 
this unique educational endeavour. 

Sincerely. 

� � c ct 
Arthur C. Clarlle 
is the author of 
2001: A Space 
Odyssey. He 
serves on the ISU 
Board of 
Advisors and is 
the Chancellor of 
the University of 
Morotuwa, Sri 
Lanka. 
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ISU Gains Momentum 
continued from first page 

T 
he inaugural summer session of ISU was held at MIT in  1988, and brought 
together 104 graduate-level students and young professionals from 21 nations. 
ISU's first academic program provided an innovative package: a nine-week 
summer session invoMng a broad curriculum, state-of-the-art equipment and 
labs, design projects, and an international faculty and student body. During 

the program, all students participated in  a total of 240 hours of lectures encompassing 
eight d isciplines. The ISU academic program was led by a core faculty of 30, enhanced by 
more than 70 visiting lecturers representing today's leaders in the international space 

: community. 
I 

-JSU operates from its Executive Offlce in Boston, Massachusetts, USA, which is 
headed by Peter H. Diamandis and 1bdd B. Hawley 

The 1989 summer session will take place at Universite Louis Pasteur in Strdsbourg, 
France from 30 June to 31 August. The structure of ISU'89 evolved from the ISU program 
offered at MIT in 1988: a nine-week session of interdisciplinary lectures and design project 
activities, and eight academic disciplines· Space Architecture, Space Business and 
Management, Space Engineering, Space Life Sciences, Space Policy and Law, Space 
Resources and Manufacturing, Satell i te Applications, and Space Physical Sciences. 

In conjunction with summer sessions, ISU is pursuing the goal of establishing a 
permanent campus during International Space 'rear (1992). Following the 1992 Interna­
tional Space 'rear, the ISU plan is  to open first its Central Campus, later adding Satellite 
Campuses for advanced research and study in ISU disciplines in existing centers of excel­
lence located around the world. N. the permanent campus, worldwide satell ite 
broadcasting of lectures will  be routine; computer conferencing and networking, elec­
tronic l ibrary and database access wil l  be used to link together the varied elements of ISU. 

An ISU Founders Association has been launched to help establish ISU's permanent 
campus and to assure the continuation of this global experience for future generations. 
Founders Association members will  help finance the planning, analyses, needs assess­
ments, design and construction of permanent ISU facil i t ies. Members of the Founders 
Association are determined to prepare a complete development plan for International 
Space University. and secure a sound financial base for its implementation. 

The process by which humanity develops and explores space has changed in many 
critical ways over the last 30 years. Space is no longer the realm of the economic super­
powers, nor is it a domain limited exclusively to scientists and engineers. Today space 
development takes place in an international, interdisciplinary arena. ISU seeks to provide 
a general understanding of technical and non-technical areas important to space devel­
opment, and to gather together the leaders of tomorrow, allowing them to discuss 
common goals, motivatit>ns and ideas. The International Space University invites 
visionary men and women of al l nations to join and support this critical mission. 

( 234 ) A D V E R T I S E M E N T  

1 1  ISU Captures the 
The International Space University 

mission is to offer educational programs 
which are of relevance to today's space 
industry. From its inception in 1987, ISU 
has fostered increasing levels of suppo"rt 
from a d iverse international roster of cor­
porations and agencies whose leaders 
recognize the value and impact of the 
programs offered at ISU. 

" I n  this era of expand ing civi l space 
programs, there is an ever-growing inter­
est and need in our industry to ident i fy  
a n d  train young people who can operate 
successful ly in an internat ional commer­
cial environment , "  notes John McLucas, 
Chairmdn of QuesTech, I nc. "The ISU 
seeks to sat isfy the emerging training 
needs of the aerospace industry " 

ISU has pioneered a unique education 
niche which has proved as relevant to 
aerospace firms in North An1ericd , Japan 

I The POwer of ISU 
One hundred and four rare individuals 

now have friends and professional col ­
leagues in 2 1  different countries of the 
world. These are the students of the first 
graduating class of International Space 
University. The ISU alumni form a cadre of 
dedicated space professionals who will  
provide the leadership to launch human­
kind into space. 

To i l lustrate the effect the " ISU Experi­
ence' has already had, a sampling of 
alumni perspectives is  presented here: 

• "This has been the most important 
educational experience of my l ife," said 
Mark Matossian, the first alumnus to 
obtain graduate course credit for his work 
at ISU'88, and now a staff scientist at SAIC. 
" Never have I been asked to push myself 
as far and as fast as I did at ISU this summer." 

• "During ISU I made contact with indi­
viduals from many space-related cor­
porations- many of them I have remained 
in frequent contact with, this will help to 
create new opportunities for-al l  of us ,"  



Interest of Space Industry Leaders 
Space industry 
leaders from over 
20 nations have 
endorsed /SU. 

lbsuhiro KIU'Oda 
SHIMIZU 

and Europe as i t  has to telecommunica­
tions corporations in Africa and Australia. 
Proof of this relevance may be noted in  
Japan·� increased part icipation m ISU in  
1989, which wi l l  include at  least 17 stu ­
denh - an mcrea�e from five part iCipants 
m the 1988 pro�ram at MIT 

"We w1�h to promote the ISU pro�ram 
amon� Japanese c.orporallons because we 

Networking 
says Ak1yosh1 Kabe of Mit�ubish1 
Electnc Corporation. " I  know I am only a 
fax or a phone call away from hundreds of 
people - space experts, astronauts and 
CEOs- who are not only my colleagues 
but also my friends " 

ISU Alumna Mar ina Aguiar of Brazil 
adds " ISU gave me an excellent under­
stand ing of how my work in materials 
science can be used in the development of 
space, and the multicultural environment 
helped to broaden my view of the world. " 

• Vadim Vlas<N, a S<Niet alumnus very 
active m US-USSR relations, noted: "I was 
impressed with the expertise, diversity and 
enthusiasm of the ISU faculty. lt was 
extremely interesting for me to hear the 
perspectives of faculty from 14 nations. " 

• "Immediately following ISU, I was 
offered a job by the Canadian Astronaut 
Program. As one of my first assignments 
I was sent to the S<Niet Union to discuss 
experimental procedures and logistics for 

ISU'88 graduates 
Mark Matossian 
(USA), Alliyoshi 
Kabe (Japan) 
and Krlsliina 
Valter (Canada) 

C/aude Gowny 
MA1RA SPACE 

Dean Burch 
INTELSKT 

bel ieve that space development wil l  
require professionals who have an interna­
tional perspective and who will succeed in 
the increasingly cooperative world space 
industry. " explains Dr. 'fcl.suhiro Kuroda, 
Senior Advisor of Shimizu's Spat:e Project 
Office, Japan's ISU Liaison since 1987 

"In Europe. the mult i -national nature of 
many space activities makes the lnterna-

• 

tional Space University program particularly 
valuable," remarks Claude Goumy, General 
Manager of MATRA SPACE, which is spon­
soring students and curriculum develop­
ment for the ISU'89 program in Strasbourg, 
France. "I believe that the international 
educational experience of the ISU will 
havE' very great long-term benefits in our 
firm, our nation and the world. " 

AJ. the INTELSAT Organization, l iS 
nations own and operate an eXpanding 
international satellite communications sys­
tem which is often referred to as one of the 
best examples of successful multi-national 
space cooperation. "it has been our pleas­
ure to support I the ISU I enterprise," notes 
Dean Burch, the INTEI.SAT Director Gen­
eral and a member of ISU's Board of 
Advisors. "It  i s  extremely pleasing to see 
how successful the ISU program has 
become in such a short period of time. " 

'/he shaded regions on this world map represent those nations which sent their 
lop students to ISU'88 
two Canadian experiments to fly on 
Biocosmos 1989," says Canadian Alumna 
Kristiina Valter. "My friendship and experi­
ence with my 12 S<Niet ISU colleagues was 
invaluable in this trip to the USSR." 

• Russel Hannigan is the youngest mem­
ber of the British Aerospace Hotol research 
and development group. He notes, "My 
experience at  ISU and the design project 
activities allowed me to work with a cultur­
ally diverse" group of people, and also gave 
me the opportunity to gain knowledge 
which is valuable to my work at British 
Aerospace." 

• "When I returned from ISU I received a 

A D V E R T I S E M E N T  

very important job proposal from Aeritalia, 
and now I am in  Torino (Italy) working 
on the Human Factors Aspects of the 
Columbus Space Station," says alumnus 
Francesco Brunelli. " I  really do have to 
express my warmest gratitude to ISU. I owe -
it all to ISU. " 

Between 20 June and 20 August 1988 a 
group of outstanding students and young 
professionals came together as strangers 
and left as friends and colleagues. Coming 
from 21 different nalions, but sharing a 
common dream and the qualities of perse­
verance, leadership and brilliance- these 
students have set out to change the 
world . . .  together. 
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I Investors in Spaee Leadership 

The 104-member JSU Class of 1988 at Mff 

Over 70 corporations and government agencif:s in more than 20 nations jomed to 
support the ISU program when it began in the summer of 1988. Over US$1 mi l l ion was 
raised to finance ISU Executive operations and the i nnovative ISU'88 program held at 
the Massachusetts Institute of Wchnology. In 1989 and beyond, ISU seeks to expand its 
network 'of supporte.rs to include individuals and institut ions to provide scholarships, 
curriculum and permanent campu� development. Space Biospheres Ventures has 
already commited a five year scholarship and Life Sciences curriculum support to ISU. 
"We are delighted with 'the ISU program, level of excel lence and internat ional scope, 
and are proud to be sponsoring ISU's first textbook this year in the field of Space Life 
Sciences," says Margret Augustine, CEO and Project Director .• Space Biospheres Ventures. ' 

European Space Agency Director General Reimar Li.ist has noted that, " I  ESAI sup­
ports not only the 'principle' of the ISU, but also its day to day activities To date this has 
included free advertising i n  Agency publ ications, ISU brochure sponsorships and, in 
conjunction with the 1988 summer session, ESA sponsored scholarships and ESA staff 
as visit ing lecturers. " Lockheed Corporation has contributed a senior executive to 
serve ful l-t ime on the IS.U summer session faculty for two months each in 1988 and 
1989. "ISU is an important force for i nternational space education and awareness. Few 
programs offer a more i nventive and forward tRinking approach to this vital front ier, "  
says Lockheed Chairman and CEO Daniel Tellep. "We applaud ISU's efforts and are 
proud of our company's role in its continuing success."  

( 23 6 )  
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DECIDING TO COL ONIZE THE MOON 

Deciding to Colonize the Moon 

An artisfs impression of a l unar  mining complex. 

The decision to establish a base 
on the eastern coast of Austra­
lia two hundred years ago has 
many points of comparison with 
the case for establ ishing a 
Lunar Outpost within a Space 
Industrial  Infrastructure. The 
author argues that the growing 
global environmental problems 
will compel Industrial nations to 
make such a major decision. 

Austra l i a  
In 1 988 Australia celebrated the bi­

centenary of the beginning of Euro­
pean settlement. The colonisation of 
Australia may serve as an analogue in 
the forum concerned with our future 
expansion into space and global sur­
vival . 

Starting in 1 61 6, dutch convoys fol­
lowed the route from the Cape of Good 
Hope eastwards for 3000 miles and 
then northwards to Java, a course 
dictated by wind dynamics which 
would drive unlucky ships on to the 
barren western Australian coast. The 
motivation for such far-flung voyages 
was the feasibil ity of returning with 
goods both rare and valuable in the 
markets of Amsterdam , Madrid or 
London .  Austral ia itself offered no 
such products of commercial value to 
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By J. Sved * 

the tradi ng compani�s.  
A century and a half later in  Apri l 

1 770 , the "hidden" east coast of 
Australia was sighted. Captain James 
Cook's missions were a manifestation 
of the rise of intel'(lational commerce, 
the growth of science and the indus­
trial revo lution .  

Cook's discoveries about Austr.alia 
were not attractive for commerce 
minded colonists seeking to re-create 
a European way of l ife using a high 
value local product as a means of 
trade to obtain resources not locally 
avai lab le .  

lt appears that the arguments for 
using the east Australian coast as a 
port on an alternative route to China 
and as a site for a new colony were 
familiar to the British government. Sir 
Joseph Banks advocated in 1 ns that 
a "thief colony" be established [1 ] .  In 
1 784 James Matra, who had also 
sailed with Cook, promoted the idea of 
an Australian settlement [2] .  The Pitt 
government, which was preoccupied 
by more pressing problems, was 
prodded, according to historian Man­
ning Clark [ 1 ] ,  by concern about a 
general revolt of diseased convicts . 

• The author works in the Right Operations Depart­
ment cl MBBIERNO, Bremen. 

However,  h istorian Geoffrey Blainey 
[3] suggested that the strategic rea­
soning was that Norfolk Island had two 
resources vital for maintenance of 
England's naval power i .e. mast and 
spar timber plus flax of the best qual­
ity. The Australian mainland, 1 600 km 
away would provide the infrastructure 
and greater potential for flax farming 
and production of sailcloth . 

Both the Norfolk flax and Pine failed 
to l ive up to expectations. The flax 
posed problems of technology for 
canvas production due to its unri­
valled length of fibrous material . The 
t imber was found to be flawed and 
unsafe for masts. I n  both cases the 
usual sources of these materials were 
never denied to the British during 
periods of war. 

In the nineteenth century Sydney 
was not only a port of call, on the way 
from Europe to Asia, it became a base 
for traders of goods obtained from the 
Pacific Islands. With their profits the 
business people developed the wool 
industry which was the fi rst export­
able product after 1 830 (4) . 

The cost of maintaining the convict 
settlement was unexpectedly h igh .  
Instead of  rapidly achieving self-suf­
ficiency, Austral ia cost Britain the 
huge sum of one million pounds in the 
first twelve years. At the end of that 

237 



DECIDING TO COLONIZE THE MOON 

period its population was only 5000. 
However ,  Austral ia's place on new 
trade routes was decisive. lt 
prompted the rise of a free group of 

· Australian traders who did not depend 
heavily on the favours of colony's 
governors,  who were alert for new 
ways of making money and who even­
tually hastened Australia's transition 
from convid to free colonies by 1 840. 

The in itial expenditure by the Brit­
ish government of one million pounds 
two hundred years ago is approxi­
mately equ ivalent to half a b i l l ion 
dol lars today based on a s imple 
weekly cost of  living comparison [5] . 
Objectors , such as the East India 
Company, were concerned about loss 
of business monopolies [5] or other 
schemes for use of convid labour. 

The decision to colon ise a very 
distant land promptly was forced by 
the perceived problems of resources 
(convict accommodation and strate­
gic materials) . Perhaps there was a 
period of panic when the British gov­
ernment felt compelled to make pro­
vision for an alternative supply of 
strategic materials. After the decision 
had been made pol itical considera­
tions, as well as long communication 
delays, ensured that there would be 
no reversal .  The costs may have been 
difficult to ascertain by critics. Even­
tual ly .  a commercial momentum de­
veroped and the colony was able to 
supply marketable services . 

Environmental Issues 
The Earth's environment is now an 

issue of growing political importance 
as more adverse effeds of the aHera­
tions c.aused by a century of industrial 
activity become apparent , even to 
non-techn ical ly m inded people. 

The consequences of i nteract ing 
factors such as increased carbon 
d ioxide i n  the atmosphere, destruc­
tion of the ozone layer, deforestation, 
thermal and chemical pollution and 
nuclear contamination are being rec­
ognised as the key points in ongoing 
research . A fleet of spacecraft will be 
put i nto operat ion in the 1 990's to 
measure such g lobal environmental 
parameters .  

Extrapolative analyses that use 
some of the environmental charader­
istic parameters for dynamic models 
of global change have been attempted 
[6) but "world ··dynamics" modell ing is 
open to question  because the pa­
rameter measurements are incom­
plete and trends and i nteradions 
remain u nclear. Most governr_nents 
prefer to believe that technology will 
solve the problem in  a •business as 
usuar- manner. However, there are no 
models predict ing a happy future 
without drastic intervention during the 
next century. Such scenarios do not 
contain much prospect of sustaining 
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improved l iv ing standards for the 
inhabitants of Earth [7] . 

The 1 988 drought i n  the USA 
prompted many c l imatologists to 
declare that the •greenhouse· effect 
may be building up faster than antici­
pated . The rate of C02 production 
from combustion of fossi l  fuels has 
already doubled the percentage in the 
atmosphere. Another ominous phe­
nomenon appears to be hurricanes of 
i ncreasing intensity resulting from the 
heat input in the Atlantic ocean during 
the northern summer. Models of solar 

Environmentlll crises wiU force 

govemments to consider 1t111jor 

corrective projects thllt wiU 

effect their short term political 

... horizons. The space 

industrialisation option wiU be 
compelling. TrtmSportation 

systems llllequate for the task 
wiU be the priority. 

heat trapping used in  earlier studies 
may have been far too conservative. 
The well publicized destruction of the 
ozone layer by chlorofluorocarbons 
(CFC) is also contributing to the 
g reenhouse effect [8] . 

Assuming that a catastrophe of 
hotter climate and rising ocean levels 
is much nearer than the next 50 to 1 00 
years, the consequences and options 
for reaction need to be explored with­
out delay. Conferences of specialists 
in fields related to or affeded by the 
climate change have been sources of 
press reports acknowledging the 
impact of a warming climate. 

An example of the perceived 
•business-as-usual" reaction option 
to warming and drying of agricultural 
regions is to develop hardier varieties 
of plants such as winter wheat. This 
technological f ix wi l l  do nothi ng . to 
reduce the climatic warm-up. Similar 
expert readion may be observed in 
other  special ist fields where some 
technological options for adaption 
may exist. The adaption to a degrad­
i ng environment can go only so far 
before a major unpleasant change 
becomes unavoidable. 

The source of more C02 i n  the 
atmosphere is wel l  known i.e. fossi l  
fuel burning power stations, transpor­
tation fuelled by combustion of fossi l  
fuels and the destruction of vast re• 
gions of forest. lt is clear that the 
reduction of these C02 sources would 
reduce the C02 problem by halting the 
i ncrease.  Natural C02 absorpt ion 
through the long term carbonic acid 

cycle may eventual ly reduce the 
amount in  the atmosphere .  N uclear 
power advocates push their technol­
ogy as an alternative but the total re­
placement of fossil fuel burning power 
plants with f ission reaction poses 
g rave environmental problems from 
accidental leakage of toxic material . 
The long-awaited fusion react ion 
plants may be safer but this has to be 
demonstrated . Predictions of com­
mercial  fusion power production by 
2050 are not encouraging.  

Conventional  solar power advo­
cates characterised by the •Green• 
political movement believe that wind,  
tide and •direct" conversion of solar 
thermal rad iat ion can ult imately re­
place fossil fuel power sources. So far 
the opportun ities are l imited to pre­
dominantly windy locations or even 
less n umerous appropriate coastal 
areas. There are technical problems 
with wind power. The acquisition and 
maintenance cost of thousands of 
wind powered generators seems to be 
always greater than a large conven­
tional power plant located close to the 
customers. The present market for 
solar energy systems for bui ld ings 
demonstrates this by remaining mod­
est . Energy savings are demon­
strable but the incentives are rel iant 
on legis lation [9) . Replacement of 
fossil fuel burning power plants by ter­
restrial solar energy driven systems is 
not credible. Sites in deserts may be 
optimal today but a change to a more _ 

stormy climate may negate the mar­
g inal  advantages . 

Return to The Moon 
Dr. Peter Glaser proposed, in  the 

early 70's to bu i ld very large solar 
power satel l ites (SPS) located in 
geosynchronous Clarke orbit to beam 
m icrowave power to simple clean 
microwave antenna arrays on the 
Earth and then feed the recovered 
electrical current i nto existing power 
grids. This led to studies of large 
i ndustrial i nfrastructures employing 
thousands of people in  near-Earth 
space. Government funded studies 
were made in  the late 70's following 
the OPEC led oi l  price increases. The 
reference scenario for these studies 
was the use of heavy l ift reusable 
launch veh icles to l ift a l l  materials 
from the Earth's surface and Space 
Shuttle flights for personnel rotation .  
Why such a limitation was imposed is 
not clear. Perhaps consideration of 
the Moon or other Solar System re­
sources was regarded by the study 
patrons as not politically fashionable. _  
The conclusion was that the cost was 
not competitive with the then prevail­
ing oil prices. As efficiency improve­
ments subsequently forced down the 
demand and thus the price of oil, the 
urgency for development of an alter-
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r native to conventional power sources 
r e c e d e d . 

Some work co'1tinued in the Space 
I n d ustry by people w h o  were n ot I c o m p e l l e d  by E a rt h - o n l y  sce n a r i os . 

The late Krafft E h ricl<.e was a strong 
advocate of the use of L u n a r  R e ­
s o u rces ( 1  0 ] . Those w h o  had b e e n  
inspired b y  Gerard K.  O'Neil concepts 
co ns i d e red aste ro ids as a s u p p l e ­
mentary source of materials not avail­
able on the Moon . A return to the Moon 
became an acceptable topic for sev­
eral NASA supported symposia ,  after 
a hiatus :n  the early 70s. 

The general view is that oxygen can 
be recovered from Lunar surface soi l  
and used as rocket propel lant.  There 
are s i g n if icant sav i n g s  i n  lau nches 
from Earth when a LUNOX plant and 
associated space port are instal led on 
the Lunar surface. A minimum amount 
of space traffic is necessary to break­
even and then ach i eve true savings. 
Traffic models have been conserva­
tive by assuming no massive effort to 
construct SPS's u ntil the technology 
has been demonstrated over some 20 
years of Lunar Base operat ions .  I f  
hydrogen could be found on the Moon 
i n  s u b-s u rface ice deposits in t h e  
polar reg ions or near sus·pected vol­
canic vents, the economics would be 
dramatica l l y  i m proved . 

Aluminium and other metals can be 
recovered from Lunar  rocks with 
processing plants that are transport­
able from Eart h .  Many volati l e  e le­
ments are available i n  abundance , i n  
t h e  lunar regolith �ue t o  t h e  solar wind 
which has delivered atoms for billions 
of years . These shou ld be readi ly 
recoverable by processing the top 1 0 
cm of scraped Lunar soil .  The Helium 
3 isotope has been identified as a high 
valu e  exportable materia l .  The cus­
tomer would be the n uclear fusion 
power industry (1 1 ) . 

The Decision Forcer 
Returning to the Austral ian anal­

ogy, one may now see parallels in the 
circumstances of major decision mak­
ing. The Earth faces multiple environ­
mental crises. The continuation of 
conventional practices does not in­
spire confidence. Pol itically unac­
ceptable "Draconian measures" may 
be necessary to l i m it growth. The 
urgency today is debatable because 
there are still many people to educate 
about the relevant options. 

The return to the Moon in order to 
establish a permanent human pres­
ence there is not regarded as a high 
priority by governments or commer­
cial interests. The perceived cost of 
developing a transportation i nfra­
structure does not appear acceptable 
without a convincing market plan. 

The space domain today presents 
an established commercial sector for 
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DECIDING TO COL ONIZE THE MOON 

The Apollo 16 Lunar Module blasts off from the lunar surface. NASA 
communications and several sectors 
providing services to governments i n  
t h e  areas of m i l itary data gather ing  
and Earth  m o n itor ing . F u rther  com­
mercial g rowth is constrained by the 
perceived risks of building n ew i nfra­
structures, including new cheaper to 
fly lau nch veh ic les,  to support new 
markets for h igh value goods manu­
factured or processed in space. 

Governments of the major space­
faring nations are aware of a g lobal 
resource problem as a limit to growth 
although this is not a current political 
issue .  However ,  it seems t h at mer­
chant-minded i nvestors h ave realised 
the commercial attraction of a rapidly 
growing Space Industrialisation op­
tion to help overcome inevitable world 
problems. Environmental crises wi l l  
force governments to consider major 
corrective projects that wi l l  effect 
their short term political horizons. The 
space industrialisation option wil l  be 
compel l i ng .  TransP,ortation systems 
adequate for the task will be the prior­
ity .  The financing of spaceplanes , 
such as HOTOL, wi l l  be somewhat 
analogous to the Indian merchants 
who ventured to Sydney on specula­
tion despite disincentives such as 
hostile naval activity and high insur­
ance costs . 

Soviet advances should not be 
overlooked and indicate the capabil­
ity to undertake a major space indus­
trial project. A manned presence on 
the Moon is far more credible than 
recently publ icized manned Mars 
m is s i o n s .  

. The political climate today i s  not 
tuned to supporting cures to environ­
mental problems; only reactions to 
the symptoms. Natural climatic pres­
sure wi l l  soon change this attitude. 

Alert governments wil l  com mit them-

. selves to space endeavours that, at 
first, seem rash to the political critics. 
Spacep l a n e  tec h n o l ogy stud i e s  are 
i ncreasing i n  the fi rst world nations. 
T h e  rat iona le  may be d isgu ised to 
avoid alerting the competitors : a sci­
ent if ic Lunar Base rath e r  than an 
i n dustrial Bas e .  

There i s  h owever ,  a p r o b l e m  a s  
wait ing for env i ronmental  c r i s i s  t o  
become politically obvious may b e  too 
late to avo id major disasters and 
disruptions.  Complex engineering 
systems take t ime to reach opera­
tional status.  HOTOL will possibly 
only fly after the year 2000 without the 
support of a crash programme. 

The i n itial objective of producing 
Lunar derived construction material 
for orbital Power Stations may be 
found to be faulty but the prospect of 
no return on investment is not cred­
ib le.  Environmental crisis may be 
delayed by other terrestrial options 
such as global resource management 
(aided by satel l ite observations) and 
the Lunar infrastructure may demand 
more Earthly support than originally 
budgeted to sustain the growing in­
fant. Ultimately. there will be u nfore­
seen returns just as Austral ia pro­
duced unforeseen wealth .  

The prospect o f  clean n uclear fu­
sion power appears too distant to 
help, if the current "fusion in  a te�t 
tube" controversy is discounted. The 
next most significant and much less 
radioactively hazardous, fusion reac­
tion after Deuterium and Tritium is D 
+ Helium 3. The required plasma con­
tainment and heat transfer technol­
ogy is less demanding. Since Hel ium 
3 Isotope fuel is virtually non-existent 
on Earth the Lunar m i n i n g  industry 
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DECIDING TO COL ONIZE THE MOON 
would have a guaranteed in itial cus­
tomer and the nuclear power industry 
should consider space development 
as complementary to its interests 
rather tnan as a competitor for gov­
ernment funding [1 2]. This is analo­
gous to Australian supplies of "yellow 
cake" Uranium Oxide to the estab­
lished fission power industry. 

C o n c l u s i o n s  

useful as  another  Apollo project. A 
more multinational · endeavour,  such 
as Lunar Industrial development, has 
far more human emotional (political) 
attraction if the prospects are sold 
effectively by public advocates [1 3). 

An l ntelsat style of international 
corporation must be established to 
focus the competitive energies of the 
major i ndustrial players . This would 
call for tenders to fulfil space industri­
alisation operations concepts that are 
technically rather than politically de-

termined [1 4 ,  1 5] .  Operational  goals 
that help cure the global environ­
mental problems as well as generat­
ing new economic domains wi l l  be 
drivers rather than pol itical prestige 
p rojects . 

As with any h istorical analogy , 
there are points of weakness. In this 
case the resources offered by the 
Moon and the rest of the Solar System 
are ult imately essential to avoid a 
drastic l im itation to the g rowth of 
mankind. Australia has never offered 
that sort of benefit. 

EJaborations of these arguments 
must be prepared by specialists in the 
world-wide Space Industry. Criticism 
that the Space Industry is just a vested 
interest must be aggressively refuted. 
Critics must be forced to offer credible 
long term solution options or accept 
the Space Cause. Advertisements 
which advocate solutions to environ­
mental problems using adequate 
Earthbound technologies should be 
refuted. The Space Industry needs to 
allocate funds to a low key but effec­
tively sustained campaign to awaken 
the average .citizen's interest in space 
based solutions to Earthly problems. 
Pol itical acceptance of the merit of 
significant space budget increases 
for industrial and environmental goals 
must be encouraged. 
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Justification for Space 

Sir, Easter Island is a barren Pacific island that is famous 
for its great Stone Heads. But recent archaeological work 
indicates that originally this island, far from being barren, 
had the ecological balance of other Pacific islands with a 
plentiful supply of palm trees. The island was colonised by 
Polynesians probably about the 1 2th  Century and it is sug­
gested that over the succeeding centuries the palms were 
cut down i n  order to clear land for crop cultivation ,  to 
construct canoes and to assist in the erection of the giant 
Stone Heads. The population eventually increased beyond 
the capacity of the island to renew its resource of palm 
trees . Without the trees to replace worn or damaged 
canoes, the inhabitants were imprisoned on the island and 
the inevitable decline began .  

l t  could be said that the Earth is  an  island in the vastness 
of space, that we are busily duplicating the Easter Island 
experiment on a global scale. Here then is my justification 
for going into space and for going now, within the next few 
d ecades .  

When the global civil isation reaches the state in which 
the Earth is now, there are many conflicting requests for 
the money of any government, regardless of its political col­
our. There is a point of balance between the money which 
is avai lable to sustain an industrially-based society, and 
that which is available for scientific endeavour. Briefly, any 
industrial nat ion uses more material than it can itself 
produce and inevitably produce more waste than it can 
handle this last problem can only be ignored in the short 
term by parking the problem on somebody else's doorstep. 
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Eventually, however ,  options become l im ited and ex­
tremely expensive steps have to be taken, firstly to find and 
extract the minerals required by industry and secondly to 
clean up waste products. In the end , there is not enough 

. money left for certain scientific activities perceived as non­
vital - namely going i nto space. Civilisation then has no 
choice but to devote all its financial resources to the vital 
steps necessary to attempt to maintain itself this is only a 
short-term solution and doomed to failure.  Civilisation wil l 
then have evoked the Easter Island factor - metaphorically 
speaking it will have condemned itself to a life on a island 
where all the trees have been cut down - where there are 
no resources left to build the canoes necessary to obtain 
materials from other islands to re-stock the barren land. 

We are not quite yet at this point, but within a few decades 
we wil l be. Unless we go into space noW, take what is per­
ceived to be a selfish move in the face of so many compet­
ing calls for money, the we will go beyond the point where 
we can access the unl imited resources beyond the Earth.  

Finally, it  may now be necessary to add an additional 
factor to the Drake equation (the equation · which can be 
used to determine whether intel l igent l ife may exist else­
where in the Universe). The present final factor is whether 
a technologically-advanced civil isation would explosively 
self-destruct.We must now add the Easter Island factor, 
ie. , can a global civilisation make a move into space before 
it uses up its available resources, both mineral and finan­
cia l .  

SALLY LORD 
Cranfield ,  Bedford , UK 
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MECIIANICA 
I ENGINEERS 

B ritish Aerospace ( S pace Systems ) Ltd . ,  is one of the largest companies in Europe dedicated to the design ,  
development and construction of space satell ites and systems for commun ication a n d  scientific 
pu rposes . lt  is also the prime contractor for all communications satel l ites being bu ilt for the European Space Agency. 

Few other companies can offer such a wide range of projects on which to work . Design ,  manufacture and test 
faci l ities a re closely � inked, we are equipped with the latest structural design facilities, including I B M  CAD and new 
custom-built offices are u nder construction .  

W e  now requi re engineers with experience in  the following discipl ines t o  strengthen small but high ly-motivated 
design teams: 

• Stress • Electro-Mechanisms • Mechanical Systems 
• Materia ls • Structures 

• Thermal 
• Propulsion 

All these positions offer outstanding scope for  further career development. Applicants should have a degree or 
equ ivalent and preferably three years' relevant experience. The combined sa lary and benefits package is excel lent, 
including our employees' privilege car purchase scheme, and relocation costs a re met where appropriate . 

If the prospect of being involved in more space projects, national and i nternational,  than any comparable company 
outside the USA or Russia appeals to you , please write or telephone for a n  application form now to : 
Eric Eason, B ritish Aerospace (Space Systems) Ltd . ,  FR EEPOST, Argyle Way, Stevenage, Herts S G 1  7B R .  Telephone: 
(0438) 736323 (after office hours our answerphone number is (0438) 736241 ) .  

BRITISH AEROSJCMCE 
SPACE BYBTEIWB 

J BIS  journal .of tt}e 
br i t i st} " i nterp lanetary soc iety 

The July 1989 issue of the Journal of the British Interplanetary Society is now 
available and contains the foUowing papers. 

SPACE ASTRONOMY 
NICMOS: The Near Infrared Camera and Multi-Object 
Spectrometer for the Hobble Space Telescope 

The Vela SB Spacecraft: Long-Term X-Ray Astronomy 

In-Situ Studies of Cosmic Dust and Primordial Bodies: 
The Plan Ahead 

' 

Mimon Analysis and Technological Constraints tbr GRASP 

A Mathematical Search for Planet X 

A Planetary System for Gamma Cephei'? 

Martian Daylight Time 

Activity in the Coma of HaUey's Comet 

' 
GIO'ITO an Extended Mission 

HaUeys Comet and the Nuremburg Chronicle 

Copies of JBIS, are priced at £12.00 ($24.00) to non-members, £4.00 ($8.00) to 
members, post included, can be obtained from the address below. Back issues are 
alsp available from the address below. 

· 

The British Interplanetary Society, 27/29 South Lambeth Road, London SWS 1SZ, England. 

I 

( 24 1 ) 



TH E 
INTERNATIONAL 

MAGAZI N E  
O F  

SPACE 
A N D 

ASTRONAUTICS 
Spaceflight has been published con­
tinuously for over 30 years and distrib­
uted

-
world-wide. 

Spacefllght provides expanded news 
coverage of international events for 
which it has been renowned since the 
dawn ·or the Space Age. 

APPLICATION FOR MEMBERSHIP OF 
THE BRITISH INTERPLANETARY SOCIETY 

Sendto:THEBRITISH INTERPLANETARY SOCIETY,27(29 SOliTH LAMBETHROAD,LONDON, SW8 1 SZ, ENGLAND. 
I apply for Membership which will include receipt of monlhly issues of Spttceft/ght & one of the following as my FREE gift as follows: 

Six large reproduction Star Maps reproduced from J. Bayer's classic Uranometria, published in 1 603, valued at £15 0 
or "High Road to the Moon" by Dr. R.C. Parkinson, 120pp, valued at £12 0 

I enclose (please indicate as required): 

(a) £25 (US$45) for a twelve month subscription from January-December 1989. 

(b) £36(US$65) for an � month subscription from July 1989 to December 199{>. 

D 
D 

NB Reduced rates are payable by thole under 22 or �  65 years� Por (a) the amount is £l8 (US$33) llld for (b) dll:\ amount is £27 (US$49). 

I ��  I IO.of B� 
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Apollo Spirit Lives On 
This month Spacefllght takes up the theme of 'The Future 
of Space' in recognition of the 20th Anniversary of the first 
manned lunar landing by Apol lo 1 1  on July 21 , 1 969. 

The events of the Apollo Program were spectacular. Man 
did indeed set foot on the Moon 'before the end of the 
decade' . The lunar surface was not a bed of quicksand. lt 
could be traversed. Equipment worked, systems worked, 
the Program succeeded and then it was al l  over. 

Much has since been written about the si�nificance of 
Apol lo when viewed in historical perspective. The absence 
of any follow-on programme has tended to down-rate it as 
a 'one off' , or even as a 'dead end', without fairly recogniz­
ing the unique and irreplaceable role of the astronaut so 
consistently demonstrated . 

With this special issue, we set out to show that the spirit 
of Apollo lives on as we take a look at . space exploration's 
incredible past and enquire what of the future? Might some 
of the factors that motivate today's near- Earth manned 
activities, such as commercial interests or scientific prog­
ress, be relevant to more distant space? 

Our contr ibutions have some interest ing ideas to put 
forward and in bringing these together Spaceflight salutes 
the courage and accomplishments of the fi rst men on the 
M o o n . 

Society Honour For 
Apollo 1 1  Astronauts 
In February 1 970, the Society presented its gold medal to 
each of the three Apol lo 1 1  astronauts .  At a meeting at­
tended by over 1 80 members and guests, the presentation 
was made to Dr. Thomas 0. Paine,  the Administrator of 
NASA, by the Society's President ,  Dr. W.R.  Maxwell ,  who 
sa i d :  

"All the magnificent equipment associated with the flight 
of Apol lo 1 1  would have been of l ittle avail without the 

SPACEFUGHT, Vol .  3 1 , July 1 989 

astronauts themselves . Ne i l  Armstrong ,  M ichael Co l l ins 
and Edwin Aldrin proved themselves to be men of superb 
ski l l ,  training and courage who were able to ensure that the 
mission was a complete success , and the fl ight of Apol lo 
1 1  demonstrated very clearly the importance of men on 
m issions of th is kind." 

During the fol lowing week, the astronauts received their 
medals from Dr. Paine and in a joint letter they expressed 
the i r  warmest thanks to the Society for th is generous 
recognition of the successful completion of the Apol lo 1 1  
mission, (Spacefllght, 1 970, p.  1 91 and 354-355) . 

Apollo 1 1  Celebrations 
Meetings will be held in the Society's Conference Room in 
June and July to commemorate the 20th Anniversary of the 
Apollo 1 1  lunar landing. They consist of a special series of 
four  evening lectures on 21 st and 28th June and 5th and 
1 9th July and an anniversary dinner on 21 st July. Speak­
ers on the four lecture evenings wil l  be TV space news 
reporters Reginald Turni l l  and Frank M i les, space photog­
raphy special ist Douglas Arno ld ,  Bob Parkinson , who 
authorised the society's book 'High Road to the Moon', and 
Keith Wright, who was personally involved in the Apol lo 
Lunar Surface Experiment Package program .  

These lectures are highly recommended as a n  opportu­
n ity for members to recapture the spirit and excitement of 
Apollo and the beginning of l unar exploration . All lectures 
start at 7 .00 p . m .  and last for approximately 1 hour. 
Admission is by ticket and members should apply to the 
Society by letter in good time. This is particularly important 
for anyone who must travel some distance to attend. Atten­
dance is restricted to Society members but ,  subject to 
places being available, each member may also apply for a 
ticket for a guest. Further details including those of the 
Anniversary Dinner appear in  Society Meetings Diary. 

Rob Staehle holds the plaque commemorating his award of Asteroid (3875) 
Staehle by Eleanor Helin, the discoverer who stands on his left. 

Ron He/in 

Asteroid Recognition 
for ·Robert Staehle 
We extend our hearty congratulations to Robert L. Staehle, 
a long-standing Fel low of the Society , on  receiving the 
honour of having Asteroid 3875 named 'Staehle' i n  recog­
nition of his work. Rob Staehle is an astronautical engineer, 
a member of the techn ical staff of the Jet Propu ls ion 
Laboratory and president and founder of  the World Space 
Foundat ion of South Pasadena, Ca l iforn ia ,  which pro­
motes research into the exploration of space. The asteroid 
was discovered by Eleanor Helin whose work was recently 
featured in Spacefllght (�anuary 1 989, p. 1 2) .  In naming 
the asteroid the discoverer wished to acknowledge the role 
of Rob Staeh le  and the Foundation in recogn iz ing the 
importance of near-Earth .asteroids and sponsoring some 
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of the research carried out by the Palomar Planet-Cross­
ing Asteroid Survey (PCAS) . 

A report on PCAS appears on p. 24 7. 
Rob Staehle joins a number of BIS Fellows previously 

honoured by the naming of asteroids . These include As­
teroid 2602 (Moore) , awarded to astronomer  Patrick 
Moore by its discoverer, Edward Bowel ! ,  in  1 982. South 
Australian astronomer W.A. Bradfield was honoured by 
having Asteroid 3430 named after him in 1 987 and, last 
year,  Asteroid 38 1 7  Len Carter was awarded to the 
Society's Executive Secretary . 

Rob Staehle maintains a close interest in the Society's 
aCtivities along with his many other commitments. He was 
author of the article entitled 'An Expedition to Mars' that 
appeared in Spacefllght, January 1 983 and of a techni­
cal paper on the same subject published in  the July 1 982 
'Space Technology' issue of JBIS. 

. 
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Asteroid 3875 Staehle w as  observed o n  several earlier occasions (in 
1 935, 1 952, 1978, 1 979 and 1 985) and given provisional designatiOns 
before the orbit was oonfirrned in a one-month arc of measurements in 
1 988 which tied together the earlier observations of apparently different 
asteroids. it travels from just outside the orbit of Mars ID the midcle of the 
main-belt region. At magnitude 1 3. 1  it probably has clmensions of 1 0  ID 
1 5km. its orbital parameters are aoo2.225, e-0.1 92, i-6.1120 and P-3.32 
years. 

Bequests to the Society 
Valuable support comes to the Society from time to t ime 
by way of bequests which enable it to advance further its 
programme of development and to fulfil its role in promot­
ing space technology and astronautics. 

The attention of Members is drawn to this avenue of 
support and the appropriate steps to take. Suitable word­
ing that could be incorporated in a Wil l  is:  

•1 give, devise, and bequeath to the British Interplane­
tary Society Limited of 27/29 South Lambeth Road, Lon-
don, SW8 1 SZ, the sum of £ . . . . . . . (followed by the amount 
in words) free of all duties." 

If the wish is to bequeath something other than a simple 
sum, it may be better to have the Wil l  prepared profession­
ally. Copies of "Notes on Wills and Legacies", which pro­
vide general gu idance, are available on request from the 
Executive Society. 

The Society has many developments that are either in 
hand or planned for its future programme. These involve 
its library and members' facilities and services ·of various 
k inds .  There is  a cont inu ing  need for substant ia l  re­
sources to implement these plans and enable the Society 
to fulf i l  an increasingly important role .  

Joint International 
Conferences 

The following conferences are being cosponsorecl by the SoCiety: 

TOWARDS THE INTERNATIONAL SPACE 

STATION AND COLUMBUS 
October 4-6, 1989 

Hosted by the DGLR Hamburg, W. Germany. 

40TH IAF CONGRESS 
October 7-13, 1989 

The 40th Congress of the International Astronautical Federation wiU be 
held at Beijing, China The theme will be 'The Next Forty Years in Space'. 

Members of the Society wishing to present papers may obtain procedural 
details for the submission of abstracls from: The International Astronauti­
cal Federation, 3-5 Rue Mario-Nikis, 75015 Paris, France. 

Further details of the above meetings can be obtained from the Executive 
Secretary. Please enclose a SAE • 

A NOTE FOR YOUR DIARY 
Members may like to note the foDowing forthcoming major 
events : 

1 .  SPACE '90 to be held on September 28-30, 1 990  at the 
White Rock Theatre, Hastings. The meeting has the theme 
"Steps to Space• and will include a Reception and Dinner. 

2. For the International Space Year (ISY), the Society plans to 
hold its SPACE '92 meeting on October 2-4, 1992. The venue 
will again be Hastings and the theme will be "Space: Spring­
boards to success·. 

3. An extensive range of European activities for the ISY is to be 
expected. The European ISY Association, (EUR-ISY 1 992) has 
been set up for this purpose. A general theme to be highlighted 
is 'Mission Earth' which will embrace work on surveillance and 
monitoring of the environment, extending the use of satellite 
remote sensing and improving weather forecasting. 

4. In 1 993, the Society's Diamond Jubilee year, a special 
SPACE '93 will be held in London. 

Society's 60th Anniversary 
A proposal has been made to mount  smal l  displays or  
exhibits in the Ubrary during the Society's 60th Anniversary 
year. The date of the anniversary falls in October 1 993. 
Members interested in supporting this with suitable arti­
facts or in  other ways are invited to send details to the 
Executive Secretary indicating the general nature of the ar­
tifacts concerned and the period of time for which items may 
be avai lable .  

LIBRARY OPENING 
The Society Ubrary is open to members on the first Wednesday 
of each month (except August) between 5.30pm and 7pm. 
Membership cards must be produced. 
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Special Event 5 July 7 JI0.8.30pm 

GOING TO THE MOON 
Dr. R.C. Parkinson considers the BIS contribution to manned lunar con; 
cep1S. Beginning withJts design for a Moonshlp in 1 939, the BIS contin­
ued thinking about ways of reaching the Moon throughout the 1 950s. 
This talk illustrates some of the concepts, which culminated in the US 

Apollo programme: 

19 July 7 ..oo-a 30pm 

INSTRUMENTATJON ON THE MOON 

To commemorate the 20th Annlvenlary of the hlatorlc Apollo 1 1  
l ww  lending the BtHish lnterplan8tary Society ,_ organised a 
series of lecbns to celebrate Man's flrlt atepe on the Moon, 
concluding wHh a dinner at the Society's Headquarters. 

A lecture by Kellh Wrlght. Each of the Apollo Lunar landing missions 
carried an "Apollo Lunar Surface Experiment Package" (ALSEP) 
which would be set up by the astronauts in order to transmft da1a about 
the lunar environment after the as1ronau1S return to Earth. The talk wUI 
provide an overview of the Package design, the experiments carried 
and deployed, the experlmental resufts obtained, and will include some 
personal recollections of the Apollo pre-launch actlvltlee at Kennedy 
Space canter. Details of the meellngs follow: 

21 June 7.oo-&.30pm 
21 July 6.30 far 7.00pm 

'I WAS THERE' APOLLO 1 1  ANNIVERSARY DINNER 
Reg TumUI and Frank Mllee recall the atmosphere and even1S of twenty 
years ago. Reg TumDI was reporting from the US during Apollo 1 1 ,  while The SocietywiU conclude Hs ApoUo 1 1  celebrations with a four course 
Frank Milee was a member of ITN's 'Space umr covering the mission meal on the anniversary of Man's first steps on the Moon. Guee1S of 

from London. honourwiR include Patrick Moore, Keith Wright of the European Space 
Agency and David WUklns of the European Space Operations Centre. 

28 June 7.Q0.8.30pm 

LEGACY OF APOLLO 
A personal selectlol'l by Douglas Amold of striking photographs - some 
weB known , others Uttle seen - recording Man's first steps on the Moon. 

Admlaalon to lectures la free • Apollo 1 1  Anniversary Dinner 
tickets are £28. All events will be held In the Society's Conference 
Room, 27129 South Lambeth Road, London. SW8 1SZ. Meetings 
are reatrlclad to Society members. SUbject to space being avail­
able members rn8y also apply for a ticket for one guest. Please apply to the ExecutiYa Secretary, enclosing a SAE. 

Lectures 
4 October 1989 7 ..oo-a 30pm 
BEHIND THE SCENES WITH 
MAGELLAN, VOYAGER AND 
GA LILEO 

Interplanetary exploration Is showing a strong 
resurgence in 1989 with three major even1S 
leaclng the way: The Magellan launch to Venus, 
VO'fBG« 2's flyby of Neptune and the Galileo 
launch to Jupiter. BIN Mclaughlin, who is in­
volved with all three projects at the Jet Propul­
sion Laboratory, will outline the missions and 
provide lnsights Into the actual progress and 
resufts to date of Ihasa three endeavours. 

Venue: The Confenlnce Roam, British lnlarplanetary Society. 27� South Lambeth Road, London, SW8 1SZ. 

1 November 1989 7.Q0.8.30pm 

CETI O VER VIEW 

· AN UPDA TE 

A. T. Lawton 
Recent observations have revealed that at 
least two neamy stars have "Brown Dwarl" 
mini-stars as companions. Such studies 
wJII undoubtedly lead to the discovery of 
Brown Dwarfs as indMdual single stars, so 
that Proxima Centauri is not our nearest 
extra-solar body. 

SPACEFUGHT, Vol .  31 , July 1 989 

The impact of these new discoveries on the 
more conventional ideas•of CETI will be 
discussed. 

Venue: The Conference Room, British Inter­
planetary Society, 27� South Lambeth Road, 
London SW& 1 SZ. 

. Admission Is by ticket only. Members should 
apply in good time enclosing a stamped ad­
dressed anii'Siopa. 

Technical Symposia 
13 Sepblmber 1989 10JI0am.4..30pm 

SPACE STA TIONS 
AND ·BEYOND 
The Second BIS Space lnfraatructure 
Symposium 

Following the success of the first infra­
structure symposium in November 1988, 
the Brillsh lnterplane1ary Society is organ­
ising a second with the theme of "Space 
Stations and Beyond". 

This series of symposia Is the only current 
forum for clscusslon of major infrastructure 
topics such as: 

Launch Systems - Aerospace Planes - Space 
Stations • Inter OrbH Transportation • Lunar 
Bases - Manned Planetary Exploration 

The theme has been chosen because of the 
Sll:'dies underway both in America and 

Europe to plan the next major programmee 
to be undertaken after the Freedom/Colum­
bus space station is established. Options 
under study include lunar bases, manned 
Mars missions and an autonomous Euro­
pean space station. 

Venue: The Conference Room, British Inter­
planetary Society, 27� South Lambeth Road, 
London SW& 1 SZ. 

Offers of Papers . 
Authors wishing to present papers should con­
tact the Exectutlve Secretary. 

Registration 
Forms are available from the Executive Secre­
tary. Please enclose a SAE. 

27 Sepblmber 1989 10JJ0am.4.30pm 

BRmBH SOLID 

PROPELLANT ROCKETRY 

The emphasis will be on British post-war solid 
propellants and the development of associated 
rocket motor and launch vehicles. 

V6f!U9: Confarence Room, Brljsh lnterplanetaJy Soci­
ety, 27� South Lambeth Road, London, SW8 1 SZ. 

Offers of Papers 
Authors wishing to present papers should contact the 
Executive Seaetary. 
Reg/14/atbJ Fonns are avanable from the Executive Secretary. 
Please enclose a SAE. 



BOOK NO TICES 
This stimulation to technical development wil l be repeated many times 

before the turn of the century and confer ever-increasing benefrts on those 
countries which undertake a major role. 

Members of the Society ordering this volume direct from the Publisher 
may claim a 40% discount on the published price. Proof of membership 
must be suppHed, or altematively the order should be accompanied by a 
copy of this review_ 

Space Technology International 

Ed: R. Tumil l ,  Cornhil l Publications Ltd. ,  4-7 Nottingham Court, Short's 
Gardens, London, WC2H 9AY, 1 989, 284pp, £1 9.95. 

This volume is a compendium of articles by leading contributors to major 
space topics such as the Space Shuttle, Space Station technology, 
computer technology, satellite technology, materials etc. 

lt is intended to be the first of annual volumes setting out the state-of­
the-art in all major space areas. The presentation and i l lustrations are most 
attractive. 

The 1 988 expenditure on space will undoubtedly double over the next 
-few years as the Shuttle resumes regular flights and Ariane 4 and a further 
generation of unmanned launchers from many countries place increasing 
numbers of commercial and scientific satellites in orbit. The resuH could be 
that the annual satell ite launch total from the West wil l  approach the -1 00 or 
so per year from the USSR. At the same time Europe is building up an in­
orbit infrastructure for Ariane 5, Columbus and Hermes while other coun­
tries prepare their own elements for the Freedom International Space 
Station. , 

All this promises considerable challenge and offers considerable oppor­
tunities for advanced remote sensing, Earth resources and meteorological 
spacecraft, experimental orbiting laboratories and facilities for major mate­
rials processing activities. 

The Planet Neptune 

P Moore, John Wiley & Sons Ltd. ,  Baffins Lane, Chichester, West Sussex, 
P01 9 1 UD, England, 1 988. 1 44pp, £1 9.95. 

Neptune will soon be in the news when Voyager 2 achieves its long­
awaited fly-by of the planet in August, 1 989. By way of an opener to this 
excitmg event, this book provides an account of the discovery of this far­
distant planet, its satellites and recent research into its atmosphere and 
"rings". 

The result is a concise summary of our present knowledge of the planet 
and its system, supported by a detailed and extremely interesting 
bibliography. 

Atlas of Uranus 

G. Hunt & p_ Moore, Cambridge University Press, The Edinburgh Building, 
Shaftesbury Road, Cambridge, CB2 2RU, 1 989, 96pp, £1 5.00. 

Uranus was unknown to the ancient astronomers Its discovery had to 
await the development of the telescope and the observations of Will iam 
Herschel in 1 781 . lt was a distant world about which little was known until 
the fly-by of the Voyager 2 spacecraft in January 1 986 returned astonishing 
new information about the planet, its rings, satell ites and environment. 

The book begins with an historical account of the discovery of U ranus, 

I 
I Astronomy from Cambridge 

Pathways to the Universe 
SIR FRANCIS GRAHAM�SMITH and SIR BERNARD LOVELL 
Pathways to the Umverse 1s  an I l l ustrated i n t rod uction to astronomy that starts from the level of c;ommon 
experience and develops the s u bject to the frontiers of modern resea rch l t  covers everyth ing from how to 
f 1nd yo u r  way around the sky to the p reser>t level  of research us ing modern optical , radio,  X - ray and i nfra­
red astronomy The book concludes w1th a st 1mu lating account of cosmology and the origin of l i fe 

I !  
i 
I 
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£ 1 5  00 net 0 521 3 2 004 6 

Atlas of Uranus 
GARRY HUNT and PATRICK MOORE 
Th1s I S  the f1 rst book to p resent and analyse the best of Voyager 2"s ph otographs of U ran u s - photographs 
wh1ch changed o u r  th ink ing about the p lanet The book also g1ves a comprehensive h istorical background 
to the d iscovery of U ranus,  i ts  sate l l ites and r ings ,  and gives fu l l  detai l s  of the Voyager mission 
£ 1 5  00 net 0 52 1 34323 2 

Now m paperback 
Exploring the Night Sky with Binoculars 
PATRICK MOORE 
Winner of the Astronomical Society of the Pacific 'Astronomy Book of the Year'  A ward 1986 
This accla1med book descri bes how binoculars can be used for astronomical observation and gives details 
of a l l  the most interesting objects i n  the night sky 
' th 1s  1s a book one can recommend whole hearted ly to those who want to get to know the n ight 
sky ' Mercury 
£ 1 3  95 net He 0 52 1 30756 2 
£6 95 net Pb 0 52 1 36866 9 

� Cambridge 
"-J' University Press 

The Edinburgh Bu 1 ld ing ,  Cambndge CB2 2 RU 
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including pre-discovery observations, and continues with a description of 
early results from Voyagers 1 and 2. 

As Voyager 2 
"
approached Uranus, the most distant planet In the solar 

system yet to be observed by a spacecraft, the images sent back became 
more and more dramatic until, eventually, at its closest approach, fabulous 
pictures were returned of its satellites, Oberon, Trtania. Umbriel, Ariel and 
Mlranda. 

One of the very first revelations came on 30th December 1 985, almost 
a month before the closest approach, when a new sateftlte was discovered, 
now named Puck, about 1 70km across. A second (Portia) was found on � 
January and o� followed until the grand total of known satellites 
reached 15. All the new bodies were small, with low albedoes. 

The book includes the first detailed maps of the major satellites and the 
positions and names of their craters, while photographs depict the weather 
systems and cloud features of Uranus itseH. 

Asteroids: Their Nature and Utilization 

C.T. Kowal, John Wlley & Sons Ltd., Bafflns Lane, Chichester, West 
Sussex, P01 9 1 UD, England, 1 988, 1 52 pp, £26.50. 

This book presents an overview of present knowledge of the origin and 
composition of asteroids, their relationships to meteorites and interaction 
with the planets. lt follows increasing interest In asteroid research which 
has been reflected In proposals for space missions which include the near 
and far scrutiny of a number of asteroids as prime objectives. 

The author, who discovered Chiron in 1 9n (an asteroid far beyond the 
main belt), discusses the significance of these Interesting bodies. After' a 
brief survey of the clscovery history of main belt and asteroid families, 
observational techniques for ascertaining sizes, surface compositions and 
techniques are described as well as theories of formation and evolution. 

The book includes an interesting appendix which lists the orbital 
parameters of numbered asteroids from 1 to 3445. 

The job of cataloguing and keeping track of all these bodies was 

BOOK NO TICES 
originally undertaken at the Minor Planet Centre at the University of 
Clncinnatl, founded in 1947 by the late Dr. Paul Herget, a former Fellow of 
the Society. Dr. Herget pioneered the use of modem data processing 
systems to handle the vast numbers of observations needed to compute 
orbits and ephemerides. This work has, for many years since, been under 
the direction of Dr. Brian G. Marsden and the Centre is now in Cambridge, 
Massachussetts. 

Some of the names given to th8se objects will shatter all illusions. 
No.3129 (BonesteH), a Fellow of the Society now deceased, jostles with 
2309 (Mr. Spock) and 1 537 (Transylvania). There are numerous minor 
gods, goddesses and nymphs, distinguished astronomers and other wor­
thies, quite a few girl friends and at least one pet dog. 

An alphabetical directory of names of asteroids containing details of 
discovery, discoverer and the origins of the names allotted, insofar as these 
can now be ascertained, would probably command a fascination and 
Interest of Its own. 

Pathways to the Universe 

F . . Graham-Smlth & B. Loveil, Cambridge University Press, The Edinburgh 
Building, Shaftesbury Road, Cambridge, CB2 2RU, England, 1988, 239pp, 
£1 5.00. 

This is an illustrated introduction to astronomy which starts at the level 
of common experience and devel� the subject to the frontiers of modem 
research. In straightforward language, the authors explain how one might 
become an astronomer and how to find one's way around the sky, using 
simple binoculars and telescopes, or even the naked eye. 

Each chapter leads to present levels of research with modem optical, 
radio, X-ray and infrared astronomy. This occurs in discussions of planets, 
comets, meteors, the Sun etc. The. book concludes with an account of 
present-day thoughts on cosmology and the origins of life. 

The Ian Allan Space Programme 

GUARDIANS C .  Peebles 

SPACE SHUTTLE: THE QUEST 

CONTINUES George Forres 
America returned triumphantly to space 
with the Discovery launch in September 
1988 following the national tn>uma of the 
Challenger mission in 1986. It was the 
26th night of a Shuttle and it followed a 
complete reappraisal both of the American 
space vehicle and the American space 
programme. 

ID this colourful book, George Fom�s 
gives a broad introduction to the US's 
space activities and looks at what could 
happen in the future 
s:v.·x ll" 134pp 100 illustrations (over 
50 in colour) £8..86 
paperbac.lt P1lbllsbed July 

Every moment of every day, in the cold 
sllence of space, military satellites circle 
the globe. their mechanical eyes and ears 
monitoring military bases. missile test 
sites, naval manoeuvres, radar 
installations, sblps at sea and tem>rist 
camps. Some take pictures, others listan. 
still others follow movement. Some 
specifically keep watch for missile 
launches and nuclear tests. This book 
looks at the technology, the use in times of 
world crisis (like Cuba, and the Arab· 
Israeli warsl and what will happen in the 
future. 
urx 7'h" 400pp £14.18 casebound 

FROM THE FLIGRTDECK 4: APOLLO 

11 MOON LANDING D. Sbayler 
Few will ever forget the immortal words 
uttered by Neil Annstrong as be made his 
descent from the Lunar Module. 'A small 
step for man. a giant leap for mankind' 
What is bard to imagine, however. is that 
it is now exactly 20 years since those 
words were spoken In the latest in the 
popular 'From the Flightdeck' senes. 
David Sbayler provides a graphic 
reminder ofthose dramauc days in 1969 
as the world waited and watched 
9\l•"x &:v.· BOpp tinc colourl £8.911 
paperback Publlsbed July 

FROM THE n.IGBTDECit 2: NASA 

SPACE SBUT1'J.E H. Siepmann & 
D. Sbayler 
Tbls book in the 'From the Flightdeck' 
series foll0W11 a typical Shuttle mission 
from take-off to landiJl&. observing events 
and the crew routine from the perspective 
ofthe astronauts. Authentic dialogue 
derived from NASA voice tapes 
complements the descriptive text. and a 
wide selection or photographs. including 
many of space "operations, illustrates just 
what is involved in a Space Shuttle 
mission. 
9V.·xs:v.· 96pp line 8pp colour) 
100 illustrations £4.11 paperback 

For the best books on Space - we set the pace/ 
Order now frOm: Mail Order Dept, Coombelonds House · Addlestone · Weybridge KTlS 1 HY 

� (0932) 85851 1 � 24-HOUR 'ANSAPHONE' SER'I/CE: (0932) 841071 
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THE GREA T WA LL OF CHINA FROM SPA CE 

The Great Wall of China From Space 
The Exploration of a Myth 

Although not Included as one of the seven wonders of the ancient world, 
the fame of the Great Wall  of China Is firmly established In public con­
sciousness the world over. lts reputed, monumental length Is the essence 
of its claim to public regard and for some decades writers have sought to 
emphasise the Wall's characteristics by making claims about Its vlslbil· 
ityfrom great distances - more specifically from (a) the Moon, (b) Mars and 
(c) "space" - the last an admittedly vague term but one which may be in­
terpreted to mean Earth orbit. 

The earliest of these claims pre-date 
the space era. Thus the earliest refer­
ence so far found to the Wall's supposed 
visibility from the Moon was made in 1 909 
by the American traveller Wil liam Edgar 
Geil [i ] .  In 1 923 Adam Warwick began an 
article on the Wall in The National Geo­
graphic Magazine thus: "According to as­
tronomers, the only work of man's hands 
which would be visible to the human eye 
from the Moon is the Great Wall of China." 
[2) .  

In  a prestigious volume devoted to the 

By H.J.P. Arnold 
Space Frontiers Umited 

' Wall published in the early 1 980s, a fore­
word by Jacques Gemet included the 
admittedly cautious statement: "Proclaimed 
as the only man-made structure that can 
be seen from the Moon, the Great Wall of 
China is a subject of astonishment to 
westemers."[3]. Perhaps typically, the pub­
l ishers interpreted this freely and stated 
categorically on the dust jacket that the 

Wall was " . . .  the only man-made struc­
ture to be visible from the Moon . . .  ." Dick 
Wilson, one of the contributors to the 
volume, had no doubts at all and posed 
the rhetorical question :  "Had not Ameri· 
can astronauts flown through space to 
prove empirically what everyone below 
had been saying, namely that the Great 
Wall of China is the only man made 
monument visible from the Moon?" [4). 

With such claims being published in 
"serious" books about the Great Wail ,  it is 
not surprising that advertisers saw an 
obvious opportunity in the market place 
for the use of such a dramatic (and appar­
ently authenticated) claim. As an example, 
a shipping line in 1 983 advertised a cruise 
along the Chinese Coast with the head­
line "You can see the Great Wall of China 
from the Moon. Or see the Moon from the 
Great Wall", followed by text commenc­
ing "Fantastic though it seems the Great 
Wall of China is actually visible from the 

Fig. 1 . 1n this Landsat frame, the location of the Great Wall is revealed by sand heaped upon its northern side but the Wall itself is not visible - see text. Alta Watker,USGS 
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Moon"(5] . 
Claims about the visibility of the Great 

Wall from Mars are not as old as those 
concerning the Moon. The first reference 
so far located dates from 1 923 when in 
another book devoted to what he called 
The World's Eighth Wonder, L.N. Haynes 
stated: "Astronomers tell us that of all the 
works of man's creation the Great Wall is 
the only one that would be visible to the , 
human eye from Mars. "(6]. The date of 
publication of this book and the phrasing 
of the statement is such that it is tempting 
to conclude that Haynes was misquoting 
the claim made by Warwick in his Na­
tional Geographic article. 

Whatever the origin, Haynes began 
another theme about the Wall that was 
handed down the years. Joseph Needham 
in his enormously detailed, multi-volume 
work Science and Civilisation in China 
wrote: "Stretching from Chinese Turkes­
tan to the PacifiC in a line of well over two 
thousand miles (nearly a tenth of the 
Eart�'s circumference), the Wall has been 
considered the only work of man which 
could be picked out by Martian astrono­
mers."[7). Early in 1 988, another shipping 
line publicised visits to China under the 
headlines: "'t began 400 years before 
Christ. lt is visible from Mars. You can 
touch it this Spring• going on to begin the 
text with "'nly one man-made landmark 
can be seen from outer space (sic) with­
out a telescope: The Great Wall . . . . .  18). 
Significantly, this specific reference to 
seeing the Great Wall with the unaided 
human eye is something that seems to be 
implied in virtually all the claims. There 
was no response by the advertisers to a 
letter from this author requesting a source 
for the claim. 

Finally, there is the more general claim 
made about seeing the Great Wall "from 
space". One of the questions dealt with 
by astronaut Sally Ride - the first Ameri­
can woman to go into orbit - in a magazine 
article published in the spring of 1 986 
concemed whether the Great Wall of 
China was the only man-made objed 
visible from space (9]. Around Christmas 
1 987, the popular BBC TV programme 
Blue Peter set its young viewers a puzzle 
with the cautious words "Some people 
say it is the only man-made creation that 
can be seen from space" - to which the 
intended answer was the Gre,at Wall. 

What then is the accuracy of these 
claims that the Wall is visible from (a) the 

_ Moon, (b) Mars and (c) --space• - inter­
preted to mean Earth orbit - indeed, that 
it is the only work of mankind to be so 
visible? 

Is There a "Great Wall of China"? 
lt is vital before proceeding further to 

define what is meant by the "Great Wall of 
China". The term implies a coherency or 
the existence of a single, readily identifl8ble 
entity which is in fact difficult to establish. 
The popular conception is of a single, 
monolithic fortification the first parts of 
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-fiii. 2. Although a difficult 1arge1 with few reporiBCI, ronfirmed sightings the Great Wall is NOT the only man-made 
artifact visllle from space. l.alge linear featLres (e.g. airport runways and major roads) which oontrast strongly with 
their background are not inlrequenlly seen lllder optimum conditions. This piclure is a black and white copy from 
a oolou" original exposed cUing the 41-G mission of the shullle Chalenger in Octlber 1984. The area shown Is part 
of the CCU1ly of Kent in SE England: 1he M20 motorway nming west from the town of Folkestone is clearly revealed 
· as  is the wake of ships in the English channel. NASA 
which were built during the Ch'in dynasty remedied in the future, the fact is that "the 
at the end of the third century BC with Wall" has never been surveyed. Hence 
modifications and extensions taking place estimates of the length, the precise loca-
over ensuing centuries until major work tion and the condition are very much 
was undertaken during the Ming period conjecture. Arthur Waldron, a contempo-
from 1368-1 644. Estimates of the length rary American scholar who is soon to 
vary but the most widely quoted figures publish a book on the Great Wall ,  states 
are about 3500 krns for the "main line" of that all too often the route shown in maps 
the wall extending from Shanhaiguan on and atlases follows "convention· and that 
the coast in the east to Yumenguan in the much of what is often asserted about it is 
west - with over 2800 krns of loops and "pure myth" - a myth, moreover, that has 
extensions in addition (1 0). Together with owed a great deal to Western romantic 
this concept of an enormous and attitudes (1 1 ) . 
continuous fortification is the impression - Given the absence of reliable surveys, 
gained by westerners visiting a limited it is fortunate for the purposes of this 
part of the wall north of Beijing (which was analysis that in recent years dedicated 
built by the Ming and is atypical in the and devoted athletes from Britain have 
excenence of its condition) - of a subs1antial on at least two oocasions run along large 
structure built of stone or rock as much as stretches of the Wall to raise funds for 
1 0m wide in places and extending to a charity. One of these was Edward Lay-
similar height above the ground, higher in Wllson who, together with a colleague 
the case of surviving watchtowers. David W�ghtman, early in 1 988 covered 

The reality is very different. At no time over 1 900 krns of the route between the 
was a decision taken in Chinese history to Jiayuguan Pass and Shanhaiguan in 47 
build a "Great Wan• - and this is true even days at a daily average of 41 kms. With-
of major building activity during the Ming out doubt this was a far more direct expe-
period. Innumerable walls and ramparts rience of the condition of large sections of 
were built (and decayed) over the long the Wall than that available to any other 
centuries in a haphazard manner which interested party, official or unofficial, 
owed little if anything to a coherent plan whether Chinese .or foreign. Mr Ley-Wllson 
as rulers came and went and conditions responded to the author's request to 
changed. While the omission may be evaluate the condition of the Wall as 
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Fig. 3. The. Great Wall varies enormously in its condition and therefore in its potential visblrty from low Earth ort:Jit In the W!.Niei area - with a Bnllsh long-diStance runner included 
for scale - the Wall is generally intact. Edward Ley-Wilson 

fol lows: ( 1 2) 

Wall clearly discernible and only moder­
ately eroded or broken along its length 
. . . . . . 22% of the 1 900 kms run. 

Wall usually discernible but frequently 
broken/eroded . . . . .  4 1 %  

Wall scarcely discernible, almost totally 
eroded and running by reference to maps 
. . . . .  37% 

In parts ( in the desert east of Yinchuan , 
for example) he described the wall as 
being "massive - 4.5 to 6m h igh with 
watchtowers double that".,Eisewhere, the 
wall disappeared totally and the two Brit­
ons "ran on endless dirt tracks . . .  just (fol­
lowing) . . .  the compass bearing eastwards." 
( 1 3). American geologist Alta Walker has 
conducted research at first hand in Chi­
nese deserts and described the Wall in 
the Jiayuguan area of the west as being 
about "60cm tal l  and 30cm thick" . in 
places and dist:ontinuous (1 4) .  lt seems 
fair to generalise, therefore, that - to say 
the very least - the "Great Wall", for large 
sections of its length, is a discontinuous 
and decayed structure which is difficult to 
d iscern from an aircraft let alone from 
Earth orbit or deep space. 

The Great Wall from the Moon 
Fortunately we have the direct evi­

dence of US astronauts who orbited or 
walked on the Moon during Project Apollo 
from 1 968 to 1 972: 
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"lt is not visible from lunar distance.· Neil 
Armstrong, commander of Apollo 1 1  (1 5]. 

"You have a hard time even seeing con-

tinents." Edwin "Buzz" Aldrin,  Apollo 1 1  
lunar module pilot - who never saw the 
Wall and stated he did not think any 
human could (1 6) • 

"(The idea that you can) spot the Great 
Wall . . . . with the naked eye from the vidn­
ity of the Moon is absurd!" James Lovell .  
Apollo 8 and commander of Apollo 1 3 (17). 
"The Great Wall of China is most defi­
nitely not visible to the unaided human 
eye at lunar distances . . .  From the Moon 
the Earth appears less that the size of a 
golf ball held at arm's length: the blue­
green of the oceans and the bright white 
of cloud systems predominate and fre­
quently it is difficult to "distinguish conti­
nents let along a discrete man-made 
object l ike the Great Wall ." Alan Bean, 
Apollo 1 2 1unar module pilot [1 8) .  

"(The Great Wall is not visible.) Only des­
ert areas and desert or non-green coast 
lines are clearly defined to the eye from 
the Moon." Hanison Schmitt, lunar mod­
ule pilot of Apollo 1 7  (1 9]. 

Now, while the eyes of different indi­
viduals vary in their abi l ity to resolve de­
tai l ,  and extraneous factors (such as 
contrast, brightness, colour, texture of 
the object and its surroundings) play an 
important part, research has established 
levels of best resolution for different situ­
ations The eye is extremely efficient at 
resolving l inear features. Here it yields its 
best performanet> and unaided can re­
solve or "localise" objects with an angular 
size of a few seconds of arc. With point 
objects the performance is less good at 
perhaps one minute of arc (20) . Since the 
distance between the Earth a'ld Moon is 

known (384 ,392 kms) and the maximum 
width of the Great Wall is known (say 8-
1 Om) we can easily calculate what its 
angular size at the lunar distance wou ld 
be. This works out at some 4/1 000 (0.004) 
of an arc second - which is equivalent to 
being at.le to see the width of an ice-lolly 
stick in Glasgow from Birmingham ! [21 ) .  
Even i f  generous allowance i s  made for 
unknown or unexpected factors, the dis­
crepancy between a few seconds of arc 
and 0 .004 of an arc second is such that it 
may safely be concluded that it is physi­
cally impossible for the unaided human 
eye to distinguish the Great Wall of China 
at the lunar distance - a situation verified 
in practical terms by astronaut testimony. 

If all goes well ,  in early 1 990 NASA will 
launch the Hubble Space Telescope into 
Earth orbit. The HST carries two high 
resolution camera systems (ESA's Faint 
Object Camera and the Jet Propulsion 
Laboratory's Wide Field and Planetary 
C3mera) but even with these it has been 
estimated that the best resolution achieved 
of the lunar surface will be 1 00m (22). 
While once again we may choose to 
assume that a l inear feature such as the 
Great Wal l  might be resolved better than 
theoretical predictions, this means that 
even the Hubble Space Telescope would 
not be able to resolve the Wal l  if the 
vehicle were placed in a lunar orbit. 

The Great Wall from Mars . 
Astronauts have not walked on Mars 

yet so there is no direct testimony on what 
can be seen on the Earth's surface from 
that distance. However, amateur astrono­
mers with even large telescopes who 
have striven to make out gross detail on 
Mars will readily appreciate the enormity 
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of the claim made for the Great Wall. 
The HST emphasises the diffiCult of 

the task since the Faint Object camera at 
its highest possible theoretical resolution 
would only be able to discern objects 
measuring somewhat over 7 km across 
on the surface of Mars [23]. If the tele­
scope were in orbit around Mars and 
directed toward Earth, therefore, the Great 
Wall - alas - would not be visible. 

The Great Wall from Earth Orbit 
In terms of space flight, distinguishing 

the Great Wall from low Earth orbit - say 
from an altitude of 320 kms - is at the 
other extreme. Even in this case, how­
ever, there have been relatively few sight­
ings reported. Skylab 4 astronaut William 
Pogue wrote in a book featuring ques­
tions and answers about spaceflight: "V es 
(we could see the Great Wall of China) . . .  
but we had to use binoculars. 1t wasn't 
visible to the unaided eye, The first time I 
thought I had seen it, I was in error. lt was 
the Grand Canal near Peking. later, I 
was able to identify the faint line of the 
wall, which zigzags in a peculiar pattern 
across hundreds of miles." [24). Alan Bean, 
commander of Skylati 3, however, stated 
that he was not able to distinguish the 
Wall from the space station's altitude of 
over 430 kms and pointedly referred to 
poor visibility over large areas of the 
Chinese mainland - perhaps resulting from 
extensive wood burning [25]. 

A more recent, specific elaboration of 
the problems is available. Alta Walker of 
the US Geological Survey supplied back­
ground notes and maps when requesting 
Kart Henize (a mission specialist aboard 
the 51 F or Spacelab 2 shuttle mission in 
July of 1 985) to look for the Great Wall 
from orbit. Henize commented after the 
mission: 

"I (carried) some of the maps you 
sent with me into orbit and had a plan to 
look for the Wall where it crosses the 
western leg of the big U-tum In the Yellow 
River. 

"Unfortunately northern China was 
almost continuously cloud covered dur­
Ing the 51 F mission. However, on one oc­
casion I came across north central China 
io reasonably dear weather. I was able to 
determine I was In the vicinity of the U­
tum by the latitude and longitude given on 
the portable onboard computer. But 
when I searched for the U-tum I felt hope­
lessly lost - river valleys, In general (the 
Nile being a oonspiaJous exception), do 
not stand out when viewed from 200 
mUes up. Thus I was unable to make any 
valid observations inasmuch as I had no 
Idea where to look. and as we skimmed 
aaoss the region, no conspicuous linear 
features caught my eye. 

"Unless large scale water/land inter­
faces (lakes, seas or oceans) are pres­ent, lt Is difficult to locate landmarks on 
the surface of the Earth. There is little 
time for map readng - from the time an 

· approaching area is 450 from the nadir (at 
which time one can begin to make out a 
fair amount of dStall) until it is sflpfling 
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Flg. 4. Between Ylnchuan and Di1gbian 1he waD is llllle mor& lhan  a slighlly raised mound. In boCh areas shown In 
FlgS. 3 and 4 1t would be invisllle from orbit to lhe unaided human eye. EdwardLey-Wilsoo 

under the spacecraft huU is 40 seconds but frankly in the absence of detailed 
at most."(26). · 

examination all must be regarded with a 

Sally Ride has also referred to the 
speed factor in shuttle missions: "In orbit, 
racing along at five mil85'1 per second, the 
space shuttle circles the Earth once ev­
ery 90 minutes. I found that at this speed , 
unless I kept my nose pressed to the 
window, it was almost im�ssible to keep 
track of where we were • at any given 
moment - the world below simply changes 
too fast. If I turned my concentration 
away for too long, even just to change film 
in a camera, I could miss an entire land 
mass. Ifs embarrassing to float up to a 
window, glance outside, and then have to 
ask a crewmate, "What continent is this?" 
[27]. 

In  these circumstances familiarity with 
an area is very important. Gemini and 
Apollo veteran James lovell has written: 
"Seeing man-made objects from space 
depends on knowing the object (whose 
details are locked in memory) and know- · 

ing exactly where to look. For example, I 
had no difficulty finding the El Paso air­
port during my Gemini flight(s) because I 
know its relationship with the surrounding 
mountains and had flown over it with 
airc;raft many times. But I could never find 
the airport at Kinshasa, zaire even though 
it was the same size and I knew approxi­
mately where to look." [28]. A point that 
has been well made, therefore, is that 
confirmed observations of the Great Wall 
will be more likely when Chinese .astro­
nauts (used to flying over parts of their 
homeland containing the Wall) go Into 
orbit [29]. 

-
A few other claims to have seen the 

Great Wall from orbit have been made 

little caution [30]. Richard W. Underwood, 
a veteran photographic specialist and 
photo-interpreter at NASA's Johnson 
Space Centre until his recent retirement, 
is emphatic: "The Great Wall is small, old, 
made of native stone dulled by age and 
never maintained. lt blends in beautifully 
and can't be seen from Earth orbit. One 
can identify the contrast near· Peking, 
where a short portion of it is cleared, 
maintained and refurbished for the tour­
ists. If you have an accurate map and a 
photo, you can determine where it is you 
think you see it. But if just handed the 
photo and told to delineate the thing you 
would fail totally. I traced some of it on a 
photo once in an area 600 or so miles 
west of Peking. . .  But I might have traced 
a road parallel to it in a flat area of sand. · 
[31 ) . 

This Underwood comment principally 
concerns the attempt to locate the Great 
Wall in photographs with no time con­
straints. The extreme difficulty for the 
unaided human eye to locate it at orbital 
speed is underlined by the theoretical 
calculation that from an altitude of 250 
kms under best conditions the unaided 
eye should be able to resolve an object 
about 50m across - that is, about five 
times greater than the maximum width of 
the Wall [32]. 

In fact, this maximum width is such 
that it is either below or on the limit of the 
resolution capabilities of remote sensing 
satellites to which currently we have open 
access. (The thematic . mapper aboard 
US Landsats has a best possible resolu­
tion of 30m while the French SPOT satel­
lite can get to 1 0m in panchromatic mode.) 
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To date the only space image found to 
show a feature associated with the Great 
Wall (but not the Wall itself) is a Landsat 
multispectral scanner frame exposed over 
Western China on October 9 1 979. (Frame 
E 

3
058

3
-02521 - Figure 1 ) .  In  the south­

ern Ordos Plain ,  part of the Great Wall 
separates the sands of the Mu Us Shadi 
on the north from the alluvium of the hil ls 
and plains south of the desert. lt is visible 
because sand is prevented from blowing 
over the wall and hence piles up on the 
north side. The result, as seen in the 
Landsat image, is an abrupt l inear feature 
representing the edge of the piled up 
sand . But we are not seeing the Wall itself 

I [
33

) .  
Strongly contrasting l inear features such 

as large bridges and airports are rela­
tively easily seen (fig . 2) , as are other 
details in some urban areas. The unmis-
takable circular patterns of centre pivot 
irrigation schemes in the dry south west 
of the USA or a few areas of the M iddle 
East are another artifact of man which 
can be seen from Earth orbit. Then there 
are enormous areas of l ights at night . . . .  

The claim made for the uniqueness of 
the Wall as seen from Earth orbit is the 
same as that made in the case of the 
Moon and Mars - that it is the only man-

made object that can be seen.  7 his is 
manifestly untrue. 

On all counts, then, the claims fail .  
Why were they ever made? 

Background to the Claims 
lt is possible to consider the claim:; 

against the background of the Schia­
parell i  reports of seeing "canali" (or chan­
nels) on Mars - dating from 1 877 onwards 
- and the extensive elaboration of the idea 
some years later by Percival Lowell who 
proposed them to be the creation of an 
intelligent civil isation. Shiaparelli talked of 
the canali being 1 20  kms wide and (this is 
very relevant in  the context of the Great 
Wall) with a length of 4800 kms. Lowell 
was propou nding his theories about the 
artificiality of the canali in a series of 
books published between 1 903 and 1 909 
- and it may not be pure chance that the 
first reference to the visibi l ity of the Great 
Wall (though admittedly from the Moon) 
appeared in Geil's book published in the 
US in 1 909 [34]. 

The earliest reference to the Wall's 
claimed visibil ity from Mars did not ap­
pear until 1 923 and it has already been 
suggested that this may have resulted 
from an error. However, the debate about 
the existence or otherwise of canali and 

of l ite on Mars continued after Lowell's 
death in 1 91 6. 

Somebody writing a popular (or in­
deed learned) work on the Great Wal l  
would understandably seek to employ a 
dramatic and colourful means of empha­
sising its enormous proportions. And 
what better way of doing so than to claim 
that it could be seen from a great distance 
- from the Moon or Mars, with all the 
attendant romance? I n  the pre-space era 
there would be little hard evidence to sug­
gest otherwise, particularly if the writer 
were aware of the debate over Martian 
canal i .  

Whatever w e  may wish t o  think and 
hope about the Great Wall ,  and despite 
its undoubted and major role in the west­
ern conception of Chinese history, the 
simple fact is - lt cannot be seen from 
the Moon, it cannot be seen from Mars 
and (while only to be seen with great 
difficulty because of Its structure and 
condition) it Is not the only man-made 
object that can be seen from Earth 
orbit. 

If they have any regard for accuracy 
and - dare one say? - the truth, writers 
and advertisers m ust seek some other 
way to emphasise the grandeur of the 
Great Wall .  
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