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Supernovae 
PAUL MURDIN and LESLEY MURDIN 
This well-illustrated volume will make fascinating 
reading for any astronomy enthusiast. It begins by 
capturing the flavour of ancient astronomy with a 
consideration of historical supernovae and then goes 
on· to divulge a wealth of scientific information on 
supernovae, pulsars and nucleosynthesis in an 
entertaining and non-technical way. 

185 pp. 1985 0 521 30038X £12.95 net 

Astrophotograpb)� 
for the Amateur 
MICHAEL A. COVINGTON 
Astrophotography for the Amateur describes the 
methods of capturing stars, galaxies, planets, the Moon, 
the Sun, comets, meteors and eclipses by photography 
using equipment readily available to the amateur 
astronomer. 

It starts from basics and assumes little knowledge of 
photography or astronomy, but then goes on to cover 
the use of cameras in conjunction with telescopes. It 
constitutes a thorough handbook, including technical 
information on optical systems, film characteristics 
and processing techniques. Throughout. the emphasis 
is on current practice. 

This book will become the standard handlxxJk of 
amateur astrophotography. and will .li.<c appe::J to 
photography enthusiasts i.l"1trrgt;ed !::ly t..":e ::x.-..J:.:·s 
spectacular pictures a.r:u:! speca: e:":ec� ������������b;;;;�1�68�pi'fJ�;�1;9�8j5 0 521 253'Y:. 8 · £15.00 net 

The Cambridge 
Astronomy Guide 
An Introduction to Practical Astron<_>my 
WILLIAM LILLER and BEN MAYER 
The Cambridge Astronomy Guide is intended for 
lovers of astronomy who wish to do more than 

.. 

just look at the night sky or marvel at glossy pictures of 
it. Astronomy, more than any other science, offers 
amateurs the opportunity of making lasting 
contributions. This guide explains in simple, 
non-mathematical terms h9w you can take stunning 
star photographs and then use the valuable 
information collected to push forward the frontiers of 
astronomical science. 

176pp. 1985 0521 25778 6 £13.95net 

A Comet Called. 
Halley 

-

-- = 

IAN RID PATH and TERENCE �ll..""RTAGH 
This handy. highly-illustrated book is ideal for any 
general reader curious to know more about one of 
the most mysterious phenomena in the Cniverse. The 
book describes the Comet. its origins and history, tells 
how it was discovered and explains where best to view 
it and how to photograph it. The text is 
complemented by diagrams. sky charts and computer 
animation sequences. many in colour, to make an 
extremely readable companion for anyone interested 
in this unique cosmic visitor. 

48pp. 1985 
0 521 31282 5 Paperback £2.95 net 

Cambridge University Press _ 
The Edinburgh Building, Shaftesbury Road, Cambridge CB2 2RU, England 



Ed1tor: 
G V Groves 
Managmg Editor­
A. Wilson 
ASSIStant EdltOf" 
l. J. Carter 

CONTENTS 

3 Correspondence 

6 Space Report 

9 European Rendezvous 

10 Towards Neptune 
C.E. Kohlhase, 
R. V. Frampton, 
J. W. Gerschultz 

16 TV in Space 
Michael Engle 

18 View from Washington 
Waiter Froehlich 

20 Space atJPL 
Dr. W. I. McLaughlin 

26 Halley's Comet Update 

30 Halley's Comet in 1910 
H.J.P. Arnold 

35 Space Medallions 
L. J. Carter 

37 Hermes: The French 
Shuttle 

Martin Sem!Jchel 

39 The Industrial Space 
Facility 

Dr. Michael Sheehan 

41 Satellite Digest- 188 
R.D. Christy 

42 Society News 

45 From the Secretary's 
Desk 

47 Book Notices 

·,e::..::-e as seen from Triton, a painting by 

3.5 �e. o.·, David Hardy. @ D.A. Hardy 
SPACEFLIGHT, Vol .  28, January 1 986 

A Publication of The British Interplanetary Society 
Founded 1933 /n('orporated 1945 

VOL. 28 NO. 1 JANUARY 1986 Published 15 December 1985 

BETTER LATE THAN NEVER 

The UK Government's move to set up  the B ritish Nationa l  
Space Centre, an nou nced on  November 20, is to  be who le­
hearted l y  welcomed.  The Society advocated the need fo r a n  
Autho rity t o  oversee UK Space po l icy and  management i n  a 
Specia l Memorandur:n to the Government in 1972 and  has since 
repeated ly  u rged such a course of action .  Other  voices h ave joined 
the ca l l ,  inc l uding that of a Pa r l iamenta ry Se lect Committee a nd  
t he  Roya l Society . The  case for such a move has  a lways been 
overwhe lming. 

US space p rog rammes have abundant ly demonst rated the 
need for hig h- leve l p l a nning ,  ma nagement, orga nisation a nd  
decision-making in order t o  rea l ise t he  potentia lities o f  t he  Space 
enterprise: an Authority is needed with ready access to the  
pin nac le  of  po litica l power. 

In 1958, the NASA was fo rma l l y  b rought into being by the US 
Government and for over 25 yea rs has championed US  Space 
endeavours. I n  France, the rea lities of the  situation were rapid ly  
g rasped leading to  the estaplishment of  CNES in 1961. Both N ASA 
and  C N ES have continued to deve lop  expanding ro l es as new 
Space horizons have appeared a nd new frontiers been reached .  
They h ave sponso red the deve lopment of new techno logies, new 
a reas of science and  new app lications b ringing expa nsion to 
industry, pa rticu l a rl y  their ae rospace and computer industries, 
and in turn benefits to their  nations th rough  the effective emp loy­
ment of nationa l  resou rces and  ski l ls .  

In  the UK, Space has been the Cindere l l a  of diverse government 
Departments each dominated by p rima rily  'non-space' interests. 
A litt le  support may have been p rovided he re and  there on l y  to be 
d ropped the next time round .  Good ideas have readi ly gone  by the 
board and  p romising Space initiatives have been sta rted a nd  
t hen  petered ou t  in a c limate o f  decreasing interest a nd  l ack of 
po litica l wil l .  

A case i n  point is t h e  UK 'B l ack Arrow' satel l ite l a u nch vehic le  
which was a l located to  the scrap heap  o n  successfu l l y  l aunching 
its first satel l ite into orbit . Reg retta b ly ,  we have seen the spending 
cf a not inconsiderab l e  budget, now ru n ning at £1 OOm per  a n n um, 
wit!-. rel ative ly l itt le  to show in the way of permanent  space 
achievement and  the wil l  to capita lise on  it. 

The p resent situation cannot be changed overnig ht but a sta rt 
has  been made.  The newly-a ppointed Directo r-Genera l  of the 
B ritish Nationa l  Space Centre,  Ray Gibson ,  b rings with him a 
wealth of experience from his fo rmer position as Directo r-Genera l  
of  the European Space Agency and  a good measu re of persona l  
vita lity and  rea l ism. We wish him every success in his new Office, 
recognising that much needs to be done and  that ma ny  complex 
administrative and  tech nica l decisions l ie ahead . 

The UK now has the opportu nity to put its house in order in 
rega rd to Space, so that nationa l ly it is fit and equipped to move 
into the internationa l  Space a rena  with attractive and sa leab le  
products. Lost opportu nities cannot be regained, but the futu re is 
there to be won .  The p resent time is a particu l a r ly  auspicious one 
for Space with the U S  Space Shutt le  at operationa l  status, the  
Space Station prog ramme u nderway and  new adva nced ideas, 
such as HOTOL on the tab le  if not on  the d rawing boa rd .  
Opportu nities a re there to be g rasped.  Better l ate than never. 



NEW·BRITISH 
SPACE INITIATIVE 

The new British National Space Centre is getting 
down to the business of coordinating the UK's 
hitherto fragmented space effort. Clive Simpson 
reports on the latest developments. 

Staff at the UK's new National Space Centre are 
working on a long term space strategy for the country 
following the recent appointment of its first Director­
General, Mr. Hay Gibson. 

Based in London, he will have the help of 30 civil 
servants to develop the country's first ever 
coordinated space policy over the coming months. 

The British National Space Centre (BNSC) is seen as 
a counterpart to similar agencies in Germany and 
France which have already achieved a high degree of 
success in establishing a ,sound industrial and policy­
making base for their respective countries. 

Mr. Gibson, a former head of the European Space 
Agency (ESA), described his appointment as "a· great 
privilege" and agreed that one of his first tasks would 
involve drawing up a coordinated space plan for the 
UK. 

"I am convinced that for the amount of money we 
spend and for the number of people in this country 
involved in space we can have more impact than we 
do," he said. 

Confirming the appointment of Mr. Gibson in 
London on November 20, the Minister of lndustry�and 
Information Technology, Mr. Geoffrey Pattie, 
described it as "a very important time" for space, both 
on the European scene and for the space industry in 
Britain. 

He said the space centre was needed to bring into 
focus Britain's space activities which were previously 
the responsibility of separate government depart­
ments. 

"lt is· a clear recognition in Government circles of 
space as a leading-edge technology generator and is 
an exciting area for Britain to be involved in." 

Mr. Pattie cited the need to develop a longer term 
space strategy, taking into account the needs of 
industry, science and other civil and defence users of 
space. 

"In Britain, as elsewhere, we have a growing range 
of such users. As they have become more aware of the 
benefits offered to them by space it is important to 
establish a focus to which they can turn for advice and 

A model of HOTOL, the proposal from British Aerospace for a 
honzontal takeoff and landing vehicle for the 1990's. 
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Mr. Gibson was one of the principal architects of the 
European Space Agency and became the first Director­
General on its inception in 1975. 

He was responsible for the management of space 
programmes amounting to £500m a year and since 
leaving ESA in 1980 has been a consultant and director 
of several British and multi-national space companies. 

Mr. Gibson is a Fellow of the British Interplanetary 
Society. 

technical support. They will be able to influence the 
programme of the space centre by making their own 
financial and in-kind contributions. 

"The gains we look for include a better balance 
between technology 'push· and user 'pull'. The centre 
will also facilitate the development of joint pro­
grammes in areas such as space infrastructure of 
interest to the entire space community in Britain," 
stated Mr. Pattie. 

Currently Britain spends £100m a year on space 
activities, £80m of which goes to ESA. The remaining 
£20m is channelled through various government 
departments to the scientific world. But with further 
ESA participation in the American-led international 
Space Station programme now likely the BNSC will be 
looking for a substantial funding increase over the next 
few years. 

Space centre staff are already working on the 
?evelopment of a British space plan to take the country 
1nto the 1990's and will be drawing on experts at the 
Royal Aircraft Establishment, Farnborough, and 
SERC's Rutherford Appleton Laboratory near Oxford. 

In addition, Mr. Pattie is hoping for a significant 
input from companies throughout the country which 
are involved in all aspects of the aerospace business. 

One programme which Mr. Gibson and his team will 
soon have to consider is the proposal from British 
Aerospace for a horizontal takeoff and landing vehicle, 
known as HOTOL. Mr: Pattie said discussions were 
currently taking place with British Aerospace and these 
were about to address the "proof of concept" stage. 

Headquarters for the BNSC will initially be in 
Mil!bank, London, and the 30 staff there will be 
interacting with others at various scientific 
establishments and with the three major government 
departments involved- the departments of Transport 
and Industry, Education and Science, and the Ministry 
of Defence. 

Plans for a national space centre were first 
announced by the Government in January 1985 after 
ministers decided there was a need to improve the 
UK's development of space technology and coordinate 
policy more effectively. 
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The Gagarin Museum 

Sir, My visit to the .Gagarin Cosmonaut Tra in ing Centre 
(May Spaceflight, p. 1 96 )  provided a chance to tour the 
Space Museum in  the publ ic area of Star City, dedicated 
to Yuri Gagar in .  About 90,000 people visit it every year 
and a lmost 750,000 people have done so since it was 
opened in  November 1 967 .  

There is an  intimate atmosphere in t he  'Gagarin Room . '  
His uniform i s  adorned with h i s  many meda ls and awards. 
Memorabi l ia include personal documents found at the 
crash site [the cosmonaut was k i l led in a ' plane crash in 
March 1 965 -Ed} inc lud ing a photo of Koro lev from 
Gagarin 's  wa l let. There is a smal l  box of soil from where 
the a i rcraft came down and photographs of his birthp lace. 

Another room contains g ifts and soul1enirs from al l the 
lntercosmos fl ights; newspapers, badges, flags, stamps, 
signatures and Salyut items such as notes, memos and 
food packages. l neluded are the uniforms of Komarov and 
Belayev and many of their personal belongings. The fl ight 
suits of the Dobrovolsky crew can a lso be seen.  There 
are watches, medals, a photographic ga l lery of al l  the 
cosmonauts, fi rst day covers, the letters del ivered to 
Soyuz 4 by Soyuz 5 and fl ight pens. Many items are 
gifts from the US astronauts, inc luding a tribute from 
Armstrong and Aldrin ,  Barman's Apol lo 8 watch, Carpen­
ter's Sea lab watch, a plaque that went to the Moon,  
Apol lo-Soyuz documents and some books. 

Nearby is a fa ithfu l reconstruction of Gagarin 's  office. 
On h is desk are drafts of a speech he was writ ing,  
invitations and letters. The diary is opened at 27 March 
1 968. On the wall there is a photo of h is birthplace, 
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Smolensk, taken on the day that he flew into space. I n  the 
wardrobe is h is mi l i tary overcoat and cap .  The bookshelf is 
packed with documents. The clock on the wa l l  has been 
stopped at 1 0. 3 1 a .m . ,  the t ime of his death. Before they 
leave for the cosmodrome, cosmonauts visit h is office, 
which they ca l l  their first l aunch site. 

The final museum room conta ins the first Vostok simu­
lator, spacesuits worn by Gagarin, Titov and Tereshkova, 
Leonov's EVA suit ,  the Soyuz 4 / 5  EVA suits and 
Romaneknko's Soyuz suit . The Soyuz 4 capsule is here, 
as a re the ASTP docking col la r  and the drogue 'chute 
from Soyuz 37 .  ASTP memorabi l ia include Leonov's suit 
and badges, some g loves and space food. There are a lso 
photographs from each mission .  

Not Mars? 

TIM FURN ISS 
Epsom, Surrey 

Sir, I was concerned by the emphasis on a manned Mars 
exploration mission in the medium term as d iscussed in 
the November 1 985 issue of Spaceflight. l t  is reminiscent 
of the Apol lo missions which. though technica l ly bri l l iant ,  
provoked reaction against the huge expenditure for a 
minumum return. The space prog�amme is often viewed 
as an expensive toy rather than an investment in the 
future of humanity. If a space station / transportation 
system had been attempted before Apol lo  then the 
expense might have been less and a permanent base bui l t  
on the Moon, rather than having a few men spend a few 
days there. 1t is not enough for space to be exh i larat ing:  
we must have rewards and p lan for the long term . 

lt is much more important to get a strong presence on 
the Moon than a man on Mars. l t  is said that a manned 
Mars expedition wou ld g ive an opportun ity for interna­
tiona l  cooperation and that we should go to Mars because 
'people want something to look forward to . '  We can do 
both of these on the Moon and get two advantages: 

1. a return on capita l for Earth now, and 

2. a foundation for future missions to bu i ld on.  

Future deep space expedit ions to the asteroids and 
Jupiter would have sim i la r  promise for long term colonisa­
tion , by getting materia ls  from the asteroids and water 
and hel ium-3 from the Jup iter system .  We must avoid 
th ink ing of Mars as the prime option when there a re many 
investments that need to be done first. We need the 
vision of the enthusiast to be combined with a degree of 
pragmatism to avoid extravagance. 

The 'Soviet' Vegas 

JOHN PAHL 
Canterbury, Kent 

Sir ,  I wish to point out that the Vega craft ca rry a number 
of instruments developed and bui lt i n  countr ies other than 
the So11iet Union so they can truly be termed international. 

MICHAEL BEOTHY 
ing. on telecommunications 

l ntercosmos Secretary Off1ce 
Hungar ian Academy of Sciences 
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A Space Policy for Australia 7 
Sir, Fol lowing the fi rst Austra l ian Nationa l  Space Sympo­
sium in March 1 984, the Minister of Science, the Hon .  
Barry 0 .  Jones invited the Austra l ian Academy of Techno­
logica l Sciences to form a Working Party to prepare a 
report on space science and technology for Austra l i a .  
The report, entitled 'A Space Pol icy for Austra l ia , ' was 
publ ished last June. The Working Party, chaired by Sir 
Russel Madigan, made 1 6  specific recommendations: 

4 

1 .  Austra l ia  should, as a matter of u rgency, establ ish 
a national space pol icy to fac i l itate the achieve­
ment of an appropriate industria l ,  technolog ica l 
and scientific structure for Austra l i a 's  participation 
in space. 

2 .  In  the communications market Austra l ia should, in 
the near term, concentrate on the g round-station 
equ ipment sector. 

3. The major market thrust of Austra l ian space activi­
ties should be in the remote-sensing sector, 
involving both hardware and software. 

4 .  Research institutions and educationa l  establ ish­
ments should arrange to co-ordinate and consoli­
date their space capabi l it ies in order to contribute 
effectively to development of Austra l ian space 
science and technology. 

5. The Government should take the leading role in 
faci l itating the development of Austra l ian space 
science and technology capabi l ities through

. 
the 

1 980's. 

6 .  Australia should actively pursue the possib i l ity of 
international col laboration in space and, i n  par­
t icular, of joint space in itiatives with countries in  
the East Asian region.  

7 .  A major component of the nationa l space 
programme should be government-funded R&D 
contracts p laced with in Austra l ian industry. 

8 .  The fi rst phase of the nat ional space programme 
shou ld have the objective of  achieving in industry 
the capabi l ity to participate in complex spacecraft 
either as a subcontractor or with prime-contractor 
responsib i l ity for a major system .  

9 .  The space segment o f  t he  national space 
programme should be d irected towards develop­
ment of Earth resources spacecraft equipment 
suitable for inclusion in  other nations' spacecraft 
or at some future t ime in spacecraft of Austra l ian 
or ig in .  

1 0. Austra l ia should bu i ld on its expertise in reception, 
image processing and ana lysis of remote sensing 
data with a view to developing s ignificant exports 
of hardware, software and g round receiving equip­
ment; and becoming a regional centre for provision 
of processed data and images, and for tra in ing in 
remote-sensing techniques. 

1 1 . The Government should ensure a continu ing Aus­
tra l ian capabi l ity to receive the latest types of 
Earth observation sate l l ite data and,  in particu lar ,  
should a l locate funds at the earl iest opportunity 
to upgrading the Austra l ian Landsat station 

1 2 . Space science should be a continu ing component 
.of the annual  budget for the national space 
programme. 

1 3 . Austra l ia  should participate in internat ional space 
science and app l ications programmes relevant to 
Austra l ia 's  requ irements as a means of being 
involved in state-of-the-art develop�ents. 

1 4. The Government should accept a commitment 
over the next five years of up to A$1 OOm to 
finance participation in a number of space projects 
in which Austra l ia  wou ld  have a signif icant design  
and construction responsibi l ity, and associated 
basic research ,  genera l admin istrative costs and 
appropriate support faci l it ies. 

1 5 . An independent Statutory Authority, with its own 
board of Management, should be created to: 

• 

• 

• 

• 

• 

advise the Government on space R&D 
pol icies and priorities; 

co-ordinate and manage the nat ional 
space programme; 

l ia ise with research institut ions, user 
groups, government departments and 
other agencies to establ ish long-term 
developmental requirements; 

formulate and imp lement a co-ordinated 
and cohesive series of space projects in 
accordance with the national space pol icy; 

p lace government-funded contracts in  
industry, research establ ishments and 
centres of  higher education; and interface 
with the major overseas space organis­
ations. 

1 6 . The national space programme should be reviewed 
at the end of the fourth year of operat ion.  

The 1 94 page report is d iv ided into chapters that 
provide justifications for the above recommendations. 
More than half of the volume is devoted to appendices 
with t it les such as: 

Overseas Space Activities 
Current Austra l ian involvement in Space Activities 
Future Austra l ian Operat ional  requirements for Space 
Technology 
Review of Austra l ian I ndustria l  Structure and Capabi l i­
ties in· Space-related I ndustries 
Eva luation Methods for Large-Sca le R&D programmes 
Alternative Organizations Considered. 
The next mi lestone wi l l  be dependent on the Austra l i an  

government and par l iament. As the Working Party pointed 
out, Austra l ia has the technologica l and industria l  poten­
tia l .  l t  can afford an effective programme with a tota l 
expenditure of A$ 1 00 mi l l ion over the first five years 
leading to perhaps an annua l  expenditure of some A$60 
mi l l ion .  There was one question identified as beyond the 
Working Party's terms of reference: ' Does Austra l ia have 
the intel lectual  capacity to accept that th is must be a 
national effort, a l l  Austra l ians making a contribution? '  The 
pol it ic ians a re obtiged to answer this most fundamenta l 
concern . 

An announcement on the estab l ishment of an  'Austra­
lian Space Technology and Research Authority (ASTRA)'  
can be expected with in the next six months if the Working 
Party recommendations for a Ju ly 1 986 hand-over are 
accepted . 

J .  SVED 
Stevenage, Herts 
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Soviet Space Station Designs? 
Sir, We do not know the extent of knowledge ga ined 
from the Soviet Salyut programme but it is clear that the 
increasingly long periods of time spent in space have 
culminated in a new (238 day) record for Salyut 7. thus 
paving the way for yet further extensions to a year or 
more. Even if th is is  not possible with Salyut 7 ,  it might 
be done with Salyut 8 when that is orbited, possibly 
around 1 986-88. By that t ime the Soviets may have a lso 
achieved other goa ls  e .g .  orbiting a la rge Saturn type 
booster or a manned shuttle. 

These underl ine a long-considered Soviet intent to carry 
out a fu l l  maimed space programme viz not only ·to put 
men in space but keep them there, i .e .  to set up a 
permanent station. This intent has been frequently 
reported in  the West and, over a long period, has shown 
no signs of deviation .  

I f  we add the possible development of a Nerva-type 
nuclear spa�;;e propulsion unit ,  the situation would then 
exist that.the USSR wil l  not only; have a large orbiting 
manned Space Station but wi l l  be able to accompl ish a 
two man fly past of Mars by 1 990 or 1 992, with the 
nuclear motor required to clear the longer fl ight d istances 
pertain ing at those dates. 

This would amount both to technica l and pol it ical 
victories that would be hard for Western powers to 
match. The US Space Station would appear relatively 
mundane in comparison .  

Thinking over such points underl ines reasons why the 
UK should press for a ful l-sca le manned orbita l station ,  
pertinent factors emerging are: 

1 .  Unti l  such a station i s  bui lt ,  we cannot establ ish 
its uses nor explore its future potentia l ,  though it 
wi l l  clearly provide a stepping stone to many new 
experiments and to manned flight to the nearer 
planets. 

2. Even if the USA and Europe do not embark on 
such a programme the USSR seems set on such 
a course. Salyut 8 could easily be a logical step 
in this. I f  large enough, it is l ikely that the USSR 
wil l  invite other Communist country cosmonauts 
to take part in long term space experiments -
longer in duration than are possible with the 
Shuttle .  

I n  retrospect, it seems a shame that both the Skylab 
and the Nerva and Little Nerva nuclear programmes were 
abandoned just as they were showing signs of success. 

If may be that the West is a l ready a long way behind 
in the Space Station race. Participation by Europe as a 
whole and particular ly by the UK would  provide an  
extremely va luable boost. 

A.T. LAWTON 

Where is Everyone 7 
Sir, Articles in the JBIS and Spaceflight over the past few 
years have frequently raised the question: 'If there is 
inte l l igent l ife out there, where are they? '  Many possible 
answers have been presented. Most of these, including 
some contributed by myself, have attempted to explore 
a possible motivation of a l ien l ife either in traversing space 
or sending messages: I excl ude those a rticles that beg 
the question by 'proving' that there is no extraterrestrial 
l ife. I have in  the past pointed out the dangerous fa l l acy 
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in  assuming that a l iens wi l l  have motivations simi lar to 
our own. Reflecting on this, I feel that we might have 
missed an opportunity in fai l ing to ana lyse our own 
motivation in wanting to explore space, so I was pleased 
to note in recent issues of JBIS contributions by sociolog­
ists and members of related sciences to this .question. 

The reason for this letter is to "encourage us to examine 
ourselves and our own motivations, on the assumption 
that they may represent typica l reactions of an intel l igent 
species when faced with the prospect of interstel lar  fl ight 
or  communication. What drives us and why a re we 
interested? Conversely, what is standing in the way of 
our immediately starting work on development of probes 
with interstel lar  capabi l ity? I f  we can come up with at 
least part ia l  answers to these questions, we may begin 
to understand the position of at least that part of the 
assumed interstel lar  community who are most l ike our­
selves. 

Such an examination might lead us to some �rd. facts 
that I suspect would not be p leasing to the majority 
of humanity; perhaps this is why this subject is so 
undeveloped. We may not be in  a posit ion to develop 
lsaac Asimov's 'Psychohistory' but we certain ly have the 
statistical and logical tools to derive a few empir i cal  rules 
about human behaviour! Perhaps this has a l ready been 
done and I am not aware of it. I f  so, let 's hear from some 
of the experts! 

Some of the items might lead us to a better under­
standing relative to the inventive process, but it should 
a lso include references to those much-berated individuals 
who take an  invention or process and drive it through 
polit ical systems, la issez-faire and al l  forms of opposition 
to make it a practical rea l ity. What is the cause of th is 
drive and how can , i t  be nurtured? Conversely, what is it 
that makes most of us instinctively feel that a new idea 
'won't work,' or actively oppose it? What makes a 
bureaucrat tick and what distinguishes a good one from 
a bad one? 

Many of us who work in the scientific field rea l ise that, 
in  order to get something done, simply having an  idea 
that wi l l  work is a very small part of the whole picture. 
We have to be able to present it favourably, enl ist the 
a id of bureaucrats, pol it icians and entrepreneurs with 
access to money, and drive it through all sorts of institu­
tional obstacles before we even get the chance to prove 
that the idea is a good one. Is th is a particular ly human 
system or does it exist e lsewhere? 

Knowing the answers would  have two benefits. lt 
would  a l low us to assess more accurately how many 
civi l izations there are in  our Ga laxy who a re actively 
looking for contact; and it wou ld provide proponents of 
space fl ight with a set of rules for most rapidly advancing 
human endeavours in the d i rection of active interstel l a r  
exploration. 

Most advances, I 've heard it sa id ,  are achieved by less 
than  1 0% of th£· population, the remainder being 'sheep, ' 
content to fol low. I 've seen nothing to disprove this notion 
and much in  its support .  

What makes us want to explore space anyway and 
how do we best go about gett ing it done? 

DR.  PETER MOL TON 
Washington, USA 

The Editor is always interested in receiving items of correspondence, 
notes, comments, or similar material for possible publication. Items 
submitted must be kept brief, owing to the limitations of space in our 
magazine .. The Editor reserves the right to shorten or otherwise adapt 
material to fit, for this reason. 
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SPAII 
BIPOB.T 
A m onthly review of space news and events 

- --------�-

INMARSAT TAKES TO THE AIR 
Trials of a satellite communications system for aircraft­

which may eventually lead to passenger telephone services­
could begin later this year. 

lnmarsat. the organisation which provides communica­
tion facilities for maritime and offshore applications, has 
announced significant steps in the new venture. 

lt has offered free capacity in its geostationary satellite 
system to the International Civil Aviation Organisation for 
tests and demonstrations of possible aeronautical satellite 
communications services and equipment. 

Changes have been made to the international agreements 
under which lnmarsat operates to enable it to provide 
aeronautical services alongside those already used by the 
maritime and offshore industries. 

lnmarsat will use trials to assess various aeronautical 
satellite concepts before committing a future satellite 
system. 

An "initial system description" has already been made 
available to key organisations in the aeronautical community 
to support the discussions and for comments. 

The document describes a possible aeronautical satellite 
communications system, providing both voice and data 
communications and using general purpose communica­
tions channels between aircraft and ground. The aeronau­
tical community would be able to allocate different priorities 
for, and thus accord different treatment to, various types of 
messages ensuring urgent treatment of high priority 
messages. 

During 19861nmarsat expects to have a number of proto­
type voice and data aeronautical satellite communicati"ns 
terminals available to interested airlines in a cooperative pre­
operational trials programme to prove the system concepts 
and develop new applications, in particular passenger tele­
phone and airline operational communications. 

MEXICO SATELLITE AID 

The chaos fol lowing Mexico City's devastating ear­
thquake last September could have been far worse 
without the services of a communications sate l l ite devel­
oped 1 8  years ago. NASA's ATS 3, located at 1 05° W 
longitude, through its control centre at Malabar in Florida, 
provided critical communications support for the interna­
tiona l  rescue and relief efforts of the American Red Cross 
and the Pan American World Health Organization.  

The voice communications l ink with the outside world 
was crucia l since the earthquake d isrupted all other forms 
of communications in Mexico City. The capita l would have 
been cut off but for the communications capabi l ity of A TS 
3. 
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I n  a d irect radio communication from Mexico City,' 
George Manno, d i rector of media relations for the Red 
Cross, said at the time: "the A TS 3 sate l l ite is providing 
us with the most critica l communications l ink to the rest 
of the world. We rely primari ly on the ATS as our 
main communications vehicle." According to Or� Claude 
DeVi l le ,  of the Pan American World Health Organization : 
"the A TS 3 sate l l ite is extremely usefur in any emergency 
situation such as the disaster that took place in Mexico ." 

COMMUNICATIONS TRENDS 

Sate l l ites wi l l  come increasingly into the orbit of Third 
World countries by the end of this decade, as more than 
300 smal l  Earth  stations wil l  be bui lt in a $3,500 mi l l ion 
spree to equip underdeveloped Asian,  African and Latin 
American states with modern telecommunications. 

Advances in sate l l ite technology such as frequency 
re-use, on.,.board switching, specia l antennae to shape 
transmission beams and higher power levels have pro­
moted the use of smal ler and cheaper Earth stations, 
which is boosting the satel l ite market to a "distinct 
improvement on growth rates in previous payloads" by 
making hook-ups affordable to states of l im ited resources. 
A second factor is the widening practice of sate l l ite 
system operators to lease transponder capacity to these 
nations. 

Spending on sate l l ite communications by the lesser­
developed countries worldwide wi l l  reach a lmost $3,500 
mi l l ion in aggregate between 1 985 and 1 990, on average 
a rea l growth of nine per cent a year in the market. I n  
constant 1 984 dol lars, the annual  market wi l l  rise from 
$566 mi l l ion in 1 985 to a peak of $664 mi l l ion in 1 986, 
wi.th a decl ine after the 1 986-88 period to $545 mil l ion 
by 1 990, 

PROBING A THUNDERSTORM 

A. coordinated series of rocketborne experiments was 
conducted from NASA's Wal lops F l ight Faci l ity on 9 
September 1 985 to study the effects of l ightning in 
the Earth 's troposphere. The simultaneous measurements 
were made from three rocket payloads in the air at 
different a ltitudes. Coordinated measurements were a lso 
made from a series of ground-based instruments designed 
to detect the location and characteristics of l ightning. 

A meteorological data sonde on a smal l  rocket was 
a lso launched after the three-rocket series to determine 
the meteorologica l characteristics in  the upper atmos­
phere near the time of the other measurements. 

The three sounding rockets were launched over a period 
of about two minutes. A single-stage Orion was fol lowed 
70 seconds later by a two-stage Taurus-Orion, with a 
N ike-Orion after a further 57 seconds. 
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NEW 'SPACEHAB' MODULES 

There is currently a backlog of severa l hundred funded 
NASA experiments that cannot fly aboard the Shuttle 
because of the lack of middeck locker space. This backlog 
is nearly doubl ing each year. 

As the Space Station programme moves into hardware 
development and construction during phase C/0. which 
is scheduled to begin in 1 987,  NASA's Office of Space 
Station wi l l  require on-orbit testbeds in  which to test 
automated systems, such as l iquid transfer under micro­
gravity conditions. 

Now, the Spacehab  company wil l  build a module to fit 
in  the Shuttle cargo bay just behind the crew cabin, 
accessed via the a irlock, for astronauts to carry out 
and monitor many more experiments than is presently 
possible. 

The modules wi l l  increase the pressurised l iving and 
working space on Orbiters by approximately 28 m3 , 
a lmost doubl ing existing pressurised volume of the crew 
compartment. Spacehab modules may be configured to 
conta in as many as 1 00 standard middeck lockers and 
sti l l  provide an  additiona l  20 m3 of pressurised l iv ing and 
working space. The basic version wi l l  re ly on payload bay 
power sources, share environmental control / l ife support 
resources with the middeck, and have passive therma l 
control . The first configuration wi l l  provide middeck aug­
mentation for storage and experiments and astronaut 
sleep stations. Advanced versions wi l l  contain major sub­
systems and complex ut i l ities, flu id loops, hard vacuum 
access, l ife support and power augmentation and active 
thermal control capabi l ities. Advanced module versions 

wil l  be designed as Space Station testbeds and for use 
in Space Station construction, logistics and operations 
support . 

Spacehab I ncorporated wi l l  provide users with com­
prehensive payload services that include module volume 
lease, module/Orbiter integration (for ful l-module users), 
payload integration and payload mission support. 

Costs for individual active and passive middeck locker 
accommodations. cost to lease dedicated Spacehab 
modules and the costs for specific Spacehab payload 
services wi l l  be determined during the Phase-8 study, 
which wi l l  be completed during the first quarter of 1 986.  

Spacehab est imates that the cost of leasing dedicated 
basic modules will be about $5 mi l l ion per fl ight. The cost 
of leasing the space of individua l  lockers for middeck type 
experiments wi l l  be a smal l  fraction of the cost of leasing 
a dedicated module. 

The p lan is to have the f irst of the three modules ready 
for fl ight before the end of 1 987,  with five missions a 
year being possible by 1 990. 

HALLEY'S COMET MISSION 

Astronomers Samuel Dura nce and Ronald Parise have 
been named as payload specia l ists to fly on Shuttle 
mission 6 1  E in March. 

Their objective wi l l  be to study Ha l ley' s comet and 
other celest ia l  objects using three ultraviolet astronomical 
telescopes and a visible l ight, wide field camera. 

The launch, using Columbia,  is schedu led for 6 March 
and the seven member crew wi l f  be in  orbit for eight days. 

Durance is a research scientist at Johns Hopkins Univer­
sity. USA, and Parise is manager of advanced astronomy 
programs for the Computer Sciences Corporation, USA. 

Spacehab will nestle in the cargo bay attached to the airlock by a short tunnel. 
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SOVIET SPACE AGENCY 
A civilian Soviet space agency has been formed by the 

USSR to act as a counterpart to the American NASA and 
other national space agencies . 

Called Glavkosmos- an acronym for the Main Adminis­
tration for the Creation and Use of Space Technology for the 
Economy and Scientific Research- its primary function will 
be to manage Soviet space science, space applications and 
co-operative international space ventures. 

WATER ON MARS 

Ice, snow, flowing rivers and vast lakes could have 
played a major role in shaping the ancient Mart ian surface 
and climate, a panel of scientists reported in early October. 
According to these new ideas, a thick layer of snow might 
have girdled the Martian equator in the planet's early 
years. Melted water running from beneath this snowpack 
could have carved out ' rivers,' the extensive winding 
channels imaged originally by Mariner 9. 

In addition, huge ice-covered lakes might have formed 
in canyons near the equator early in the planet 's  history. 
Primordia l  Mars might have been warm enough to support 
flowing rivers and lakes on its surface. 

ESA'S LONG TERM PROGRAMME 

To prepare for the major decisions needed for European 
space transportation elements of the 1 990's, ESA 
Member States have entrusted ESA with a Long Term 
Preparatory Programme (L TPP).  Within  this, a number of 
industrial studies are being made to identify projected 
STS user requirements, performing prel iminary concept 
definitions of candidate STS elements and providing pre­
l iminary cost estimates. This preparatory programme con­
centrates on two main elements: 

1 .  future European launchers beyond Ariane 4, 
2. the build-up of a European In-Orbit Infrastructure 

(101) that will eventually permit Europe to master 
new capabilities. 

The studies carried out so far in  the L TPP on the future 
101 have centred on the d ifferent ways of achieving 
European independent capability to conduct commercial 
missions; in particular, space processing in  Low Eartli 
Orbit. Complete automation would require fully automated 
large SPi!Ce platforms, which are resupplied with materials 
for processing,  spares for replacing failed equipmen� and 
fuel for orbit raising. Space-based supply and servicing 
vehicles would be necessary, which cou ld  be docked to 
the platform. In ?ddition, re-entry vehicles would have to 
return the processed products to Earth .  Before such 
automated space factories could be operated on a large 
scale, a number of basic operational capabilities have to 
be established and demonstrated by Europe: 

1 .  automated rendezvous and docking, 

2 .  h igh degree of automation and robotic support by 
manipulator arms, 

3. re-entry capability. 

In addition, periodic manned intervention would be 
required, performed by the crew of a spaceplane launched 
by the future European launcher. 
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September 1985 
21 Hughes withdrew the Leasat 5 communications sat­

ellite from the Shuttle 61 C manifest in December, 
pending further investigations into the Leasat 3 and 
4 failures. 

October 1985 , 
2 Cosmos 1686 docks with Salyut 7. lt is described 

as a star module, similar to Cosmos 1267 and 1443. 

3 Military Space Shuttle mission 51J, using the new 
orbiter Atlantis, established a Shuttle high-altitude 
record of 320 miles (515 km) shortly after launch 
from Ke,nnedy Space Center. 

8 

15 

16 

17 

23 

24 

30 

The tenth Navstar global positioning system naviga­
tion satellite is orbited by an Atlas E. Future launching 
will be made with the Shuttle and PAM Dll upper 
stage. 

Japan scheduled the first launch of its -large H-2 
vehicle for 1992. Development costs, including the 
first flight, total $800 M. 

Shuttle orbiter Challenger is rolled out to the pad 
for the Spacelab D 1  mission. 

ESA's first pre-operational meteorological satellite, 
Meteosat F 1, launched in November 1977, finally 
ran out of hydrazine fuel and drifted away from its 
position in geo-stationary orbit. lt had originally been 
designed for a three year life. 

NASA agreed with the Californian-based Scott 
Science and Technology company (headed by 
Gemini/ Apollo astronaut David Scott) to provide 
assistance for a new Shuttle upper stage, the Satel­
lite Transfer Vehicle. Most of the development work 
is being carried out by British Aerospace. 

The Council of the European Space Agency unani­
mously approved the accession of Austria and 
Norway to full membership status bringing the num­
bers of ESA member states to 13. 

German Spacelab D 1  mission lifted off. A record 
crew of eight on Challenger (61 A) included two 
German and' a Dutch payload specialist. 

Please note that some of the dates quoted above refer to the 
announcements of the events and not necessarily to the events 
themselves. 

NEW ESA MEMBERS 

The Council of the European Space Agency has unani­
mously approved the accession of Austria and Norway to 
full Membership status, bringing the number of ESA States 
to 1 3. 

The agreement between the governments of the 
Republic of Austria and of the Kingdom of Norway and 
ESA will now be put forward for governmental approval 
and parliamentary ratification in the two countries con­
cerned with the goal of achieving full Membership status 
for both Austria and Norway on 1 January 1987. 

With this decision European cooperation in the space 
field will be strengthened. lt comes after a period of close 
cooperation between ESA and the two countries which 
have; in  fact, been closely associated with many of the 
Agency's activities over the past 20 years including, in 
particular. the Spacelab ,  Marecs and ER5- 1 programmes. 
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HERMES COMPETITORS JOIN FORCES 

France's two main aerospace companies- Aerospatiale 
ancl Dassault-Breguet - will jointly develop the country's 
Hermes manned mini-shuttle. . 

In a dual contract award Aerospatiale has been given the 
prime contractor role and Dassault-Breguet named delegate 
prime contractor with responsibility for aerodynamic design. 

CNES, the French national space· agency will retain 
authority as overall prime contractor and eventually hopes to 
share production with other countries agreeing to help 
finance the programme. 

Ideally it would like Hermes adopted as a programme of 
the European Space Agency, within the framework of plans 
which also include the Ariane 5 launcher and the Columbus 
manned space station. 

UK DATA SYSTEM FOR SWEDEN 

A British firm is developing a meteorological satellite data 
processing system for the Swedish Meteorological and 
Hydrological Institute under a contract worth £225,000. 

Software Sciences, based at Farnborough in Hampshire, 
is designing the system for the Prosat project which will 
process and display real-time image data transmitted by 
Meteosat and the NOAA series of polar orbiting satellites. 

Once installed in Sweden one display station will be used 
for operational forecasting and one for research applications 
and the generation of a library of satellite scenes to assist in 
interpretation of images. 

In another deal Software Sciences has been awarded the 
Project Definition Study for the Earth Resources Satellite 
(ERS) Data Centre to be located at the Royal Aircraft Estab­
lishment, Farnborough. 

ERS 1 is due to be launched by ESA in 1989 and will gather 
data on the oceans and, experimentally, the land masses. 

National centres, being established to collect and process 
the data, will provide data analysis for many industries 
including shipping, fishing, forestry and oil exploration, as 
well as scientific researach. 

The UK ERS Data Centre is being funded by the Depart­
ment of Industry and is expected to be operational by 1989, 
providing a service to industry and nations around the world. 

ARIANESPACE LAUNCH CONTRACT 

Arianespace and lnmarsat have signed a contract for 
the launch of the lnmarsat 2 F2 satellite in 1 988. 

Built by British Aerospace as prime contractor, it weighs 
around 1 1 40 kg and will be put into orbit by an  Ariane 
4, an improved version of the Europe�n launcher, from 
the Guiana Space Canter, Kourou,  French Guiana,  by the 
end of 1 988. 
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lnmarsat, the 44 member country . maritime satellite 
organisation, provides communication facilities for mari­
time, offshore and other mobile applications. 

This order increases the total launch service contracts 
obtained by Arianespace to 35 satellites, out of which 23 
remain to be launched for a value of about 6.5 billions 
French francs (or a bout $600 million dollars). 

ARIANE READY TO GO 
Europe's Ariane launcher should be back in operation i n  

January: with the launch of Ariane V16 from the Kourou site 
in French Guiana. 

Missions were halted last year after the failure of an Aria ne 
third stage on September 14_.- the rocket was carrying a dual 
satellite payload both of which were destroyed. 

Recommendations by an official inquiry have now been 
acted on and Arianespace - the commercial operator of 
Ariane - has announced the resumption of launch 
operations. 

Mission V16, an Ariane 1 rocket carrying the French Earth 
observation satellite Spot and the first Swedish satellite, 
Viking, is scheduled for launch on January 11. 

Aria ne V17, due for launch on February 14, will be the first 
vehicle to use the new launch pad, ELA 2, at French Guiana. 
This version, an Ariane 3, will be carrying telecommunica­
tions satellites for the American GTE Spacenet Corporation 
and for Brazil. 

lntelsat V is currently scheduled for launch during the 
second half of March 1986 on mission V18 and in addition 
Arianespace has plans for five further launches during the 
remainder of 1986. 

MISSION ACCOMPLISHED. 

ESA's first pre-operational meteorological satellite 
Meteosat F 1 ,  launched in November 1977, has finally run 
out of hydrazine fuel and drifted away frC?m its position 
in geostationary orbit to the extent that it is no longer 
"visible" from the Michelstadt (Federa.l Republic of Ger­
manyt ground station where the spacecraft's data was 
received, nor can it be controlled from the nearby Euro­
pean Space Operations Centre (ESOC). 

Meteosat F 1 ,  designed for a three-year l ifetime, has 
been gathering data from platforms which are either fixed 
or carried in balloons, on ships or on-board a ircraft (the 
Data Collection Mission) over the last eight years. 

As from 1 1  October the Meteosat mission has been 
carried out by Meteosat F2 (launched in  June 1 98 1 ) 
which, from its orbit at 0° longitude above the equator, 
will continue to produce pictures of the Earth's surface 
and cloud cover in the visible and infrared spectra and to 
distribute these images to user ground stations within its 
field of view. 

The Data Collection Mission will be carried out by the 
US Goes-4 spacecraft, located at 43° West longitude, 
which has been "lent" to Europe since May of last year 
for this purpose. 

This situation will continue until this summer when a 
re-furbished version of the prototype satellite from the 
pr�perational series, Meteosat P2, will be launched as 
a passenger on the first Ariane 4 flight. 

According to present planning, the first spacecraft 
(MOP 1 )  of the Meteosat Operational Programme, which 
is carried out by ESA during the interim period pending 
the ratification of the Convention of the European 
Meteorological Satellite Organisation (EUMETSAT), will 
be launched in summer 1987, to be followed by the 
second and third units respectively in 1 988 and 1990. 
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TOWARDS N EPTUNE 
By C.E .  Kohlhase, R .V. Frampton and J .W. Gerschultz 

A new chapter in the remarkable journey of Voy­
ager 2 is about to be written during the forthcoming 
flyby of Uranus and in three years' time with an 
encounter of Neptune. 

Introduction 
The interplanetary exploration of Voyager 2 has a l ready 
been the journey of a l ifetime, stretching the imagination 
by an order of magnitude and providing valuable informa­
tion about the two largest planets of the Solar System, 
Jupiter and Saturn . 

Un l ike its sister craft, V'Jyager 1 ,  which is now heading 
towards the edge of the Solar System, Voyager 2 is on 
course for two further planetary encounters before it ,  too, 
fol lows a trajectory that will take it  into the depths of 
space. 

Voyager 2 will flyby Uranus in  late January and,  
a lthough its instruments were not optimised for encoun­
ters with planets beyond Saturn, impressive pictures and 
data on the system are expected . 

Likewise, three years later, in 1 989, the spacecraft wi l l  
set another remarkable 'first' with an encounter of d istant 
Neptune. 

This article provides an  insight into the Voyager 2 
spacecraft and examines these exciting mission encoun­
ters. 

Approaching Uranus 
Relative to an observer on Uranus, the Voyager 2 

spacecraft is approaching from approximately the same 
direction as the Sun appears in  the sky, at a speed of 
about 53,000 km / hr. 

Uranus itself is orbiting the Sun at a mean distance of 
1 9  Astronomica l Units ( 1 AU = Earth-Sun distance) and,  
a lthough trave l l ing at some 24,000 km / hr, it sti l l  takes 
84 years to complete just one orbit. 

By the Uranus closest approach time of 1 8:00 GMT on 
22 January 1 986,'· Voyager 2 will have travel led more 
than 33 AU a long its hel iocentric path since leaving the 
Earth more than eight years ago. 

Relative to an observer on the spacecraft, the Uranian 
system, with its five known satel l ites and nine known 
rings, resembles an enormous bul ls-eye target a lmost 
1 ,200,000 km across. This expanse is over three times 
the Earth-Moon distance. 

Uranus is tilted on its axis, so that Voyager will approach it 
like an arrow nearing a target. 

1 0  

An artist'-s Impression of Oranus encounter. 

Uranus itself is truly a giant planet, with a diameter of 
52,500 km, compared to the 'Earth's 1 2, 700 km, rep­
resenting a diametric ratio of four  to one and a vol umetric 
ratio of 69 times that of the Earth .  

l t  is significant to note that the path of Voyager 2 must 
pass sl ightly within the orbit of Miranda, a Uranian moon, 
in order for Uranus to provide the proper gravitational 
deflection to continue on to Neptune. The exact encounter 
timing of 1 8 :00 GMT was selected to optimise the 
geometry for Miranda coverage using image motion com­
pensation. 

At the t ime of c losest approach radio signals wi l l  
take 1 65 minutes to reach Earth, meaning that data 
transmitted at the t ime of c losest encounter wil l not be 
seen until 20:45 GMT. 

Fifty five minutes prior to the Uranus c losest approach, 
Voyager wi l l  pass Miranda at a range of 29,000 km. 

Spacecraft Instrumentation 
The basic structure of the spacecraft, cal led the bus, 

is decagonal (ten sided) and the whole vehicle is designed 
to rol l  about its axis of symmetry, known as the z-axis, 
by firing hydrazine jets. Normal ly  the spacecraft is a l igned 
so that the z-axis points at the Earth .  

Each of the ten sides of the bus (numbered c lockwise 
1 - 1  0) houses various electronic assemblies. For example, 
Bay One contains the radio transmitters. 

To give the spacecraft ful l  manoeuvrabi l ity, two further 
turn axes are incorporated into the basic design: x-axis 
(pitch) and y-axis (yawl. 

Most spacecraft have sma l l ,  steerable antenna dishes 
attached to the spacecraft bus but Voyager is d ifferent. 
l t  could  be said that the spacecraft bus sits on the High 
Gain Antenna (HGA). The reason is that to establish 
acceptable communications between itself and the Earth 
over such vast distances the antenna must be very large, 
in  this case 1 2  ft . 

A high degree of accuracy is a lso required because the 
antenna focuses the radio energy into a concentrated, 
narrow beam. l t  operates at only half power after deviat ing 
by as l itt le as 0.5 degrees off axis for the X-band frequency 
and 2.3 degrees for the 8-band. 

The X-band frequency, 8.4 GHz is used for the 
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transmission of science and engineering telemetry data 
at rates varying from 4. 8 to 2 1 .6 k i lobits per second. The 
S-band channel is configured to conta in only engineering 
data on the health and state of the spacecraft at the low 
rate of 40 bits per second .

. 

Attitude Control 
Voyager 2 is three-axis stabi l ised, contro l led by an 

onboard computer known as the Attitude and Articulation 
Control Subsystem (AACS).  l t  a lso controls movement of 
the scan p latform. 

• Voyager has two ways cf maintain ing its attitude: by 
gyro control and by celest ia l  contro l .  Gyro control is used 
for specia l  purposes and short periods (up to severa l hours 
at a t ime). 

I n  celest ia l  control mode, Voyager maintains its fixed 
attitude in space by viewing the Sun and a bright star. 
Should it drift from its proper orientation by more than a 
certa in angle (known as the deadband) ,  the AACS wi l l  
issue commands to fire the t iny  thrusters and bring i t  
back on l ine. 

Instruments used to track the Sun and star a re the Sun 
Sensor, mounted on the HGA, and the Canopus Star 
Tracker, so named because Canopus is usua l ly the pre­
ferred star in the sky because of its brightness. 

On occasions during p lanetary encounter, when Can­
opus might be obscured by the spacecraft bus or the 
planet itself, an  a lternative in  the opposite side of the sky 
is used . 

To accomplish this, a Ste l lar  Reference Change man­
oeuvre is carried out, thus meaning it is possible to 
maintain the spacecraft in  the most favourable attitude 
at al l times for photography and the gathering of data.  

Scan Platform 
The scan p latform is one of several appendages atta­

ched to the bus and it is here that most of the science 
instruments are located, including those that need to be 
pointed at the target body. 

A long boom is used because of the advantage this 
g ives the instruments in being able to look backwards at 
the p lanet or moon in question immediately after the 
closest encounter. The platform itself has motors and 
gears (cal led actuators) that slew it to point in  various 
directions. 

Almost 1 00 minutes after the Voyager 2 closest 
approach of Saturn in 1 98 1 ,  the azimuth motion of the 
scan p latform unexpectedly ha lted, causing the loss of 
valuable science data from instrurnents that requ ired 
point ing.  

The seizure was due to the heavy use of the h igh-rate 
slews, causing a vital lubricant to migrate away from a 
tiny shaft-gear interface (spinning at 1 70 rpm). which 
then expanded sl ightly with the additional heat, fina l ly 

Tl!e scan platform. 

ELEVAT ION AXIS ACTUATOR 

AZIMUTH AXIS 
ACT U A TOR 

A Z I MUTH AXIS 

SCAN PLATFORM STRUCTURE 

IMAGING SCIENCE SUBS VS TEM 
WIDE ANGLE (ISS·WA) 

ELEVAT I O N  AXIS 

ULTRAVIOLET 
SPECTROMETER (UVS) 

PHOTOPOLARIMETER (PPSi 

IMAG I N G  SCIENCE SUBSYSTEM 
NARROW ANGLE (ISS-NA) 
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voyager 2 at Uranus. 

leading to a seizure. Attempts to resume normal scan 
p latform operation took two days. 

As a resu lt ,  the faster slews wi l l  not be used dur ing 
the Uranus encounter and a contingency near-encounter 
sequence has been prepared just in case prior test ing 
indicates the l ikel ihood of the scan platform motion 
sticking aga in .  

Spacecraft Power 
Spacecraft electrica l power is suppl ied by three 

Radioisotope Thermoelectric Generators (RTG) which a re 
miniature nuclear power p lants, convert ing about 7 ,000 
watts of heat into some 400 watts of e lectricity. These 
l ie a long the RTG boom, away from the spacecraft bus 
and opposite the scan platform. 

At launch the power output from the RTGs was 475 
watts and this has decreased by about seven watts per 
year, due mainly to the ha lf-l ife of the fissionable p lu­
tonium dioxide and degradation of the si l icon-germanium 
thermocouples. 

Power output for the previous two planetary encounters 
was 448 watts for Jupiter and 429 watts for Saturn, 
with an  expected 398 watts for Uranus and projected 
372 watts for Neptune. 

The power requirements are constra ined to be less 
than the RTG output and excess power is dissipated 
through the shunt regu lator as heat. The d ifference 
between the avai lab le power and that used is known as 
the "power marg in '  and s ince there is substantia l ly less 
avai lab le for the Uranus encounter great care has been 
taken in p lanning a power management strategy. 

For example, the S-band high power state cannot be 
used regu larly a nd several other key power loads have to 
be turned off at some risk to use the S-band h igh-power 
state for the Earth Occultation Experiment. 

On occasions when Voyager cannot immediately send 
science telemetry data to Earth, such as dur ing a man­
oeuvre when the HGA is not pointed at Earth or during a 
t ime of occu ltation, the Digita l  Tape Recorder (DTR) is 
ava i lab le to store the data for later playback to Earth .  

However, data management is sti l l  a demanding task 
because it is important to get data played back as quickly 
as possible so the tape recorder can be fi l led again - and 
th is  must be ba lanced against the interface caused with 
science gathering. 
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Voyager' s three computer subsystems. 

The Computer Command Subsystem 
The CCS, consisting of two identical computer proces­

sors, their software a lgorithms and some associated 
electronic hardware, is the centra l contro l ler  of the space­
craft .  lt has two main functions: to carry out instructions 
from the ground to operate the spacecraft, perform house­
keeping functions and to gather science data; and to be 
a lert for a problem with or malfunction of any of the 
subsystems and to respond to it. 

The latter of these functions is carried out by a series 
of software routines cal led Fa i lure Protection Algorithms 
(FPAs), which occupy approximately ten per cent of the 
CCS memory and make the spacecraft semi-autonomous 
and able to act quickly to protect itself. 

Its other function , storing  and processing commands 
from Earth ,  a l lows the spacecraft to act as an inte l l igeAt 
robot to carry out its science gathering functions in strict 
accordance with the careful ly  developed mission p lan .  

Science Instruments 
There are 1 1  science i nstruments on Voyager 2 and a l l  

bu t  four are located on  the  scan platform or its support ing 
boom. Of these four, the Magnetometer uses its own 
boom;  the Planetary Radio Astronomy (PRA) experiment 
'shares the ' rabbit ear' antennae with the Plasma Wave 
Subsystem (PWS) and the Radio Science Subsystem 
(RSS) uses the radio beams from the HGA. 

Four instruments on the scan p latform require accurate 
pointing :  the lmaging Science Subsystem ( ISS) wide and 
narrow-angle cameras, the U ltravio let Spectrometer ( I R IS)  
and the Photopolar imeter Subsystem (PPS) .  

The remain ing three instruments on the scan p latform 
boom, a l l  fields and particles experiments, a re the Cosmic 
Ray Subsystem (CRS), the Low Energy Charged Particle 
(LECP) experiment and the Plasma Subsystem (PLS) .  

A l l  of these experiments, except for the RSS, send their 
observational data to the F l ight Data Subsystem (FDS) 
for formatting into telemetry .  

To Neptune a n d  Beyond 
The Voyager 2 encounter with Neptune during August 

1 989 will be the fourth and last swingby on this epic 
grand tour of the four giant outer p lanets. l t  will be a 
fitting occasion to celebrate the 1 2th anniversary of its 
launch.  

To ensure that Voyager 2 wi l l  be able to complete its 
fina l p lanetary tour at Neptune, miss ion p lanning for the 
'Voyager Neptune Interstel la r  M ission (VN IM) '  sta rted 
severa l months ago. 

l t  was necessary to a l locate critica l spacecraft 
resources jointly for both the Uranus and Neptune encoun­
ters. Fortuitously, there appear to be adequate consuma-

12 

bles to accompl ish th is task with l itt le penalty extracted 
at either enounter, a lthough some operational design  
margins (such as power) w i l l  be  s l im  by  earl ier standards. 

Other spacecraft performance l imits that become 
critica l are telecommunications (because of the g reat ly 
increased range to Earth) and imaging smear - because 
of the very long exposure t ime required with l ight levels 
900 times fainter than those on Earth .  Ta lk ing with the 
spacecraft wil l become more of an  operat ional burden as 
wel l ,  because of the 8.2 hour two-way communication 
t ime. 

Neptune, some 30 AU from the Sun, is truly at the 
outskirts of the Solar System, taking 1 65 years to com­
plete a single orbit. 

Despite being the fourth la rgest planet in the Solar  
System it is invisib le to the naked eye and was d iscovered 
in 1 846 based upon mathematical calculat ions of Uranus' 
orbit perturbations. 

Triton,  Neptune's largest moon and comparab le in size 
to our own Moon, was discovered only days after the 
p lanet itself, but even with today's powerfu l telescopes 
l ittle new information has been obtained, except for recent 
observations of part ia l  r ings just inside three Neptune rad i i  
from the planet centre. 

Neptune should appear as a sl ight ly oblate b lu ish-green 
ba l l  with a d iameter of 48,600 km, or nearly four times 
that of the Earth .  Because of its largely gaseous nature ,  
the mass is on ly 1 7  times that  of  Earth and i ts  po lar  axis 
has only a moderate t i lt of 28 degrees. l t  is estimated 
that the rotation rate of the outer atmosphere . is  about 
1 8  hours.  

Neptune and Triton E ncounter Planning 
Without the ava i lab i l ity of a gravity-assist corridor to 

continue to P luto, a large number of trajectory options 
were studied in order to assess the relative science value 
of spacecraft observations made from each potentia l  
Neptune flyby mission . 

I n  the end, after months of debate, scientists agreed 
that a dual c lose encounter with both Neptune and Triton 
would be most desirable,  especia l ly  since the sate l l ite 
geometry would  permit a reasonably good Earth occulta­
tion at Triton . 

The resu lt ing trajectory involves a specia l  spacecraft 
velocity-change manoeuvre, just after the Uranus 
encounter, that wi l l  advance the arriva l of Voyager 2 at 
Neptune in  order to a l low for proper phasing with Triton. 

If a l l  goes as p lanned, the spacecraft wi l l  skim over the 
north pole of Neptune a mere 1 , 300 km above the gaseous 
surface on 24 August 1 989 .  The gravitationa l  force of 
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An a rt1st s 1 m press1on ot Neptune encounter.  

Neptune wi l l  cause Voyager to veer sharply downwards, 
through both Earth and solar occu ltation regions by Nep­
tune and out towards the orbit of Triton .  About five hours 
and ten minutes after the Neptune c losest approach 
Voyager 2 wi l l  pass with in  about 8,200 km of Triton 's  
surface. 

Although Triton may have a thin atmosphere of 
methane and nitrogen, the surface is expected to be 
visible to Voyager's cameras, a l lowing detection of sur­
face features, including possible oceans  of l iquid n itrogen 
that have been suggested by some Earth-based observa­
tions. 

Shortly after Triton closest approach,  the spacecraft 
wi l l  pass behind the sate l l ite to create the Earth occulta­
tion so highly valued by radio science investigators. ·Th is 
occu lation wi l l  provide information about Triton 's th in 
atmosphere as wel l  as an  accurate measurement of the 
la rge moon's diameter. 

Post-Neptune Cruise Science 
Fol lowing exploration of the Neptune system, the spa­

cecraft wi l l  have completed an  unprecedented series of 
encounters with the four g iant outer p lanets and wi l l  have 
gathered va luable interplanetary information in  addition . 

At the conclusion of the VN IM  on 3 1  December 1 989, 
Voyager 1 wil l  be at approximately 40 AU and 33 degrees 
north ecliptic latitude and Voyager 2 wil l  be at approxim­
ately ,3 1 AU and sl ightly south of the ecl iptic plane. Both 
wi l l  continue to escape from the Solar System toward 
the solar apex and communications could be maintained as 
long as they continue to funct ion. Logica l ly, an extended 
mission should be conducted in  anticipation of penetrat ing 
the boundary between the solar wind and the interste l lar  
medium, a l lowing measurements to be made of the inter-
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ste l lar  fields and particles unmodulated by the solar 
plasma.  

l t  is expected that  both Voyager 2, and i ts  predecessor, 
Voyager 1 ,  wil l  remain a l ive for many years to come 
un less some unexpected fai lu re were to occur. 

Thanks to advance planning, there is no immediate 
concern about l im ited onboard resources, and the Voy­
agers (together with the Pioneers) wi l l  be the first space­
craft to continue their voyages into the outer reaches of 
the Solar System, to the hel iopause and beyond. 

Obviously, this represents a unique opportunity to 
continue to extend the scientific charting of our Solar  
System as wel l  as to gather new information about 
ultraviolet emissions from ga lactic sources. 

With a little luck, one or perhaps even both of the 
Voyagers may be a l ive and wel l  at the crossing of the 
hel iopause boundary, where the interstel l a r  medium 
restricts the outer f low of the solar wind and confines it 
with in  a magnetic bubble ca l led the hel iosphere. 

This is a key scientif ic objective stated in  the VN IM  
Project P lan .  The exact location o f  this boundary i s  not 
known and it wil l most l ikely vary as a function of sola r  
departure d i rect ton.  However, it is bel ieved to be located 
between 50 and 1 50 AU in  the d irection of travel for both 
Voyagers and Pioneer 1 1 . 

The Sun sensor might be the first resource l im itation 
to occur at about 80 AU in the year 200 1 for Voyager 1 
and 2006 for Voyager 2, although there is an  exce l lent 
chance it wi l l  continue to function wel l  beyond 80 AU.  

Thereafter, decl in ing hydrazine reserves and I or min imal  
power requirements of 230 watts would be reached in  
about the year  20 1 5  when the Voyager 1 and 2 spacecraft 
would be at hel iocentric distances of 1 30 and 1 1 0 AU, 
respectively. 
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The Voyager spacecraft. 

Typica l scientific objectives to be addressed by inter­
planetary observations are:  

1 .  Characterisation of the solar wind evolution with 
distance from the Sun (MAG, PLS, LECP, CRS) .  

2 .  Observation and characterisation of the Sun's 
magnetic field reversa l (MAG, PLS,  LECP, CRS) .  

3.  Search for low-energy cosmic rays (CRS, LECP).  

4. Characterisation of particle acceleration mechan­
isms in the interplanetary medium (MAG, PLS, 
LECP, PWS).  

5.  Search for evidence of interste l lar  hydrogen and 
hel ium and an interstel lar  wind (UVS, PLS). 

6. Observation and characterisation of the hel ios­
pheric boundary where effects of the solar wind 
terminate (MAG, PLS, LECP, CRS, PWS). 

In addit ion, interplanetary observations wi l l  be made 
(on a target-of-opportunity basis) to: 

1 .  Search for radio emissions from the Sun in  an 
environment well removed from planetary sources 
(PRA, PWS). 

2. Search for and characterise galactic sources of 
extreme ultraviolet emissions (UVS). 

3 .  Improve astrometric paral lax measurements for 
selected stars using the substantia l ly  longer Voy­
ager-Earth basel ines ( ISS). 

To the Stars 
The Solar System does not end at the orbit of P luto, 

the ninth planet . Nor does it end at the hel iopause 
boundary, where the solar wind can no longer continue 
to expand outward against the interstel lar  wind. l t  extends 
over a thousand times farther out where a swarm of smal l  
cometary nuclei are barely held in orbit b y  the Sun's 
feeble gravity (at that great d istance). 

The two Voyager robots will race past the orbit of 
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Pluto by the end of this decade and barring random 
electronic fai lures they may even survive unti l  severa l 
years after the turn of this century. 

But eve·n at speeds of 53,000 km / hr it will take nearly 
20,000 years for the Voyagers to reach the comet swarm 
and by this time they will have travel led a d istance of 
one l ight year, or nearly a quarter of the way i.o Proxima 
Centauri ,  the nearest star. 

After the Voyagers have left the remote rea lm ef 
comets they wi l l  make their way slowly to other star 
systems. 

Affixed to each robot emissary from Earth is a gold­
coated copper phonograph record designed by Carl Sagan 
and a sma l l  group of scientists and friends. The choice of 
a record was motivated by its abi l ity to hold a large 
amount of information, and by the launching of the 
Voyagers during the 1 00th anniversary of the invention 
of the phonograph record by Thomas Edison . 

Each record contains 1 1 8 photographs of our planet, 
ourselves and our civi l isation; a lmost 90 minutes of the 
world 's  greatest music; an audio essay of specia l  sounds; 
and greetings in a lmost 60 languages. An a luminium 
protective cover should ensure surviva l of the record for 
1 00 mi l l ion years against the occas:onal impacts from 
interplanetary and interstel lar  dust grains.  

Though appeal ing to the human imagination, the possi­
b i l ity is extremely low that an extraterrestrial  being wi l l  
d iscover one of  the Voyagers, rendezvous with it and p lay 
out  the contents of  the record . But  it is sti l l  exciting to 
calculate the Voyager fl ight paths into the distant future, 
searching for close encounters with other star systems. 

As the Voyager and Pioneer spacecraft travel out of the 
Solar System they wil l  eventua l ly  attain their asymptotic 

An ecliptic plane projection of the Voyager and Pioneer paths. 
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Departing the hel iosphere. 

departure d irections, as seen on the sky of the current 
epoch . 

Because the Voyager 2 flyby of Neptune wi l l  be over 
the north pole the departure trajectory wi l l  be deflected 
substant ia l ly south of the ecl iptic and Earth equator, into 
the south polar area of the celestia l  sphere. 

P lotting the departure trajectories aga inst the back­
ground stars on the celest ia l  sphere immediately suggests 
that, in  the futura (distant in human terms, c lose in 
geologic or astronomical terms) , the trajectories of these 
four spacecraft may carry them past several other stars. 
Because of the slow speeds of the spacecraft (compared 
to the ste l lar d istance sca le) and the result ing long t ime 
interva ls, and because of the space velocities of stars 
during this interva l ,  it wou ld not be expected that stars 
currently located in the d irection of the outgoing 
asymptote would be the most l ikely candidate for ste l lar  
flybys. I n  order to determine if specific ste l lar flybys occur 
for these four spacecraft, it is necessary to propagate 
both the spacecraft positions and the star positions i n  
order to  search for future "close" encounters. 

In  about 40,000 years, Voyager 1 wi l l  pass with in 
1 .6 l ight years of AC+ 79 3888, an  aging star in  the 
constel lation of Camelopardus, at the boundary near U rsa 
Minor. Though only one th i rd the size of our Sun, it cou ld 
harbour planets. A lso in 40,000 years, Voyager 2 wi l l  fly 
within 1 . 5 l ight years of Ross 248, a smal l  star in the 
constel lation of Andromeda .  Radiation bursts from Ross 
248 suggest unfavourable condit ions for l ife-bearing 
p lanets. 
• Voyager 2 is not doomed to sai l  the cosmic seas in  an 
eterna l  trek of absolute sol itude. For, in  285,000 years, 
it wil l  pass with in 3 . 5  light years of Sirius, the brightest 
star other than the Sun in Earth 's heavens. The dog star 
and its white dwarf pup, in the constel lation of Canis 
Major, wi l l  appear as a br ight beacon to the deceased 
robot craft . 
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l t  is evident that the Voyager spacecraft are trave l l ing 
far too slowly for even a modest penetration of interste l lar 
space within our l ifetimes. 

In the 2 1 st century fol low-on deep space missions wi l l  
make use of  new propulsion technologies, such as Nuclear 
E l�tric Propulsion, and these new spacecraft could 
develop Solar System exit velocities of 8- 1 3  AU a year 
compared to Voyager 2's 3.4 AU /yr .  

But even that is slow, so a re we captive of an aging 
Sun that drifts about the Mi lky Way Galaxy at a mean 
d istance of 1 . 7 x 1 0 1 2 AU with a per iod of only 245 
mi l l ion years? 

Only time wi l l  tel l ,  but we must press forward and 
hope that  a technological breakthrough can be achieved 
so that one day we can join a community of ga lactic 
civi l isations. 
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TV I N  SPACE 
B y  M ichael Engle 

The use of television systems in carrying out space 
work is becoming increasingly important. The author, 
an engineer at NASA's Johnson Space Center who 
helped to train astronauts to use the Shuttle's TV 
system, discusses their present value and what they 
might achieve in the· Space Station and beyond. 

Introduction 
Now that the Shuttle is operationa l ,  its closed circuit 

television system is becoming increasingly important. 
Whereas, in  the past, TV cameras were used mainly for 
publ ic relations, people involved with the Shuttle are 
finding many and varied uses for the Orbiter' s TV system. 
This trend, fuel led by advances in  'telepresence , '  wi l l  
become increasingly important in  space, especia l ly  for 
Space Station operations. 

The Orbiter TV System 
The Orbiter closed circuit TV system consists of cam­

eras, lens, onboard monitors, pan I tilt un its, a video tape 
recorder and associated e lectronics. An Orbiter normal ly 
carries four payload bay cameras (two each on the fore 
and aft bulkheads) , two cabin cameras, two monitors and 
a video tape recorder. If a remote manipulator a rrfi is 
flown two more cameras are carried, on the wrist and 
elbow joints. 

The TV camera consists of a si l icon intensified target 
vidicon tube and a lens assembly. The image tube, com­
bined with automatic light control circuitry,  provides excel­
lent low l ight level performance, with a dynamic range of 
about five mi l l ion to one. The cameras can use any one 
of three lens versions: 

• monochrome lens 
• colour lens (a monochrome lens with a colour 

wheel ) 
• a wide angle lens, with a wide field of view and a 

colour whee l .  

The crew can see on ly  black and white on their mon­
itors. The videotape recorder used by the astronauts 
carries a 30-minute cassette.  

I n  training, crews are taught with a variety of simula­
tors, using both mockups and computer-generated views. 
In addition, a ' Photo /TV Checklist' is carried on each 
fl ight to help the astronauts set up the TV system, 
achieving proper fields of view and col lecting video data 
for payloads. 

Operational Use 
The Orbiter TV system was orig inal ly designed as a 

Class I l l  system, i .e .  it was not critica l to mission safety 
or success. As the Shuttle became operationa l ,  however, 
it became increasingly important to mission success ( i .e .  
C lass 1 1 ) .  An example is the  repai r  of  the  Solar Max 
sate l l ite on fl ight 41 C in Apri l  1 984. Without the TV 
system, berthing and repa iring the sate l l ite wou ld have 
been extremely d ifficu lt,  ' if not impossible.  The arm wrist 
camera proved inva luable when astronaut Terry Hart 
performed the complex ' rotating grapple' to capture the 
wobbl ing solar observatory.  

Another example, fol lowing the fa i lure of both Payload 
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�stronaut tlob -Cnppen works on the Shuttle during STS-7 in June 
1 983. Behind him is a TV camera. NASA 

Assist Modules on fl ight 4 1  B in February 1 984, was the 
addit ion of an operational requirement to view the motor 
burn on all fl ights carrying these modules. Videotapes wi l l  
then help engineers to analyse future performance. 

As sate l l ite servicing assumes a larger role in Shuttle 
operations, the role of TV wi l l  grow correspondingly.  Rea l  
t ime visual data are essential for vehicle inspections, 
payload deployment and retrieva l ,  extravehicu lar activity 
support and spacecraft repa irs. Eventual ly, space servicing 
wil l  become analogous to marine salvage operations 
where divers performing on-the-spot servicing are comple­
mented by team-mates on the surface monitoring the 
work via television. 

Payload Support 
Shuttle users are beginning to rea l ise the potential of 

using the Orbiter' s TV system for data col lection and 
operational support .  An example is the experiment ca l led 
· Experimental Assembly of Space Structures (EVA) I 
Assembly Concept for Erectable Space Structures, ·  better 
known as Ease / Access, which wi l l  use the television 
syst�m to record spacewa lking crewmembers manual ly 
assembl ing simple structures. Using the resultant video 
recordings to conduct a time and motion study, an accu­
rate model of human productivity during EV A construction 
may be developed . 

Another payload that rel ied heavily on the TV system 
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The repai r  of the Solar Max satell ite in Apri l  1 984. The ' e lbow' camera 
on the mampulator arm is  a rrowed. NASA 

for data col lection was OAST- 1 ,  an  extendable,  32 m 
long solar array mounted in the cargo bay and carried on 
4 1  D i n  June 1 984. The 'dynamic performance of the 
extended array, with visible targets, was recorded and 
monitored for later ana lysis. 

On Spacelab 3 early this year, TV wi l l  be used to 
view and record auroral activity. 'Astro' is an u ltraviolet 
astronomy payload that wil l observe Ha l ley' s comet in 
February 1 986; TV will be used to help Astro point its 
instruments in  the right direction. 

I n  the future, the Orbiter' s TV system wi l l  continue to 
play an active role  i n  operations and payload support. 
Possible changes include using l ighter, sma l ler cameras 
with better colour capabi l ity, h igher resolution monitors 
and voice-operated controls .  Such changes wi l l  a lso pave 
the way for the sophisticated TV monitoring and telepres­
ence capabi l ities required for the Space Station . 

Space Station TV Systems 
Fol lowing President Reagan 's  d i rective in  January 1 984 

to begin work on the Space Station, NASA is  undertaking 
a myriad of studies. There is the potentia l  to design 
a sophisticated and flexible Space Station TV system, 
benefit ing from experience gained with the Shuttle. 

Video systems wi l l  prove invaluable i n  conducting 
routine operations and maintain ing the psychological 
hea lth of the crew. The station wi l l  probably inc lude 
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severa l free-flyers, independent, eo-orbit ing platforms 
conta in ing experiments or production faci l it ies. These 
platforms wi l l  need to be monitored with the min imum of 
d isturbance; the best way is via a c losed circuit TV 
system.  Space station performance and integrity must 
a lso be monitored visua l ly ,  necessitat ing some sort of TV 
system. A dua l  transmit / receive and closed circuit TV 
system could provide crews with enterta inment (fi lms,  
games,  etc),  as wel l as a l lowing private conversations 
with fami ly and friends on the ground (the latter has been 
a feature of Soviet Salyut missions). 

An important function of the Space Station wil l  be 
traffic contro l .  l t  wil l not only monitor and control the 
free-flying platforms but will also serve as a staging post 
for payloads bound for d ifferent orbits. Like an  a i rport 
control tower, the station wi l l  coordinate payload arriva ls  
and departures, maintain separation and provide mainten­
ance and refuel l ing services. l t  wil l  require very sophisti­
cated electronic ranging and monitoring instrumentat ion.  
Traffic control wi l l  probably be accompl ished by both laser 
and radar, as wel l as visua l ly .  A visual capabi l i ty, via both 
windows and TV monitors, will serve as a complementary 
method of traffic separat ion,  as well  as backup to the 
avionics. 

Extraveh icular activity wil l  be an important part of 
Space Station operations. I n it ia l  construction of the sta­
tion wil l  involve extensive spacewa lks and subsequent 
operational activit ies and wi l l ,  routinely, depend on EVA. 
TV monitoring wi l l  be necessary to support such opera­
tions, both to monitor crewmembers' safety and to he lp 
them in  the ir  work. 

In the long term, the visual monitoring of today will be 
replaced by telepresence, i ntimately involving the human 
operator i n  a robotic control system. Future teleoperator 
systems will meet and even exceed the capabi l it ies of the 
human eye. In the not-too-distant future such technology 
wi l l ,  as George van Tiesenhausen of NASA's Advanced 
Systems Office puts it ,  a l low you to 'do things in  space 
as if you were rea l ly  there . '  As this field develops, more 
and more EVA tasks will be performed by crewmembers 
inside the station via teleoperator devices. NASA bel ieves 
that telepresence capabi l it ies v11i l l  equal human EV A abi l i ­
t ies by the 1 990' s.  I n it ia l ly ,  stereo black and white 
televisions wil l  be used on the te(eoperators but these 
cannot match the capabi l ity of the human eye. Eventua l ly ,  
NASA hopes to have teleoperator cameras with both 
colour and wide fields of view - these require a far higher 
number of communication bands than are now avai lab le .  
Such camera systems wi l l  match and perhaps exceed the 
resol ution of the human eye. 

A Space Vision System, bui l t  by the Canadian Nat ional  
Research Counci l ,  flew on the Shutt le i n  late 1 984 aboard 
mission 4 1  G .  lt might prove to be the forerunner for 
Space Station TV monitoring systems. lt uses either a 
natural or laser l ight beam,  interfacing with an onboard 
computer, to provide depth perception when manoeuvring 
or grappl ing payloads with the Orbiter's man ipulator arm.  
A Canadian payload specia l ist, Marc Garneau ,  monitored 
the TV image aboard the Orbiter. In the future, such 
computerised \l ision systems will be an important tool 
i n  bui ld ing the Space Station and other large space 
structures. 

There appears to be no insurmountable obstacles to 
bui ld ing and operating a TV monitoring system for the 
Space Station. The environment does not pose a problem, 
as the station wi l l  not be exposed to excessive radiation 
(which cou ld  damage a camera 's  si l icon tube) and the,rmal 
control can be achieved by using methods such as 
shading,  thermal  b lankets and strip heaters. The greatest 
problem is providing camera cool ing during long periods 
of continuous operat ion.  
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CATCHING UP WITH A COMET 

H a l l ey' s comet h as been seen o n  its per iod ic  v isits to 
the v ic i n ity of the E a rt h  for m o re t h a n  2,000 years.  But  
it has  n eve r had  a m o re enth u siastic welco m e  than it  is  
cu rrently g ett i n g  fro m NASA and oth e r  space o rg a n i ­
sat ions .  

Records descri b i n g  the  com et h ave s u rv ived for 
each of its last 29 a ppea ra n ces at i nterva l s  of 75 o r  76 
yea rs from 240 BC to 1 9 1 0, except for the yea r 1 64 BC.  
D u r i n g  m a ny of these a ppea ra n ces the  com et was 
reg a rded an evi l omen - a h eave n l y  h a r b i n g e r  of 
doom - even t h o u g h  its travels  near the  E a rt h  have 
been acco m p a n ied and fo l l owed by as m a ny 
a u sp ic ious  events as detri m enta l ones .  

Th i s  t i m e  a ro u n d ,  the  com et's a rr iva l i s  cons idered 
by m a ny scient ists to be a o n ce- i n -a- l ifet i m e  research 
opportu n ity, and they a re g o i n g  at it in a b ig  way. 
Resea rch eq u i pment  has vast ly  i m p roved in the 75 
yea rs s i n ce the com et's l ast v is it  in  1 9 1 0 . For the-fi rst 
t i m e  it  c a n  n ow be i n spected fro m a bove the obscu

'
r i n g  

atmosphere .  G ro u nd a n d  aeri a l  observat ions  a re bei n g  
s u p p l e m e nted b y  a n  a rray o f  spectacu l a r  space 
m issi o n s :  

e NASA is  sen d i n g  its spa rkl i n g  n ew a stro n o m ica l  
observatory "Astro- 1 "  o n  i ts  ma iden fl i g ht aboard 
the S h utt le 's  cargo bay o n  M a rc h  6. D u r i n g  the i r 
seven days i n  o rbit ,  the Sh utt le  crew wi l l  be 
ass ig ned to use Astro- 1 's th ree u ltrav io let 
tel esco pes a n d  two wide-fi e l d  ca m e ras a l m ost 
exc l us ively fo r observatio n s  of the comet. 

e E a r l ie r, on a J a n u a ry S h utt le  m issi o n ,  a " S p a rta n "  
experi m e nt packa g e  conta i n i ng automated 
resea rch i n stru m ents is  to be re leased i nto a free­
fly i n g  o rbit  fo r 48 h o u rs a n d  then retr ieved so that its 
reco rded comet observat ions  ca n be a n a lysed u po n  
retljrn  t o  E a rt h .  

e NASA's P ioneer  Ven u s  Orbiter, w h i c h  has been 
c i rc l i n g  Ven u s  s i nce 1 978, wi l l  swivel  its u ltrav i o l et 
spectrom eter towa rd H a l l ey's comet. The craft wi l l  
b e  i n  a u n i q u e  posit io n  o n  the o ppos ite s ide  of the  
S u n  fro m E a rth .  F rom that  u n u s u a l  va ntage p o i nt 
the craft wi l l  be a b l e  to exa m i n e  the comet d u ri n g  its 
c losest a p p roach to the S u n .  At that t i m e  the comet 
wi l l  n ot be be vis i b l e  from the E a rth  beca use the S u n  
i s  obscu r ing  it .  T h e  craft wi l l  observe gases a n d  d u st 
e m a n at i n g  from the comet. 

e The U S  S o l a r  Maxi m u m  Observato ry, wh ich  m a d e  
h i sto ry i n  1 984 when it beca m e  the  fi rst d i sa b l e d  
spacecraft resto red t o  service b y  a n  i n -fl i g ht repa i r  
crew a bo a rd the S h utt le, wi l l  a lso turn  its 
i nstru m e nts towa rds H a l l ey's comet. The craft's 
coronog ra p h  that h a d  been desig ned p a rt icu l a r ly 
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for its S u n  stu d i es wi l l  produce i m ages of the  com et 
a n d  its spectrom eter wi l l  exa m i n e  t h e  comet's 
n uc leus .  

e The I nternati o n a l  S u n-Ea rt h  3 Exp l o re r  ( n ow re­
n a med ICE,  for I nternatio n a l  Cometa ry Exp lorer )  
wh ich  has  been in  a h i g h -a lt i tude o rb i t  fo r so lar  wi n d  
m o n itor i n g  s i nce 1 978 wi l l  m a ke spectro g r a p h i c  
a n a lys is  o f  H a l l ey's com po n e nts. Th at craft a l ready 
made h i sto ry in Septem be r  1 985 after its cou rse was 
a ltered a n d  it  became the fi rst h u m a n-made o bject 
to come c lose to a comet.  

The experie n ce g a i ned d u ri n g  that encou nter is  
p rov i n g  h e l pfu l to U S  H a l l ey watch e rs a s  wel l  as  to the 
g ro u n d  crews of spacecraft of oth e r  n at ions .  

Al l of  t h i s  exten s ive com et rese a rc h  comes, 
i ro n ic a l ly, after N ASA had been s u bjected to severe 
cr i t ic ism with i n  the U n ited States fo r a l leged ly  fa i l i n g  
t o  take fu l l  advantage o f  t h e  a p peara n ce o f  t h i s  m ost 
fa m o u s  of a l l  comets. The cr it ics h ave been c h a rg i n g  
t h at N ASA, for bu dgeta ry reasons, assig ned o n l y  
a l ready exist i n g  resea rch eq u i p m e nt rathe r  t h a n  
desi g n i n g  a n e w  m iss ion ded icated so le ly  t o  H a l l ey's 
comet exp l o rat ions  as  so m e  oth e r  cou ntr ies a re d o i n g .  

T h u s, the  E u ro pean S pace Agency l a u nched its 
G iotto spacecraft on J u ly 2, 1 985, o n  a path which  i s  to 

The H u bble Space Telescope, d ue for lau nch d u ri n g  1 986. 
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take it, after cou rse refi nements, to with i ,  a bout  500 
km of the com et's n u c l e u s  on M a rch 1 3, 1 986. J a p a n  
l a u nched its fi rst two i nterp l a n etary spacecraft -
" P l a n et-A" a n d  " Sak igake"  - to look at the comet 
fro m d ista nces of severa l m i l l i o n  k i l o m etres i n  M a rc h .  
And t h e  Soviet U n i on  V e g a  1 a n d  2 craft wi l l  a l so fly 
with i n  a few thousand k i l o m etres of H a l l ey's com et for 
o bservat ions  ear ly  i n  M a rc h .  

NASA i s  p l ay i n g  a vita l p a rt i n  th ese m u lt i -nat io n a l  
o bservat ions  t h ro u g h  i t s  eo-sponsorsh i p  w i t h  West 
Germany of the I nternat io n a l  H a l l ey Watch ( I HW ) .  

The twi n  headq u a rters fo r the  I HW, staffed by 
scient ists fro m many cou ntr ies,  a re l ocated at N ASA's 
J et Propu ls ion  Labo ratory in Pasadena ,  Ca l ifo r n i a ,  a n d  
West Germa ny's U n ive rsity o f  Er langen- N u rn berg . 

A YEAR FOR SPACE SCIENCE 

NASA's act iv it ies perta i n i ng to H a l l ey's com et a re 
p a rt of a n  a rray of p rojes;ts which  h ave mot ivated 
NASA to d ec l a re 1 986 as "A Yea r fo r S pace Sc ience. " 
NASA is a r ra n g i n g  exh i b its a n d  oth e r  p u b l i c  a d u cat i o n  
p rog ra m m es w h i c h  vivid ly show h o w  space 
exp l o rat i o n  cont i n u es to d rastica l ly expa n d  h u m a n ­
k i n d 's v is ion  i nto o u r  cosm olog ica l  n e i g h bo u rhood .  

Th ese exh i b its and oth e r  prog ra m m es a lso ca l l  
attentio n  t o  some o f  N.A.SA's othe r  m aj o r  sc ience 
act ivit ies p l a n ned fo r 1 986 : 

e The J a n u a ry fly-by of U ra n u s  by the U S  Voyag e r-2 
spacecraft .  l t  wi l l  be h i story's fi rst c l ose-u p exa m i na­
t ion  of that p l a n et which is m o re than twice as 
d i stant fro m the  E a rth as any o bject eve r exa m i ned 
i n  such deta i l .  

e The l a u nch of t h e  fi rst exp l o rati ons ,  l ate i n  1 986, 
with the revo l ut i o n a ry H u bb l e  S pace Te l escope 
wh 1ch  NASA Ad m i n i strato r J a m es M. Beggs has 
ca l led perh a ps the most i m portant scie ntif ic 
i nstru ment  eve r f lown , and which some scient ists 
h ave h a i led  as "the scie ntific i n stru ment of the  
centu ry " .  

e The l a u nch i n  May of the G a l i leo spacecraft o n  a n  1 8-
m o nth jou rney to J u piter where the  craft wi l l  re lease 
a 1.5 m d i a m eter entry p ro be that i s  to descend i nto 
and a n a lyse the p l a n et's atmosphere .  

e A possi b l e  c l ose-u p i nspect ion  of  the aste ro i d  
Amph itr ite.  N o  decis ion  h a s  yet been m a d e  o n  
whether  to u ndertake that h i sto r ic  m issio n  by 
steer i n g  the J u p iter-bou n d  G a l i leo spacecraft on a 
deto u r  to the  v ic i n ity of that 200 km p l a n eto id  i n  the  
midd le  of  the  astero i d  be l t  a bout two a n d  a ha l f  
t i mes as fa r fro m the Sun as is  the E a rt h .  If the  
decis ion  is  made to d ivert G a l i leo o n  the s ide  t r ip ,  
the  craft's a rriva l at J u p iter wou l d  be d e l ayed by 
·a bout t h ree m o nths .  

Sc ientif ic exp l o rat ion  has a l ways been a m aj o r  
o bjective o f  the U S  space prog ra m m e  a n d  NASA's 
1 986 p rojects p ro m i se to beco m e  p a rt icu l a r ly  
prod uct ive.  They encom pass t h e  exper ience and 
tech no log ica l  knowhow accu m u l ated over  m o re t h a n  
a q u a rter o f  a centu ry o f  operatio n s  i n  space.  

As they extend h u m a n ki nd's v iew, th ese p rojects 
wi l l  u n d o u bted ly add su bsta nti a l ly to o u r  knowledge 
a bout the so l a r  system and the l aws a n d  worki ngs  of  
n atu re that g overn everyt h i n g  with i n  it  and in  t h e  
u n iverse beyon d .  
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------ News Bulletin ------

COSMONAUT I LLN ESS 
FORCES EARLY RETU RN 

Cos m o n a uts o n board the  Soviet Sa lyut 7 space 
stat ion  u n expected ly  retu rned to E a rth in late 
N ove m ber after the com m a nder, V l ad i m i r  
Vasyut i n ,  fe l l  ser ious ly i l l .  

Th is  was t h e  fi rst t i m e  i n  t h e  h i story o f  m a n ned 
space  activity that a m iss i o n  has  been  cu rta i l ed by 
e i ther  the Sovi ets or the  Amer icans fo r such a 
reason .  

F i rst n ews o f  t h e  cutt i n g  s h o rt o f  t h e  u nfi n i shed 
prog ra m m e after 65 days ca m e  o n  N ovem ber 2 1  
when Tass a n n o u nced that the th ree cos m o n a uts 
from 5 a l yut 7 had retu rned safe ly  to E a rth in the i r 
Soyuz 1 4  craft .  

Docto rs were o n  the  sce n e  at touch down in  
Kaza khsta n ,  a Centra l  As i a n  Soviet Repu b l ic ,  to 
exa m i n e  the co m m a n d e r  but no  deta i l s  of h i s  
i l l n ess we re re l eased . 

A su bseq uent  Tass state ment  sa i d : " Vasyuti n 's  
co n d it ion  is  satisfactory.  We ca n n ot say  a ny m o re 
t h a n  that as we h ave to m a ke a thoro u g h  check- u p .  
lt i s  o n ly c lear  n ow th at, as w e  expected,  h e  n eeds 
h ospita l  t reatm ent. " 

Vlad im i r  Vasyutin 

Vasyut i n  (33) went i nto space on Septe m ber  1 7  
with two oth e r  cosm o n a uts, G e o rg i  G rechko (fl i g h t  
e n 9 i neer )  a n d  A leksa n d r  Vol kov ( resea rch e r­
cosmonaut ) ,  car ry i n g  out  a j o i nt e i g ht day m iss i o n  
with the  cos m o n a uts a l ready there, Dzh a n i bekov 
a n d  Savi nykh . G rech ko a n d  Dzh a n i bekov retu rned 
to E a rth  i n  Soyuz T- 1 3  o n  Septe m be r  25 .  

S i nce then  the rem a i n i n g  th ree cosm o n a uts had 
been worki n g  o n  a n  extensive sci e ntific 
p rog ra m m e  which  i n c l u ded ta k i n g  p ictu res of s ix  
m i l l io n  sq u a re m i les of Soviet terr itory fo r use by 
scientif ic a n a  oth er  bod i es.  

Vasyuti n  was assig ned to the  cos m o n a ut 
detach m e nt i n  1 976 at t h e  age  of 24, co m p l et i n g  
test p i l ot school  t h e  fo l lowi n g  yea r .  H e  w a s  o n  h i s  
fi rst space m issio n ,  a l thou g h  h a d  p revi ous ly  been 
a m e m ber  of t ra i n i ng prog ram mes o n  fou r  back-u p 
crews. 

N o  i m m e d i ate i n d i cati o n  was g iven by t h e  
Soviet author it ies a bout h ow l o n g  the  com ma n d e r  
h a d  b e e n  i l l  befo re the  dec is ion to a bo rt the  
m iss ion was take n .  
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MARS AERONOMV ORBITER 

In the Ju ly-August and December 1 985 editions of 
'Space at JPL, · two candidates for the second mission in  
the Planetary Observer series were examined: the Lunar 
Geoscience Observer (LGO) and the Near Earth Asteroid 
Rendezvous (NEAR) .  The first mission in  the series is  the 
a l ready-approved Mars Observer project; this month a 
th ird candidate to fol low that m ission wi l l  be reviewed : 
the Mars Aeronomy Orbiter ( MAO). 

The dictionary defines aeronomy as a ' science that 
dea ls  with the physics and chemistry of the upper atmos­
phere of planets . '  Fol lowing the advent of radio in  the 
late 1 9th century, Heaviside and Kennel ly postulated 
in  1 902 that transmissions were accompl ished by the 
reflection of radio waves from a layer of charged particles 
in  the upper atmosphere. These particles were detected 
in  1 924 by the British physicist Sir Edward Appleton 
( 1 892- 1 965) .  The structure of this region of charged 
particles, the ionosphere, varies greatly with solar activity 
and has seasonal and daily patterns of fluctuations, as 
anyone who l istens to radio can attest. The ionosphere 
extends from approximately 50 km to 1 000 km above 
the Earth and can be divided into three dist inct regions. 

Research into the structure and dynamics of the Earth ' s  
upper atmosphere h a s  been greatly faci l itated b y  t h e  use 
of sounding rockets and satel l ites. The fi rst US sate l l ite, 
Explorer 1 ,  resulted in  the discovery of the Van Al ien 
belts, whose reservoirs of trapped protons and e lectrons 
gird our g lobe. The interaction of the solar wind with the 
Earth 's  magnetic field continues to be an active area of 
research .  

Aeronomy investigations for the  other p lanets are in  
their infancy. The Pioneer-Venus ( 1 978)  m ission has 
begun that  service for Venus.  I n  the case of  Mars, 
the emphasis to date by NASA has been on geology, 
biochemistry and properties of the neutra l atmosphere. 

The scientific goals for MAO are to characterise the 
magnetic f ield of Mars, the interaction of the planet with 
the solar wind and the structure and dynamics of the 
upper atmosphere. More specifica l ly, da i ly and seasonal  
variations of the upper atmosphere are to be determined; 
the question of whether Mars has an intr insic magnetic 
field is  to be addressed; and the present escape ratio of 
hydrogen, oxygen and nitrogen from the atmosphere are 
to be measured . These last data would  have important 
consequences for the study of the evolution of that 
atmosphere. 

I n  order to accompl ish these goa ls,  three different 
experimental methods have been identified:  ( 1 )  in situ 
measurements of atmospheric constituents, (2)  optica l 
remote sensing of the atmosphere, and (3 )  measurements 
of plasmas and e lectromagnetic f ields. The first set of 
measurements can be done through the use of mass 
spectrometers, whi le the second set would require inter­
ferometers . Several instruments, inc luding a magnet-
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ometer, e lectric fie ld detector and solar  wind plasma 
ana lyser, would implement the th ird item. 

A possible launch date for MAO is  September 1 992, 
with a one-year f l ight t ime to Mars. Then, start ing in  the 
autumn of 1 993,  MAO wou ld  col lect data for a bout one 
Martian year (approximately two Earth years) .  

The orbit  of MAO about the planet wou ld  be h ighly 
eccentric so that the instruments could  sample a wide 
range of atmospheric levels .  l t  would a lso be h ighly 
incl ined to the Martian equator to a l low measurements 
to be taken at most latitudes. The period is  p lanned to 
be greater than 20 hours. During th is period data are 
gathered at three d ifferent rates. I n  the h igh regions of 
the orbit (that is, around 'apoareon' ;  the suffix is derived 
from 'Ares, '  the Greek equivalent of the Roman Mars) 
data are col lected at 5 1 2  bits per second and put on to 
the spacecraft 's  tape recorder. As the spacecraft draws 
closer to Mars, entering the ionosheath region, the data 
rate doubles to 1 024 · bits per second.  Then, 1 5  minutes 
before periareon, the data rate doubles again to 2048 
bits per second. At these rates, more than 80 mi l l ion bits 
are generated each day and played back in  a 4 .5  hour 
dai ly downl ink.  

The mission could  be accompl ished with severa l space­
craft designs. The one that is selected, should  MAO be 
chosen as the second Planetary Observer, would be 
influenced by the spacecraft for the Mars Observer. If 
that prior mission employs a dua l-spin spacecraft , then 
MAO would probably fol low suit .  But if the Mars Observer 
is  three-axis stabi l ised (does not spin) ,  then MAO might 
go to a different design .  A low-cost a lternative would  be 
to spin the entire spacecraft for stabi l isation; f ields and 
particles experiments thrive in this type of environment.  

A fourth P lanetary Observer candidate, in  addition to 
MAO, LGO and NEAR, is the Comet Coma Sample Return. 
That mission wi l l  be reviewed in  a later edition of this 
column.  

KECK TELESCOPE GROUNDBREAKING 

The Keck 10 m telescope, scheduled for completion in  
1 99 1 ,  wi l l  be  placed on  top  of  a 4, 1 50 m dormant 
volcano, Mauna Kea , in  Hawai i .  On 1 2  September 1 985 
ground was broken at the site in  a ceremony attended by 
some 1 50 officia ls  and guests. The Keck Telescope should 
be the largest in  the world at the t ime of its completion 
(see the June 1 985 edition of this column) .  

The telescope wi l l  be constructed from a $70 mi l l ion 
grant from the W. M. Keck Foundation to Ca ltech (Ca ltech 
operates JPL for NASA). The Cal ifornia Association for 
Research in  Astronomy (CARA) is a corporation that has 
been formed by Caltech and the University of Cal ifornia 
for the purpose of bui ld ing and operat ing the Keck Tale­
scope. The two institutions wi l l  share viewing  time equa l ly  
and a lso provide access for the University of  Hawai i ,  from 
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which the observatory land is being leased. The estimated 
$87 mi l l ion in  construction funding will be provided by 
Ca ltech, the bulk of this funding comes,from the Keck 
grant. while the Un iversity of Ca l iforn ia will provide funds 
for instrumentation of the telescope and operation of the 
faci l ity for 25 years . 

At the ceremony, Dr. Marvin Goldberger, the President 
of- ealtech, said, " Every time an instrument has been 
introduced into modern science that enables us to explore 
h itherto inaccessible regimes, we have been shocked and 
humbled by the unexpected . lt  is just such a quantum 
jump in  observational astronomy that we wi l l  be 
embarking upon as we break ground for the W. M .  Keck 
Observatory. "  

Dr. Edward Stone i s  the Chairman of the Department 
of Physics, Mathematics and Astronomy at Cal�ech and 
a lso serves as the Project Scientist for JPL's Voyager 
Project. He gave a ta lk on the design,  construction and 
potentia l  of the Keck Telescope to an audience at JPL  on 
2 October 1 985.  

Stone pointed out  that  Ca ltech's 5 m Hale Telescope 
at Palomar is sti l l  the premier instrument in  astronomy 
even though it was designed 50 years ago (it went into 
operation in 1 948). For a scientific instrument to dominate 
its f ield for so long is unusual in  modern science. One 
reason is the fact that it represents tne end point of a 
certain technology: the massive, large mirror held together 
by mechanical strength .  lt  would be difficult to bui ld and 
support mirrors significantly larger than the 5 m slab of 
g lass. 
The 1 0 m Keck telescope wil l  be built by Ca ltech and the U niversity 
of Cal ifornia .  to be placed atop Mauna Kea , Hawaii  for the start of 
observing in 1 992.  The Palomar telescope has a 5 m main mirror. 
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In thiS a rt1sts s concept, tne aome ot tne lU m Keck Telescope on 
Mauna Kea, Hawaii  is shown in foreground. Other existing international 
facil ities in the background combine to make the a rea on top of the 
4 1 50 m dormant volcano one of the major astronomical sites in  the 
world .  CARA 

The segmented Keck mirror wi l l  consist of 36 hexagonal 
m irrors, each of which can be relatively thin 'and l ight 
since it rests only in its own support .  Stone said that two 
fundamenta l items of technology had to be addressed 
prior to undertaking the 1 0  m mirror: 

( 1 )  Devising a method for shaping each of the 36 
constituent mirrors; un l ike a mirror for a single­
mirror telescope, they wi l l  not be axia l ly symme­
tric. Most methods apply to the symmetric case. 

(2) Developing an accurate way to monitor and control 
the position of each of the individua l  mirrors so as .  
to  coordinate their l ight-gathering activity into the 
formation of a sharp image. 

Both problems were solved by Dr. Jerry Nelson and his 
associates at the University of Cal ifornia .  Nelson is the 
Project Scientist for the Keck endeavour, whi le Jerry 
Smith of Ca ltech is the Project Manager. Smith formerly 
managed the development of NASA's 3 m I nfrared Tele­
scope Faci l ity and the I nfrared Astronomica l Sate l l ite 
( I RAS). See the Apri l  1 984 'Space at JPL . '  

The 1 .8 m mirrors wi l l  be shaped by 'stress mirror 
pol ish ing . ·  In this method, levers appl ied to the perimeter 
of each mirror distort its shape in  such a way that it can 
be pol ished with axial ly-symmetric methods and then, 
when the levers are released , voi la !  - the mirror's shape 
sl ithers into the desired, non-axia l ly  symmetric configura­
tion . Of course, the method requires iteration through 
severa l stressing, pol ishing and measuring �teps. 

The second piece of technology employs two displace­
ment sensors on each mirror edge ( 1 68 in tota l ) .  These 
sensors, accurate to 1 I 200 of the wavelength of l ight, 
measure the positions of the individua l  7.5 cm thick 
mirrors 'and report their resu lts to a control l ing computer. 
The computer controls three motor-driven screws per 
mirror and effects position a I corrections, accurate to 1 I 50 
wavelength, every second .  

The performance of t h e  Keck Telescope, according to 
Stone, is a function of both its size and its location .  For 
exampl�. compared to the 5 m telescope at Palomar, it  
wi l l  be 1 6  t imes more effective in  stacking up  photons. 
A factor of four  is  obtained from the doubling of mirror 
diameter and a second factor of four results from the 
improved seeing (perhaps 0.5 arc second compared to 1 
arc second) on Mauna Kea , which has only 1 0% of the 
water vapour and 60% of the atmosphere at sea leve l .  

Of  course! the seeing for NASA's Hubble Space Tele-
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scope is even better since it wi l l  be above a lmost a l l  of 
the atmosphere. However, th is sma l ler  2.4 Ill instrument, 
scheduled for launch into Earth orbit i n  1 986,  does 
not have the raw l ight-col lecting capabi l ity of the Keck 
telescope. l t  wi l l  excel in  producing high resolution images 
free from atmospheric smear. The Keck telescope wi l l  
col lect photons from faint ga laxies, over 1 2 ,000 mi l l ion 
l ight years distant, a l lowing spect1 oscopy to be performed 
for these far objects. 

A site has been prepared adjacent to that of the Keck 
Observatory in  the hope that future funding could result 
i n  a second 1 0  m telescope. Operating together, the two 
instruments would provide a faci l ity of awesome power 
for i nterferometric work or, conjoined together as l ight 
buckets, the capabi l ity of approximately a 1 5  m telescope. 

ICE BISECTS GZ 

l t  was a time for superlatives. On 1 1  September 1 985 
the I nternational Cometary Explorer ( ICE) successfu l ly  
accompl ished the first encounter with  a comet as i t  
passed through the ta i l  of  Giacobini-Zinner (GZ) .  The set 
of fields and particles instruments (no imaging) onboard 
ICE registered dramatic changes dur ing passage through 
the ion tai l ,  estimated to be 1 5 ,00Q-20,000 km in  dia­
meter at the (centra l )  chord of crossing.  

The story of how this NASA / Goddard mission was 
diverted from its origina l  functions in  the Earth-Moon 
system to go off to a comet is one of the most dramatic 
ta les in  astronautics h istory (some of the earl ier h istory 
is contained i n  the November 1 984 writeup i n  Spaceflight) . 
The comet mission was the idea of Or. Robert Fa,quhar 
of the Goddard Space Fl ight Center, who combined inte l l i­
gence with persistence to bring about the f inal result .  

One of the components of this success was the accurate 
navigation of ICE to the centrel ine of the ta i l  8000 km 
from the nucleus. M issions such as Voyager and Gal i leo 
supplement radiometric tracking data , acquired by the 
antennae of the Deep Space Network, with optica l images 
of the target (sate l l ite, p lanet) taken from the spacecraft. 
The latter data type is extremely important for these deep 
space missions, which would not be possible without it, 
since the camera images establ ish the relative location of 
spacecraft with respect to target . With no onboard 
camera , ICE was denied this data type. Closer to Earth 
than Voyager or Gal i leo, ICE had a chance to recoup using 
Earth-based measurements. Thus, the ICE navigators 
were faced with the necessity of accurately determin ing 
the ephemerides of both the spacecraft and the comet in  
order to bring them together. 

When the comet was recovered by Earth-based tele­
scopes early in  1 984, as it approached the Sun in its 6 . 5  
year orbit, its posit ional uncertainty was on the order of 
1 00,00Q-200,000 km. Since, at that t ime, the ta i l  of GZ 
was thought to be only 5000 km in diameter, the naviga­
tors clearly had their work cut out. 

Dr. Donald Yeomans of JPL led the effort to improve 
the orbit of the comet and Dr. Leonard Efron, Chief of 
the ICE navigation team at JPL, was responsible for 
determin ing the orbit of the spacecraft . We wi l l  examine 
these efforts in turn .  

Yeoman's task began with the recovery of GZ in  Apr i l  
1 984; now Earth-based telescopes could supply positions 
of the comet as measured against the background of 
stars. 

The optica l tracking network was assembled under the 
auspices of the Astrometry Network of the I nternational  
Ha l ley Watch and eventual ly suppl ied 8 1 4  data points 
from 6 1  observatories from GZ recovery up to 6 Sep­
tember 1 985,  five days before the encounter. Major 
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observatories, e .g . ,  Lick in  Ca l iforn ia ,  worked along with 
amateur astronomers in  a world-wide endeavour  to char­
acterise the motion of GZ.  Not only were careful astrome­
tric measurements necessary, but they had to be done 
with respect to a specia l  set of accurately-known stars 
prescribed by Yeomans (essentia l ly  stars from the funda­
menta l AGK3 cata logue).  

Time became the essence as the day of encounter 
approached. Many observers took their observations, 

; reduced the data and telexed the results to Yeomans 
immediately. He cites as an outstanding example Brian 
Manning of Stakenbridge Observatory in Worcestershire,  
England,  who used a 26 cm reflector to generate an 
expedit ious and accurate stream of data . 

The determination of the orbit of GZ came from folding 
these observations into a mathematica l model of the 
comet's  not ion.  A particu lar  problem surfaced i n  the case 
of GZ. Not only is the motion of the comet shaped by 
the gravitational attraction of the Sun and planets, but 
a lso by non-gravitational forces that change relatively 
rapidly, on a t ime sca le of months or years. Non-gravita­
tional forces exist for Comet Ha l ley too, but they genera l ly  
vary only sl ightly over a period of centuries. One model 
that would expla in the rapid variation or non-gravitat ional 
forces on Comet GZ postulates a very flattened cometary 
nucleus that wobbles or precesses. Then, sites of expul­
sion of mass from the nucleus would change their inert ia l  
d i rection of force on the nucleus as it wobbles. Expulsion 
of mass generates forces on the comet by Newton's Third 
Law. 

Yeomans fed GZ ephemeris updates into the ICE naviga­
tion process throughout the mission. The last update was 
sent to Goddard the morning of Friday, 6 September. 
Over the next day, manoeuvre ana lysts at the NASA 
centre computed the last engine burn of ICE and executed 
it on Sunday, 8 September, three days before encounter. 
Yeomans estimated that he had determined the fina l  orbit 
of GZ to within  500 km, relat ive to Earth . Later ana lysis 
of addit ional cometary observations indicated that h is  
accuracy might have been even better. 

The second part of orbit determination for the ICE 
mission, spacecraft location, proceeded i n  para l le l  with 
the cometary ephemeris improvement. The raw mater ia ls 
for this process were two-way doppler data (S-band) and 
range data . These data measure the velocity and distance 
of the spacecraft relative to the observer on Earth and 
are used i n  conjunction with a mathematica l model of 
the craft 's motion - analogous to the way that optical 
observations are used with regard to the comet's orbit . 
A compl ication for the ICE mission came from the fact 
that the comet's  mass was too smal l  to affect, to a 
sensible degree, the motion of the spacecraft - so another 
potentia l  source of comet / spacecraft relative location 
was not ava i lable.  

As ICE approached its target, three fina l  trajectory 
correction manoeuvres (TCM) were done by Goddard in  
response to the navigational information provided by Efron 
and Yeomans. The first took place on 7 June 1 985 and 
a l lowed Efron's team to monitor the performance of  the 
spacecraft 's  engine. Uti l ising this experience, they were 
able to assist control lers at Goddard in tun ing the burn 
parameters whi le the second burn was i n  progress, on 9 
July.  This action was possible because the TCMs were 
each done in segments, with time between each. 

The f inal TCM,  as noted, took place on 8 September. 
Efron estimates that it del ivered the spacecraft to within 
50 km of its targetted position relative to Earth . Then the 
relative position of ICE and GZ was inferred from each of 
their separately determined positions relative to Earth. 
Fitting the spacecraft and comet together in  this manner 
is  reminiscent of the civi l  engineer's 'b l indfo ld '  tr ick of 
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steering two tunnel dr i l l ings together under a mounta i n .  
Efron was  present at the  control centre at Goddard on 

the day of  encounter. He describes the event :  "Everyone 
anxiously scanned visual d isp lays monitor ing antenna 
s 1gna l-to-noise ratios and spacecraft solar panel output 
current ( reflect ing concern for comet dust coat ing the 
panels ) .  Caut ious opt imism turned into elat ion as 1 1 .06 
GMT came and passed . We knew the i nstruments had 
been recording notable leve ls of activity for  some t ime,  
but smi les now spontaneously appeared when spacecraft 
survival had become a rea l ity . . .  a comet had been encoun­
tered . "  

L I F E  I N  T H E  COSMOS 
From t ime-to-t ime i n  these pages, the  subject of  SET I ,  

t he  search for extraterrestria l  inte l l igence, has  been 
discussed . This topic is only one in  a broad ly-based set 
of investigat ions that are now taking place concern ing 
the fundamenta ls of b io logica l  science. 

At the coarsest level of resolut ion one can d istingu ish 
th ree areas of research : ( 1 )  the formation and distr ibution 
of chemica l precursors of l ife, (2 )  the or ig in of l ife, and 
(3) the mechan isms of evolut ion .  The fi rst subject has 
been addressed in  a recent NASA pub l icat ion ,  The Cosmic 
History of the Biogenic Elements and Compounds (NASA 
SP-476 edited by John Wood of the Harvard-Smithsonian 
Center for Astrophysics and Sherwood Chang of the 
NASA Ames Research Center), and wi l l  be reviewed here. 

n itrogen is produced and eventua l ly  d isseminated into the 
interstel la r  med ium by the processes discussed above. 

The interste l l a r  medium is not a homogeneous co l lec-
; t ion of atoms. This breeding ground for stars conta ins 

ions, dust and molecules of some complexity, a long with 
atoms.  The i nterste l la r  med ium is ,  i n  addit ion ,  segregated 
into rather dense molecu l a r-cloud reg ions and a lmost 
empty i ntercloud reg ions. The latter reg ions are not 
favourable for the development of complex molecules 
because u l travio let radiat ion from nearby stars continua l ly  
breaks chemica l bonds. The i nterste l la r  c louds do not 
provide a hospitab le reg ion for molecu la r  bu i ld ing pro­
grammes, and many species have been detected through 
astronomical observation i n  recent years. 

A star  is created by gravitat iona l  co l l apse and heat ing 
1 i n  part of an  interstel l a r  c loud. However, not a l l  of the 

col l apsing materia l  feeds into the sta r-to-be. An accret ion 
d isc can form; it consists of materia l  ly ing near ly i n  a 
p lane and rotat ing about the protostar .  

For later generat ion stars, such as the Sun ,  the accretion 
disc wi l l  conta i n  biogenic e lements and their compounds. 
If p lanets subsequently form i n  the accret ion d isc (ca l led 
the solar nebu la  in  the case of the Sun) ,  some wi l l  be 
stocked with the raw materia ls  that l ife-as-we-know-it 
requ i res. 

A recent theory of the origin of l ife, due to A .  G. Cairns- , 
Smith,  wi l l  a lso be examined.  Although the theory of 
Darwin ian evo lut ion is itself undergoing a period of rapid 
evo lut ion, space here does not permit an  adequate pro­
gress report; the interested reader shou ld consu l t  an  
art ic le by  G .  L .  Stebbins and F .  J .  Ayola in  t he  Ju ly  1 985 
Scientific American. 

The materia l  from the now-van ished sola r  nebula is sti l l  
ava i lab le for study; i t  has been locked i nto comets. As 
Wood and Chang express it, ' "Comets are the repositories 
of the most primit ive, best preserved , but most frag i le  
nebu lar  and presolar  materia ls  sti l l  surviving .  We study 
them from afar  with intense i nterest, and yearn for the 
opportun ity to send spacecraft missions to them . "  

I n  the 1 920's the Russian  A .  I .  Opar in and the Eng­
l ishman J. B .  S .  Haldane formu lated the 'warm pond' 
theory of the orig in  of l ife. G iven biogenic materia ls  
d iscussed above, and some addit iona l  chemical evo lut ion 
i n  the waters of the early Earth , l ife a rose as i ncreasing ly 
complex organ ic molecules developed and learned to 
rep l icate themselves. This scenar io, considerab ly ampl ified 
by biochemists over the years (there is a journa l  Origin of 

When it a l l  began ,  at the Big Bang, the expand ing 
Un iverse that was created consisted ma in ly  of hydrogen 
and hel i um,  with very l i tt le of the heavier elements in 
evidence. In part icu lar ,  the biogenic elements carbon ,  
n itrogen and oxygen were absent. Thus ,  the first genera­
tion stars that formed were composed only of hydrogen 
and hel i um,  and we would not expect these systems to 
be abodes for l ife as we know i t .  This type of fi rst­
generation (or ear ly generat ion) sta r  can be found popu­
lat ing g lobu lar  c lusters . Somewhat more than 1 00 of 
these ancient objects form a spherica l halo about our 
Ga laxy - each is composed of approximately 1 00 ,000 
stars. 

During its prime, a fi rst generation star produces energy 
by nuclear fusion reactions that convert hydrogen into 
hel i um.  Later i n  the l ife of the sta r, the he l ium itself 
becomes a fuel and nuclear react ions turn into heavier 
elements, including carbon and oxygen .  Some of the 
biogenic e lements are then present in  the Un iverse but 
a re seemingly sea led i n  the i nterior of their  source of 
orig i n .  Fortunately (for us) ,  processes exist that break the 
sea l and distr ibute the e lements for genera l  use,  inc lud ing 
the needs of b io logy. The most d ramatic of these pro­
cesses is the sudden expulsion of l a rge amounts of 
materia l  by the star if it becomes a supernova or a nova . 
A second, more gentle method 0f distr ibut ion is by 
continuous mass loss through stel la r  winds (flows of 
energetic ions that depart from the star ) .  The so lar  wind 
is a prominent feature of our environment and has been 
i ntensively studied by numerous space missions, inc lud ing 
the recent AMPTE project. 

The second generation stars that form from the i nter­
ste l lar  medium have ava i lab le to them from the star 
heavier elements. This fact a l l ows more complex nuclear 
react ions to proceed and ,  as a resu lt ,  the b iogenic element 
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, Life devoted to th is and a l l ied topics), is sti l l  the most 
widely accepted theory exp la in ing how l ife a rose on Earth .  

However, some bio logists have felt that the probab i l ity 
of molecu les arrang ing themselves by chance in the 
intncate patterns requ i red by even pr imit ive l ife is too 
sma l l  to provide credence to the warm pond theory. 

A .  G. Cai rns-Smith ,  a chemist at the Un iversity of 
G lasgow, takes issue with the convent iona l  theory of the 
orig in  of l ife. H is book Genetic Takeover and the Mineral 
Origins of Life (Cambridge Un iversity Press, 1 982; see 
a lso his a rt ic le in the June 1 985 issue of Scientific 
American) proposes that l ife d id  not sta rt with carbon 
chemistry. l t  came into being from h igh ly ordered crysta l  
structures, perhaps i n  certa in c lays, wh ich themselves 
were capable of reproduction and only later became 'f i l led 
in '  with what we recognise today as organ ic compounds.  

The crysta ls of Cairns-Smith are c lay minerals l ike 
kaol in ite and can store the i nformation that l ife needs 
through 'defects' which inhabit a lmost a l l  crysta ls  (thus, 
a defect can be a virtue! ) .  Crysta l  growth and c leavage 
provide ways i n  which th is i nformation can be propagated 
through time. In a word, Ca i rns-Smith has functiona l ly  
out l ined a gene but not  one made of  DNA. The c lay 
'scaffo ld ing'  was gradua l ly  taken over by what  we 
describe as organ ic molecules and the normal processes 
of Darwin ian evo lution cou ld  beg in .  

The  theory of  Cairns-Smith wi l l  have to be  tested i n  
the  scientific arena,  bu t  it c lear ly has  some attractive 
features and, if correct, may bolster the posit ion of ETI 
theorists who bel ieve in  the abundance of l ife i n  the 
Un iverse. 
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PRESENTATION TO THE SOCIETY 
The Society wa 
Additiona l ly, m< 
thanks to each ; 
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:;3t ly honoured to receive the Shutt le launch picture reproduced below. lt bears the signatures of 46 US astronauts. 
: : 'lers, unavoidably absent at the time, have asked to be associated with the g ift . The Society expresses its gratefu l 
- a ut ind ividua l ly ,  and to Tony Smith who dealt with the matter so magnificently on our behalf. 
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Com p i led by L. J .  Ca rter 

WELL ON T H E  WAY 
Ha l ley· s comet has been on the inbound leg of  its 

journey round the Sun since its aphel ion i n  1 948. At that 
point it was 35 .25  AU (5 ,270 mi l l ion km; 3 ,275 m i l l ion 
mi les) from the Sun,  wel l  beyond the d istance of Neptune 
and moving at only 0 .9 1 km / sec . (2 ,000 mph) . Perihe l ion ,  
the point of c lo!;est approach to the Sun,  wi l l  occur on 9 
February 1 986 .  The comet wi l l  then be only 0 .578 1 AU 
(87 . 8  m i l l ion km; 54.6 mi l l ion mi les) f rom the Sun,  wel l  
ins ide the orbit o f  Venus a nd  moving at 54. 55 km / sec 
( 1 22,000 mph) .  

The comet was fi rst observed on i ts  return to the inner  
Solar System on 16 October 1 982 in  images obtained by 
Cal tech astronomers G .  Edward Dan ielson , Dav id C. 
Jewitt and eo-workers using the 200-inch telescope at 
Mount Pa lomar Observatory. 

By early autumn 1 984, observat ions showed that its 
coma - the br ight halo of dust and gas surrounding the 
nucleus - had a l ready begun to develop, with astronomers 
now quest ioning why it began to exh ib it th is feature so 
far from the Sun.  Ear ly observations a lso showed that 
Ha l ley' s br ightness was f luctuat ing,  aga in to their puzzle­
ment . Even so, viewing condit ions for th is 30th recorded 
appearance wi l l  not be as good as those dur ing the last 
appar it ion in 1 909- 1 9 1 1 because of the d ifferent relat ive 
posit ions of the Sun, Earth and the comet. In fact, the 
comet this time wi l l  appear much less spectacu l a r  than 
at any other dur ing the past 2 ,000 years. Est imates of 
Ha l ley' s br ightness dur ing ear l ier returns a re based on the 
comet 's c losest passage of Earth and the assumption 
�hat it behaved as it d id i n  1 909- 1 9 1 1 ,  when it  reached 
a total apparent br ightness of about magnitude - 1  and 

Insta l lat ion o f  the d i s h  antenna on the Giott0 spacecraft d u n n g  l a unch 
preparat oons.  
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passed within about 0 . 1 5  AU [23 m i l l ion km; 1 4  m 1 l l ion 
mi les] of Earth .  

Comet Ha l ley moves backward (opposite to Earth 's  
motion) around the  Sun in  a p lane  t i lted 18  ° to that  of 
the Earth 's  orbit . This retrograde motion is unusual  among 
short-period comets, as is its aphel ion d istance beyond 

1 the orbit of Neptune. Its period averages 76 years, which 
corresponds to an  orbita l  ci rcumference around the Sun 
of 1 2 ,200 mi l l ion km ( 7 ,600 m i l l ion m i les) . The period 
actua l ly  varies from appearance to appearance because 
of the gravitat ional  effects of the p lanets. Measured from 
one perihel ion passage to the next, Ha l ley 's  period has 
been as short as 7 4.42 years ( 1 835- 1 9 1  0)  and as long 
as 79 .25 years (45 1 -530) .  

The comet 's  c losest approach to Earth occurred in  837 
AD, when the distance was on ly 0 .033 AU (4 .94 mi l l ion 
km; 3 .07 m i l l ion m1 les) .  On 1 0  Apri l  837,  Ha l ley reached 
a total apparent br ightness of about magnitude -3 . 5 .  This 
was nearly that of Venus at g reatest bri l l i ance though its 
l ight was spread over an  extended area and its surface 
br ightness thus actua l ly  fa inter .  

Dur ing the current appearance, Ha l ley' s nearest 
approach to Earth wi l l  occur on 1 1  Apr i l  1 986,  i . e .  on the 
outbound leg of the tr ip and at a d istance of 0 .42 AU 
(63 mi l l ion km; 39 mi l l ion mi les) .  l t  w1 l l  then reach a tota l 
apparent br ightness of about magnitude 2 .0, JUSt s l ight ly 
br ighter than the north star ,  Polar is ,  but again ,  th is wi l l  
b e  spread over a much la rger area than for a point-hke 
sta r .  On that date, Ha l ley w1 l l  be far south (-47 ° decl i­
nation) and best seen in  the Southern Hemisphere, actua l ly  
passing through the zenith for  observers at 4 7 o south 
lat itude. The comet wil l  be very low m the sky. l nbound 
to the Sun,  Ha l ley wi l l  make a c lose approach to Earth 
on 27 November 1 985 ,  at a d istance of 0 .62 AU (93 
m i l l ion km; 58 m i l l ion m i les) . 

Among short-period comets, Ha l ley is judged to be 
la rge. Its nucleus is bel ieved to be an i rregu lar ly shaped 
sphere, rough ly 6 km (4 mi les) i n  d iameter, rotat ing 
approx imately every 2 .2  days.  The axis of the nuc leus is 
t ipped perhaps 45 o to the orbit plane. The est imated 
mass IS 1 00 m i l l ion m i l l ion kg .  

Dur ing the peak of spacecraft activity, on 10 March 
1 986,  the nucleus is expected to produce gas at a rate 
of 8 x 1 029 molecules per second;  of th is ,  some 80% is 
expected to be water. Seen another way, th is production 
is equal to 3 ,000 kg /s  (6 , 600 l b / s) .  Est imated dust 
production on that date: genera l ,  600 kg / s  ( 1 , 300 l b / s) 
and ,  in jets, 900 kg / s  (2 ,000 l b / s) .  for a tota l of 1 , 500 
kg / s  (3 ,300 l b / s) .  

The  dust emitted by  the  nucleus w i l l  extend rough ly 
1 00,000 km (60,000 mi les) in  the sunward d i rection and 
twice that distance perpendicu lar  to the sunward d i rection 
in  mid-March 1 986.  Various gases wil l extend far beyond 
these distances, but the visible gas coma wi l l  probably 
be no la rger than the dust coma .  The visib le gas is 
la rgely composed of C2 (molecu la r  carbon) with sma l l  
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The Soviet Vega probe. 

contributions from many molecu lar  fragments conta in ing 
such elements as carbon, hydrogen and n itrogen (C3, CH 
and CN, for example) .  Various visible coma structures wi l l  
be  the product of  dust jets. 

The ion and dust tails of Ha l ley should become fa ir ly 
wel l separated . I n  mid-March 1 986, the ion ta i l  should 
extend about 1 5  o - representing a maximum length of 
about 80 mi l l ion km (50 mi l l ion m i les) - in the d i rection 
opposite the Sun. At that time, the dust tail wil l appear 
to be spread out l ike a fan ,  rather than edgewise as in 
1 9 1 0. l t  wi l l  appear to the north of the ion tai l  as a sort 
of heart-shaped blob, 2 ° in length ,  with its point at the 
coma.  (For scale ,  the Moon is about ha lf a degree in 
d iameter). Both tai ls wi l l  be visible on ly in clear, Moon­
less skies far from any city l i ghts and air pol l ut ion, looking 
l ike fa int, misplaced pieces of the Mi lky Way. 

With each orbit around the Sun, the comet loses an 
estimated 1 -3 m (3- 1 0 ft) of materia l  from the surface of 
its nucleus. Thus, as it ages, it d ims in appearance and 
may eventual ly lose a l l  the ices in  i ts  nucleus. The ta i ls  
disappear at that  stage and the comet fina l ly evolves into 
a dark mass of rocky materia l  or d issipates into dust. 

l t  is estimated that an  average periodic comet l ives to 
complete about 1 ,000 trips around the Sun. Hal ley has 
been in its present orbit for at least 1 6 ,000 years but 
has shown nb obvious signs of ag ing in  its recorded 
appearances. 

The NASA Hubble Space Telescope, scheduled for 
launch in August 1 986, wil l track Ha l ley on its way back 
out of the inner Solar System,  perhaps al l the way to its 
point of aphel ion, 3 ,280 mi l l ion miles from the Sun.  

A l l  properly documented Ha l ley data obta ined from 
Earth and from space wi l l  be stored and then publ ished 
by the I nternational Ha l ley Watch in 1 989 as an archive 
for;. use by researchers unti l the comet next returns in 
206 1 .  Data wil l appear both in book form and on dig ita l  
videodisc for easy computer ana lysis. 

I NTER NATIONAL MEETI NG 
Representatives of the space agencies of Europe, the 

Soviet Un ion, Japan and the Un ited States met in Wash­
ington DC from 1 0- 1 2  September to cont inue d iscussions 
on a broad range of cooperative activities in the investiga­
tion of Ha l ley's comet . A unique aspect of this meeting 
was the opportun ity to follow NASA's ICE ( I nternationa l 
Cometary Explorer) spacecraft encounter with the Comet 
Giacobini-Zinner on 1 1  September. This was the first t ime 
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COMETS GENERALL V 

Our knowledge of comets is l im ited, even for those 
seen in recent years. This is because the nucleus -
which is the rea l comet and the source of the visible 
coma and tai ls - is too small to be seen other than as 
a point of l ight .  Only our knowledge of cometary 
motions is on reasonably firm ground.  

Comets are bel ieved to have condensed from the 
solar  nebula at the same t ime that the Sun and planets 
formed, about 4, 500 mi l l ion years ago. Most are 
thought to reside in the furthermost reaches of the 
Solar System,  30,000 to 10,000 astronomica l un its 
from the Sun.  This distant aggregation from which 
comets a re gravitationa l ly  ' pu l led' is known as the Oort 
Cloud, after the Dutch astronomer Jan J. Oort 
( 1 900-), who orig inated the idea, though recent evi­
dence suggests that the region from 1 ,000 to 
30,000 AU might a lso be heavi ly  populated . 

lt is bel ieved that comets remain far from the Sun 
unti l  they are disturbed by the g ravit"tional perturba­
tions of passing stars and forced into closer orbits . .  
Because of their sma l l  size and norma l ly great distance 
from the Sun, they are bel ieved to be the most prist ine, 
unaltered samples of the ear ly Solar System.  P lanets, 
moons, even some asteroids, by comparison,  have 
undergone various changes as a result of melt ing, 
volcanism and other processes . This is one reason why 
there is so much interest i n  comets. Their unique status 
may hold many clues to a better understanding of the 
orig in and evolution of the Solar System .  

Long-period comets are those with orbits stretching 
from 200 to many mi l l ions of years. They a re usua l ly  
the most spectacu lar .  Aphel ion (their most d istant 
poil\t from the Sun) is often more than 50,000 AU 
away. 

Short-period comets a re those with orbits of less 
than 200 years. Most reach aphelion near the orbit of 
Jupiter. Of about 1_00 well-known short-period comets, 
Ha l ley is the brightest and the most famous. Actua l ly, 
it belongs to a group now cal led ' intermediate' period 
comets, i . e, not short enough to be regu larly influenced 
by Jupiter but sti l l  with periods less than 200 or so 
years. 

All comets have two ta i ls .  The first is formed when 
sola r  heating causes neutra l molecules to be shed from 
the nucleus. These molecules a re g iven an electric 
charge by solar  UV and X-radiat ion. When they 
enccunter the solar wind and its magnetic field ,  the 
then-charged molecules a re carried outward to form a 
ta i l  that may stretch mi l l ions of mi les through space. 
This is known as the ion ta i l ,  ' ion'  being the general 
term for atoms and molecules that carry an  e lectric 
charge. 

Gases streaming from the nucleus a lso carry off a 
fine dust. This dust, blown away from the Sun by the 
pressure of solar wind, forms a second ta i l .  l t  is seen 
by reflected sunl ight and is known as the dust tai l .  

When the two tai ls are superimposed on each other, 
as seen from Earth, the comet appears to have only 
one tai l .  This happened in  1 9 1 0  for Ha l ley. For smal ler, 
less active comets, one or both ta i ls may be too fa int 
to be seen or even photographed and the comet wi l l  
appear simply as a fuzzy blob of  l ight .  A l l  comets 
appear this way when far from the Sun. Ta i ls usua l ly  
beg in to become visible only with in about 1 Y2 AU of 
the Sun. 
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Diagram .showing main features of Giotto 
and experiments. 

SO L A R  
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B U M P E R  S H I E L  

i n  h istory that a spacecraft had flown through,  and taken 
measurements in, a cometary coma and ion tai l .  The 
representatives were surprised by the h igh level of activity 
displayed in plasma physica l processes and by the extent 
of the solar wind /comet interaction region.  These factors 
are being taken into account in p lann ing mission opera­
tions for the March 1 986 encounters. 

One of the foca l points of the coordination is the 
' Pathfinder' concept, the joint navigational effort involving 
ESA, the USSR and NASA. G iotto, which wil l be the last 
to fly by the comet, wi l l  benefit from data on the position 
of the nucleus (which is too sma l l  to be seen from Earth  
even with the best telescopes) transmitted by the cameras 
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B O O S T  M O T O R  A F T E R  F I R I N G  

on-board the two Soviet Vegas which wi l l  encounter the 
comet 7 and 4 days before Giotto. These data wi l l  be 
used to reduce G iotto's  targetting error from 300-500 km 
to about 1 50 km.  NASA wi l l  assist i n  the Pathfinder 
activit ies by provid ing Vega with tracking support from 
its 64 m deep space antennae in Cal ifornia ,  Austra l ia  and 
Spain.  

On G iotto, 8 out of 10 experiments had been switched 
on by mid-September for test ing and to obtain  cruise and 
science data and a lso, part ia l ly ,  i n  support of the G iacob­
in i-Zinner encounter. The remain ing two experiments 
(Dust Mass Spectrometer, Dust Impact Detection System) 
were switched on in  early October. 
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Observations of Ha l ley' s comet in 1 53 1  by 
Peter Apian.  

WATCHING G�OTTO'S HEALTH 

Engineers have been IT)On itoring the health of Giotto 
since launch with a British computer designed primari ly 
to provide advanced communications for large business 
systems. I nformation Technology Ltd' s  Momentum 9000 
supermini-computer at the European Space Operations 
Centre is processing and distr ibuting vast quantities of 
telemetry data at h igh speeds despite having only 0 .  75 
megabytes of main memory. This feat is possible because 
of Momentum's  advanced communications architecture, 
developed to provide fast response for large numbers of 
varying types of Input I Output devices, such as on a 1 50-
termina l  commercia l  computing system. 

Momentum is feeding continuous data on 2 ,000 Giotto 
and experiment parameters through an ITL Cablestream 
Local Area Network selectively into 1 0  other computers, 
from Apples to DEC PDP- 1 1 s. Momentum's  selectable 
multi-colour synoptic displays of each sub-system also 
makes sate l l ite and experiment status visib le and adjust­
able without mountains of printouts. Momentum was 
used as the development base for ETOL, the European 
space programming language, which a l lows scientists 
and engineers to programme their appl ications without 
needing to be computer specia l ists. Cablestream is a 
range of ITL equipment that makes up Europe's most 
popular broadband cable loca l area network (by ·numbers 
of insta l led ports) and is used by many industria l  and 
commercia l giants. 

RADIO OBSERVATIONS 

As Ha l ley' s comet approaches the Sun, increasing 
temperature wi l l  cause the subl imat ion of ices in  its 
nucleus, thought to be rea l ly noth ing more than a g iant 
d irty snowbal l .  Water molecules l iberated and then disso­
ciated by the u ltraviolet l ight wi l l  cause it to emit rad io 
spectra l l ines at 1 8  cm wavelength by a maser process. 
The 1 8  cm l ines wi l l  appear either as emission or absorp­
tion l ines depending,  in  a compl icated way, on the exact 
velocity of the comet relative to the Sun.  

Radio observations of the 1 8  cm l ines of OH from 
Comet Ha l ley wi l l  be used to study the production rate 
of OH, the outflow of gas from the comet, the magnetic 
field (which may cause a detectable Zeeman spl itt ing of 
the OH l ines), and to test theories of the mechanism of 
the maser. 

f worldwide network of rad io telescopes wi l l  be 
observing the comet during its apparition .  Jodre l l  Bank 
p lans to use i ts  80 m Mk lA telescope to study the 
comet in January / February 1 986, near perihel ion . Radio 
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observations wi l l  then be particu larly useful as the comet 
wi l l  be too close to the Sun for sensitive observations i n  
most other wavebands.  During th i s  period, the  OH maser 
is expected to switch severa l t imes between emission and 
absorption, as the comet's hel iocentric velocity changes. 

HALLEV AND FLAMSTE E D  

Although Edmond Ha l ley is greatly honoured nowadays, 
it wasn't  a lways so. A bitter wrang le occurred between 
Ha l ley and John F lamsteed, the First Astronomer Royal ,  
which was never resolved . Ha l ley had  much that was 
derogatory to say about F lamsteed: the latter responded 
( in a letter to Abraham Sharp) by ca l led Ha l ley ' a  ma l icious 
thief. ' 

Their d ifferences were not due solely to temperament 
e.g. F lamsteed was brought up on r igorous l ines whereas 
Ha l ley was somewhat intemperate, but to F lamsteed's  
wish ·to ho ld  back on publ ication to enable h im to extend 
and improve h is observations, 

On the other hand, both Newton and Ha l ley wanted to 
see h is observations and put them to use, the dispute 
culminat ing in  the appearance of a 'spurious' edition of 
F lamsteed's  observations, edited by Ha l ley, to which 
F lamsteed responded by buying up as many copies as he 
could and burn ing them! 

Newton was not above al l  th is .  For a long t ime he was 
Flamsteed's  fr iend but the dispute gre)llf so bitter that,  by 
reason of his own interest in using F lamsteed's  materia l ,  
he became simi larly embroi led.  

Review 

La Cometa di Halley 
P. Maffei, Arnoldo Mandadori,  l nformazioni Stampa, 20090 
Segrate, Mi lano,  Italy,  1 98 5 ,  4 1 8pp. 

Those who understand Ita l ian wi l l  much enjoy this work. 
Though a paperback it affords a heavyweight i ntroduction to 
Comet Hal ley which is not only well i l lustrated and well  printed 
but which includes many fascinating i l lustrations, some in 
colour. 

After the general introduction, the book gets into it stride 
with a ncient and medieval accounts of earlier returns, i n  most 
cases accompanied by maps showing the paths of the comet 
across the celestial  sphere. More recent returns are written up 
extensively, culminating i n  the 1 98 5 / 86 apparition which is 
dealt  with i n  considerable detai l  and which includes the appro­
priate star maps and similar i nformation to enable the comet 
to be readi ly discovered. 

lt  is greatly to be hoped that the book wi l l  a lso appear a s  
a n  Engl ish editio n .  
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HALLEY ' S  COM E T  
I N  1 9 1 0  
By H . J . P .  Arnold 

As Hal ley's comet speeds towa rd the i n n e r  Solar 
System, it is  u n dersta ndable that the events of the 
last 'apparit ion'  i n  1 9 1 0  should be receivi ng consider­
able attention.  Since that visit was the first to take 
place in  the era of mass n ewspapers, the manner i n  
w h i c h  the event w a s  presented to the p u b l ic,  
together with the publ ic 's  reactions, is  of particular  
i nterest. 

I ntroduction 
Unti l  now this l i ne of resea rch has tended to concentrate 

on na tional newspa pers and magazines,  with the resu lt  
that the provis ion of  i nformation and  reactions at the 
' g rass roots'  level  have received l i t t le  attent ion.  This brief 
account ma kes such a loca l eva luat ion - for Portsmouth 
i n  Hampshire - d rawn l a rge ly from the pnges of The 
Evening News. the area ' s  da i ly  newspaper.  In 1 9 1 0  Ports­
mouth (ch iefly fa mous for its Roya l Navy dockyard which 
for some years had been lead ing the Dreadnough t capita l  
sh ips bu i ld ing programme) .  was a l a rge city with a popula­
t ion of  more than 230,000. The Evening News had a 
c i rcu lat ion of about 60. 000 and the price was 'One 
Ha lfpen ny . '  

An Unexpected Visitor 
Paradoxica l ly ,  the story starts i n  January 1 9 1  0· with  

news of  another  and tota l l y  unexpected comet :  the d isco­
very of what came to be ca l led the Great January or 
Dayl ight Comet.  Fol lowing two brief a n nouncements on 
1 9  and 20 Jan uary,  The Evening News of the 22nd went 
into some deta i l  and reported sightings from around the 
count.-y and  loca l ly .  U nder the head ing 'The New Comet.  
Where to Look . . .  , '  i t  q iJoted Mr .  Victor P ink  of the loca l 
compa ny P ink  & Sons as having seen the comet from 
Cosham (near  Portsmouth)  the previous even ing ' below 
Venus and a l i tt le to the r ight at around 5 . 30 p . m .  whi le  
return ing home from Horndean on the l ight  ra i lway. ' The 
report then went on to quote a uthontat ive comment from 
members of the Royal Greenwich Observatory, someth ing 
that it d id  consistent ly  i n  the next  few months.  E . W .  
Maunder o f  t h e  Observatory (a  sola r  specia l ist b u t  a l so a 
great popularizer of a stronomy) .  in a report drawn from 
the previous day 's  Daily News, stated that ' l t is  unusua l  
for  a comet to be read i ly  seen by the naked eye ,  even at 
n ight;  but i t  is  extraord inary for one to be v is 1b le i n  fu l l  
day l ight . '  

I n  subseq uent issues, t h e  posit ion o f  t h e  comet was 
he lpfu l ly  g iven to readers,  together with deta i l s  of obser­
vations from around the country as wel l as the Portsmouth 
area . On Monday 24 January ,  a report descr ibed the 
comet as being ' very beautfi u l '  and  resembl ing the 'gor­
geous ta i l  of a bird of paradise . '  l t  had been seen by many 
Portsm uth ians on the previous Saturday even ing  when 
' Quite a l a rge crowd gathered on Fratton ( ra i lway)  Br idge 
about ha lf  past f ive and had a remarkably good view of 
the VIS itant in  the western sky.  The comet was l i kened 
to a fa l l i n g  rocket (but)  one lady excla imed to her husba n d ,  
w h o  had occupied five m i n utes i n  d i rect ing h e r  g a z e  a t  
t h e  wonder " I s  t h a t  a l l ! "  · 

I n  the same story, comments by S i r  Robert B a l l ,  L own­
dean Professor of A stronomy and  Geometry at Cambridge 
U n iversity, were neither academic nor dry.  He conc luded 
'And the wonder of it a l l  is that i n  a few days more the 

30 

Two 1mages of H a l l e y · s  comet ( 1 2  M a y  left;  1 5  M a y  nght)  acqu1red 
from Hono l u l u .  The ta1l m the nght 1mage stretches some 40 ° 

Hale Observatones 

(Day l ight )  comet wou l d  go back to inf in 1 ty ,  never to appear 
aga�n .  We do not know whence i t  comes, nor  whither i t  
is go�ng.  

A . C . D .  Crommel in  at Greenwich (a  comet spec ia l ist and 
one of the two men who had done exce l lent  work in  
ca lcu �at ing the orbit of H a l ley 's  comet for the 1 9 1 0  
appar it ion)  took the opportun ity to br ing the subject 
around to that more fa mous ( i f  potent ia l l y  l ess spec­
tacular )  visitor i n  The Evening News of 27 J a n ua ry by 
advis ing ' a l l  observers to be very watchfu l ,  beca use it 
( H a l ley 's )  was ra p id ly  a pproach ing the Sun and a t  a n y  
t i m e  it m i g h t  develop a t a i l .  . .  l t  w i l l  n o t  be v is ib le to t h e  
genera l pub l ic  u n t i l  towa rds t h e  e n d  o f  A p r i l  a n d  t h e  
beg inn ing  o f  May. · 

Of even greater he lp  to the genera l pub l ic  was a n  a rt ic le  
that had appeared i n  The Evening News on 2 1  January 
which,  among other points.  caut ioned readers that  ·The 
new comet is  not to be confused with H a l ley 's  comet,  
which is  st i l l  a fa int  te lescope object and wi l l  not be 
conspicuous to the naked eye unt i l  the last fortn ight i n  
M a y .  Br ight comets. with the s ing le  exception o f  H a l ley's ,  
a re a lways unexpected v is itors, and  the new comet i s  a 
further example  of the ru le . ·  

A s  February approached,  t h e  stories beca me qu ite 
techn ica l  a n d  one - on 3 February - reported that  the 
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comet's  orbit had fina l ly been computed accurately but 
that 'Comet 1 9 1 0A' - its officia l  astronomica l designat­
ion - was 'growing fa inter. ' But it had been spectacu lar  
and so far as the genera l publ ic was concerned its 
br i l l iance was to compound the disappointment felt at the 
appearance of its more i l l ustrious successor .  

The Arrival of Hal ley's Comet 
The coverage of the Hal iey 's comet visitation in The 

Evening News can be divided conveniently into the period 
up to the middle of May 1 9 1'0, when the newspaper 
publ ished extremely detailed and wel l-informed stories on 
the comet's progress but with l imited local  content; the 
period j ust after the middle of the month at the t ime of 
the comet's transit (passing in  front) of the Sun and the 
possible passage of the Earth through its ta i l ;  and then 
the period from the second half of May into · early June 
when coverage remained extensive with interest ing local 
reaction. Throughout this coverage the newspaper com­
bined expert comment (usual ly from members of the 
Greenwich Observatory quoted in national publ ications) 
with reports from around Brita in and the world ,  again 
normal ly quot ing correspondents of the nat ional  and 
international  press. 

The Hampshire Telegraph (a weekly sister paper of The 
Evening News) described an early loca l observation on 7 
May when Mr. M .J .  West of Gosport (on the west side 
of Portsmouth Habour) , who was 'much interested in the 
science of astronomy, '  wrote that having fa i led to locate 
Hal ley's comet on severa l mornings over the previous 
fortnight, he fina l ly found it with the naked eye between 
3 . 1 0  and 3 .20 a .m .  on Tuesday (3 May) from the Recrea­
tion Ground at Gosport . 'I a lso saw it through a low 
power telescope and although it appeared much larger 
than when I got my first telescope view of it on 9 
February, it did not show much of a ta i l ,  which was not 

surprising in consequence of its low alt itude and the 
approaching dawn . .  . '  

Mr.  West i n  Gosport was evidently an  experienced 
observer and an early bird in more senses than one so 
far as anybody but the professional astronomers was 
concerned . Crommel in at Greenwich was again quoted in 
a lengthy article on 1 0 May. This gave an outl ine of 
Hal ley's history and in part icular the qu ite unjustified 
association with disasters of one kind and another. On 
the current apparit ion. he told his audience at the Victoria 
Institute in London that, in  the last ten days of May, the 
comet would 'give a fa ir ly good display as an  evening 
star. though it was only r ight to warn those who saw the 
great comet of 1 882 that Ha l ley's would not compare 
with it from a spectacular point of view. '  (Oddly, Crom­
melin does not seem to have referred to the bri l l iant 
dayl ight comet a matter of just a few weeks earl ier) .  He 
went on to add that the ancient records of the bri l l iance 
of Hal ley's comet ' led him to bel ieve that it had decl ined 
as the centuries passed . ·  

Public Alarm 
By this time the a larm felt at possible death and 

destruction resu lt ing from the visit3tion ,  and especia l ly 
the a l legedly poisonous effects of passing through the 
tai l ,  was in ful l  flow. This has been extensively treated in 
the Hal ley l iterature but The Evening News gave addit ional 
insights. On 1 3  May, for example,  it carr ied a del ightful 
item quoting Padre Alfan i  of the Ximenes Observatory 
who, in a lecture at Florence, sought to ease h is aud ience's 
worries ( 'the chances of ( the comet) do ing any damage 
to the Earth were a hundred thousand mi l l ions to one' ) 
and went on to quote the case of 'A man. (who) came to 
h im on the previous day to implore h im to g ive a writter. 
statement that the comet was harmless, so that he might 
calm the fears of h is mother-in-law. '  

The comet and ,Venus a s  they apneared from the Lowel l  Observatory i n  Arizona o n  1 3  May 1 9 1 0 .  The exposure was 3 6  minutes. 
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On 1 4  May (the longest reports appear to have been 
on Saturdays) the newspaper devoted its story part ly to 
the a l leged menace of the comet, partly to scientif ic 
reports . Thus the plan of the I nternationa l  Commission 
for Scientif ic Aeronautics in  the U K  to send instruments 
a loft in  ba l loons ' in view of the possib le passage of the 
Earth through the tai l .  . .  on the early morning of the 1 9th '  
(one of the ba l loons was due to be launched from a 
location i n  Hampshire) was reported ,  as were accounts 
of the comet being seen at locations abroad such as 
Berl i n ,  Aix-la-Chapel le and Odes·sa . The brightness was 
quoted as varying from magnitude 1 to 3 - the last 
(and least bright est imate) being accompanied by the 
comfort ing if somewhat puzz l ing comment that 'th is fact 
now tends to a l lay the nervous apprehension of the 
people. ' An Express report from New York leaned in the 
same d i rect ion .  l t  quoted spectrograms obta ined at the 
Lowel l  Observatory in  F lagstaff, Arizona as showing that 
the 'dreaded cyanogen gas. ' which was supposed to be 
one of the constituents of the comet 's  ta i l ,  was confined 
to the head. 'Hence there is no danger of the poisonous 
gas reaching the Earth . '  

Comet's Vapours l i k e  'Kirsch liqueur' 
Also intended to put people 's minds at rest were 

comments attributed in the same Evening News story to 
a report in  the Standard from Paris of a letter la id before 
the Astronomical Society there by Cami l l e  F lammarion, 
d irector of the Juvisy-sur-Orge Observatory and a wel l­
known populariser of science, especia l ly astronomy. F lam­
marion appears to have adopted a rather quixotic role  
during th is  period, start ing as many scares as those 
he attempted to scotch .  However, on this occasion he 
described wild predictions about the comet as being 'only 
worthy of barbaric ages' and criticised the ' necromancers 
and such l i ke char latans (who) were dr iv ing (sic) a great 
trade just now (while) many educated people who ought 
to know better were sea l ing up their windows and doors . . .  
t o  protect themselves aga inst the dreaded ta i l  o f  the 
coming visitant . '  F lammarion predicted confidently that 
inha lation of any of the comet 's d i luted vapours 'would 
resemble that of a g lass of Kirsch l iqueur and wou ld be 
simply exhi larating . '  Quite why the comet should be 
associated with a spir it disti l led from the fermented juice 
of a black cherry was not expla ined! 

Whi le the death of King Edward V I I  early i n  May 
doubtless provided the doomsayers with further evidence 
of the comet's malevolence, The Evening News on 1 8  
May (the day of Ha l l ey 's  transit of the Sun) adopted a 
bantering tone. Its story was sub-headed 'Twixt l;arth 
and Sun to-night' and began 'To-night Ha l ley 's comet 
passes between the Earth and the Sun, and we are looking 
forward to being whisked by the end of its ta t l . '  l t  stated 
that the tail was now about 1 4,500,000 mi les long and 
that 'we may just be flicked by it between midn ight and 
three a .m. '  The Evening News advised i ts  readers that 
after the transit the comet would become an  evening star 
but that for a few days it would be too c lose to the Sun 
to see. ' . . .  (For) the first popular  view for people who 
object to leaving a warm bed at ha lf-past two in  the 
morning, and going to a h igh place, we shal l  most l ikely 
have to wait unt i l  Saturday. ' 

Hal ley"s comet continued to be a popu lar  astronomical theme long 
after the 1 9 1 0  appearance. This is a cigarette card 1ssued c . 1 928 . 

hanged h imself from a tree . '  But mostly the touch was 
J ight. In France the subject was being treated ' in a spi rit 
of l ight hearted banter' whi le Germany was indu lg ing in 
' popul<;�r festivit ies . '  In Rome it was l ike New Year' s Eve 
with cafes and restraurants remain ing open a l l  n ight .  Most 
people in Spain were celebrat ing the transit 'with great 
joy' and i n  Madrid 'to the sounds of guitar and tambourine' 
they were going to 'e levated posit ions to view the comet 
which however wi l l  probably not be visib le as the sky is 
overcast . '  This last report continued: ' ( Far) from being . . .  
the subject of superstit ious terror, the passage of the 
comet and its terrib le ta i l  c lose to our p lanet forms, on 
the contrary, a cause of mirth and of enterta inment, 
gastronomic as wel l  as astronomic, for fami l ies can be 
counted by the hundred who, the better to observe the 
vagabond orb, have la id  in  plentiful suppl ies to fortify 
them in  their vigi l . '  

There was some serious scientif ic comment o n  1 9  May 
1 (and an  i ndication of good weather in the USA at least) 

when the dist inguished Professor Barnard of the Yerkes 
Observatory was quoted as saying del ightedly that the 
comet wa·s ' a  most strik ing object , br ighter than any 

1 portion of the Mi lky Way and it cou ld be traced a d istance 
of 1 07 deg .. . ' Whimsy, however, was never far away and 
another story described strange happenings i n  Southfie lds 
(London) the previous night, where 'myriads of t iny cry­
sta ls  . . .  covered the pavement in a l l  d i rections and sparkled 
in  the moonl ight l i ke hoar frost . '  l t  was a warm n ight ,  
The Evening News observed, yet 'whether the pheno­
menon had anything to do with the comet, however, is 
an  open question . '  More prosa ica l ly, but not to be entirely 
outdone, it reported that in  Portsmouth on the same n ight 
' i t  is  stated that the Northern l ights were very much in 
evidence. '  

Strange Smells 

Very lengthy coverage on the fol lowing day ( 1 9  May), . 
whi le briefly quoting a Greenwich Observatory officia l  on  

1 

the chances of seeing the ta i l  from Brita in ,  concentrated 
on foreign reports under the sub-heading 'Serious and 
Comic Results . '  The San Remo correspondent of the Paris 1 
Journal reported that one man had jumped into a wel l  
and drowned a n d  that another ' not wishing t o  wait for 
the comet, k i l led his wife with a hatchet and afterwards 

On Saturday 2 1  May, The Evening News headed its 
lengthy coverage ' Have we Brushed the Ta i l ? '  and quoted 
confl ict ing and abstruse arguments by scientists around 
the world .  ( I n fact,  there is  sti l l  no agreement on whether 
the Earth passed through the tai l i n  1 9 1 0. )  While the 
comet had been a 'magnificent spectacle for many n ights' 
on Mahe in  the Seychel les, the Geneva correspondent of 
the Daily Chronicle wrote that 'crowds of tourists, A lpi­
nists and Swiss Scientists have been disappointed as 
Ha l ley 's  comet was invisible owing to the c louds. '  Cami l le  
F lammarion a l so reported bad weather and more particu­
larly that a watch of five observers at the Juvisy Observa­
tory on the n ight of 1 9  I 20 May noted no i nstrumenta l 
effects of passage through the ta i l  but that 'at about ha lf­
past two, four  of the observers had certa in  olfactory 
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experience& which are described variously as a smel l  of 
burning vegetables, of a marsh, or of acetylene.  Dur ing 
the night, the n ight ingale was si lent . .  . ' 

The Evening News writer, however, appeared more 
taken with the experience of a South Wa les magistrate 
and amateur astronomer who had gone out to observe 
the comet and was confronted by a detective, who asked 
what he was doing.  'I am looking for the comet . '  'That's 
al l  very wel l ,  but I have been watching you for some t ime 
now and your movements have been very suspicious. · 
The detective remained incredu lous ' unt i l  invited into the 
house . '  

Local Observers 
More seriously, there appeared in  the 2 1  May issue a 

letter from Annie M . H .  Sturdee of Southsea, dated 1 9  
May. Miss Sturdee was clear ly a keen student of astro­
nomy and wrote how terrib ly disappointed she had been 
or the previous night not to see anyth ing of Ha l ley' s 
comet. There had been thunder and l ightn ing and then 
'f lashes from a search l ight every now and again between 
1 and 2 a .m .  (which) were unappreciated under the c ir­
cumstances . '  Ear l ier in the even ing ,  however, she had 
seen a fan in the sky 'a lternate rays of l ight and dark 
sl ight ly north of west ' which were quickly obscured by 
cloud but which . she was convinced were due to the 
proximity of the Earth to the tai l of the comet. 'The 
interest ing spectacle compensated me for my long and 
uneventfu l morning vig i l . '  

The Evening News obviously bel ieved i t  h ad  a capab le 
loca l astronomer in M iss Sturdee since it  quoted her or. 
23 May as saying that 'the last phase (sic) of Ha l ley's 
comet may be seen early from the (Southsea ) Common . . .  
between the hours of 9 and 1 1  p .m .  provided the western 
sky is free from clouds . ·  She sketched the location of the 

One of the more frequently reproduced pictures of the Comet is this 
Hale Observatory image produced on 8 May 1 9 1 0. 

Hale Observatories 
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A 20 minute exposure taken with the' 75 cm reflector at Khedivial 
Observatory, Helwan, Egypt captured Hal ley on 3 June 1 9 1 0  as it 
headed back out into the Solar System. ( Negative image).  

comet in the sky on the previous evening 'though the 
clouds prevented a good view' and went on that each 
night 'the comet wil l  appear a l itt le higher up and further 
away fro. n Mars as if steering for Regu lus (in the constel la­
t ion Leo) .  'Amateur observers wi l l  do wel l , '  the perceptive 
Annie Sturdee cont inued 'to keep as far away as possib le 
from the electric l ights, which are not he lpfu l to star 
gazers. 

In this same issue, and that of 25 May, whi le splend id ly 
c lear conditions for observing the comet were reported 
around the world from Johannesburg to Constant inople,  
Brita in  had to be content with very patchy visib i l ity to 
say the least. Good views had been had from Dover 
and 'g lorious visib i l ity' for over an hour and a half at 
Brunscombe but genera l ly the story was g loomy. London 
was d isappointed in  the comet as ' not much to look at , '  
wh i le  to a loca l Portsmouth correspondent who saw the 
comet briefly on Sunday n ight (22 May)  from the top of 
Portsdown H i l l  (to the north of the city) i t  appeared rather 
as 'a  b lu rred star with a d iffuse l ight .  As the clouds 
separated for a second or so, a fa int ta i l  cou ld be seen 
pointing upwards and to the south . . . .  l t  was not nearly so 
conspicuous as the Dayl ight Comet . ·  On 24 May the 
comet had been just vis ib le to the naked eye from Tot land 
( I sle of Wight)  but for the ' large numbers of people . . .  
eagerly looking for the comet, the sight they obtained 
was evidently d isappointing . '  

The F lammarion story of strange smel ls pub l ished i n  
The Evening News of 2 1  M a y  was taken up  in  a letter 
from 'M .G .W' in the issue of 26 May. This quoted a lady 
of Bembridge Crescent (Southsea) waking up  between 
two and three o'c lock on the morning of 1 9  May 'with a 
pa inful sensation of suffocation . '  The room was fi l led with 
the smel l of some noxious gas and 'a  lady in  Victoria 
Road a lso gave me an exactly s imi lar  account . . .  l t  was 
not a p leasant experience of the comet . '  Today, perhaps, 
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this would be the signal for a n  ava lanche of letters but 
only one response to the account from M .G .W. was found 
dur ing a search of The Evening News at th is t ime. One 
Monckton Hoffe writing from the Queen ' s  Hote l ,  Southsea 
reported waking up  in  the early hours of the same night 
in  a room which ' seemed fu l l  of fumes of su lphur '  - a 
room ,  moreover, that had its windows wide open and 
looked out over the sea . Hoffe commented on the absence 
of any mention of the subject in  the London press and 
queried whether the incident had any Earth ly explanation.  
' I  am sure the Daily Mai l  cou ld have made quite a n ice 
column on "The Suffocating Cit izen of Southsea" . '  

The Comet: ·A Fraud'  
Scare stories and strange happenings as ide,  perhaps 

the most comprehensive and despondent description of 
Portmouth' s experience of Ha l ley' s comet in  1 9 1  0 appe­
ared in The Evening News of Thursday 26 May. Under 
the heading 'Hal ley's Comet. Disappointed Portsmouth 
Amateur Observers' the author wrote: 'After much 
watching and the exercise of the patience of Job, Ports­
mouth has at last seen the comet . . .  Noth ing more than 
an insignificant starry smudge i n  the western sky to which 
those whose enthusiasm was not a l together damped (sic) 
cheeri ly added a ta i l .  To those who had seen the Dayl ight 
Comet, Ha l l ey 's  was a fraud, a delusion, and a snare . .  . '  
Quite apart from the indifferent weather, the attempts 
around this t ime in  May to see Ha l ley' s comet wou ld have 
been impeded by the Moon , which was ful l on thP. 23rd 
(the Moon a lways makes observing d iffuse objects even 
more difficu lt ) .  

I n  the same issue, E .W. Maunder of the Greenwich 
Observatory in a ta lk to the Brit ish Astronomical  Associ­
ation, gave a more ba lanced and less emotional  eva lu­
at ion. So far as Londoners were concerned he admitted 
that 'Ha l ley 's comet had gained for itself a bad reputat ion. 
Most Londoners looked upon it as  a d istinct fraud but 
rea l ly  that was the fau l t  of our positon .  Drawings and 
photographs from other parts of the world showed a fa r 
d ifferent looking object . ·  

And that was one of the last mentions of the comet 
in The Evening News. On 3 June a c la im by E .S .  Grew in 
the Graphic that comets might originate on Earth and that 
the Krakatoa explosion may have created a sma l l  comet, 
was reported, mercifu l ly  without comment. Subsequently 
there were further reminders of the very unstab le  weather 
of the period and a story publ ished on 8 June was 
head l ined 'Thunderstorm Fatal it ies' and 'Deaths by Light­
n ing . '  No doubt some b lamed it a l l  on the comet which,  

· so far as the genera l  publ ic was concerned . was now fast 
disappearing back into the far reaches of the Solar System 
from which it  is now return ing .  

Conclusions 
A number of genera l conclusions may be drawn from 

this piece of loca l research . 
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1 .  The coverage by The Evening News was extensive, 
informative and l ively. Any person who read the 
newspaper carefu l ly would have had a good know­
ledge of the main events of the apparit ion - but 
(and this is a reflect ion on the l im ited astronomical  
knowledge of the t ime rather than a cr it ic ism of 
the newspaper) they would not have ga ined much 
of an  idea of what a comet was. Whi le The Evening 
News coverage in 1 9 ·1 0  was in depth and frank ly 
lengthier than may be the case i n  1 985 / 6 .  there 
was an absence of feature a rt ic les presenting a 
genera l description and ana lysis of the apparit ion . 
At this t ime, too, the newspaper reproduced few 

Computer enha ncement of two o n g o n a l  1mages (at top: i May 1 9  iO 
left ; 8 May nght)  h igh l ight  finer structure. S. Larson 

photographs and there were no images of the 
comet . 

2 .  Quotat ions attributed to foreign astronomers and 
(more frequently) to members of  the G reenwich 
Observatory were he lpful and were, for example ,  
qu ick to warn the genera l pub l ic  i n  th is country 
that their sight of Ha l ley' s comet wou ld  not be as 
impressive as that of some ear l ier comets. ( l t  i s  a 
sad fact that the prospects for the 1 985 I 6 appari­
t ion are even worse. )  In addit ion, a regu lar  and 
attentive reader would not have confused Ha l ley' s 
comet with the unexpected and ear l ier Great Jan­
uary Comet. 

3. While the skies were occasiona l ly clear and there 
were some good sight ings of Ha l ley' s comet, it is 
evident that genera l ly  the weather was poor in the 
UK at the critica l t imes. Thus, the Portsmouth 
experience may be regarded as fa ir ly typica l of 
much of the country. This was a major contributory 
factor to what was obviously the considerable 
disappointment felt  by the genera l pub l ic .  Th is 
leads to a fina l  conclus ion : 

4 .  People  sti l l  a l ive today who remember seeing a 
comet in 1 9 1  0 or having one pointed out to them 
would have been, in  most cases. between about 
five and ten years old at that time. l t  seems certa in 
that most wou ld not have seen Ha l ley 's  comet but 
i ts  bri l l iant and unexpected predecessor. 

Acknowledgements 
The author wou ld l i ke to thank Ms Pamela Towlson of 

the Royal Astronomical Society Library; the staff of the 
loca l h istory and newspaper sections of the Centra l 
Library, Portsmouth, as wel l as the staff of the Havant 
Library; and Mr.  A.W. Garrett for their valuable he lp .  

SPACEFLIGHT. Vol . 28,  January 1 986 



SPACE M E DALLIONS 
By L .J .  Carter 

Coins and medall ions have long been used to com­
memorate h istorical events. Among those of great 
historical interest are many concerned with the 
appearance of comets - formerly regarded as harbin­
gers of pestilence and death. Most are i n  the hands of 
museums or private collectors. Nowadays, however, 
medal l ions are available at modest cost to com mem­
orate every significant step in  the space age. They 
are of great intrinsic merit and interest and can form 
the basis for a most intriguing collection. 

Coins and Medall ions i n  History 
Coins depict ing comets were issued in Roman t imes, 

struck after the death of Ju l ius Caesar by the Emperor 
Augustus, Ju l ius' adopted son .  There a re a number of 
variants. One shows the head or bust of Ju l ius Caesar 
with a "ha i ry star" (the comet of 44 BC) above, the 
usual representation of a comet in  those d::�ys. Other 
August in ian coins are s imi lar  though relat ing to the 
appearance of a comet in  1 7  BC,  thought to be a reappear­
ance of the soul of Ju l ius on the occasion of the Saecu ler 
Games (held normal ly every 1 1 0 years) arranged by 
Augustus, as shown by the hera ld  on the reverse of many 
of these coins. 

Up to and including the Middle Ages a number of 
spectacular comets appeared which coincided with d i re 
events on Earth and thus found their way into meda l l ions. 
For example,  the great comet of 1 558 "unquestionably 
announced" the death of the Holy Roman Emperor, Char­
les V that year, according to contemporary writers e .g .  
" the  death of  Charles was foretold by  a Comet. At  the 
beginn ing of h is sickness it i nc l ined to the North, at 
the end it became fixed over the monastery itself and 
disappeared when Charles was dying . "  

Stories surrounding meda l l ions concerned with such 
events make fascinat ing reading e.g. the Comet of 1 664-
5 which was seen by Newton and Hevel ius. The common 
people insisted that . it was in the form of .a fiery sword , 
pointing to the doomed City of London . lt was widely 
thought to be a Messenger of Divine Wrath .  Their worst 
fears were soon rea l ised . In May 1 665 the plague broke 
out and before long a lmost every household door bore 
the long cross and the inscription "Lord have mercy upon 
us" which told of the plague with in .  There were no 
domestic an imals left . No dog bayed and no cat walked 
at n ight ,  for 40,000 dogs and 200,000 cats had been 
k i l led in the bel ief that they had conveyed the plague. No 
infants l ived that year. The dead were interred in g reat 
trenches with many, no doubt. sharing a l ike fate though 
sti l l  a l ive. Out of a populat ion of nearly ha lf a m i l l ion,  at . 
least 1 00,000 died though ,  without rel iab le estimates, it 
cou ld have reached twice that number. 

Scarcely had the plague gone than another terrible 
disaster befel l  London. This t ime it was the Great F ire .  
The meda l l ion issued in 1 666 commemorates this doleful 
story in depict ing a flaming background,  dead trees and 
an' a i r  of  general desolation . 

Recent Comets 
With the rapid discovery of more and more comets in 

the 20th century - but none rea l ly spectacular - l itt le has 
been done to commemorate them. As far as is known, 
the fi rst meda l l ions commemorating Ha l ley 's  comet were 
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A medal l ion issued by NASA to mark the fi rst fhght of the Space 
Shuttle, 12 Apri l  1 98 1 .  NASA 

for its 1 9 1 0 apparit ion and were minted main ly in Ger­
many. Severa l have a l ready appeared in anticipation of 
its 1 986 return and many more wi l l  probably emerge. A 
meda l l ion appeared to commemorate Comet Kohoutek 
but is now hard to find .  

Meda l l ions on genera l astronomy topics, too, are hard 
to find though three types of meda ls ,  designed by Wi l l i am 
Andrews, were struck by the Roya l Mint  in gold ,  s i lver 
and g ilt-bronze, respectively, to commemorate the tercen­
tenary of Roya l Greenwich Observatory in 1 976 .  These 
were the only officia l  medals of the tercentenary but there 
may have been others. The obverse of a l l  three depict 
F lamsteed House. with reverse designs of an armi l lary 
sphere (for astronomy), Harrison (for t ime) and Ramsden 's  
sextant (for navigation ) .  A l l  are 5 V2 cm in  d iameter; the 
gold medals are 22 carat and weigh approximately 1 55 g; 
the sterl ing s i lver medals approximately 90 g .  Both a re 
ha l lmarked at Goldsmith ' s  Ha l l ,  London .  The issue was 
l imited to a maximum of 1 00 each of the gold set, 1 .000 
of the si lver and 3 ,000 of the bronze. 

Tokens 
Further variation took the form not so much of medal­

l ions but of tokens or inscript ions. Superstit ions, too, had 
not died out. The wine of the years when a great comet 
appeared was said to be excel lent e .g .  the comet 1 8 1 1 
ga ined further fame on the g rounds that its appearance 
coincided with an  unusual ly good port wine, while the 
wine in 1 858 was a lso said to be better than that of any 
others "because of the influence of the comet . "  The 
comet, therefore, became a favourite brand or trademark 
for wines - particu lar ly champagne wines from Europe. 
Most were impressed upon the bott les themselves but at 
least one suppl ier struck a very neat t iny medal to hang 
around the necks of the bott les. 

Strangely, no comets are depicted in  any of the wide 
range of tradesmen 's  tokens issued in the U K  in  the 1 7th ,  
1 8th and 1 9th centuries. Some thousands of  designs 
were created on a lmost every topic imaginable but the 
only tokens remotely concerned with an astronomical 
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topic are those showing Sir  lsaac Newton ,  issued in  
Cambridge in the 1 9th century. 

Space Medall ions 
Many meda l l ions have been struck to honour individua l  

contributions to space developments though most have 
been of a "one off" variety. This category includes, for 
example,  the gold meda ls  awarded by our own Society to 
Yuri Gagar in ,  Valent ina Tereshkova and a l l  three Apol lo 1 1  
astronauts, Nei l  Armstrong, Edwin Aldr in and Michael 
Col l ins .  Others have appeared with more genera l ci rcu­
lat ion, e .g .  the meda l l ion issued to part ic ipants at the 
1 976 IAF Congress. An even higher number of Soviet 
meda l l ions have been struck honouring Gagar in ,  Tsiol­
kovsky and others, though few are ava i l ab le  in the West . 

Space meda l l ions rea l ly came into their own with the 
advent of the American manned programme. Practica l ly  a l l  
o f  the hundreds o f  d ifferent types produced commercia l ly  
were issued in  America . Only a few were produced in  the 
UK but  others appeared in  France, Spain and Guyana ,  to 
name but  a few. Members of  the Society who visited 
Cape Kennedy during the Apol lo shots were rega i led 
with col lections of meda l l ions, both in bronze and si lver, 
depicting a l l  the Mercury and Gemin i  f l ights, since 
extended to include Apol lo ,  Skylab and Shuttle f l ights to 
date, inc lud ing the Space lab mission .  

The commemorative space meda l l ions most easi ly and 
inexpensively acquired a re those of so l id bronze, usua l ly  
packed in  a p lastic d isp lay case with a s imu lated velvet 
background.  The norma l  price is a round £2 ,  which puts 
them wel l  with in the pocket of nearly everyone. Practica l ly  
a l l  are extremely wel l-designed and suitab le to co l lect, 
though a re probably not subsequently d isp layed as much 
as they deserve owing to competit ion from the more 
colourful deca ls (gummed stickers) ,  mission patches, etc. 

Even more space-rel ated are a variety of meda l l ions 
produced by NASA or their contractors for specif ic space 
events e .g .  the approach and land ing tests of Shutt le 
Enterprise i n  1 97 7  or coins handed out at anniversary 
d inners. Those issued by NASA conta in many made from 
a l loy mixed with a sma l l  part of the structure of the 
particu la r  spacecraft commemorated, with the result that 
each meda l l ion,  presumably,  conta ins minute specks from 
the actua l  craft . Some 200,000 were issued for the 
Apo l lo  8 f l ight; the same for Apo l lo  1 1  and more for the 
ASTP mission .  

The Apo l lo  1 1  meda l l ions conta ined meta l from both 
Eag le ( lunar l ander) and Columbia (Command Module) .  
Another 1 00,000 were struck in  the case of Skylab,  for 
issue on 1 4  September 1 974,  the flown meta l  being from 
a camera bracket weighing a l i tt le over Y2 kg. These 
meda l l ions were made of a lumin ium,  with a reeded edge. 
They were 4 cm across and weighed 4 .  7 grams. For STS-
1 ,  98,000 meda l l ions were struck under a US Government 

Medal l ion to commemorate the 1 9 1 0  return of Hal ley"  s comet 
depicting the comef s path in  the sky and the dates of all known 
earlier returns (German) .  
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The French mint struck th is  meda l  to commemorate the d iscovery 
by Jules Janssen and Norman Lockyer of the method of observing 
solar prominences without waiting for solar ecl ipses. 
(By kind permission of the Cambridge University Press, from Gin­
gerich, 'As trophysics and Astronomy to 1 950'). · 

contract and distributed to a l l  employees on the first 
Shutt le launch on 1 2  Apri l  1 98 1 .  Each meda l l ion conta ined 
a part ic le of metal carried aboard Columbia 's fi rst f l ight .  
A related example was the 25th Anniversary coin given 
to a l l  NASA employees on 1 October 1 983 .  I n  the case 
of d inners, a sma l l  p iece of ASTP f l ight mater ia l  was used 
in  the metal for producing souvenir meda l l ions distr ibuted 
to 2 ,000 attendees at an  Annua l  Goddard Memoria l  
D inner. A Nat ional Space C lub meda l l ion conta ined mate­
ria l  from Apol lo 8, Apol lo 1 1 , Skylab,  Apol lo-Soyuz and 
even from an early rocket bu i l t  and flown by the l a te  Dr .  
Robert H .  Goddard .  Th is was a bi-centenn ia l  meda l l ion 
( 1 776- 1 976) .  The front depicts a space he lmet, one of 
Goddard 's  ear ly rockets and the then projected Space 
Shuttle. Practica l ly  none a re on the market at present 
but, i n  years to come, a fa i r  proportion wi l l  undoubtedly 
f ind the i r  way i nto the hands of dea lers from whom they 
may be purchased . 

Coins 
F l ights to the Moon were a l so commemorated by an 

American Si lver dol l a r  (actua l ly  made of copper and nickel) 
issued in  1 972 .  This shows a representation of President 
Eisenhower on the obverse and the Apol lo 1 1  Eag le above 
the lunar  surface on the reverse. 62 m i l l ion were issued . 
One of the three do l lar  coins m inted to mark the American 
bicentenn ia l  ( 1 776- 1 976)  a lso showed President Eisen­
hower on the front and the Liberty Bel l on the reverse 
but with the Moon a l so appearing in . the background.  
Versions in both si lver and bronze a ppeared . 

Last year the USSR issued a roub le depicting Valent ina 
Tereshkova , the first woman to orbit the Earth .  Nearer to 
home, the Shuttle appears on a crown issued in . the Is le 
of Man in  1 983 as part of a set of five to commemorate 
the bicentenary of Manned F l ight .  

The 500th Anniversary of Copernicus saw the issue 
of commemorative coins i n  Poland and East and West 
Germany. 

[The Society will be interested to receive details of coins 
or meda l lions that members come across relating to 
Ha l/ey's comet which appear overseas. Col lecting such 
meda l lions wil l  prove just as rewarding now as in the 
past.} 
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H E R M ES:  T H E  
F R E N CH SH UTTLE 
By Mart in Senecha l  

France intends to press ahead with its Hermes mini­
shuttle even if the project does not become part of 
ESA's programmes. In the light of recent announce­
ments the author looks at competitive studies carried 
'>Ut by Aerospatiale and Dassault-Breguet. 

Characteristics 
Basic specifications as set by CNES (Centre Nat iona l  

d ' Etudes Spatia les) ,  the French Space Agency, ca l l  for a 
delta-winged, reusable spaceplane,  '1 5- 1 8  m long with a 
wingspan of 9- 1 1 m .  The weight has to be l im ited to 1 3-
1 7  tonnes, imposed by the choice of Ariane 5 as the 
launch vehic le .  The launch weight inc ludes 2.5 tonnes of 
prope l lant for orbita l insert ion,  i n-orbit manoeuvres and 
reentry. A payload of  4-5 tonnes cou ld  be carried in  the 
payload bay ,  wh ich has a d iameter of  about 3 m and a 
volume of 35 m3.  

Hermes wou ld be used as  a service veh ic le for space 
stations, transport ing crew and cargo. M issions inc lude 
the assembly of space structures and scientific and "PPi i­
cations experiments. I n-orbit ma intenance, repa i r  3nd 
refurbishment of unmanned sate l l ites and p latforms �.;ould 
provide some after-sa les service for Ariane-launched vehi­
cles. NASA has repeated ly cited th is as a major advantage 
of the US Shutt le launches over the unmanned Ariane.  

A typica l miss ion wou ld  take the craft to a c i rcu la r  
400 km orbit inc l ined at 0-30°  wi th  a crew of  two p i lots 
and up to four scientists or engineers . The duration would 
be eight days but that cou ld  be extended to 30 days with 
a smal ler crew, and to 90 days when docked to a 
space station . Sun-synchronous orbits a re a l so possib le at 
a ltitudes bf 500-800 km with a payload of only 1 . 5-2 . 5  
tonnes a n d  a crew of 2-4 . 

Hermes wi l l  l and on a runway at the Ariane launch site 
i n  Kourou , French Gu iana ,  or at a specia l l y-prepared �ite 
in Europe. A land ing wi l l  be possib le after only one 
revolut ion, even i n  a near-polar  orbit, with a cross-range 
manoeuvring <.;apabi l ity of 2 , 500 km over a reentry trajec­
tory of 9 ,000 km. This capab i l ity has a considerable effect 
on the design of Hermes. 

Ariane 5 
Hermes wi l l  be launched atop the expendable Ar iane 5 ,  

a heavy-l ift booster. Development of Ariane 5 was 
approved during the European Space Agency 's  Min isteria l ­
level Counci l  meeting i n  January 1 985 .  The current design 
focusses on a configuration ca l led Ariane 5P  which has a 
centra l bqdy with an HM60 large cryogenic engine with 
two side-mounted strap-on sol id boosters. The HM60 is 
currently under development as a separate ESA 
programme. Ariane 5P wi l l  be developed for launching 
sate l l ites but wi l l  be rel iab le enough to be man-rated . 

Ariane 5P 's  cryogenic motor and boosters wou ld  be 
ign ited on the pad to ensure that the propuls ion system 
is funct ioning before l iftoff. Sea-level thrust of the HM60 
is to be 7 70.400 N ,  with a thrust at a lt itude est imated 
at 1 ,004.400 N .  the engine burn ing for 500 seconds. The 
sol id  boosters would  be 1 9  m long and 3 m in  d iameter. 
carrying about 1 70 tonnes of prope l lant  and burn ing for 
approximately 1 1 7 seconds. The Ariane would be able to 
l ift a maximum of 1 3  tonnes into a Sun-synchronous 
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The Aerospat oa l  Hermes deso g n .  CNES 

transfer orbit or the Hermes spaceplane mto low Earth 
orb it .  The fi rst f l ight of the rocket is expected dur ing 
1 994, with operat ional  miss ions beg inn ing a year later. 

The in i t ia l  fl ight of Hermes wou ld occur dur ing the 
secor1d ha lf of the 1 990' s. Ful l  sca le development wou ld  
start i n  1 988, enabl ing the fi rst f l ight to  be conducted 
during 1 997 .  I ntermediate m i lestones on the CNES 
calendar inc lude production of  demonstrat ion and eng in­
eering test models i n  1 990, fol lowed by systems test ing 
between 1 993 and 1 996.  Development costs through the 
in it ia l  two test f l ights are est imated at £ 1 ,050 m i l l ion ,  
with £9  m i l l ion provided for Hermes studies i n  1 985-86 
and £ 1 5  m i l l ion i n  1 987 .  

E uropean Cooperation 
Since France wants Hermes to become an ESA 

programme, CNES gave a project-briefing to member 
state s before the top-level ESA meeting i n  January 1 985 .  
Reaction from other members was  encourag ing and the 
f ina l  resolut ion of the Ministeria l- level meet ing states that 
the French decis ion to undertake the project, i n  associat ion 
with other European nat ions if possib le ,  was noted with 
i nterest . France and her partners were asked to keep ESA 
1nformed of the progress made i n  Hermes studies with a 
view to mclud ing th1s programme in the Agency's plans 
as soon as is feasib le .  

France is determined anyway to cont inue development 
and wi l l  seek bi-latera l agreements with other European 
nations if this route is adopted . I n  1 977 ,  when the SPOT 
Earth-resources satel l ite was not accepted as an  ESA 
project, France pressed on a lone before being joined by 
Belg ium and Sweden. A number of countries, inc lud ing 
Belg ium, Sweden and Ita ly ,  have a l ready shown interest 
in CNES' p lans and could jo in France, who would provide 
50% of the fund ing .  Other part ic ipat ing countries cou ld  
enter the  programme after CNES has  chosen a pr ime 
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Hermes in orbit. CNES 

contractor - a decision expected in the autumn of 1 98 5 .  
T h e  pr ime contractors�p w a s  t h e  issue o f  sharp ly­

contested competit ion between two lead ing French aero­
space companies,  Aerospat ia le and  Dassau l t-Breguet, 
with both f in ish ing prel im inary studies i n  March 1 98 5 .  

The Aerospatiale Proposal 
Aerospatia le  has used its experience ga ined from 

work ing on missi les and reentry vehic les,  the Ar iane 
l auncher, communicat ions satel l ites and  c iv i l  a i rcraft such 
as Concorde and the Airbus senes. Their proposed m i n i­
shutt le is 1 5 . 5  m long,  w1th a delta wing and  sma l l ,  
vert ica l  stabi l i sers at t h e  wing-t ips.  Wingspan w i l l  be 
1 1  m. A large, centre l ine vert 1ca l  sta b i l i ser is  located 
behind  the payload bay a bove the orbita l ma noeuvring 
engines.  The payload bay has a vol ume of 3 5  m3 a n d  
there is  a docking / EVA port between t h e  b a y  and  t h e  
cockpit area . 

Hermes wi l l  be an u nsta b le  " p lane dur ing most of the 
reentry and approach stages, when it is  s lowing down 
from orbita l speed ( 7  km / sec) to the land ing  speed of 
300 km / hr :  Hermes wil l  thus have to be contro l led by 
fly-by-wire under the command of computers and sophis­
ticated softwa re .  Here, the work done by Aerospat ia le on 
Concorde (the f irst transport a i rcraft with fly-by-wi re 
controls)  and the Airbus A-320 (the f i rst with sidestick 
m in i-control lers and fly-by-wire controls)  i s  i m porta nt .  

S idestick f l ight contro l lers a re used i n  the Hermes ' 
cockpit ,  which is c lear ly inspired by that of the Airbus.  
One of the two s idest icks contro ls  rotat ion,  whi le  the ! 
other commands movement a long the three tra ns lat iona l  
axes .  The lack of  centre-mounted control st icks a l l ows 
pu l l-out tables to be insta l led in front of each p i lot .  The 
mam i nstru ment panel is  f itted with five cathode-ray tubes 
d isplaying orbita l ,  navigat iona l  and systems data, a long 
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with trajectory i nformation requ i red for  reentry and  
l and ing .  The  pi lots'  seats a re p laced on the forward floor 
sect ion of the cockpit  and are raised to max imum height 
dur ing the fina l  approach to give suffic ient dowards v is i­
b i l ity through the windsh iel d .  Seats for the rema inder of 
the crew wi l l  be located behind the p i lots  and wi l l  have 
suffic ient room between them to add two more seats for 
astronauts being transferred to or from a space statio n .  
These addit iona l  seats cou l d  be stored on the space 
station itself or p laced under the experimenters' seats 
when not i n  use.  Al l  seats can be folded out to a l low the 
crew to sleep. Cockpit volume is  approximate ly 26 m3, 
which is far more than the m i n i m u m  requ irement set by 
CNES at 3 m3 per astronaut .  An add it iona l  space of 6 m3 
is  ava i lab le  under the floor for avionics and l ife-support 
equipment.  

Propulsion into orbit  after Hermes separates from 1ts 
lau ncher wi l l  be provided by two 20 k N  engines mounted 
i n  the rear fuse lage.  Att itude control i s  provided by a 
system of e ight vernier thrusters on the forward and aft 
fuselage and these a re s im i la r  to those a l ready used o n  
Aerospat ia le '  s sate l l ite designs .  Diss ipat ion o f  excess heat 
from the systems on-board ( severa l kW), the crew ( 1 30 W 
per man)  and  the var iable heat ing from the Sun wi l l  be 
necessary once orbit is  reached . Radiators on the inner 
s ide of the payload-bay doors assure the necessary heat 
loss.  c i rcu lat ing coo l ing  flu ids  through p ipes i n  the radi­
ators.  

The cockpit i n  Aerospat ia le 's  design is  an i ndependent,  
l ight  a l loy structure f ixed to the i nter ior of the m a i n  
a i rfra me at fou r  points.  T h i s  method w a s  d ictated b y  
weight and environmenta l  control considerat ions b u t  a l so . 
results i n  less r isk of leaks from meteor str ikes and  g ives 
improved crash protectio n .  Power cou l d  be provided by 
fuel cel ls ,  so la r  panels  or  thermo-electric generators. A l l  
three possib i l i t ies a re under study.  

Experience i n  thermal  protection has been ga ined by 
Aerospat ia le  through its research on carbon materia l s  
used as protect ion for miss i le  reentry veh ic les .  

The Dassault-Bregu et Proposal 
Dassa u l t-Breguet has used the expert ise acquired from 

work on 1ts M irage, Jaguar and Alpha Jet m i l i tary a ircraft 
and their  re lated avionics a n d  e lectronics systems.  This 
des1gn bears less resembla nce to the American Shutt le  
than does that of Aerospat ia le .  l t  a l so i ncorporates a delta 
wing with modified wing lets as vert ica l  stab i l i sers but has 
a more s lender  appearance and there is  no l a rge vert ica l  
sta b i l i ser i n  the centre of the rear fuse lage .  

The crew compartment is  equ ipped with s ix  cathode­
ray tube d isplays,  with two touch-screens to fac i l itate 
d ia logue with the complex on-board systems, and min i­
sidestick control lers.  The possib i l i ty of voice-control of 
the craft has a lso been studied . 

I n  1 9 72-74, the com pany worked with Grumman on 
therma l  protect ion for the American firm ' s  Shuttle pro­
posa l and produced a system that proved , during tests, 
to be able to resist arou nd a 1 00 s imu lated reentrys at  
1 , 200 ° C.  s im i la r  to Hermes'  requ i rements.  

Crew safety wi l l  be assured by ejection seats, as  used 
i n  m i l i tary a i rcraft; Dassa u l t  proposes the system a l ready 
used i n  the Fa lcon 50 prototype . Th is i s  usable even at 
very low a l t itudes and  cou l d ,  for instance,  be used i n  the 
case of a fa i led land ing a pproach .  

H ERMES U P-DATE 

S i nce t h i s  a rt i c l e  was written CNES has named Aerospa­
t i a l e  as pr ime contracto r for the programme, with Dassa u lt­
B re g u et assum i n g  d e l eg ate pr ime contractors h i p  fo r a e ro­
n a ut ics desi g n  of H e rmes.  See European Rendezvous, p a g e  
n i n e  of  t h i s  i ssue .  
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THE I N DUSTR IAL 
SPACE FACIL ITY 
Bv Dr.  Michael  Sheehan 

The US Space Station wi l l  not be operational unti l  
the mid- 1 990's but before the end of this  decade a 
large man-tended space processing p latform could 
be i n  orbit .  

Introduction 
On 20 August 1 98 5  NASA opened a new era i n  the 

commercia l  explo itat ion of space when i t  s igned two 
agreements with the sma l l  Houston-based firm of Space 
Industries Inc. ( S i l l .  which wil l  a l low the company to 
deploy i ts .  I ndustria l  Space Faci l ity ( I S F )  from the Space 
Shuttle. The ISF is  the worl d ' s  first pr ivately-owned,  
commercia l  space p latform . NASA Admin istrator James 
Beggs decla red on s ign ing the agreement that ,  'we hope 
the ISF wil l  be the fi rst of many such p latforms to be 
bu i l t  by private industry to complement the permanent ly 
manned space stat ion and  lead ,  eventua l ly ,  to a n  i ndustr ia l  
pa rk i n  space'  [ 1 ] .  

NASA, i n  fact ,  seems to have gone out of its way to 
be he lpful  to Space Industries. The tota l cost of the 
project is l ike ly to be approach ing $500 m i l l ion  by the t ime 
mit ia l  deployment occurs i n  1 989.  That is  a n  enormous 
financ ia l  u ndertak ing for a sma l l ,  three-yea r-ol d  company,  
so some sceptics have ra ised doubts a bout its ab i l ity to 
f inance the venture. NASA has given the company a 
considera ble he lp ing hand by deferring  payment for the 
2\.2 Shutt le  miss ions that wi l l  be requ i red to get the 
fac i l ity function ing i n  orbit . NASA's normal  a rrangement 
is  to be pa id i n  advance for such launches.  The deferred 
payment arrangement is  expected to save Space I n dus­
tries some $200 m i l l ion i n  'front-end'  expenditure.  The 
company wi l l ,  i nstead ,  pay for the f l ights with the income 
produced by rent ing the fac i l ity to compan ies i nterested 
in  exploit ing the commercia l  potent ia l  of near-Earth orbit .  

The generous NASA terms a ppear to be one of the first 
fru its of the new American policy for the commerc ia l  use 
of space announced by President Reagan i n  July 1 984. 
The pol icy was a imed at encourag ing and accelerat ing 
private sector investment and  i nvolvement i n  space-based 
business. 

Modular Concept 
The Industria l Space Faci l ity wil l  be modu la r  in  concept 

and wil l  measure some 1 0 . 7  m by 4.4 m. Attached to the 
faci l ity wi l l  be a 3 m supply module capable of being 
rout inely rep laced so that products can be returned to 
Earth and the fac i l ity restocked with key expendables.  
Supply module exchange wi l l  be accompl ished us ing the 
Shutt le 's Remote Man ipu lator System . Visits for fac i l ity 
resupply a re currently p lanned to occur as often as every 
three to four months.  

The ISF  is  not designed to be permanent ly manned but 
rather to provide a habitable environment for astrona uts 
whi le  on-board equipment resupply and servic ing is  tak ing 
p lace .  Shutt le  and ,  eventua l ly ,  Space Stat ion crews wi l l  
be. ab le to enter  through the Shutt le- ISF dock ing mech­
a nism or ' berth ing adaptor. ' Once on board the Fac i l ity 
Module,  the astronauts wou l d  be operat ing i n  a comfort­
able 'sh i rt-sleeve' environment while they carried out 
such tasks as repairs,  equipment changeovers. servic ing 
adjustments, the harvest ing of completed products and 
c lean ing and restocking of production a pparatus. Each 
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The ISF, a man-tended space processing platform, which could be in 
operation by the end of the decade. 

faci l i ty module wi l l  have 7 1  m3 of pressurised i ntern a l  
volume.  Between Shutt le v is its,  the fac i l i ty wou l d  operate 
a utomatica l ly  as a 'free-flyer , '  though once the Space 
Station is  i n  operat ion,  one or more faci l ity modu les cou l d  
b e  attached to i t .  

The
.
" design emphasises ease of ma intena nce and 

rep lacement of parts,  as  wel l  a s  updat ing them over t ime.  
The basic modu lar  approach is  mea nt to fac i l itate th is .  
Wherever possib le ,  the des ign incorporates proven 
exist ing technology and the emphasis throughout is  upon 
s impl ic ity.  Most repa i rs and  replacements can be carr ied 
out by astronauts from i ns ide the modu les but where 
th is  is not possib le the design faci l i tates operat ions by 
astronauts i n  pressure suits. Extensive fa i lsafe redunda ncy 
is  a nother prominent feature. 

This a pproach of desig n ing the faci l ity around the needs 
of its users and mainta iners is  very much the method of 
Dr .  Maxime Faget, the President of S l l .  Faget has a 
l ifet ime' s experience of spaceeraft design behind h i m .  
Between 1 962 and  1 98 1  he w a s  responsib le for su per­
vis ing the design ,  development and test ing  of NASA ' s  
ma nned spacecraft projects. Officia ls  at NASA feel that 
if a nyone cou l d  be sa id to be the 'father , '  i n  engineer ing 
terms, of the Gemin i ,  Apo l lo  and Skylab progra mmes, i t  
woul d  be h im.  He is  wel l  p laced to a ppreciate the techn ica l  
and human l i m itat ions of  the NASA fac i l i t ies the I S F  wi l l  
depend on and ab le  to des ign the fac i l i ty  i n  such a way 
as to make NASA ' s  job as easy as  possib le .  

Faget  has sa id that he p lans to use 1 9 7 5-class tech­
nology for the most part.  This use of proven ,  off-the­
shelf technology is a major reason why bot" NASA a n d  
American private industry seem confident t h a t  t h e  ISF 
wi l l  succeed . l t  i s  not  dependent upon future technologica l  
breakthroughs but rather is the product of eng ineers and 
technology that have a l ready proved themselves i n  ear l ier  
US space projects. Once i n  orbit ,  the ISF  modules shou l d  
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be robust enough to rema in  there a lmost indefin ite ly .  
They are not expected to return to Earth, though this can 
be done if necessary. I n  order to maximise servic ing 
efficiency, the first two fac i l it ies wi l l  be docked side-by­
side. The ISF wi l l  operate in a circu lar  230 nautica l m i le  
orbit incl ined at 28. 5 o .  

ISF and the Space Station 
Both Space I ndustries and NASA envisage the ISF as 

complementing America 's  Space Station . The modu lar  
approach means that  the ISF embodies the capacity for 
growth in both size and function as business becomes 
more aware of its potent ia l  uses. The faci l ity wi l l  be 
p laced into an orbit compatible with that of the Space 
Station and once the latter becomes operationa l ,  probably 
around the year 1 994, the ISF wi l l  benefit from operat ional 
economies brought about by the frequent Shutt le missions 
servicing the Space Station .  According to Ph i l l i p  Cu l­
bertson, Associate Director for NASA' Space Station 
office, 'There are characteristics of the ISF and the Space 
Station that are s imi lar .  They both provide habitab le work 
space, are Shuttle-dependent, and essentia l ly  auton­
omous. For these reasons there may be some aspects of 
the two programmes that are of mutual  interest and use 
to both NASA and S l l '  [2] .  _ 

If the ISF is successfu l ,  NASA wou ld  benefit d i rectly i n  
a number of ways. The NASA-S I I  agreement g ives the 
Houston company the go-ahead to develop the Shutt le 's 
first docking module .  This is pr imar i ly designed to enable 
the Shuttle to dock with the ISF but the same hardware 
wi l l  be ava i lab le for use as the Space Station 's  docking 
mechanism . 

NASA wi l l  a lso benefit from the second part of the 
August 1 985 agreement, which provides for a mutua l ly  
benefici a l  exchange of information dur ing the defin it ion 
and pre l iminary design phase of the Space Stat ion.  l t  is 
l ikely that a s imi lar information exchange wi l l  be agreed 
upon for the Space Station development period, schedu led 
to beg in in mid- 1 987 .  

A further ga in for NASA is that  the  ISF wi l l  be launched 
four to five years before the Space Station is orbited . The 
interaction with the ISF wil l thus provide NASA with 
valuable operat ional experience in docking the Shutt le 
to orbita l structures and, more genera l ly ,  in  the basic ·
operations requ i red for manned servic ing of permanent 
orbital fac i l it ies. 

Potentia l Uses 
The ISF is designed to reach operat ional  status with a 

s ingle Shuttle launch . Once the fi rst 'fac i l ity modu le '  is i n  
orbit, more can  be  added . When asked how many un its 
S l l  intend to orbit ,  Faget commented 'as many as we can 
sel l . ·  Each fac i l ity wi l l  have two 30 m solar  arrays (s imi lar  
to those deployed on Shutt le mission 4 1  D)  capable of 
providing up  to 1 2  kW of susta inab le power. Other 
research and production requ i rements such as cool ing and 
telemetry are a lso organic to the faci l ity. 

Space Industries see their enterprise as essent1a l ly a 
' real-estate' project catering for prospective space manu­
facturers. They would provide the environment i n  which 
other companies cou ld actua l ly  produce. I n  the words of 
a company spokesman ,  'We provide power, a safe harbour 
with docking fac i l it ies and a base to work in. Our success 
depends on the aggregate market . '  There ought to be no 
shortage of customers for the ISF .  NASA current ly has 
contracts with a l arge number of companies who use the 
Shuttle to carry out experiments i n  space, whi le the ISF 
has a number of advantages over the Shuttle i n  terms of 
research ,  development and production fac i l it ies. Shutt le 
fl ights have an average duration of about a week - a 
major constraint on the types of experiments that can be 
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usefu l ly  carried out in orbit. In contrast, the ISF can run 
automated experiments for a min imum of three months 
between Shuttle servic ing visits. Moreover, whereas the 
Shutt le is not designed specifica l ly  for such experimenta­
t ion and therefore possesses l imited space capable of 
being ut i l i sed for R&D purposes, as a purpose-bu i l t  fac i l ity 
virtua l ly  a l l  the ISF 's  7 '1 m3 of interior space is devoted 
to R&D or manufacturing .  In addit ion, manufacturers using 
the Shuttle must continua l ly  launch their hardware i nto 
space, whereas ISF payloads rema in  on stat ion far longer, 
dramatica l ly reducing the manufacturer' s transportation 
costs. 

The advent of the ISF represents a major boon to 
companies wishing to invest igate the potentia l  of space­
based manufactur ing because it wi l l  g ive them an orbit ing 
fac i l ity to operate in even before the Space Station 
becomes operationa l .  The kinds of manufactur ing which 
the ISF is designed to faci l itate inc lude: 

• Pharmaceutica l products for the treatment of d ia­
betes, emphysema, mult ip le sclerosis and various 
b lood d iseases. 

• Pure, exotic crysta ls for use in h igh-speed com­
puters. 

New homogenous a l loys comprised of m ixtures 
that cannot be produced on Earth because of 
gravitationa l  effects. 

The fac i l i t ies design a lso g ives it a g reat dea l of versat i l ity. 
Space Industries argue that it can provide an  ideal environ­
ment for l ife-science and materia l  processing experiments, 
that it is an idea l test-bed for use by US government 
agencies wishing to develop space-related equipment and 
procedures and that it can be emp loyed as an  'orbit ing 
warehouse' for R&D equipment, repa ir  parts and logistic 
suppl ies [4] . 

Potent ia l  users of the ISF have a l ready been coming 
forward . A number of American and Japanese companies 
have expressed a firm interest , while d iscussions have 
been held with the European companies involved i n  the 
Columbus space station project [5]. The potent ia l  for 
space commerc ia l isation is a l ready being rea l ised . NASA 
itself has agreements with 20 companies and is nego­
t iat ing with 24 others i nterested i n  the commerc ia l  exploit­
ation of space. The fi rst 'made-in-space' products have 
a l ready gone on sale: polystyrene spheres, each 0 .0 1 mm 
in  d iameter and each perfectly round .  In Ju ly  1 985 the 
US Nat ional Bureau of Standards began marketing them 
as a ca l ibration tool for scientific instruments and as a 
standard to measure such t iny part ic les as red b lood cel ls .  
The NASA-SI I agreement represents a major step forward 
in the ut i l isation of space. Accord ing to NASA Admin is­
trator James Beggs, 'One of NASA'�  top priorit ies is to 
expand the economic frontier of space. We view it as a 
three-pronged effort: working with industry to help iden­
tify products that can ' t  be made on Earth; he lp ing business 
to apply space technology to Earth-based manufactur ing 
techniques; and transferr ing space-based appl ications to 
the private sector. We are beg inn ing to use space to 
change the stamp of nature on our l ives for a l l  t ime . '  

R E F E R E NCES 
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SATELLITE DIGEST - 1 88 
A monthly listing of satellite and spacecraft launches. 
compiled from open sources. 

Robert D. Christy 
Continued from the December 1 985 issue 

COSMOS 1 678 1 985-77A, 1 5997 

Launched: 1 0 1 5 . 29 Aug 1 985 from Ple­
setsk by A-2 . 
Spacecraft data: As Cosmos 1 68 1 .  
Mission: Photo-reconnaissance, a l l  or part 
of the payload was an Earth resources 
package. Recovered after 14 days. 
Orbit: 258 x 2 72 km, 89.88 min. 82. 33 ° .  · 

COSMOS 1 679 1 985-78A. 1 5999 

Launched: 1 1 40, 29 Aug 1 985 from Tyu­
ratam by A-2. 
Spacecraft data: As Cosmos 1 68 1 .  
Mission: Military photo-reconnaissance. 
Orbit: 1 72 x 342 km, 89.67 min. 64.87 ° ,  
manoeuvrable. 

COSMOS 1 680 1 985-79A, 1 60 1 1 

Launched: 0708. 4 Sep 1 985 from Plesetsk 
by C- 1 .  
Spacecraft data: Possibly a cylindrical .  solar 
cell-covered body, 2 m long and 2 m dia­
meter with mass around 700 kg. 
Mission: Military communications using a 
store I dump technique. 
Orbit: 784 x 807 km, 1 00.82 min.  74.06 ° .  

COSMOS 1 68 1  1 985-80A. 1 60 1 8  

Launched: 1 045, 6 Sep 1 985 from Plesetsk 
by A-2. 
Spacecraft data: Possibly based on the 
Vostok manned spacecraft with spherical 
re-entry module, instrument unit, and a 
supplementary package of instruments at , 
the forward end. Length 6 m, diameter 
(max) 2.4 m and mass around 6000 kg. 
Mission: Photo-reconnaissance. a l l  or part 
of the payload was an Earth resources 
package, recovered after 1 3  days. 
Orbit: 2 1 9  x 226 km, 89.02 min.  82.33 ° .  

SOYUZ T- 1 4  1 985-8 1 A, 1 605 1 

Launched: 1 23 9 * ,  1 7  Sep 1 985 from Tyu­
ratam by A-2. 
Spacecraft data: Near-spherical orbital com­
partment, conical re-entry module and cylin­
drical instrument unit with solar panels. 
Length approx 7.5 m ,  diameter (max) 2 . 2  
m a n d  mass a round 7000 k g .  
Mission: Crew a n d  spacecraft exchange for 
Salyut 7. The three man crew consisted 
of Vladimir Vasyutin, Georgi Grechko and 
Aleksandr Volkov. Soyuz T- 1 4  docked with 
the rear port of Salyut 7 approx 1 4 1 5, 1 8  
Oct 1

'
985. Grechko returned to Earth with 

Vladimir Dzanibekhov on 26 Sep (see 
Updates - below). 
Orbit: Initially 1 96 x 223 km, 88.63 min. 
5 1 .62 o .  then by way of a transfer orbit of 
272 x 326 km, 90.45 min. 5 1 . 63 ° ,  to a 
docking with Salyut in an orbit of 338 x 
353 km, 9 1 .38 min.  5 1 . 63 ° .  
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The heading t o  each launch gives the name of the 
satellite. its international designation and its number in 
the NORAD catalogue. Launch times are given in Universal 
Time and are accurate to about five minutes except where 
marked with an asterisk. where the time is to the nearest 
m inute as announced by the launching agency. 

l ntelsat 5 satellite 

COSMOS 1 682 1 985-82A. 1 6054 

Launched: 0 1 32, 1 9  Sep 1 985 from Tyu­
ratam by F- 1 .  
Spacecraft data: not avai lable but several 
tonnes mass. 
Mission: Electronic reconnaissance over 
ocean areas. 
Orbit: 429 x 443 km, 93. 3 1  min. 65 .03 ° ,  
maintained by a low thrust motor. 

COSMOS 1 683 1 985-83A. 1 6056 

Launched: 1 0 1 0. 1 9  Sep 1 985 from Ple­
setsk by A-2 . 
Spacecraft data: as Cosmos 1 68 1 .  
Mission: Mil itary photo-reconnaissance, 
recovered after 1 5  days. 
Orbit: 356 x 4 1 4  km. 92.30 min. 72.87 ° .  

COSMOS 1 684 9 1 85-84A, 1 6064 

Launched: 0 1 1 8, 24 Sep 1 985 from Ple­
setsk by A-2-e. 
Spacecraft data: Possibly based on the Mol­
niya satellites with a cylindrical body sur­
mounted by a conical motor section with 
power provided by a 'windmi l l '  of six solar 
panels, length 4 m ,  diameter 1 .6 m ,  mass 
around 2000 kg. 
Mission: Missile early warning satel l ite. 
Orbit: In it ial ly 583 x 39334 km, 709. 1 2  
min,  62.90 ° .  then raised to 580 x 39762 
km, 7 1 7 . 5 1 min.  62.90° to ensure dai ly 
ground track repeats. 

COSMOS 1 685 1 985-85A, 1 6088 

Launched: 1 1 1 5 . 26 Sep 1 985 from Ple­
setsk by A-2 . 
Spacecraft data: as Cosmos 1 68 1 .  
Mission: Mil itary photo-reconnaissance, 

recovered after 14 days. 
Orbit: 356 x 4 1 6  km, 92. 3 1  min. 72.87 " .  

COSMOS 1 686 1 985-86A. 1 6095 

Launched: 0842. 27 Sep 1 985 from Tyu­
ratam by D- 1 -E .  
Spacecraft data: Cylinder with power pro­
vided by two panel solar array. Length 1 3  
m ,  diameter (max) 4 .  1 5  m ,  and mass around 
20 tonnes. 
Mission: Carrying of supplies to, and enlar­
gement of. the Salyut 7 station. Cosmos 
1 686 docked with Salyut's forward hatch 
at 09 1 6. 2 Oct 1 985. 
Orbit: In it ial ly 1 72 x 30 1 km, 89. 1 8  min.  
5 1 .62 o ,  then by way of a transfer orbit of 
284 x 3 1 8  km,  90.49 min,  5 1 . 6 3 °  to a 
docking with Salyut at 336 x 353 km, 9 1 . 3 7  
min,  5 1 .63 ° .  

INTELSAT 5A(F- 1 2 )  1 985-87A, 1 6 1 0 1  

Launched: 2330, 2 8  Sep 1 985 from Cape 
Canaveral AFB by Atlas-Centaur. 
Spacecraft data: Box-shaped body, 1 .66 x 
2. 1 0  x 1 .  77 m with attached 4 m aerial 
mast and a 1 5 . 9  m span solar array. The 
mass before apogee boost motor firing was 
20 1 3  kg, reducing to 1 096 kg on total 
depletion of fuel . The vehicle is three-axis 
stabil ised by momentum wheels and station 
keeping is by the use of gas thrusters. 
Mission: Communications satellite providing 
the equivalent of 1 5000 telephone channels 
at C-band and L-band. 
Orbit: geosynchronous. 

COSMOS 1 687 1 985-88A, 1 6 1 03 

Launched: 1 923,  30 Sep 1 985 from Ple­
setsk by A-2-e. 
Spacecraft data: as Cosmos 1 684. 
Mission: Missile early warning satellite. 
Orbit: Initially 609 x 39 1 94 km, 706.62 
min,  62.98 ° ,  then raised to 6 1 0  x 39732 
km, 7 1 7 . 5 1 min to ensure dai ly ground 
track repeats. 

COSMOS 1 688 1 985-89A. 1 6 1 07 

Launched: 0902, 2 Oct 1 985 from Kapustin 
Yar by C- 1 .  
Spacecraft data: not avai lable. 
Mission: Possibly a mil ita ry radar cal ibration 
satellite. 
Orbit: 347 x 548 km, 93.47 min. 50.68 ° .  

COSMOS 1 689 1 985-90A, 1 6 1 1 0  

Launched: 0550, 3 Oct 1 985 from Tyu­
ratam by A- 1 .  
Spacecraft data: Cylinder with two. Sun­
seeking solar panels, length about 5 m, 
diameter (max) 2 m and mass around 1 500 
kg.  
Mission: Earth resources remote sensing. 
Orbit: 573 x 657 km. 9 7 .06 min.  9 7 . 9 7 ° .  
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SPACE STATION MEETI NG 
The Society held its latest Space Station symposium 

in its HO Conference Room on 25 September 1 985 ,  with 
a fu l l  audience hearing a range of presentations on the 
theme of "Space Station Appl ications ."  

Capt. Robert Freitag,  a long-standing Fel low of  the 
Society and Director of NASA's Pol icy Plans Office (Space 
Station). described the current status of the US space 
agency's studies. NASA was 5 Y2 months into the 2 1  
month Phase B (definit ion) stage and f inding there were 
very difficult decisions sti l l  to be made. A major depature 
from previous programmes was the extensive internat ional 
e lement, with ESA, Canada and Japan a l l  making sign ifi­
cant contributions. Japan has organ ised a very efficient 
industria l  team headed by Mitsubishi , Canada was concen­
trat ing on the servicing aspect but there was a fee l ing 
that Europe was being somewhat s lower in producing i ts 
deta i led requirements and intentions. 

Dr. George Peters of ESA described the Columbus 
programme, ind icating that Phase B studies shou ld  be 
completed by early 1 987 .  The deadl ine for responses to 
a ca l l  for new mission proposa ls for projects using the 
Space Station / Columbus was due on 29 November 1 985 .  
Columbus wi l l  i n it ia l ly be d irected at Space Station partici­
pation but the eventual  goal is to create European space 
autonomy, possibly based on a free-flying Columbus and 
the Hermes min i-shutt le .  

From the UK point of view, of course, the Space 
Platform - part icular ly the polar orbit ing aspect - is of 
considerable interest . Dr .  Robert Parkinson of BAe 
described four p latforms under consideration, two eo­
orbit ing with the Space Station end two in polar orbit. 
The polar versions wi l l  be concerned mainly with remote 
sensing in morning and afternoon orbits, whereas the two 
eo-arbiters have evolved because of the mutua l ly exclusive 
requ irements of astronomica l and microgravity payloads. 
The European far infra red I sub-mi l l imetre telescope 
(F IRST) is being used to provide a basis for establ ish ing the 
astronomica l p latform requirements; its need for frequent 
slowing would clear ly impact the low microgravity condi­
tion required by materia ls  processing .  

Dr .  Don Hardy, of  the  Roya l Aircraft Establ ishment, 
discussed the UK's approach to defin ing user requirements 
since this wil l eventua l ly decide the format of the p lat­
forms. A core team is heading 1 3  expert panels on remote 
sensing,  microgravity, astronomica l ,  management and so 
on,  with extensive consultations due to continue unt i l  
October 1 986. A series of open workshps, funded by the 
government, wi l l  be held over the next year to.Provide a 
forum for free discussion . 

The afternoon session concentrated pr imari ly on app l i­
cations, with papers considering astronomica l ,  materia ls  
research and communications aspects. Dr .  Br ian Derby of 
the University of Oxford pointed out that space materia ls  
processing, whi le a h igh ly promising fie ld ,  was sti l l  at  an  
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early stage. Of course, the 'g-j itter' produced in the 
Shutt le, Space lab and eventua l ly  the Space Station by 
interna l  movement, demands that materia ls  work must 
be carried out aboard free-fly ing craft . Present work is 
h igh l ight ing the feature that remova l of Earth gravity 
a l lows secondary effects, such as Marangoni convect ion, 
to come to the fore. Some features are sti l l  poorly 
understood . 

Dr .  A .J .  Dean of Southampton University provid• an 
excel lent example of  one discip l ine that  wi l l  be prc.,.elled 
forward by the advent of the Space Stat ion: gamma-ray 
astronomy. By its very nature, th is branch of astronomy 
requ ires its detectors to be as la rge as possib le and so 
wi l l  be more suited to the main station than smal ler free­
flyers. In addit ion, it is not rea l l y  affected by movement 
or outgassing by its host. 

Claus Toksvig, member 
of the European Parlia­
ment. 

As space spokesman for the European Par l iament's 
Com.mittee on Energy, Technology and Research , it 
gives me great pleasure to send greetings to the British 
I nterp lanetary Society. 

The European Par l iament tries very hard to be a 
cata lyst in a l l  manner of fie lds .  The decision to draw 
up a report on European Space pol icy was one of our 
fi rst major in it iat ives after the e lections in June 1 984. 

A year's intensive work has resulted in a report to 
be considered by the Par l iament in its October session . 
The major conclusions a re as fol l ows: 

1 .  The French Eureka in itiative needs a space cen­
trepiece. We suggest either a permanent Moon 
base or an  autonomous European space station 
in low Earth orbit. 

2 .  The need for education in the space f ie lds cou ld 
be met through use of the EEC socia l  fund 
and through the creation of a European Space 
I nstitute which wou ld set the qua l ifications 
needed for a European doctorate or MA or BA 
degree in  astronautics. 

3 .  Money should be  made ava i lab le  t o  conduct 
appropriate studies of space-re lated data 
a l ready ava i lab le  to us. I n  particu lar ,  the needs 
of the Third World in c l imatology and in mass 
education should be considered h igh priorit ies. 

The work on the report has benefitted from close 
contacts with ESA and others. The need for democratic 
control in  this vital f ield is stressed . My own hope for 
the future is that my committee wi l l  continue to monitor 
space developments in Europe and that this ear ly 
contact with your Society wi l l  become closer. 

CLAUS TOKSVIG 
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CHINESE SPACE TOUR 

Prior to representing the Society at the joint ly-spon­
sored 'Towards Columbus and the Space Station' sympo­
sium in West Germany on 3-4 October 1 985, Roy G ibson 
spent two weeks in  China at the invitation· of the Min istry 
of Astronautics. After talks with the leading min istry 
officia l and those of the technical  centre (CAST) in Beij ing ,  
he visited aerospace insta l l at ions in  South Ch ina ,  inc luding 
Kunming not far from the border with Vietnam .  

He was impressed by  t he  continued progress being 
made in the Chinese space programme and, particu la rly, 
by the increasing contacts with the aerospace industries 
and the USA and Western European countries. However, 
in spite of a cooperative agreement between China and 
the UK,  few sign

'
s were to be seen of  a Brit ish contribution 

to Chinese space activit ies. 
The visit took p lace shqrt ly  after the Ch inese decision 

to halt the procurement of a d i rect broadcast satel l ite 
system . l t  was clear that the Chinese authorities were 
fu l ly  aware of the damages of a l ienating the aerospace 
industry but there appeared to be substant ia l  reasons for 
the action, though with reason to expect a resumption of 
the procurement exercise - in a modified form - in the 
not-too-distant future. 

Chinese launch vehicle. 
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NASA APPOINTMENT 

R ichard Barnes, a Fel low of the Society. has been 
appointed Di rector of the I nternat ional Affairs Division of 
NASA Office of Externa l  Relat ions, after completing four  
years as NASA European representative based at the 
American Embassy in  Par is .  I n  that capacity he was 
responsible for l ia ison with the European Space Agency 
and the nationa l  space agencies of Western Europe on 
agreed cooperative projects and for identificat ion of poten­
tial future joint space projects. He joined the NASA 
I nternationa l  Programs Office in  1 96 1 ,  serving in various 
capacities, inc luding Deputy D i rector of I nternationa l  
Affa irs before h is Par is  assignment. 

DEATH OF GERHARD ZUCKER 

We are sorry to record the death of Gerhard Zucker, an 
ear ly  pioneer of  the posta l rocket, who d ied i n  Du ren,  
Germany, on February 4 ,  1 985, at the age of 7 6 .  

Zucker was best-known for h is  rocket ma i l  exper iments 
carried out between 1 933 and 1 935, in which he co l l aborated 
with a number of B IS members. 

He carried out fu rther posta l experiments in the years 
1 956-64 though these attracted l itt le attent ion .  

REPORT OF THE 40TH ANNUAL 

GENERAL MEETING 

The President (Mr .  C .R .  Turner) welcomed members to 
the 40th Annual Genera l Meet ing by point ing out that, 
a lthough 1 983 marked our 50th Anniversary, th is had 
continued into part of 1 984 and one had only to look 
back on the year to see how much had been accompl ished 
during that t ime. For example, a wide range of meetings 
had be€m held,  Society publ ications maintained at an 
enhanced level and membership increased by 1 0% .  

Some o f  these matters wou ld be  d iscussed aga in later 
but he wished to express h is thanks to the ret ir ing 
President (Mr .  A.T.  Lawton) ,  to col leagues on the Counci l ,  
the  Members of  Committees and to the  Society 's  staff 
for a l l  the work that had been done. lt was astounding 
that so much had been achieved in  the space of a s ingle 
year .  

The matter of the Society's accounts for the year to 
3 1 st December 1 984 was introduced by the Executive 
Secretary who pointed out that, with a successfu l year 
behind us in many respects, much was sti l l  to be desired 
on the mauer of a satisfactory annua l  f inancia l  surplus 
for this held the key to our future. l t  was on ly by bu i ld ing 
up surpluses that sufficient funds could be accumulated 
to enable the Society to undertake the wide range of 
activities which lay ahead. The accounts disclosed a 
mixture as before. If one looked at the year itself one 
could contemplate a very satisfactory period of activity. 
On the other hand,  if one looked to the future, one could 
see an overwhelming need for even g reater effort and 
greater f inancial strength if further opportunities were to 
be grasped. 

The report and accounts were agreed unanimously. 
The President continued by remarking that ,  on  the 

matter of Counci l  e lections, interest in the work of the 
Society was undoubtedly reflected by the fact that eight 
candidates were standing for elect ion .  As this was in 
excess of the four vacancies, the matter would be deter­
mined, as usua l ,  by postal bal lot .  Ba l lot forms would be 
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sent to every member of the Society for completion and 
return by 3 1 st January 1 986. 

The meeting then proceeded to hear a numl>er of 
individua l  reports. 

One of the most important and of wide genera l interest 
were the a rrangements for Space ' 86,  to be held at 
Brighton on 26-28 September with the theme of 'Space -
Profi les of the Future . ·  Although this represented the 
th ird occasion for such a venture, the presentation and 
a rrangements were as excit ing as ever. This t ime the 
theme had crysta l ised, a lmost of its own accord , into 
papers that presented a continuous thread, beginn ing 
with one setting the theme and another that expanded it 
to the space scene overa l l ,  and then continuing with a 
series reflecting our position poised on the edge of the 
Universe, looking outwards. The fol lowing session was 
concerned with the input of materia l  i .e. the down-l ink in 
information technology and not only on data about the 
Earth but a lso about the stars. The question was one of 
size and enormity, with every sign of it far dwarfing 
anything we had hitherto experienced . 

After contemplating how one could cope with this 
enhanced f low, two further sessions considered our . posi­
tion in  a practica l sense i .e .  by the construction and 
uti l isation of  space stations, including the potentia l  UK 
involvement, with  Europe, and a review of  how th is  might 
develop. The f inal  session concerned both future means 
of transportation, including the use of HOTOL, and the 
problems of l iving and working in space. 

The programme would  include a Banquet and Recep­
tion, as before, and a lso a tour of the Royal Pavi l ion for 
the Ladies. 

Fu l ler i nformation would  appear i n  both magazines, with 
registration forms becoming avai lable a lmost immediately. 

Space '86 was only one of a number of fascinat ing 
symposia p lanned for 1 986. Another of g reat importance 
was the third in our series on the Development and 
Uti l isation of  the Space Station,  to be he ld  on 2 1  and 22 
May 1 986, fol lowed by one on Space Transportation on 
1 9  November 1 986. These were addit iona l  to the sym­
posia on Soviet Astronautics and Space History, the IAF 
Congress and the European Space Symposium, among 
others. I n  fact, the work involved in  making such arrange­
ments had become so continuous as to evoke the descrip­
tion of 'wa l l  to wa l l  Symposia . '  

A further matter concerned a rrangements for the  1 987 
IAF Congress. The Society had been involved in deta i led 
arrangements for many years now, for this was a most 
compl icated event requ i ring substantia l  funding and con­
siderable organisation. Practica l ly all of the pre l iminary 
work had been accomplished and there was every ind ica­
tion that the invitation from the Society to host the 
I nternational Astronautical Congress for 1 987 would  be 
accepted. Fu l ler deta i ls, aga in ,  would  be published as 
soon as possible. 

The Library had continue to grow, a lbeit slowly, and 
give considerable satisfaction to members. The a rrange­
ments for combining ' l-ibrary faci l ities with meetings had 
worked exceptiona l ly wel l  and produced h igh praise. The 
Library Committee, itself, was hard at work in  most 
d ifficult �ircumstances, endeavouring to enhance the 
Library in  every possible way. Much of its work, inc luding 
its frustrations no doubt,  were fu l ly reported to members 
in the pages of our magazines both in the form of Library 
Reports and From the Secretary's Desk items, as wel l as 
in other ways. 

One such example of its work concerned the Articles 
that had appeared concerning the Society's  unique copy 
of Uranometria which, if al l went wel l ,  would  be offered 
to members as a facsimi le edit ion. Present plans i nvolved 
preparing a ful ly-detai led brochure which would be issued 
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to members shortly to enable them to place orders for 
advance copies. Those doing so would  receive a specia l  
discount so  this was clear ly a usefu l th ing to  know. Work 
on eva luat ing Uranometria was sti l l  underway. A computer 
program had a lso been secured to enable more deta i led 
studies to be undertaken of the observations themselves. 
This, it was hoped, wou id  form the basis of a fourth 
contribution as soon as the work had been done. I n  
t he  meantime, t he  a rt ic les themselves had  proved of 
considerable interest . Those members who had responded 
with further comment or addit iona l  information may be 
assured that their interest is greatly appreciated . 

Another matter of particu la r  interest and concern to 
the Society lay in  the area of Space Pol icy. I n  this 
field the Society had been part icular ly active, advocat ing 
courses of action and provid ing technical  and simi lar  
information on a wide variety of levels. Th is was some­
thing it had undertaken for many years now but which 
was being accelerated.  Members. themselves, could f ind 
a va luable support ing role in th is work. Letters and articles 
in newspapers and magazines, both local and nationa l ,  
a l l  helped to create a more favourable space c l imate. l t  
is important that this work be undertaken as fu l ly, as 
completely and as energetica l ly  as possib le .  Opportunities 
a re immense, not only to advance UK involvement in 
space but a lso to advance the Society itself. P lease, 
however, do not write to the Society itself advocating 
such matters. The need is to preach to the uncommitted, 
not to the converted! 

The f inal item of business concerned the Extraordinary 
Reso lution whereby the Society was to adopt a new 
Memorandum and Articles of Association.  

The President pointed out that the draft to be approved 
was one held and signed by h imself and which, in  every 
materia l  respect, was essentia l to that which appeared 
in Spacefiight for September I October 1 985 .  The s l ight 
d ifferences that emerged resu lted from misprints (two), 
the omission of a word or two and the updating of al l  the 
sections of the Compan ies Act referred to because, s ince 
our new Constitution had been prepared , a nother Com­
panies Act had been passed . This was simply a matter 
of deleting the old section numbers and insert ing the new 
ones. A fina l  item was the deletion of a few words to 
update a c lause in the Articles because the orig inal  
wording had been superseded by wording i n  the new Act . 

A l ist giving these changes was provided to each 
member present for c larity. 

The only matter of substance in  the new Constitution 
concerned the introduction of Corporate and Non-Cor­
porate grades, a l ready set out on page 378  of Spaceflight. 
This a rose as a direct consequence of the a rrangements 
needed to support an appl ication from the Society for a 
Royal Charter and meet the requ i rements of the Privy 
Counci l .  No exist ing member was affected by the change 
because, a lthough election as non-voting ( viz Non-Cor­
porate) Members would apply from 1 January 1 986, every 
exist ing member would  be el ig ib le to transfer to Fel low 
over the next 1 0  years, i .e .  before the fina l  changes came 
into effect. 

l t  was therefore proposed and unanimously agreed that 
the Memorandum and Articles of Association submitted 
to the meeting and,  for the purposes of identification 
signed by the President, be approved and hereby adopted 
as the Memorandum and Articles of Association of the 
Society in  substitution for and to the exclusion of a l l  
existing Memorandum arid  Articles o f  Association o f  the 
Society. 

This was put to the vote and carried nem con. 
In declar ing the result ,  the President added that the 

new Bye Laws stemming from the changes woulq a lso 
come into effect from 1 January 1 986 
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FROM THE SECRE TAR Y'S DESK 

Comet Collectobi l ia 
F ind ing su 1tab le matenal for the Soc1ety' s spec ia l  col lec­

tion on comets is becoming harder, w1th each enqu iry 
invar iab ly br ingmg the response that the object wished 
for has a l ready been d isposed of. The puzzle is ,  who buys 
a l l  these th ings? 

Light on the subject was recent ly shed by G .W.  Kronk 
in h is book Comets, which disc losed that he had amassed 
no less than 7000 pamphlets over the last few years. 
Another example- appears i n  the book Hal/ey 's Comet by 
J. Metz, which is a lmost whol ly concerned with describ ing 
the col lection of an  amaz ing range of i tems relat ing to 
the 1 9 1 0  return . 

The Chelsea Antiques Fair l ast September expanded 
things yet further by l ist ing over 60 items of Comet 
Jewel lery for sale,  a l l  co l lected over the past decade. 
Apparently such jewel lery was worn as amu lets or charms, 
and commemorated not only Ha l ley' s  comet but others 
such as Bei la i n  1 846, Donat i  i n  1 858,  Coggia 's  of 1 874 
and the Great Comet of 1 88 1  . 

Turn-Up for the Book 
Examin ing a l ist of books for sale the other day disclosed 

a most interest ing volume. l t  was De le Stel/e Fisse . . .  , 
bound with (as is often the case) Del/a Sfera del Mondo . .  . 
(The Sphere oi the Universe) - both by A lessandro Piccolo­
min i  and pub l ished at the same t ime. 

The first edit ion ( 1 540) contained the fi rst pr inted 
star at las ever to appear, as opposed to the s impl if ied 
conste l lat ion f igures in  earl ier works. In fact, Picco lomin i  
in i t iated the use of letters, in  h is case using consecutive 
Latin letters, to identify ind ividua l  stars, a practice later 
adopted - with modification - by Bayer and so by a l l  
modern astronomers. 

H is book contains 48 woodcut star charts, one for each 
of the Ptolemaic conste l l at ions, depicted i n  four  categories 
of brightness each with i ts own sca le of degrees and an 
ind ication of the d i rect ion of the equatoria l pole. S ince 
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the book was pr inted i n  Venice there is every ind icat ion 
that it was probably a most valuable navigat iona l  adjunet 
for the Capta ins of the Venet ian ga l leys of those days. 

But where had I seen it before? A qu ick menta l run­
through gave the answer. We a l ready had a copy! Ours 
was a 1 56 1  edit ion, acquired a lmost by accident some 
time ago with the purchase of other items. At that t ime 
we were not sure what we had actua l ly  obta ined but took 
it 'on spec' in  view of its date. Its staf charts, prepared 
without background conste l lation figures, a re very l ike 
those that a ny amateur astronomer might prepare today. 

Progress. but in  which direction? 
Avenging angels have pointed out that Pilgrim 's Pro­

gess was written by John Bunyan and not by John 
Buchan ,  as inadvertent ly stated on p369 of the Sep-Oct 
1 985 issue of Spaceflight. By way of assurance, the error 
was neither a reincarnation for Lord Tweedsmu i r  nor 
cause for John Bunyan to turn in his grave. lt was s imply 
an  unspotted typesett ing mistake. 

Referring to the same page Charles Tharratt points out 
(not for the f irst t ime) that h is work was only on B lack 
Kmght (not Black Arrow i .e .  the composite craft which 
inc luded both Black Knight and satel l ite) as inadvertently 
stated . 
l t 's true, but Charles deserves the greater g lory. 

Why do my sins br ing i nstant retribut ion when those 
of others a re put back, as far as I can see, to Judgement 
Day? 

Society Headquarters 
I am frequently asked both by new members and by 

visitors to ta lk about our HO and to expla in how we came 
by i t .  I nterest i n  the Society and its achievements is most 
intense but ,  a l though this can be satisfied on the spot, 
those unab le to make the journey tend to be overlooked. 
To rectify th is; the fol l owing notes provide the g ist of 
what happened. 

For many of the prewar years, fol lowing its foundat ion,  
the Society had no regu lar  HO at  a l l .  l t  rema ined an 
amateur body operated from the private homes of many 
indiv iduals ,  not least Arthur  C .  C larke who used h is  'd igs'  
at 88 Grays Inn Road for Society correspondence and h is 
Somerf'et address as the 'f ina l frontier, ' no  doubt to be 
memorised and then eaten by those members of the 
Society i nvolved who, hopefu l ly ,  survived the war and 
sought to use i t  as the ir  ra l ly ing po int  when host i l i t ies 
ceased. 

lt was effective. Although the Society numbered about 
1 00 Members pre-war, not many of whom reappeared, 
sufficient emerged to form a sol id nucleus on which the 
Society cou ld be re-formed and re-bu i l t .  

After a short period, dur ing which i t  received an  exotic 
accommodation address at A lbemarle House, Piccad i l ly ,  
it reverted to the more mundane address of my own 
home. There it  survived for a number of years, g row1ng 
rap id ly and beg inn ing to take on the shape of a profes­
sional  body . 

After only a few years, i t  outgrew the capacit ies of a 
private home and ventured to f ind its new offices. These 
consisted of one ( later two) L-shaped rooms at 1 2  
Bessborough Gardens, SW 1 .  At that t ime the Society 
was so i l l-known that the land lord refused to grant a 
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lease to the Society but insisted , i nstead ,  that it appear 
in the name of a 'Member of Means . '  Subsequently, a l l  
went wel l  and  the  lease was  transferred into the Society's  
name. 

From that point the Society cont inued to grow, based 
on the labours of one ful l-t ime staff member and several 
volunteer helpers. Fortunately, this occurred dur ing a most 
fruitful period in  the Society 's h istory which saw the 
establ ishment of regu lar  lecture programmes and the 
appearance of JBIS as a leading space periodica l .  

This period, too, saw the  extensive groundwork under­
taken that led to the foundation of the I nternat ional 
Astronautical Federation and its major Congress in  
London, which set the pattern for future Congresses for 
many years. 

However, the problem of accommodation soon loomed 
large once more because the Society had continued to 
grow and its rooms could no longer accommodate its 
vital paraphanal ia which flowed out a long the corridors 
and up the sta i rs and into every a lcove. Accommodation, 
indeed, became a l imit ing factor. Not only was more 
space needed but the problem of ever-increasing rents 
had to be faced , a position made all the more acute by 
the fact that we were in an a rea ripe for development. 

As a calculated risk, the Counci l  agreed to surrender 
the Society 's  lease and to accept a monthly tenancy on 
the understanding that no rent increases would be made. 
Th is would operate substant ia l ly in  our favour should 
development be delayed but be d isastrous if early develop­
ment occurred . I n  the event, development was held up  for 
some years during which time we stayed at Bessborough 
Gardens at a purely nomina l  rent and were thus ab le to 
bui ld up a modest surplus aga inst the 'great day' when 
we would have to move. 

· 

Development delays added up to g ive us a breath ing 
space of four years. Throughout this t ime we scoured 
London looking for suitable accommodation, being pain­
fu l ly made aware of three main facts in the process: 

1 .  Even if current rents seemed manageable, there 
was every chance that these would be increased 
at regu lar  interva ls and the Society 's future jeopar­
d ised by an  ever-increasing commitment. 

2. There was no way in which a property could be 
purchased . For one th ing the capita l cost was wel l 
above any f igure we could raise and the interest 
charges on the ba lance would represent a cost to 
the Society even more onerous than the renta l .  

3 .  The bu i ld ing we were seeking d idn 't  seem to exist! 

As time passed the position became more acute and 
the Counci l  became more and more concerned about 
where the solution lay. We were a l ready scouring vacant 
properties outside the London area when, incred ib ly and 
qu i te fortuitously, a curious th ing happened . 

Stage I 
I normal ly had to travel through an  area that had been 

la rgely bu l ldozed for a road widening scheme at Vauxha l l .  
l t  l ay  on the  South side of  Vauxha l l  Br idge, just as the 
Bessborough Gardens address lay on the North s ide. l t  
was a lso adjacent to the recently-bui l t  Victoria l i ne, with 
its fast connections to North and Centra l London, and by 
Vauxha l l  Station (British Ra i l )  with frequent connections 
to the main l ine stations at Waterloo and Charing Cross. 

All that was left of the a rea, after the road widening 
scheme, was the old Da lton 's  Weekly bui ld ing, a garish 
construction from the 1 920's with a bright yel low and 
green facade together with the semi-ruins ot

" 
an  adjacent 

house, vandal ised and derel ict. The a rea had actua l ly  been 
bought up by a property speculator with a view to a major 
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redevelopment scheme. Unfortunately, the property boom 
was just about to col l apse, and so d id he! I cont inued my 
unmolested wa lks to and from Bessborough Gardens unt i l  
a sign appeared en route i nd icat ing that the property was 
ava i lab le for purchase. 

Enquiries were soon under way and freehold of both 
properties acqu i red, though the house, by then, had been 
l isted as a Grade 2 protected bu i ld ing and cou ld only be 
restored i .e. there was no possib i l ity of flatten ing the lgt 
and starting aga in .  However, the reinforced framework of 
the old Da lton 's  Weekly bu i ld ing was sti l l  intact which 
meant that, at  least, some very modest structure cou ld  
be p laced on it on a temporary basis and thus ensure 
the Society's continued existence. After much heart­
search ing,  perhaps even heart-rending,  discussions, the 
fol lowing p lan of campaign was agreed : 

1 .  To tackle the bui ld ing as a ten-year project. Each 
stage would be d iv ided into a 'module' and added 
as funds permitted . l t  wou ld beg in  with the 
absolute min imum i . e .  just sufficient to provide 
office space to enable essent ia l  activit ies to con­
tinue. 

2. At the same t ime a fund-ra is ing Appeal wou ld be 
started . 

This period , in many ways, turned out to be the most 
excruciating and yet most productive. The problems of 
bu i ld ing an office, step by step and, at the same t ime, 
running the Society's affa i rs, which were a l ready a lmost 
too large to handle - placed an  intolerab le burden on staff 
who, for over two years, had to cram both into their l ives, 
with Society work predominat ing for most evenings and 
practia l ly every weekend dur ing the entire period. This 
was not made easier by a yet further burden, the whole of 
the preparation and typesett ing for the Daeda lus Report. 

Fortunately, th is work brought great rewards. Members 
became interested i n  the Trojan work being undertaken 
and the need to make a 'quantum jump' i n  the Society's 
affairs and gave unst int ing support . Funds rol led in with 
Daeda lus, too, adding to our coffers. When added to 
other money-ra is ing p lans, the tota l enabled us to en large 
the s ingle module fi rst envisaged and,  as success con­
tinued, go the whole hog and have both bu i ld ings refurbi­
shed and connected together with a new front entrance 
and thus become a single entity. l t  wasn't  possible for a l l  
t h i s  to  be  done on the  grand sca le  of  course, but  certa in ly 
enough to a l low us to meet a l l  our objectives on a 
min imum basis. 

Astonishingly, the essent ia l  programme was met, and 
in a space of only two years. 

Stage 11  
Life inside the new HO bu i ld ing ,  at first, was very 

Spartan, with voices echoing,  rooms empty and fac i l it ies 
min ima l !  During the fi rst year of occupation much had to 
be accompl ished in  provid ing much-needed equipment 
and jettison ing some that had seen better days. Even 
some carpet ing appeared but, before more cou ld  be done, 
the economic ravages of 1 980 took their tol l .  The Society 
faced a grim prospect. Not only was it £35 ,000 in debt, 
representing the money needed for the complet ion of the 
bu i ld ing work, but an  enormous increase in  publ ication 
costs had made it impossib le for it to run on its norma l  
income. 

Severe economies had to be made to match incoming 
bi l ls ,  successfu l ly as it turned out whi le ,  at  the same t ime, 
even more effort had to go into trying to whitt le down 
the £35 ,000 indebtedness. Considerab le inroads were 
made into the problem and by 1 98 1  they were laid to 
rest when the bu i ld ing was f ina l ly  pa id off. 
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Space Garbage 
J. Meadows, George Phi l l ip,  1 2- 1 4  Long Acre. London WC2E 
9LP, 1 60pp, 1 985, £ 7 . 95.  

Asteroids, meteorites, comets, meteors and interplanetary 
dust is the space garbage referred to, in other words a l l  the 
matter left over after formation of the planets and the satel l ites. 

Although, even in aggregate, these bodies seem insignificant 
when compared with the Sun and planets, they may hold vital 
clues to the origin and evoluti01 1 of our Solar System,  a part from 
being responsible for some of the most dramatic astronomical 
events seen from Earth,  ranging from meteor showers and, 
aurorae displays to the occasiona l devastation caused by impact 
of one of the larger meteorites. 

Professor Meadows regards astronomers as divided in  to 
two groups, the ' Lords of Creation' who survey the whole 
Universe and the pickers-up-of-trifles who potter around i n  the 
Solar System, adding that, somewhere in the basement of the 
latter group, come astronomers i nterested in the smal l  l umps 
of matter described. Indeed, it  wasn't  so long ago that one of 
the so-cal led Lords regarded minor planets, for example, as  
'vermin of  the skies , ·  which wel l  i l lustrates the point. 

Fortunately, Professor Meadows has produced a most inter­
esting book which, coupled with the present outpourings on 
Hal ley's comet, should do much to redress the balance. The 
author devotes a chapter to the comet though his net is spread 
very wide and even takes in the passing of the dinosaurs. 

The Planets 
Heather Couper with Nigel Henbest, Pan Books, Cavaye Place, 
London SW 1 0  9PG, 1 985, 1 44pp, £6.95.  

From the dawn of  h istory the planets have fascinated mankind 
and been essential to our unfolding knowledge of the cosmos. 
With the space-age, we have been able to examine the planets 
in uncompromising close-up and thereby unravel some of the 
complex mysteries of the Solar System .  I n  fact, more has been 
learned about the planets in the last two decades than in  the 
whole previous h istory of mankind. 

This book looks at each plal}et' from an historica l ,  cultural 
and scientific point of view, explains how our ideas about each 
one have evolved, how they have influenced l ife on Earth and 
what the latest probes have revealed. lt a lso contains practical 
information on how to observe the planets with l ittle or no 
special equipment, how to observe comets and meteors, (a l ist 
of annual meteor showers is included) and a guide to pla netary 
movements over the next five years. 

The Story of the Earth 
P.  Cattermole and P.  Moore, Cambridge University Press, The 
Edinburgh Bui lding, Shaftesbury Road, Cambridge, CB2 2RU,  
1 985, 224pp, £ 1 2.95.  

This  book describes the complex history of  our planet from 
its formation to the emergence of Man and his subsequent 
influence on the planet and its environment. 

The Earth evolved from a primeva l solar  nebula,  endured a 
long period of bombardment by cosmic particles and has been 
subjected to continental drift and the formation of mountains 
and oceans. In  between, it  has seen numerous ice ages. 

Th,e book approaches the subject in  a roughly chronological 
order, beginning with some of the methods used by geologists, 
physicists, chemists and biologists to determine the processes 
which have contributed to · the interna l makeup and to the 
present external appearance of our planet. 

Accounts are included of many dramatic events which sti l l ,  
a lbeit slowly, are continuing t o  change t h e  face o f  t h e  Earth. 

This is a fascinating story and one which is bound to enthra l .  
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Stargazer Pack 
George Phi l l ip ,  1 2- 1 4  Long Acre, London WC2E 9 LP, 1 985,  
£4.95.  

This pack includes severa l old favourites viz a 10 inch planis­
phere, a wal l  chart of the stars and paperback book cal led 
Signposts to the Stars, all of which form an excellent introduc­
tion for the beginner to astronomy. Armed with these, l ittle 
difficulty should be met with in finding one's way among the 
constel lations. 

As an added attraction, the publ ishers have included a smal l  
'Hal ley's Comet Leaflet ' which gives t h e  positions of t h e  comet 
among the stars during its 1 985 I 6 appearance, though it must 
be added that the leaflet is rea l ly little more than a token 
compilation. 

For a general guide to the stars, however, the planisphere, 
chart and booklet are idea l .  

T h e  Challenge of Space 
R. Kerrod, Col l ins, 8 Grafton St. ,  London W 1 . , 1 9i5,  96pp, 
£6.95 ( h / c) £5.85 �s / c) .  

Th is  basic volume, written by a B IS Fel low (and acknowledged 
as such), is an  excel lent introduction for the juvenile end of the 
market to space travel and its vast range of possibi l ities. Eight 
chapters, many with fu l l-colour i l lustrations, take the reader 
from the origins of modern astronautics with Goddard, Tsiol­
kovsky and von Braun,  through to the farther reaches of the 
Solar System .  The Space Shuttle, the extensive uses of satel­
l ites, space stations and the astronauts themselves are a l l  
covered. 

The Crab Nebula and Related Supernova Remnants 
Eds. M . C .  Kafatos and R . B .C.  Henry, Cambridge University 
Press, The Edinburgh Bui lding, Shaftesbury Road, Cambridge, 
CB2 2RU, 1 985, 285pp, £25.  

The Crab Nebula is the single most important supernova 
remnant in  the sky. There are many properties which make it 
of special  interest e.g.  with a well-studied centra l pulsar, hel ium­
rich gaseous fi laments, a synchroton nebula and its association 
with the supernova of 1 054. Progress in instrument capacity 
in the X-ray and radio spectral regions over the past 1 5  years 
has led to the discovery of close relatives with the result that 
it is, apparently, no longer an a nomaly but a prototype of a 
sub-class of remnants. 

More than a decade has passed since the last international 
discussion on this important object though the advent of digital  
detectors and advances in  X-ray and radio astronomy has 
produced a flood of high-qual ity spectral and morphological 
data which has formed the basis for several theoretica l 
advances. Even so, our knowledge of the Crab's composition 
is sti l l  somewhat unclear though u ltraviolet data from the Space 
Telescope will obviously fi l l  in  more gaps. 

This book brings together the most recent �nd theoretical 
and observational work, based on a meeting held in  October 
1 984. New ideas covered include the Crab-l ike remnant i n  the 
Large Magellanic Cloud; the magnetohydrodynamic model of 
Crab radiation and the Crab Nebula jet. Also included are data 
from the I nternational Ultraviolet Explorer and the I nfrared 
Astronomy Satel l ite. 

Solar Radiophysics 
Eds. D . J .  McLean and N . R .  Labrum,  Cambridge University Press, 
The Edinburgh Bui lding, Shaftesbury Road,  Cambridge, CB2 
2RU.  1 985, £35 .00 ($59. 50). 

A vast new body of observational i nformation has become 
avai lable in recerit years about the Sun.  In particular, clear and 
detai led knowledge has emerged about the sizes, positions and 
motions of the sources of radio bursts. High-qual ity observations 
with sate l l ite-borne instruments have helped materia l ly  i n  ena­
bl ing radio emissions to be related to other solar phenomena.  

Th is  volume presents aspects of  present-day solar  astronomy 
at metre wavelengths i .e .  the radio astronOfTIY of the solar 
corona. Accordingly, detai led d iscussion of the important topics 
of decimetre and micrometre radio astronomy have been 
omitted. 
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Extraterrestrials: Science and Alien Intelligence 
Ed. E. Regis Jr . ,  Cambridge University Press, The Edinburgh 
Bui lding,  Shaftesbury Rd, Cambridge CB2 2RU,  1 985, £25.00. 

If extraterrestrials do exist, what are the prospects for 
contacting them or them contacting us? I ndeed, how would or 
could such contact be made and would such messages even 
be intel l igible to us 7 

Speculation on such topics is popular nowadays. Although 
belief in beings from other worlds goes back to ancient times, 
it is only recently that it has become capable of being verified 
or falsified by test. 

Should we one day discover that intell igent a l iens exist, what 
would be the result:  would it a lter our view of ourselves, or our 
ways of thinking to any substantial degree, or would we go on 
j ust the same as before? 

There are many strands to the problem. Chemists have 
pondered over requirements for the origin of l ife, biologists 
have considered whether and how l ife-forms might develop, 
physicists have calc�o�lated the rates at which interstel lar  cultures 
might populate the galaxy, and phi losophers have tried to say 
something about its significance in  the large scheme of things. 

The present volume contains contributions from a number of 
sources on various aspects of such problems, starting with the 
possible existence and nature of extraterrestrial inte l l igence, if 
it exists, and its detectabil ity, with several papers on possible 
consequences of making contact. 

The moral aspect will surely concern us greatly, not least 
whether we 'may be able to maintain our present ethical values 
in the face of completely d ifferent rules. Past history tells us 
that changes wi l l  inevitably result .  

Space Law in the United Nations 
M. Benko, W. de Graaf and G . C . M .  Reijnen, Martinus N ijhotf 
Publ ishers, P.O. Box 989 / 3300, AZ Dordrecht, The Nether­
lands, 1 985,  256pp, £3 1 .95.  

This is the  first detailed treatment of  the economic, political 
and technical backgrounds of those Space Law matters under 
d!scussion in the UN. lt  covers such topics as remote sensing, 
del imitation of outer space in view of the problems stemming 
from Privatisation, Nuclear Power sources, Demil itarisation and 
the proposed legal structures a ppl icable to each. 

The authors' acknowledge that a number of important mat­
ters are not dealt with e .g .  protection of the Earth's environ­
ment, the establ ishment and use of Space Stations (a matter 
of pursued energetical ly e lsewhere but one which has not yet 
found its way to the UN) and only partia l ly on private enterprise 
aspects. They concern themselves mainly with projects and 
problems under debate within the UN at the present time 
together with some of the solutions currently offered. For this 
reason, too, the matter of the origin and early history of the UN 
Outer Space Committee, itself, leading to the six international 
agreements a l ready signed, is a lso omitted . 

Although, as might be expected, problems concerned with 
preventing an arms race in outer space loom large, results a re 
as far off as ever. Even so; the a uthors put on as brave a face 
as is possible in the circumstances. 

Space. The 1\rext Ten Years 
Ed. T.W. Jensen, et a/, Univelt, P .O.  Box 28 1 30, San Diego, 
CA 92 1 28, USA, 1 76pp, 1 985,  Soft Covers $25. 

Many notable in  the space scene have contributed to this 
volume whic,h covers such topics as space commercia lisation 
and indust?.', �pace education, Congressional views, DoD and 
the mi l itary in' space, arms contro l ,  space law, civil and interna­
tional space, space policy, science and technology and space 
after 1 994. 

The materia l  is based on talks and presentations given at 
the First Annual Space Symposium sponsored by the United 
States Space Foundation, held November 1 984. 

Most of the above notes are not reviews in the ordinary sense 
but have been extracted from information provided by the 
publishers and/or authors, amplified by further brief comment 
where appropriate. 

· 
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Chronology of Eclipses and Comets AD 1 - 1 000 
D. Justin Schove ( I n  col laboration with Dr. A. Fletcher), Boydel l  
&. Brewer Ltd . ,  P .O.  Box 9, Woodbridge, Suffolk,  I P 1 2  3DF,  
356pp, 1 984, £ 1 9. 50. 

Ecl ipses and comets were recorded in early chronicles 
because they were bel ieved to account for events that were sti l l  
in t h e  future; today w e  find these records help us t o  date events 
in the past . Both can be precisely dated by modern astronomical 
techniques and are therefore an inva l uable aid in  checking the 
chronology of historica l records. This study covers the whole 
world for the period AD 1 to 1 000. lt opens with a n  ana lysis 
of the types of historica l record which mention eclipses or 
comets, showing how such records may be unintentional ly or 
intentional ly falsified, particulary in order to associate the 
appearance of an eclipse or comet with a major historica l event. 
lt  indicates how an investigator can unravel such distortions. 

The body of the book provides a l ist of eclipses and comets 
and the sources for each event, with diagrams showing any 
problems which relate to their observation. The object was not 
to analyse each eclipse and comet scientifica l ly  but to identify 
and l ist them in chronol igica l order i .e .  with the main a i m  of 
providing a scientific chronology. 

Space Commerce 
N.C.  Goldman, A Bal l inger title distributed by Harper and Row 
Ltd . ,  28 Tavistock Street, London WC2E 7PN,  1 86pp, 1 985,  
£26.50. 

Visions of robots mining the Moon for rare minerals and 
orbiting factories producing pharmaceutica ls and semiconduc­
tors for consum ption on Earth are l ikely to become realities in  
the relatively near future, thus forming the basis  for  th is  analysis 
of their economic, business and policy impl ications. 

The a uthor argues that space will become economica l ly and 
commercia l ly important once private enterprise asserts itself 
and takes the plunge, assuming that Governments create the 
right atmosphere to define and regulate national and private 
interests. One big problem, of course, is whether pol icy-makers 
wi l l  be able to overcome an urge for over-regu l ation, something 
which would undoubtedly stifle private development in  infancy. 

I n  this book the author looks towards the longer-term far­
reaching impl icat!ons of space enterprise and discusses how 
these might subsequently integrate into domestic economies 
and what impact they might have on Earth-bound develop­
ments. 

DO YOU REMEMBER 1 
25 Years Ago • . .  
5 January 196 1 .  McDonnell officials proposed a one-man space 
station to NASA consisting of a Mercury capsule and cylindrical 
laboratory. The station would be capable of supporting the 
astronaut for up to 14 days in  a shirt-sleeve environment. 

20 Years Ago • • •  
16  December 1965. Gemini 6 astronauts Schirra a n d  Stafford 

return after a day in space. The flight included rendezvous and 
station-keeping with Gemini  7 ,  closing to within 30 cm of each 
other. 

1 5  Years Ago • • •  
25 December 1970. The Soviet Union launches t h e  1 7th 
Molniya 1 communications satel l ite into a 1 2-hour highly e l l ipt­
ical orbit. Molniya 1 satel l ites played a major part in  l inking 
distant regions of the USSR with Moscow. 

10 Years Ago • . .  
15 January 1976. Hel ios 2,  a German solar probe, is launched 

by Tita n / Centau r  from Cape Canaveral into hel iocentric orbit. 
Its first close a pproach to the Sun takes place in  Apri l .  

5 Years Ago . • •  
29 December 1980. Space Shuttle Columbia is rol led o u t  from 
the Vehicle Assembly Bui lding at the Kennedy Space Center in 
preparation for ST5- 1 ,  the first orbital flight test. 61h hours 
l ater the Shuttle is in position on the launch pad.  

K.T. WILSON 
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