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.-'INTERNATIONAL SPACE REPORT 
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Successful Launch 
of Olympus 1 

The highly advanced Olympus 1 commu­
nications satelli1e, built by a consortium 
of aerospace companies led by British 
Aerospace, has been successfully 
launched by an Ariane 3 from the Gulana 
Space Centre, Kourou, French Guiana. 
The launch took place at 1.14 am BST on I July 12 (9.14 pm local time on July 11). 

Olympus 1, built under contract to the 
European Space Agency, is the world's 
largest and most powerful civil three-axis 
stabilised communications satellite. De­
signed as a technology demonstrator, 
Olympus 1 empioys a range of innovative 
satel l ite and payload technologies. 

Olympus 1, weighing 2,612 kg (5,758 lb) 
at launch, uses a hi-propellant fuel system 
to power the satellite's on-board liquid apo­
gee engine (LAE) and 16 reaction control 
thrusters. 

The LAE which provides low thrust will 
enable the solar arrays to be deployed be­
fore fir ing so providing the satel l i te with 
electricity from the transfer phase to geo­
stationary orbit. Throughout transfer the 
satellite is three-axis stabilised (rather than 
the conventional spin-stabil ised), enabling 

efficient use of fuel and precise on station 
positioning. 

Olympus 1 will arrive at its final geosta­
!ionary orbital position at 1 9" West between 
seven and 21 days after launch. Once on 
station the satellite will undergo extensive 11 in-orbit tests with the completion of the com­
missioning phase some 90 days after 
launch. 

Olympus 1 benefits from a sophisticated 
Attitude and Orbital Control System provid-
ing highly accurate pointing for its four com­
munications payloads. These payloads will 
demonstrate new types of communications 
systems aimed at stimulating the introduc­
tion of new satell ite based services and 
tech niques.  

Olympus 1 's flexible solar arrays pro­
vide the spacecraft with up to 3.6 kW of elec­
tric power. The Olympus power subsys­
tems and design can accommodate larger 
arrays measuring up to 56 m (184 ft) from 
tip to tip. Future Olympus satellites could 
therefore provide up to 7.7 kW to meet pre­
dicted trends for increased power which will 
be necessary for future high powered serv­
ices such as high definition direct broadcast 
televis ion .  

.. , 
NEWS IN BRIEF 

Voyager Discovers 

New Moon 
Vc-yager 2 has discovered a new moon or­
biting Neptune. The moon has been desig­
nated 1989-N-1. Two moons were previ­
ously known to be orbiting Neptune - Triton 
and Nereid. Voyager will make its closest 
approach to Neptune on August 25. 

New Parliamentary 
Space Committee 
A new Parliamentary committee is to be 
established to act as a forum of discussion 
for parliamentarians and industrialists in 
order to promote a better understanding of 
Space activity in the United Kingdom and 
the economic, technological and scientific 
benefits which it brings. The committee, to 
be known as the "Parliamentary Space 
Committee'' is to be formed to include Mem­
bers of Parl iament who belong to tile All 
Party Space Committee, and member com­
panies of the United Kingdom I ndustrial 
Space Committee (UKISC) and British 
Association of Remote Sensing companies 
(BARSC). The group intends to operate in a 
similar way to other Parliamentary Commit­
tees which have been influential for a num­
ber of years in the technology sectors of 
British business. 

European Astronauts 
On June 28, 1989 during its meeting at 
ESTEC (Europeafl Space Research and 
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Technology Centre) in Noordwijk, the Neth­
erlands, the ESA Council unanimously 
approved the policy on European astro­
nauts. The policy for European astronauts 
is the basis for the operation of the Colum­
bus and Hermes Programmes, which are 
the key to further European manned space 
flight. A single European astronauts corps 
for the ESA mission will be set up under the 
authority of the Director General. The pol­
icy defines the selection procedures for the 
European astronauts. The pre-selection 
will be done by Member States. The final 
selection will be ESA's responsibility. The 
aim is to have at least one national from each 
Member State to become a member of the 
corps. 

Satellite Damaged 
by Crane 
The INSAT-ID I ndian communications sat­
ellite has been badly damaged after it was 
hit by a crane's hook while it sat atop a Delta 
11 launch vehicle at Cape Canaveral Ai r 
Force Station. The satellite has been re­
moved for inspection and the launch has 
been postponed indefin i tely. 

Arlane Contract For UK Firm 
The UK firm EASAMS Ltd has announced 
the receipt of a £1.1 m order for the further 
supply of fl ight software for the vehicle. 
EASAMS, provides the on-board guidance 
and control software for Ariane. These 
Flight Programmes gu ide the launcher 
throughout its flight. 

Arianespace Joins 
OSC and Hercules 

In The Pegasus 
Project 

Orbital Sciences Corporation (OSC) and 
Hercules Aerospace Compan y of the 
United States and Arianespace of Eu­
rope have announced a preliminary 
agreement concerning marketmg and 
sales of the Pegasus air-launched space 
booster. 

Pegasus is pioneering an innovatve ap­
proach for launch of small satellite payloads 
(see p. 269). Pegasus launch' services have 
been purchased by the United States Gov­
ernment and commercial customers for 
low-orbit and geosynchronous-orbit appli­
cations. With first launch scheduled for 
August 1989, Pegasus wil l CO!T\plement 
present g round-launched vehicles for sci­
entific, defence and commercial missions. 

The Memorandu m of Understanding 
signed by OSC, Hercules and Arianespace 
outlines terms of cooperation under whiCh 
Arianespace wi l l  exclusively market and 
sell Pegasus launch services in Europe. 
During the initial period of two years, the 
parties will evaluate possible activities in­
cluding performance upgrades to Pegasus 
and establishment of a European base of 
operat ions . 

SDI Payload For Delta 
McDonnell Douglas has won a contract 
to launch the Low-power Atmospheric 
Compensation Experiment (LACE) and 
the Relay Mirror Experiment (RME) on a 
DeHa 11 rocket for the Strategic Defense 
Initiative (SDI). 

The LACE experiment involves a satel­
lite which will study the distortion effects of 
the Earth's atmosphere on laser beams and 
to what extent these d istortions can be 
removed. 

RME features a cylindrical satellite that 
is to orbit the Earth for about six months with 
a mirror pointed toward the ground. The (Joal 
of the experiment is to demonstrate that a 
space mirror can be used to accurately 
capture and point an unlinked ground based 
laser beam. 

This marks the 9th Commercial rocket 
contract for McDonnell Douglas and is 
scheduled for launch in late 1989. 

Sweden Joins Space 
Station Project 
Sweden has become a participant in the 
ESA Columbus development pro­
gramme and will be subscribing 1% of 
the programme's budget. 

'The request to join the Columbus pro­
gramme was presented by the Swedish 
Delegation during ESA's Council meeting 
held on June 28-29, 1989 at ESTEC (the 
European Space Research and Technol­
ogy Centre) in Noordwijk, the Netherlands. 
The Columbus programme is the Agency's 
contribution to the Freedom Space Station. 
With this decision, Sweden becomes the 
tenth ESA Member State to join the Colum­
bus development programme. 
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(Above) NASA Administrator Truly, on lhe1arle1t. welcomes home the crew o1 STS-30. See 
p 260 1or a 1ull report on this mission NASA ' 
Truly Confirmed as Administrator 

The nominations of Richard Truly for NASA Administrator and J.R. Th­
ompson as deputy have been approved by the US Senate. 

The confirmabon followed passage of bills in both the Senate and the US 
House oJ Representatives that waived the requirement for the administrator to 
come from civilian lile. The bills require that Truly retire from the US Navy within 
60 days of his confirmation and allowed hm to retain his rank, status and pension 
as a retired Navy officer.Truly officially became NASA Administrator at a short 
sweanng-in ceremony held at NASA Headquarters in early July. 

NASP to be Scaled Down 
The National Space Council Is expected to recommend to President Bush 
that the goals for the National Aerospace Plane (NASP) should be made 
less ambitious. 

The project has already had its budget cut for 1990. US Defense Secretary 
Richard Cheney wanted to end Air Force participation in NASP, giving NAS.A full 
responsibility for the project. But it is believed the National Space Council will 
recommend the Air Force continue funding NASP because of the craft's possible 
military applications. 

(Right) An 80-1oot mock-up o1 the NASP appeared at this year's Paris Air Show. dominating 
the US Pavilion See p.265 1or reports on the Air Show 

• •  • • • 

United Sta�e: 
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INTERNATIONAL SPA CE REPORT 

First 
Early 

Titan 4 Launches 
Warning Satellite 

The first Martin Marletta Trtan 4 blasted off 
from Cape Canaveral Air Force Station on 
June 14 carrying a military early warning 
sateiiHe known as DSP (Defense Support 
Program). 

The Titan 4 has suffered a series of delays 
since it was assembled on the launch pad at 
Complex 41 in May 1988. Hardware, software 
and shakedown problems dogged preparations 
for the first launch, originally scheduled for Octo­
ber 1988. One of the more serious problems 
was doubts over the structural integrity of the 
payload fairing. 

Last minute checks on June 1 4  gave the 
vehicle a clean bill of health. A joint industry - Air 
Force team gave the go for launch and at 
9:1 8am EDT America's most powerful expend­
able launch vehicle roared into the sky above 

Cape Canaveral. The Titan's payload, a DoD 
early warning satellite named DSP, was suc­
cessfully placed into orbit. 

The DSP satellite's infrared sensors are 
designed to detect the rocket exhaust of a nu­
clear missile from its vantage point in geosta­
tionary orbit. The satellite will also be used to 
record valuable information on Soviet missile 
tests and space launches. DSP's sensitive de­
tectors are thought to be capable of tracking 
aircraft flying on afterburn. 

The Titan 4 is able to lift 4,536 kg to Geosta­
tionary Orbit and 1 7,690 kg to Low Earth Orbit 
from Cape Canaveral. The booster can also 
make launches from Vandenberg Air Force 
Base to place satellites into polar orbit. The Air 
Force expects to launch six Titan 4s per year by 
1 993 and nine per year from 1995. 

Soviet-Austrian Space Flight Details 
In 1988 Austria agreed with the Soviet 
Union to participate in a joint space mis­
sion to the Mir orbital complex. The flight 
is a commercial venture, wHh Austria re­
portedly paying about ten mill ion dollars 
for the flight. 

By Johannes M. Fritzer 
and Nevllle Kldger 

fighter jet pilot However, pilots are to be 
excluded from the selection. The second 
leg of the selection began in June and in­
volved the assistance of Soviet experts. 

Experiments 
On March 10, 1 989 the Austrian Minister 

for Science and Technology chose 15 ex­
periments for the flight. A total of 34 experi­
ment proposals were received. Total mass 
of the experiments is 150 kg and the time 
allocated to them in space is 42 hours. An Austrian official revealed that the 

agreement covered payment for elements 
in the flight such as training and launch 
serv ices. 

As a result the group is to be reduced to 
between 10 and 15 candidates. 

Of the experiments, 11 are of a medical 
nature, three are technological in nature 
and the final one is a remote sensing experi­
ment. A TV and newspaper campaign was 

mounted tv invite applications. 
A Soviet-Austrian team will pass a reso­

lution to allow six of these to enter the third 
and final stage which will begin in Moscow 
in September. At this stage the two finalists 
will be decided. 

On April 6, 1989 a meeting was held be­
tween the Soviet and Austrian sides at 
Graz, the administrative centre of Styr ia. 
This is one of many meetings before the 
flight, which should take place in 1991. 

The first round of medica-psychological 
examinations began on about 50 persons 
o,, February 20, 1989. The cosmonaut 
should possess the medical, psychological 
and physiological classification of a full • 

Training should begin in December 1989 
and will last for one-and-a-half years. 
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Experiments for the 1991 Soviet-Austrian Space Flight 
MEDICAL EXPERIMENTS 

MONIMIR (Motormonltorlng In Space) 
Analysis of postural reflexes in zero gravity and the development of a com­
puter based neurological measurement system. 
COGIMIR (Cognitive Functions on Mlr) 
Analysis of cognitive functions during spaceflight conditions. 
LUNGMON (Lung Monitoring) 
Testing of a electrical heart and lung monitoring system. 

DOSIMIR (Doslmeter on Mlr) 
Dosimetric monitoring of the austrian cosmonaut and testing of a TLD space 
dosimeter. 
PULSTRANS (Pulse Transmission) 
Analysis of pulse transmission and heart frequency during changes of body 
position and during strain. 
MIKROVIB (Microvlbratlons) 
Analysis of spontaneous and stimulate microvibrations of thP. txx:ly surface in 
zero gravity. 
BODYFLUIDS (Bodyflulds) 
Measurement of the velocity of sound in vein blood of the cosmonaut to deter· 
mine the dynamics of transient fluid motions after volume effective stJmula­
tions. 
OPTOVERT (Optokinetic Vertical Vectlonperceptlon) 
Vertical vectionperception via optokinetic stimulation in zero gravity and 
comparison with ground conditions. 

MIRGEN (Genetic Material on Mir) 
AnalySis of space fhght effects on genetic material via blood sample analy· 
sis before and after the space mission. 
AUDIMIR (Binaural Audio Experiment on Mlr) 
Analysis of binaural technology. for the cosmonaut communication system 
and its impetus on the sense of balance in zero gravity. 
MOTOMIR (Human Motorlcs on Mlr) 
NeurophySiological analySis of human motorics during defined movements 
in zero gravity on the space station Mir. 

TECHNOLOGICAL EXPERIMENTS 
BRILLOMJR (Brlllouln-Strewlng on Mlr) 
Measurement of critical fluctuations during decompos�ion of binary liquid 
miX1ures in zero gravity via Rayleigh-Mandelstam-Brillouin·Strewing. 
LOGJON (Low Gravity Ion Emitter) 
Testing and determination of working characteristics of a liquid metal ion 
source in zero gravity to be used for potential control of spacecraft. 
MIGMAS (Microgravity Mass Spectrometer) 
Testing of a mass spectrometer for microgravlty microanalysis which might 
be used later on COLUMBUS or on a cometary mission. 

REMOTE SENSING EXPERIMENT 
FEM (Femerkundung aut Mlr) 
Use of MKF-6 multispectral camera for remote sensing experiments. 
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A BRITON IN SPACE 

Search for UK Astronaut Underway 

Jlll 
AI Ill 

JUNO 
AIHJOHD 

Jlllll 
411111 

Speakers at the London press conterence to launch the· Juno project (left to right) Or Gregg Briarty of Not!Jngham University. Mike Parker. deputy man­
aging director of Saatchi & Saatc:hi. Peter Graham. Juno Mission Director, Sergey Konychev, deputy chairman of the Moscow Narodny Bank and John 
Wodger director of MSL lnternabonal 

The first Briton In s pace wil l  be 
launched from the Balkonur Cos ­
modrome In 1991 under a n  agree­
ment signed In Moscow on June 29. 
The search to find the British astro­
n a u t  Is u n d erway thro u g h  a na­
ti o nwide a d vert i s i ng c a m p a i g n .  
The eight d a y  mission will b e  the 
first to be fi nanced entirely by the 
p rivate s ector. 

The Anglo-Soviet space flight was 
announced at s i m u ltane o u s  press 
conferenc e s' h eld i n  London and 
Moscow linked live v ia satellite. The 
histor ic  agree m ent was s igned by 
Glavkos mos and VVO Licensintorg , 
which acts as Glavkos m os' foreign 
trade agents, and Antequera Li m ited, 
a specially form ed B ritis h  company. 
Lord Young, UK Trade and Industry 
Secretary was present at the sign ing,  
and wished th e 'historic project' every 
s u c c e ss. 

The m ission, named Juno (after the 
Roman goddess of marriage), will take 
place between March and July 1 99 1 . 
The British astronaut wil l  be launched 
onboard a Soyuz TM s pacecraft and 
dock with the Mir space station. Two 
British astronauts - a pri m e  candidate 
and a backup - will train for 1 8  months 
at Star City in the Soviet Union. Dur­
ing the mission the back-up astronaut 
will conduct d uplicate experiments on 
the ground to compare results with the 
experim ents carried out i n  orbit. 

The search for the British astronaut 
is being led by Air Vice-Marshal! Peter 
Howard in cooperation with recru it-
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m ent consu ltants MS L International. 
The successful candidate will be a fit 
and h ealthy man or woman aged be­
tween 21 and 40. A science degree and 
the proven abi l ity to l earn a fore ign 
language are also necessary - the two 
final ists will  h ave to tearn to speak 
Russian fl u e ntly. 

The day following the announce­
m ent of the m i ss ion advertise m ents 
appeared in the national press pro­
<;Ja.Lming "Astronaut wanted no expe-

The Mir space stabon in orbrt 

rience necessary". Prospective can­
didates were invited to call a special 
telephone l ine to obtain an application 
form . By the time the telephone l ines 
closed on Friday July 1 4, over 1 2,000 
phone calls h ad been received. 

After the closing date for applica­
tions on July 24, an i nitial 'long-short 
l ist' of 300 will be drawn up, this will  be 
wh ittled down to a 'short-short'  l ist 
from which the two finalists wi l l  be 
s e l ected.  

Funding for the  m ission in entirely 
from the private sector. The £ 1 6 m il­
lion costs of the J uno mission will be 
covered by the sale of s ponsorsh i p  
and m e rchand is ing packag es.  T h e  
Moscow Narodny Bank i s  providing 
start u p  assistance to Antequera by 
coordinating the mission's marketing 
and finance from its London head­

,quarters. A marketing team from the 
Saatchi  and Saatchi group will be re­
sponsible for creating a high level of 
interest in t h e  mis sion a m ong t h e  
general public and t h e  business and 
s c i ence co m m unit i e s. Enco urag ing 
sponsors to fund the m ission will be a 
key task. 

Professor H einz Wolff of B runei 
University, Middles ex, is to chair a 
selection board to decide which ex­
periments and equ ipment from indus­
try, universities or research establish­
m ents will be flown on the m ission. The 
mission is l imited to between 1 00-300 
kg of scientific experim ents, with only 
10 kg permitted to return to Earth. The 
equipm ent required will push forward 
miniaturisation technology. All experi­
ments m ust be s imple to operate and 
robust enough to survive the launch 
phase. Scientific work during the eight 
day flight will concentrate on micro­
gravity c.nd m e d i c al e x p e r i m ent s .  
Professor Wolff hopes, "th e  results of 
the experim ents will add significantly 
to mankind's knowledge." 

(See overleaf for an interview with 
Peter Graham, Juno M i ss ion d i rec­
t o r . )  
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A BRITON IN SPACE 

''This Mission is for All of Britain'' 
The d ay after the s ig n ing of the 
histor ic ag reement to launch the 
first Briton in to space Spaceflight 
spoke to Peter Graham , Mission 
Directo r of the Jun o p roject. Mr 
Graham revealed the backg round 
to the project and his hopes for this 
exciting pro ject. 

Mr Graham can you tell me a little about 
yourself, your background and how you 
became Involved in the Juno project? 

I'm British born although clearly by my ac­
cent I've been overseas for a number of 
years, primarily in Canada. I am a lawyer by 
trammg. I have graduate finance degrees 
from universities in France. I was working 
on large projects in Canada, not necessary 
directly related to putting people into space, 
but some of them were connected with the 
space and defence industries When British 
bus inessmen were approached by 
Glavkosmos to put this space mission to­
gether they were looking for someone with 
experience in large projects to manage it 
and that's how I became i nvolved. 

What are the origins of the joint mission? 

The idea was formulated by a group of Brit­
ish business people - some of whom are no 
longer involved - almost 1 8  months ago.  
They approached Glavkosmos which quite 
frankly has something we need in Britain -
they want to sell it and we are interested in 
buying it. People like Heinz Wolff and Peter 
Howard have been involved from the start 
of this programme and are key players. 
Because it's a private enterprise venture 
there have been a lot of difficult negotiations 
with the Soviets that we have had to follow 
through to conclude a contract and negotia­
tions only concluded a number of weeks 
ago.  

Was UK Government financial support 
tor the project ever a possibility? 

The Government was real ly never ap­
proached. The business men involved feel 
that it has enough British industry support 
and the benefits to British industry are sig­
nificant enough that the private nature of 
this can go forward. Clearly we have dis­
cussed the mission with British officials and 
by Lord Young's presence yesterday there 
is support for the project. Any government 
has a lot of expenditures to cover and 
they've got to make tough decisions on 
which expenditures get funding and which 
do not. The project is something that British 
pnvate industry can manage. What we do 
need is Government cooperation, but not 
necessari ly Government finances. 

Did you need Government permission to 
go ahead with this project? 

The Government did not have to give us 
formal consent and we were not looking for 
it. But clearly you do not want to take on an 
international project of this magnitude with­
out discussing it with Government officials. 
Because quite frankly they can help, in cer­
tain the areas. 
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SPACE MISSION 

Part of the funding ot the m1ss1on wil l  
come from sponsorship - wil l  this in­
volve company logos on space suits 
etc.? 

As we have seen since the launch yester­
day, the project is capturing the imagination 
of the public. This i� not going to be unrec­
ognised by business leaders. lt is going to 
be a great opportunity for businesses to 
promote their products and services. I think 
when you do a project l ike this, first and fore­
most the scientific side must take prionty 
and be separate from the commercial side. 
But as a good businessman you've got to 
cover your expenditures by generating 
revenues. So yes people will be able to put 
their products and their company logos on 
the space suit and the rocket. There is a real; 
opportunity to promote the technology that 
has been learnt in space. We are not trying 
to make this a circus, we are trying to make 
this a strong marketing effort which will give 
a high profi le for those companies inter.­
ested . 

What will happen to the capsule when it 
Is returned to Britain after the mission? 

What we would like to travel the country with 
the capsule. The purpose for this mission is 
for all of Britain to get exposure. The expo­
sure to children on an educational level is 
going to be very beneficial. I hope that the 
capsule will travel around and that the chil­
d ren in Scotland, Wales, England and 
Northern Ireland will get exposure to this. I 
think it is very important that everybody gets 
exposure to it. Whether it returns to one 
location after a period of touring is some­
thing we will have to decide. We will have to 
find the appropriate place. 

You mentioned the educational Impor­
tance of this flight - will school children 
be given the chance to fly an experiment 
with the British astronaut? 

I think you are probably aware that one of 
the most captivating experiments in the 
American programme was submitted by 
school children and that was to see if a spi­
der could spin a web in space. I think that 
the input of children is high on our priority 

level. They will certainly be able to submit 
an experiment and we are setting up the 
structure in which they can do that. it's an 
opportunity that can't be missed. We would 
l ike to do a lot of things for children - perhaps 
form a space cadets type of programme. 
There are a number of projects we can do 
for children aimed at an educational level. 

How will payload space be sold to experi­
menters? 

it's going to be l imited to UK companies. We 
have a weight restriction - we are allowed 
up to 300 kg of experiments. lt will not go to 
the highest bidder. In fact if we feel some 
expenments are important enough we will 
fund them ourselves. We want to return the 
scientific results back to Britain arod have 
industry, institutes, schools and the public 
learn from them. 

Can arrangements be made to increase 
the payload mass If necessary? 

Well the Soviets are �ood businessmen and 
they recognise there has to be flexibility in 
any negotiations. We do have flexibi l ity and 
if something were to come up which was of 
a special nature we could negotiate with 
them. But at the present time the l imit is 300 
kg. 

Does the figure of £16 mil l ion include 
your own administration ,  pub lic ity and 
recruitment costs? 

Yes.  

Can you tell me the how much Glavkos­
mos is charging for the actual fl ight? 

I cannot tell you the actual figure I can say 
our science budget is oestimated at about £3 
mil lion. Our overhead is very small so the 
£16  million is very close to the figure we are 
being charged . 

How confident are you that you can raise 
the £16 million? 

Very confident. The difficulty we have with 
this project from a business stand point is 
there is a bit of scepticism as to who is be­
h ind the project. There were corporate 
chairmen from five different corporations in 
Moscow yesterday and two 1n the London 
audience who have expressed interest. The 
size of this project deems that they call the 
shots when they want to annou nce their 
involvement. Because obviously they want 
to structure their marketing plans and pro­
motion plans as finely tuned as they can 
have them. Unfortunately at this stage we 
can't reveal all the facts and that of course 
wi l l  lead to an understandable amount of 
scepticism to start with. But I think the press 
will be pleasantly surprised with some of the 
announcements that are going to be made 
over the next few weeks as to the involve­
ment of different people and organisations 
in the project. 

So we are going to see a very active pe­
riod In the next few weeks? 

Because this is the first project of its kind to 
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be privately financed there is an inner circle 
of people who are standing, with an outer 
circle of people who are watching to see if it 
will go ahead. Until the inner circle goes. the 
outer circle is not going to do anything. We 
have put together a management team and 
spent some seed money and developed 
some aspects to make this thing go. When 
people started to see what was happening 
over the last few weeks, they began to real­
ise how serious this is. I think we are going 
to have a very active period over the next 
few weeks, with the selection and naming of 
the astronauts, but also the announcement 

, of the involvement of British industry and in­
dividuals. 

Do you expect to make a profit out of 
t h is? 

Well I would not be a good businessman if I 
did not say I wanted to get a little bit of a 
profit. Our goal of raising £16 million basi­
cally covers our expenditure. So if we can 
raise more than that I've done a good job. 
Yes I would like to see a profrt because I 
would like to see more of these missions go 
up. There are options within our contract 
with Glavkosmos for other launch dates. I 
would like to see a number of British astro­
nauts go up. lt will be very exciting. 

So this mission is not a one-oH. lt is not 
a gimmick as some people would like to 
portray it as? 

No, absolutely not. Its too high profile of an 
event to be a gimmick. lt is really scary how 
difficult it is to do this, on many fronts - the 
science side, the negotiations and politics 
involved with two nations joining together 
and from a business side it is very difficult. 
So no, this is not a one oft. 

You mentioned the option of further 
flights what sort of frequency are you 
talking about - once a year, every two 
years? 

As you will appreciate the minimum lead · 
time to train the astronaut is eighteen 
months - that's the guidelines from the 
Soviets, they would prefer two years. So we 
do not see a second flight until probably 
1993 or 1994. 

Do you think you can sustain public 
interest and the support of sponsors to 
maintain such a flight rate? 

I think it would be naive of me to yes to that. 
I think the public is intelligent but grows tired 
of things very quickly. I believe the viability 
here really comes from British industry. The 
Russians have technology that British in­
dustry needs. The first flight will demon­
strate to British Industry what can be done 
in space, in particular microgravity experi­
ments. I believe that aspect of it will be suf­
ficient to fund - or to supplement - future 
mission funding. Clearly with any event that 
is reoccurring there will always be interest. 
You have to think of some of the things that 
will happen here, it will be astronomical. The 
station goes around the Earth approxi­
mately 16 times a day I understand. Some 
of the film footage out of that will be just 
gorgeous to see Britain on a nice clear day. 

Is it one of your requirements that the sta­
tion makes over flights of the UK during the 
mission? 
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The ' Astronaut HoUine' team answered more than 12,000 calls in two weeks 

Yes definitely, we would like overflights of 
the UK. One day we would like everybody 
in G!asgow to turn their lights on at night so 
the astronaut can see them and on the next 
time round Belfast, and so on. 

Can you tell me what areas were covered 
by the contract signed yesterday? 

The contract covers all aspects of the mis­
sion. lt covers everything from the business 
side to the scientific side to the selection. lt 
is extremely detailed - we have medical cri­
teria listed that the astrenaut must meet, 
everything from the sugar count in his blood 
to his eye vision. lt covers the rights and 
obligations under the contract for both par­
ties - what Glavkosmos must do and what 
we must do and aspects of safety to ensure 

. our astronaut is returned safely to Earth, 
aspects related to setting up the laboratory 
in the Soviet Union to monitor the space 
experiments on Earth as well as in outer 
space. 1t is about a 120 page contract, so it 
took a great deal of drafting and re-drafting 
and negotiation. 

There was a false start back in April when 
the signing of the contract was post­
poned. can you explain what happened? 

There was a different group of people in­
volved at that point. There was not a con­
tract at that time, that was the problem. I 
cannot really comment on why. 

Jack Leemlng's name was often men­
tioned as one of the organisers of the 
Brttish astronaut project. Is he still in­
volved? 

Mr Leeming is an extremely important man 
in the British space industry, he is extremely 
knowledgable. He has been talking to me 
almost daily, we had a conversation last 
night. I think he is vital to the project and I 
would like to see him involved. As you can 
appreciate with the magnitude of launching 
this programme there is a lot of backroom 
negotiations going on with individuals, insti­
tutions and companies. And again you may 
be surprised what comes out in the next few 

weeks with the announcement of individu­
als involved. 

In the past Soviet space officials have 
criticised short flights as unproductive. 
Is the flight limited to eight days purely 
due to the cost or is this something the 
Soviets have Imposed? 

lt really relates to the programme the Sovi­
ets have put in place for the use of their Mir 
station at this point. There will be Soviet 
missions before and after ours. There will 
be joint missions after ours - in our contract 
it clearly states no European country will be 
going up before us. So it really relates just 
to the schedule of how Mir is going to be 
used. 

Have the Soviets been very open about 
their plans for the space programme? 

Extremely open, in fact almost surprisingly 
open. I think you get a little sceptical about 
the Soviet approach until you sit down and 
deal with them. They have got some excel­
lent technology, they have a space admini­
stration which has a great history to it. They 
have been very cooperative, very open. 
There will be footage that will be supplied to 
the mission that has never been seen in the 
West before. We view this is a great chance 
to share the experience with the British 
people. So we will get lots of live television 
coverage down to Britain. 

Finally, it has been almost 24 hours since 
you launched the search for Britain's 
first astronaut - what's the response 
been so far? 

Unfortunately a little bit higher than we 
expected. As you know the newspaper 
advertisements are in the papers this morn­
ing, so we were not sure we would have 
much response yesterday. We actually 
received 600 phone calls. We were thinking 
we would average 20Q-300 the per day. So 
that's 600 on our first day without the adver­
tising and I think we're going to have a great 
deal more over the next few weeks. lt will be 
a big process screening the candidates, but 
we've got a good team. 
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Atlantis Extends the Shuttle's Reach 
The STS-30 m ission m arked the 
fi rst deployment of an i nterplane­
tary probe from the Space Shuttle. 
The Magellan probe h as begun its 
15 month journey to the p lanet 
Venus where it will accurately map 
the surface with a powerful radar 
system . Onboard Atlan tis for the 
four day fli ght were: Com mander 
David Walker, Pi lot Ronald Grabe 
and Mission Specialists Mark Lee, 
Norman Thagard and Mary Cleave. 

Launch Preparations 
Processing activities began on Atlantis 

for the STS-30 mission on December 14, 
1988, when it was towed to Orbiter Process­
ing Facility (OPF) bay 2 after its return from 
Edwards Air Force Base, where its previous 
m ission , STS-27, was completed with a 
landing on December 6. Post-flight dec(>n­
figuration and inspections were conducted 
in the OPF. 

As planned, the three main engines were 
removed and taken to the main engine shop 
in the Vehicle Assembly Building (VAB) for 
the 

. 
replacem�nt of several componen� . 

Dunng post-fhght inspections, technicians 
discovered cracks in one of the high pres­
sure oxidizer turbopump bearing races on 
the number 3 main engine. The pump was 
removed and sent to Rocketdyne for analy­
sis. lt was determined that the most likely 
cause for the cracks was the presence of 

The STS-30 patch depicts the joining of 
NASA's manned and unmanned space pro­
grammes. The Sun and the inner planets of 
our Solar System are shown with the curve 
connecting the Earth and Venus symbolising 
the Shuttle orbit, the spacecraft trajectory 
toward Venus and Its subsequent orbit 
around our sister planet. A Spanish caravel 
similar to the ship on the official Magellan 
programme logo commemorates the 16th 
Century explorer's journey and his legacy of 
adventure and discovery. Seven stars on the 
patch honour the er- of Challenger. The five 
star cluster In the shape of the constellation 
Cassiopela repf��Senl the five STS-30 crew 
members. 

· NASA 

moisture inside the pump which lead to System pod was removed in early January 
stress corrosion. The production process and transferred to the Hypergolic Mainte-
of the pumps was modified to eliminate the nance Facility for repairs of a helium regu-
moisture. lator that had failed during STS-27. The 

Atlantis' three main engines were re- regulator was re-installed on February 9, 
installed with the defective turbopumps still 1989. 
i n  place (engine 2027 in the No.1 position, Stacking of the Solid Rocket Booster 
engine 2030 in the No.2 position and engine (SRB) segments began with the left aft 
2029 in the No.3 position) . booster on Mobile Launch Platform 1 in the 

The right-hand Orbital Manoeuvring VAB on January 2. Booster stacking opera-

Atlantis is hoisted into the vertical position in the VAB during preparations for STS-30. NASA 

lions were completed on February 19 and 
the External Tank was mated to the boost­
ers on March 2. 

The assembled Shuttle vehicle was 
rolled out of the VAB to launch pad 39B on 
March 22. 

The Terminal Countdown Demonstra­
tion Test was carried out on April 6-7 

Magellan Preparations 
The Magel lan spacecraft arrived at KSC 

on October 8, 1988. 1t made the trip from 
Martin Marietta's Denver plant aboard a 
specially cushioned, instrumented and 
environmental ly control led truck-trai ler. 
Upon arrival at the space centre the probe 
was taken to the Spacecraft Assembly and 
E ncapsulation Faci l i ty-2 (SAFE -2) 

The forward equipment module and 
spacecraft body were mated with the liquid 
propulsion module on December 21 Mag· 
ellan's radar module was installed on Janu­
ary 6, 1989. The storable propellants that 
will be used for mid-course corrections and 
spacecraft control at Venus were loaded 
aboard on January 18. The probe was then 
mated with the Star-48 solid propellant 
motor on February 3. The two solar panels 
were attache<� and tested on February 5. 

On February 15 the spc:cecraft was 
moved to the Vertical Processing Facil i ty 
where it was mated with its Inertial Upper 
Stage (IUS) booster two days later. 

A test was run to simulate Magellan's de­
ployment from Atlantis' payload bay . STS-
30 Mission Specialists, Mark lee and Mary 
Cleave participated in the deployment exer­
cise. 

Having successfully completed its pre­
launch checkout, Magellan was placed in­
side the payload canister and moved to the 
launch pad on March 17. The probe was 
transferred to Atlantis' payload bay on 
March 25 and the connections made be­
tween the Magellan and the Shuttle. 

First Launch Attempt 
Weather at the Cape on Apr i l  28 was 

described by meteorological officers as 
"perfect weather to go f lying". But other 
factors were to stop the launch that day. 

The countdown - one of the smoothest i n  
Shuttle history - reached the T -9 m inute 
point without incident. However dur ing a 
planned 40 minute hold a problem with a 
range safety console became apparent. 
The Range Safety Officer would not give a 
'go' for launch until the console recovered. 
The countdown finally resumed only to be 
halted at T-31 seconds when a problem was 
detected with a rearculation pump 1n M am 
Engine No.1. The pump's electrical system 
was shorted out by fragments of metal float­
ing in the liquid hydrogen. The pump is used 
to recirculate hydrogen through the fuel 
lines to keep them cool and in condition for 
ignition . A further prob lem was discovered 
after the launch had been aborted. Televi­
sion cameras picked up a vapour cloud near 
a hydrogen pipe l inkmg the External Tank 
to the orbiter. Closer examination after the 
crew had left Atlantis and the vehicle had 
been sated revealed a small hole i n  the 
pipe's casing, which was allowing hydrogen 
to escape. 
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The recirculation pump was replaced 

with one from OV-1 05 - now named Endeav­
our - which is under construction at Rock­
well International's Downey plant in Califor­
nia and a new hydrogen pipe installed. The 
launch was rescheduled for 1 8:48 BST on 
May 4. 

Launch 
On launch day cloud cover over the 

Shuttle Landing Facility (SLF) adjacent to 
the launch area was a major concern . If 
Adantis had suffered a malfunction which 
required an abort during the ascent phase 
of the mission the crew would have per­
formed a Return to Launch Site Abort 
(RTLS) . This difficult manoeuvre requires 
the Shuttle to reverse its course in order to 
make a landing back at the Kennedy Space 
Center. The mission rules required visibil­
ity limits at the SLF which the cloud violated. 
Satellite pictures indicated the Kennedy 
Space Center was the only location in the 
area which had cloud cover!  The count­
down was held at T-9 minutes awaiting a 'go' 
from the meteorological teams. 

Fortunately, as the launch window 
ticked away the cloud cover became more 
scattered and it was decided to continue 
with the countdown until T-5 minutes where 
it would hold until the weather was within the 
limits. The countdown was resumed at 
1 9:42 BST and continued without interrup-

Magellan's solar panels are deployed. The opening of the solar array was photographed 
through the orbiter flight deck aft windows. NASA 

lion. AUantis and her crew of five blasted off 
from Pad 39B at 1 9:47 BST, with just two 
minutes remaining in the launch window. 
During ascent heavy yaw steering was used 
to place Adantis into the precise orbit for the 
deployment of Magellan. 

The SRBs separated at T +2 min 5 sec 
and were later returned to Cape Canaveral. 
(The boosters were disassembled and fully 

examined. There were no signs of abnormal 
damage in the joint areas.) After main en­
gine cut-off at T+8 min 31 sec, two Orbital 
Manoeuvring System (OMS) burns were 
made. The first to boost the altitude the and 
second to circularise the orbit. 

Day One: May 4, 1 989  
A s  soon as post insertion checkouts 

--------- THE CREW 
COM M A N D E R  
Davld M. Walker (captain USN) 

Although born in Columbus, 
Georgia. ,  Walker considers E ustis, 
Florida, his hometown . Walker is a 
member of the astronaut class of 
1 9 78.  

Walker was pilot of  STS 51 -A, 
launched November 8, 1 984, mark­
ing the second flight of the orbiter 
Discovery . During the mission ,  the 
crew deployed two satellites and in 
the first space salvage m ission in 
history, also retrieved and returned 
to Earth the Palapa B-2 and Westar 
VI satell ites. 

His NASA assignments also have 
included: Astronaut Office safety of­
ficer; deputy chief of Aircraft Opera­
tions;  STS-1 chase pilot; software 
verification at the Shuttle Avionics 
Integration Laboratory (SAIL) ;  and 
assistant to the director, Aight Crew Opera­
tions. He has logged 1 92 hours in space 
prior to this flight. 

PI LOT 
Ronald J. Grebe (Colonel USAF) 

Grabe was born in New York and is a 
member of the astronaut class of 1 981 . 
Grabe was pilot for STS 5 1 -J,  the second 
Space Shuttle Department of Defense mis­
sion, launched October 3,  1 985, on the or­
biter Atlantis' maiden voyage. He has 
logged 98 hours in space prior to STS-30. 

MISSION SPECIALIST 1 
Mark C. Lee (Major USAF) 

Lee was making his first space flight. 
Born in Viroqua, Wisconsin, he is a member 
of the astronaut class of 1 984. 

Lee has participated in the planning and 
simulation of several extravehicular activ-
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The STS-30 crew: (left to right) Mission Special­
ists Norman Thagard. Mary Cleave and Mark 
Lee. Pilot Ronald Grabe and Commander David 
Walker. NASA 

ity missions and has served as the support 
crewmember for mission STS 51- 1 ,  Leasat 
retrieval and repair. He also has served as 
a capcom. 

MISSION SPECIALIST 2 
Norman E. Thagard (M.D.) 

Although born in Marianna, Florida, 
Thagard considers Jacksonville, Florida 
his hometown. He is a member of the astro­
naut class of 1 978. 

Thagard was a mission special ist on 
STS-7, launched June 8, 1 983. lt was the 
second flight for the orbiter Challenger and 
the first mission with a five-person crew. 
During the mission, the STS-7 crew oper­
ated the Canadian-built remote manipula-

tor system arm to perform the first de­
ployment and retrieval exercise with 
the Shuttle Pallet Satellite (SPAS-
01 ); conducted the first formation 
flying of the orbiter with a free-flying 
satellite (SPAS-01 ); and carried and 
operated the first US/German coop­
erative materials science payload . 
During the flight, Thagard conducted 
various medical tests and collected 
data on physiological changes asso­
ciated with astronaut adaptation to 
space. 

Thagard also served as a mission 
specialist on STS 51 -B, the Space­
l ab-3 science mission , launched 
April 29, 1 985, aboard Challenger. 
Duties on orbit included satel l ite 
deployment operation with the 
NUSAT satellite and care for the 24 
rodents and two squirrel monkeys 

". contained in the Research Animal 
Holding Facil ity. 

MISSION SPECIALIST 3 
Mary L. Cleave (Ph.D) 

Cleave was born in Southampton New 
York. She is a member of the astronaut 
class of 1 980. 

Cleave was a mission specialist on STS 
6 1 -B which was launched at night, Novem­
ber 26, 1 985. During the mission , the crew 
deployed communications satellites and 
conducted two 6-hour spacewalks to dem­
onstrate Space Station construction tech­
n iques with the EASE/ACCESS experi ­
ments. This was the heaviest payload 
weight a Space Shuttle had carried to orbit. 
Cleave also has worked as a capsule com­
municator (capcom) in the Mission Control 
Center on five Space Shuttle flights. Cleave 
has logged 1 65 hours in space prior to this 
m iss ion .  
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Mary Cleave operates the PGSC lap-top com­
puter. NASA 
The lap-top computer carried on STS-30 
Is an updated version of the Shuttle Port­
able Computer (SPoC) used on every 
Shuttle mission since ST5-9. The new 
computer, called the Payload and Gen­
eral Support Computer (PGSC), brings 
the latest technology to the Shuttle's 
crew compartment. While the SPoC rep­
resents 1 980 technology, the PGSC Is 
1 988 state-of-the-art equipment. 

On STS-30, the PGSC was used to 
gather data from a fluids crystal growth 
experiment, designated FEA-1 (see box be­
l ow) .  

"The PGSC is  really going to enhance 
our ability to do science on the middeck, • 
said STS-30 Mission Specialist, Mary 
Cleave. "lt will give us more of a chance to 
interact with experiments and prove further 

Experimen t 
the value of having a person available to 
work with the payload. Right now most ex­
periments are very automated." 

The PGSC is ideal for monitoring and 
gathering information from payloads. The 
computer's floppy disks can be used to 
store payload data for analysis upon the 
Shuttle's return to Earth. 

SPoC also offers a miniaturized version 
of the global tracking map that is the flight 
control room's central display; readouts of 
m ission elapsed time; time to acquisition 
and loss of signal ; and Greenwich Mean 
Time. On the portable computers f lip-up 
display, the map shows current position, 
day and night cycles, Earth observation 
points and tracking coverage boundaries, 
both by satellite and ground stations. The 
portable computer also offers a back-up for 
calculating deorbit targets to be used only 
in a dire emergency and a complete loss of 
communications with the ground. The 
SPoC has become an essential part of 
Shuttle equipment - but the computer's 
384k memory allows only these functions, 
plus a few other limited programs. 

The PGSC, featur ing a 20-megabyte 
hard disk, can run all the SPoC software 
with a tremendous amount of room spare for 
other programs, including word processing 
and possibly a computerised Flight Data 
File - a 25 book, 2,500 page file carried 
aboard the Shuttle that holds the vital in for­
mation covering all aspects of a mission. In 
addition, the PGSC qas a built-in 3.5 inch 
floppy disk drive that could revolutionize 
data gathering from payloads. 

The PGSC has an eight megabyte Ran­
dom Access Memory (RAM), about 1 6  times 
that of the SPoC. Despite its expanded 
capability the PGSC, on average, uses half 
of the electricity required by the SPoC, and 
it can run for at least ten minutes on battery 
power. This facil ity wil l allow the crew to 
move the computer from place to place with­
out turning it off. 

The PGSC was first tested in orbit dur­
ing ST$-29 in March by Mission Specialist 
James Bagian. 

Fluids Experiment Apparatus (FEA) 
The Rulds Experiment Apparatus (FEA), 
a multipurpose experiment support sys­
tem developed by the Space Transporta­
tion Systems Division of Rockwell Inter­
national, Is designed to perform materi­
als processing research In space. The 
result Is convenient, low-cost access to 
space for basic and applied research In 
a variety of technologies. 

The FEA is a modular, microgravity 
chemistry and physics laboratory used for 
the first time on STS-30 for materials proc­
essing research in crystal growth, general 
liquid chemistry, fluid physics, and thermo­
dynamics. 11 has the functional capability to 
heat, cool, mix, stir, or centrifuge experi­
ment samples that can be gaseous, liquid, 
or solid. Samples can be processed in a 
variety of containers or in a semicontainer­
less floating-zone mode. Multiple samples 
can be installed, removed, or exchanged 
during a mission through a 1 4. 1 -by 1 Q-inch 
door in the FEA's cover. Instrumentation 
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can measure the sample's temperature, 
pressure, viscosity, etc. A video or super­
B-millimetre movie camera can be used to 
record sample behaviour. Experiment data 
can be recorded by a portable computer 
with floppy disk drive. This computer is also 
capable of control l ing experiments. (see 
separate item on the Shuttle lap-top com­
puter) . 

The FEA is mounted in place of a stan­
dard stowage locker in the mid-<ieck of the 
Shuttle crew compartment, where it is oper­
ated by the flight crew. Modular design per­
mits the FEA to be easily configured for 
almost any experiment. Configurations can 
even be changed in orbit, so that experi­
ments of different types can be performed 
on a given Shuttle mission. Optical subsys­
tems can include custom furnace and oven 
designs, special sample containers , low­
temperature air heaters, specimen centri­
fuge, special instrumentation, and other 
equipment specified by the user. 

were completed the crew began to prepare 
for the deployment of Magel lan . Deploy­
ment of an interplanetary spacecraft re­
quires precision positioning. The arbiter's 
Inertial Measurement Unit ( I MU) and the 
IMU onboard Magellan were precisely 
matched. Atlantis' star tracker was used to 
obtain navigational fixes to ensure the ac­
curacy of the IMUs. 

At T +5 hours 40 minutes the crew tilted 
Magellan and its IUS booster to 29 degrees. 
With the front of Magellan now outside the 
payload bay it was possible to test commu­
nications between the IUS/Magellan and 
ground station. After last minute checks of 
the probe and booster had been completed 
the crew were given a 'go' for deployment 
by Mission control .  The IUS/Magellan com­
bination was tilted to the deployment angle 
of 52 degrees and at T +6 hours 1 4  minutes 
29 seconds Mission Specialist Mark Lee 
triggered powerful springs that sent the 
probe out of the payload bay. 

Commander Walker began a series of 
RCS firings to distance Atlantis from the 
probe and then manoeuvred the spacecraft 
to observe Magellan's solar panel deploy­
ment. After the crew witnessed the suc­
cessful opening of the solar panels Walker 
fired the OMS engines to increase the sepa­
ration between the two craft. The final ma­
noeuvre of the deployment sequence was 
to turn Atlantis' underside towards the 
probe to protect the arbiter's windows from 
the exhaust of the IUS booster. 

The IUS booster fired an hour later pro­
' pall ing Magellan on its 1 5  month trip to 

Venus .  

D ay  two: May 5 ,  1 989  
The STS-30 crew spent most o f  the sec­

ond day in orbit on scientific experiments 
Television and 35mm cameras were util­
ised to study thunderstorm l ightning activ­
ity over areas of Africa and South America 
as part of the Mesoscale Lightning Experi­
ment (MLE). The Fluid Experiment Appara­
tus (FEA-2) was utilised to study the effects 
of the microgravity environment on materi­
als processing. In addition as part of the 
AMOS experiment (see Spacefllght, May 
1 989, p.1 76 for a brief description of AMOS) 
Atlantis fired its Reaction Control System 
(RCS) jets while optical instruments on the 
ground at Maui, Hawaii observed their sig­
n atures. 

During the day the crew experienced 
diffiCUlties with t!le Text and Graphics Sys­
tem (TAGS) which is designed to receive 
uplinked images and text from the ground. 
During the four day flight 400 images were 
to be transmitted via TAGS. However the 
system experienced several paper jams 
during operation. The non-invasive central 
venous pressure measuring system also 
failed on Day Two. The experiment was 

(Top left) Atlantls blasts off from 
launch pad 398 at the Kennedy 
Space Center on May 4. 
(Top right) The Magellan probe Is re­
leased from Its cradle In the payload 
b a y .  
(Bottom) The STS-30 crew pose on 
the orblter flight deck. (left to right) 
Norman Thagard , Ronald G rabe, 
Mary Cleave, Davld Walker and 
Mark Lee. NASA 
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' S TS-30 MISSION REPORT 

Mission Specialists Norman Thagard (left) and Mark lee evaluate the use of launch Escape Suit 
Helmets for EVA pre-breathe operations. NASA 

designed to investigate the shift in body up star sighting device for aligning the lner-
f lu ids towards the head experienced by llal Me

_
asurement Umt ( IMU) .  

astronauts in  weightlessness. During the Dunng the �ay the shutter of  a Has-
day humidity in the crew cabin increased selblad 70mm camera stuck and the crew 
from the normal 30% to over 50%. The or- was unable to repair it. A minor problem 
·biter was realigned so its payload bay radia- developed with the onboard

_ 
water dis-

tors were turned towards the cold of space penser, used for th7 preparation of dehy-
and the humidity gradually decreased. drated meals. The dispenser would not de­

l iver the required <ltnount of water. By con­
necting a small piece of hose to the dis­
penser the crew were able to judge the 
amount of water injected into their food. 

Day Three: May 6, 1 989 
The crew was awakened by Mission 

Control playing col lections of the astro­
nauts college songs over the comm;.�nica­
tions system. The crew continued with their 
scientific experiments including l ightning 
photographv, microgravity studies and fur­
ther AMOS observations. 

The crew tested a home-video 8mm 
camcorder as a cheap and possibly supe­
rior alternative to the existing arbiter televi­
sion system .  The camcorder was used to 
record the FEA experi ment results. Com­
mander Walker evaluated the use of the 
arbiter Heads Up Display (HUD) as a back-

S TS-30 A t  a Glance 

ORBITER: Atlantis (OV-1 04) 
LAUNCHED: May 4, 1 989 1 9 ·47 BST 
LAUNCH SITE: Pad 39B, Kennedy Space 

Center, USA 
LANDED: May 8, 1 989 20:43:33 BST 
LANDING SITE: Runway 22, Edwards Air 

Force Base, USA 
LIFT-oFF WEIGHT: 4,525, 1 1 6  pounds 
LANDING WEIGHT: 1 92,31 3 pounds 
APOGEE: 341 km 

Day Four: May 7, 1 989 
The crew was awakened by mission 

control with the theme from the fi lm "Rocky". 

and Shuttle crews receive training on their 
replacement before each m ission. D ine­
more said the faulty GPC, which controlled 
the Shuttle's payload buses, never pre­
sented a threat to the m ission . An in itial 
analysis by the Johnson Space Canter's 
Data Processing Section pointed to a hard­
ware failure in the GPC. 

The replacement of the GPC took about 
four and a half hours, with Cleave and Lee 
working between middeck lockers to get to 
the Shuttle avionics bay, the rest of the crew 
looking on and lending a helping hand when 
required. The 8mm video camera was used 
to record the GPC changeout for future ref­
erence 

Day Five: May 8,  1989 
Atlantis' two OMS engines were fired on 

the 64th orbit to begin the arbiter's reentry 
sequence. As the arbiter entered the upper 
layers of the atmosphere, M ission Control 
was busy evaluating the wind conditions at 
Edwards Air Force Base. Shuttle pro­
gramme managers were hoping they could 
land the arbiter in  crosswind conditions to 
test the Shuttle 's tyres and steering sys­
tems. Atlantis was due to touch down on 
lake bed Runway 17 but cross wind condi­
t ions there had exceed safety l imits Mis­
sion Control told Walker to change his land­
ing to concrete Runway 22, where the 
crosswinds were lighter and almost 1deal for 
the test NASA had in mind. 

Walker brought Atlantis down to a per­
fect landing on the concrete runway, the 
arbiter's wheels coming to a stop at 
1 2 :44:33 POT. "You've extended the 
Shuttle's reach far beyond Earth orb i t , "  
CAPCOM Frank Culbertson told the crew 
after landing. "Commodore Magellan would 
approve . "  

"Roger that," Walker said in return. 
"The vehigle looks as clean as any one 

PERIGEE: 258 km 
INCUNATION: 28.85 degrees Atlantis glides towards a perfect landing at Edwards Air Force Base on May 8. NASA 
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DURATION: 4 days 56 minutes 33 seconds 
ORBITS: 64.5 

COMMANDER: David M.  Walker 
PILOT: Ronald J. Grabe 
MISSION SPECIAUST 1 :  Mark C. lee (EV2) 
MISSION SPECIAUST 2: 

Norman E. Thagard (EV1 ) 
MISSION SPECIAUST 3: Mary l. Cleave 

PRIMARY PAYLOAD: Magellan/IUS- 1 8  
SECONDARY PAYLOAD$: 

Fluids Experiment Apparatus (FEA) 
Mesoscale lightning Experiment (MlE) 

Later the crew took part in an on�rbit press 
conference.  

The crew continued work on the experi­
ments but were interrupted when one of 
Atlantis' five General Purpose Computers 
(GPC) failed. Flight Director Ron Dittemore 
gave the crew permission to carry out the 
first on�rbit replacement of a GPC - even 
though it had recovered - to provide an ex­
tra measure of confidence during reentry. A 
spare GPC is carried in the arbiter middeck 

I've ever seen," said Richard Truly, the then 
Associate Admin istrator for Space Flight, 
now appointed NASA Administrator. 

Atlantis has been returned to the Ken­
nedy Space Canter and work is underway 
to prepare her to launch the second inter­
planetary spacecraft of the year: the Gali­
leo probe to Jupiter 

(For further details of Magellan's voyage 
to Venus see Space at JPL starting on 
p . 282 . )  
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Buran Steals the · Show 

The arrival of the Buran space shuttle 
atop the world's largest aircraft, the 
Antonov An-225 Mriya (Dream), was the 
h ighlight of this year's Paris Air Show. 
The Mriya and Buran touched down on 
June 7, emerging from a stormy Paris sky 
to make a perfect landing on the 2,1 00  m 
long runway at Le Bourget Airport. 

Buran's journey to Paris began on May 
1 0 when the Antonov arrived at Baikonur to 
pick up its precious cargo. The Antonov 
team was not expecting to leave with Buran 
until May 25 at the earliest. But the opera· 
lions went so well the number of test flights 
was reduced from nine to five and the crews 
found themselves six days ahead of sched· 
u l e .  

O n  May 1 9, with a combined weight of 
560 tonnes, the Antonov and Buran took off 
from the Cosmodrome for the Soviet city of 
Kiev, where the spacecraft was given a 
thorough check and certified ready to con­
tinue. After a brief visit to Moscow the two 
craft returned 'to Borispol Airport, Kiev, 
where final loading of cargo and fuel took 
p l ace.  

Buran and the Antonov made the three 
and a half hour flight to Paris on June 7. As 
it entered French air space the Antonov was 
met by M i rage fighters of the French Air 
Force and escorted to Le Bourget airport, 
the air show venue. lt made an impressive 
fly past above the runway before touching 
down at about 1 0:40am local time. 

Buran seemed unaffected by the rain 
and · turbulence it passed through before 
landing. US shuttle ferry flights are prohib­
ited in such conditions • the impact of rain 
drops would damage the arbiter's protec-
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Paris Reports By �teven Young 
and Theo P1rard 

tive. ti les. However Buran's 38,000 quartz 
fibre tiles are apparently impervious to the· 
rai n .  

Buran showed few signs of damage fol­
lowing her two orbit flight in November last 
year. The shuttle's lower surfaces looked 
pitted in places. The majority of Buran's 
scorched surfaces had been cleaned. A tri­
angular shaped area along the fuselage and 
the tops of the payload bay doors seems to 
have been permanently discoloured. Th is 
area has a different type of tile, larger than 
those on the forward fuselage. Buran does 
not appear to have any heat insulation blan· 
kets, now used extensively by the US 
shutt le .  

The lower surfaces of  the RCS pods 
were blackened following the November 

Keith- ·w;;aht 

m1ss1on. 1t is unclear if this was caused by 
reentry heating or burns of the RCS thrus­
ters. What ever the cause, it seems the 
Soviets have decide to replace the original 
white tiles with black insulation . This work 
appeared i ncomplete, with tarnished ti les 

'Stil l  in place. 
Buran's Paris visit provided the first de­

tailed view of the aft of the Shuttle where the 
Orbital Manoeuvring System (OMS) en­
gines and triangular umbilical plate are lo­
cated (see photograph). The entire aft bulk­
head is heavily armoured with heat resistant 
tiles. There is a service hatch on the side of 
the aft fuselage to giving access to the inte­
rior. The Uquid Oxygen and Kerosene tanks 
for the OMS and RCS thrusters and the 
Auxi l iary Power Un its (APUs) , wh ich pro­
duce pressure for the arbiter's hydraul ic 
systems, are located in this area. There are 
a number of vents around the aft fuselage 
possibly exhausts from the APUs and vents 

Buran and the An-225 during test flights prior to the Paris visit. Antonov Design Bureau 
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for dumping OMS and RCS fuel 
Four vent doors are spaced out along the 

Soviet arbiter's fuselage and appear to be 
of exactly the same design used in the US 
Shuttle. The vents are opened to depressur­
ise the interior of the fuselage dunng the 
later stages of ascent and are closed for 
repressunsation dur ing descent. 

The arbiter's OMS and RCS nozzles had 
been plugged to prevent contamination of 
their motors The aft RCS primary thrusters 
are located in exactly the same positions as 
the US Shuttle 's ·  three thrusters on the 
upper and lower side of the pod and four on 
the outer side Also located on the lower 
side of the pod are two vernier thrusters. 
u sed for precise manoeuvres and station 
keeping operations Unl ike the US shuttle 
there are no vernier motors in the forward 
RCS assembly.  

Post-mission examination of Buran was 
interrupted by the visit to Paris and work wil l 
continue upon the shuttle's return. The fact 
space officials were wil l ing to lose several 
weeks work while Buran was ferried to Paris 
indicates it will be some time before its sec­
ond mission. Cosmonaut Yun Romanenko 
has revealed Buran's cabin is undergoing a 
refit in preparation for a manned flight. 

5paceflight was invited aboard the An­
tonov for a tour of the massive aircraft, writes 
Steven Young. 

The guide for the tour was Myria's navi- , 
gator who had the day before plotted a 
course from Kiev to Paris . Three large 
charts in the cavernous cargo bay detailed 
various payloads the An-225 could carry. 
The th i rd chart depicted the British Hotol 
space plane atop the Antonov. A study 
conducted by the Soviets reportedly shows 
it would be cheaper to fly Hotol on Myria to 
an equatorial launch site than it would for 

The aft fuselage of Buran Note the damage to the underside of the RCS pod, the access hatch and tri­
angular umbilical plate. Keith Wright 
Hotol to fly under its own power. 

On the flight Jleck, sitting in  the pilot's 
seat of the world's largest aircraft, I took the 
opportunity to question the Navigator. 

I asked if the aircraft was difficult to fly 
with Buran attached. I was told the two craft 
handled better than expected. Was there 

any umbil ical connections between the An-
225 and Buran? No the shuttle was com­
pletely inert and required no monitoring 
during fl ight. The An-225 had been de­
s igned specifical ly to carry the Soviet 
shuttle but would have many other uses the 
Navigator explained . 

Shatalov: 'Gia vkosmos Must Take Control ' 
New Soyuz and Progress Spacecraft under Development 

Cosmsonaut Training Chief Vladimir  
Shatalov, accompanied by seven cos­
monauts, was a member of the Soviet 
delegation at the Paris Air show. During 
a brief interview Shatalov commented on 
his proposal to establish a Soviet space 
agency (see Spaceflight, July 1 989, 
p . 2 1 8 ) :  

" I  criticized Glavkosmos i n  the hope the 
organisation would increase its i nfluence in 
the management of Soviet space activities. 
G lavkosmos is a young organisation and 
does not control every element of our space 
program me. Through g lasnost, we wish 
Glavkosmos will take a senous approach to 
organise in the best way our space efforts. 
By criticising it. we hope that Glavkosmos 
wi l l  become a good and efficient space 
agency in USSR." 

Shatalov, revealed: ·we are working on 
improved versions of Soyuz and Progress 
spacecraft for the uti l isation of the M i r  
space station.  The Soyuz spacecraft wi l l  
have large capacities for manoeuvring in 
orbit and carrying more payload in space. 
The Progress spacecraft wi l l  have more 
capacity of payload and be equipped with 
recoverab•e/reusable capsules.  The 
launch vehicle, i s  a new rocket ." Ques­
tioned about the name of the rocket, he 
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repl ied : "I have no comment about this 
name. Zenit. was invented by another team 
in USSR and I am not frankly responsible for 
invention of the name!" 

About Buran and possible use with the 
Mir station : "We are not pressed to use this 

The Universal Docking Port which wil l  al low 
Buran .o dock with Mir. 

James Goddard, Science Museum 

vehicle. Space planes are complementary 
to Soyuz spacecraft for the uti l isation of 
space station elements. We would l ike the 
next flight to be manned and not automated. 
However, Buran development people pre­
ferred to have another automated fl ight. 
Buran wil l  fly within 18 months with the 
possibility of docking with Mir. but that is not 
yet firmly decided . . .  Six months after this 

automated m ission . cosmonauts wi l l  fly 
aboard Buran ."  

Shatalov went on to say: We are at a 
crucial point in manned space flight we must 
explore the acquired know-how and to go 
ahead with new investigations for the fu­
ture. There are possibi l ities of industrial 
production in space. 

Dr. Alexander A. Serebrov. pilot-cosmo­
naut named for the next Soyuz TM mission 
in the Mir-Kvant complex , described the 
next two modules to be launched before the 
end of this year: "The first module to be 
launched in  September-October will i n ­
crease the living quarters and experiment 
opportunities with the Mir station ; a special 
airlock will allow EVA and the use of a space 
scooter [Manned Manoeuvring Unit] ." 

"A second module will be launched in De­
cember-January and will be equipped with 
a universal docking port (this port, similar to 
the androgynous docking system tested 
during the ASTP mission, was exhibited at 
the USSR pavilion) and with industrial pro­
duction facil it ies ; these faci l i ties wil l  con­
sist of optical heating, of fluid physics, elec· 
Ironies and metal lurgy production in vac­
uum,  electrophoresis." He said that Buran 
would be equ ipped with an androgynous 
ASTP-type docking system .  
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Antono v Dream 
Shuttle Transport 

Solves 
Nightmare 

The Antonov An-225 Mriya (Dream) has I 
eased the problem of transporting 
shuttle orbiter airtrames a distance of 
more than 2,000 km from a factory near 
Moscow to the Baikonur Cosmodrome in 
Kazakhstan.  

The Soviet arbiters are manufactured by 
the Molniya Scientific and Industrial Enter­
prise at its Tushino Machine Building Fac­
tory near Moscow. From the factory Buran 
had to make the 2,000 km trip to Baikonur 
without its vertical stabilizer and with many 
of its heat resistant tiles missing. The or­
biter could not be transported in its com­
pleted form because the 60 tonne craft was 
too heavy for conventional aircraft. A My­
asishchev M-4 bomber was adapted to 
carry the stripped-down orb iter . The 
bomber's fuselage was lengthened and re­
inforced and its vertical stabiliser replaced 
by two stabilisers mounted on struts either 
side of the rear fuselage. 

Buran was transported from the factory 
to the airport by road and then by barge. For 
the entire journey the orbiter was protected r 
from prying eyes by sheets of tarpaulin. At1 
the airfield a large mobile crane placed the 
orbiter atop the M-4 bomber. A tail cone was 
was used to protect the carrier aircraft from 
turbulence. The Soviets said the two craft 
had excel lent aerodynamic qualities. 

An M-4 bOmber takes off With the partially assembled Buran. 

When Buran arrived at Baikonur it was 
lifted from the aircraft by a crane similar to 
the US Shuttle's Mate-Demate device and 

transported to the Assembly and Testing 
Plant (ATP),  where final work was com­
p leted . 

The An-225 wil l  make it possible to 
transport completed arbiters from the fac­
tory to Baikonur. Another important task will 

be to return the shuttle from a contingency 
landing site in the event of an emergency 
landing. The Antonov Mriya will also carry 
parts for the Energia booster. Both the core 
stage and strap-on boosters can be carried 
externa l ly .  

The An-225 carries a future space station module. Th8 Energia core stage can be accommodated atop the An-225 
Antonov Design Bureau Antonov Design Bureau 
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CNES to Start Talks on Third 
Franco-Soviet Mission 

The French space agency, CNES, has 
agreed to negotiate terms wHh Glavkos· 
mos for a third Soviet-French mannea 
space mission, this time on a commercial 
basis.  

French cosmonaut Jean-Loup Chretien 
has made two flights aboard Soviet space­
craft, the first to Salyut 7 in June 1 982  and 
the latest being a month long stay onboard 
the Mir space station last November. The 
French made no payment for the two mis­
sions. The French announced last year they 
planned to fly a joint mission with the Sovi­
ets - on a norH:OAlmercial basis - every two 
years. But the commercial arm of the Soviet 
space programme, Glavkosmos, insisted 
they pay for their next fl ight. After m uch 
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resistance the French have agreed to the 
Soviet terms. European independent ac­
cess to space with Hermes will not be avail­
able until the end of the next decade and the 
Space Shuttle is to carry few 'passenger as­
tronauts' 

CNES hopes to reduce the fee of $1 0- 12  
mi l ion by  offering the Soviets use  o f  any 
French equipment left aboard the station . 
The Austrians have already come to a simi­
lar agreement. 

M ichel Tognini ,  back-up to Jean-Loup 
Chretien, is tipped to be the third French 
cosmonaut (Patrick Baudry became the 
second when he flew aboard the US Space 
Shuttle). Two back-ups are expected to be 
trained along side Tognini. 

Soviets Offer to Launch 
US Space Station 

The Soviet Union has offered to launch 
the US Space Station Freedom with its 
Energla heavy lift booster. 

William Wirin of the Glavkosmos-Space 
Commerce Corporation told Spscefl/ght 
Energia could launch Freedom cheaper and 
quicker than on the US Shuttle or the pro­
posed Shuttle-C. However he admitted, for 
pol itical and prestige reasons, the offer 
would not be accepted. He said the proposal 
would serve its purpose by drawing atten­
tion to the Soviet Un ion's space 
capabi l ities . Wirin said he believed US 
Government restrictions on the use of So­
viet space services would increase. He said 
US companies could avoid the problems of 
technology transfer by leasing Soviet sat­
el l ites . A Gorizont communications satel­
lite can be leased for $1 .5 million per anum. 
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Soviet Union 
Exhibits Manned 

Manoeuvring Unit 
The Soviet Union's Manned Manoeuvring Unit (MMU) was on 
display in Paris - its first appearance in the West. With no bar­
riers around the exhibit it was possible to make a close exami­
nation of the space suit and back-pack, which is expected to be 
tested later this year when manned Mir operations resume. 

The Soviet MMU has four T-shaped 
thruster pods each housing eight thrusters. 
The thrusters are fed by pressurised nitro­
gen supplied by two tanks located in the 
back-pack.  

Like its American counterpart the Soviet 
MMU has two control panels mounted on 
anns that extend from the back-pack. The 
right-hand control panel (from the cosmo­
naut's point of view) has a triangular joys­
tick control, six toggle switches and what 
appears to be a small liquid crystal display. 
The left-hand control panel carries an ana­
log read-out instrument, more toggle 
switches and a round headed joystick. If the 
Soviet MMU follows the US design, the left­
hand control ler governs fore-aft, right-left 
and up-down movements, whi le the right­
hand controller handles roll, pitch and yaw 
motions .  

The Soviet M M U  i s  larger and more bulky 
than the US version, extending from the hel­
met to below the knees. Unlike the Ameri­
can MMU,  which has a metal skin,  the So­
viet MMU is protected by a layer of thennal 

bla'lkets. The blankets can be peeled back 
exposing the MMU interior to allow easy on­
orbit maintenance. 

A video film in  the Soviet Pavi l ion 
showed cosmonauts train rng to use the 
MMU. The cosmonaut enters the space suit 
in the normal way, c l imbing through the 
back of the suit. Once the seal between the 
hatch and the suit is made, the M M U  control 
anns are raised into the correct position and 
the cosmonaut is ready to begin train ing. 

For train ing purposes the M M U  is 
mounted to what appears to be a hover pad, 
which lifts the cosmonaut and his M M U  frac­
tionally off the ground on a cushion of aJr. By 
using the hand controls the cosmonaut can 
manoeuvre the MMU on the polished floor. 

The film sequence showed a cosmonaut 
approaching a mock-up of the one metre 
diameter airfock of the new Mir module. A 
grapple unit on his space suit (not on the suit 
at Paris) is then used to anchor the cosmo­
naut to the module. A similar grapple unit 
was used by the Americans to capture So­
lar Max during a 1984 Shuttle spacewalk 

(Top left) The Soviet MMU as rt appeared in Pans (Middle left) A cosmonaut climbs into the space surt 
wrth the MMU attached. (Bottom left) Mounted on a hover pad an cosmonaut can train to operate the 
MMU (Below) A cosmonaut using the MMU simulator approaches a mock-up of the one metre diame­
ter airlock of the new Mir module 
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Pegasus Set for August 22 Launch 
The Pegasus air launched booster Is to 
orbH Hs first satellite on August 22, Bill 
Saavedra of the OrbHal Sciences Corpo­
ration (OSC) told Spaceflight. After re­
lease from a NASA B-52 aircraft, Peg­
asus will lgnHe the first of Its three solid 
rocket motors to place a NASA/Defense 
Advanced Research Projects Agency 
(DARPA) payload Into Low Earth Orbit. 

Preparations for the first launch have 
proceeded well :  The Pegasus stages have 
undergone test firings on the ground and in 
July a Pegasus vehicle is to make two cap­
tive flights attached to the B-52. Once all 
these tasks are accomplished the way will 
be clear for the first launch. 

OSC and Hercules Aerospace, the de­
velopers of this ingenious launch vehicle, 
hope Pegasus wil l  promote the growth of 
l ight-weight satell ites . Ball Aerospace is 
developing a series of so-called 'lightsats' 
that can be carried by the Pegasus. The 
booster is capable of del ivering payloads 
weighing up to 9001b into Low Earth Orbits 
and carrying payloads of 1 ,500 lb on subor­
bital m issions. 

The Pegasus booster offers relatively 
cheap access to space, each launch cost­
ing about $6-7 mill ion. OSC and Hercules 
are capable of manufacturing one Pegasus 
vehicle per month. If the launcher attracts a 
sufficient number of customers OSC and 
Hercules will expand their assembly lines to 
meet the demand. There is very little restric­
tion on the actual launch rate, apart from the 
availabil ity of the launch vehicles and a 
suitable carrier aircraft. 

According to Mr Saavedra, one of Peg­
asus' many qualities is the ability to launch 
almost anywhere in the world. But to allow 
precise tracking of the vehicle's ascent, the 
first Pegasus launches will take place 
within existing launch ranges (in the case of 
the first flight Vandenberg Air Force Base 
wil l  be used) .  M r  Saavedra singled out 
Kourou,  conveniently positioned close to 
the equator, as one possible launch zone 
equipped with adequate tracking facilities. 
To make Pegasus completely independent 
from ground tracking support, a second air­
craft could be fitted with the necessary 
tracking equipment he added. OSC and 
Hercules is also looking for a new carrier 

A full scale mock-up of the Pegasus payload !airing with a Bal l Aerospace communications satellite · 
Ja mes Goddard, Science Museum 

aircraft as the aging NASA B-52 aircraft will 
not always be available for their use. 

Another feature of Pegasus is its sim­
pl icity. The final Pegasus assembly re­
quires just six people and takes place on the 
back of a special ly designed truck. The 
same truck is then used to transport the 
vehicle to the aircraft and lift it into position. 
The Pegasus deployment is controlled by a 
small console onboard the B-52. An Inertial 

Measurement Unit ( IMU) inside the aircraft 
is used to update Pegasus' own onboard 
I M U  with the aircraft's exact position.  To 
further increase accuracy, OSC and Hercu­
les plan to install a Global Positioning Sys­
tem receiver onboard the B-52 and eventu­
ally inside the booster itself. 

If the first launch goes well a second Peg­
asus could be launched before the end of 
the year. 

Aria ne Reco verable Capsule Proposed 
The West Germany company MAN Tech­
nologie is proposing a retrievable pay­
load capsule for launch In the 1 990s by 
an Ariane 4 or 5. The capsule would carry 
microgravity experiments Into orbit for 
up to three weeks before returning them 
to Earth for analysis. 

MAN T echnologie believes its Ariane 
Capsule will close a gap in European space 
capabi l ities . Europe has had to rely on 
Soviet and Chinese recoverable capsules 
or the US Space Shuttle to carry micrograv­
ity experiments and return them to Earth. 

The capsule has the same shape as the 
US Apollo Command Module bu1 is slightly 
smaller. The capsule consists of two ele­
ments, the payload module (lower part) and 
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the service module (upper part). The pay­
load module is pressurised and can carry 
experiments weighing 400-900 kg. The 
spacecraft is powered by batteries and four 
solar panels mounted to the underside of 
the payload module. The service module 
contains the capsule's propulsion systems, 
parachutes for splashdown and a container 
where any last minute small payloads can 
be installed. 

The capsule would be manufactured 
with existing techniques and materials, 
keeping production costs low. MAN Tech­
nologie investigated reusing the capsule 
but determined it would only be feasible to 
reuse part of the service module structure 
and equipment. 

After completing a mission of 7-21 days 
the capsule is deorbited by firing its hydra­
zine fuelled main engine. During reentry the 
capsule is protected by an ablative heat 
shield 40mm thick in places. At the correct 
altitude the spacecraft's parachutes open 
and the capsule splashes down in the sea 
about 400km from the Kourou launch site. 
After recovery by ship the payload is trans­
ported back to Europe where the payloads 
returned to the investigators. 

The Ariane Capsule study was financed 
by MAN Technologie. The French Space 
Agency, CNES, has supported the project 
from its inception and a proposal to imple­
ment the project is now with the German 
Ministry of Research and Technology. 
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PA RIS A IR SHO W NEWS 

No Chinese Launches in 1989 
The China Great Wall  Industry Corpora­
tion (GWIC) continued its efforts to mar­
ket the Long March launch veh icle at this 
year's Paris Air Show. However Mr Luo 
Ge of the GWIC marketing department 
told Spacef/ight China has no plans to 
launch any satellites this year. 

Mr Luo was unwil l ing to explain why 
there would be no launches this year, how­
ever, he did say launches would resume in 
1 990. China has launched at least one sat­
el l ite per year since 1 981 and in 1 988 
achieved four successful launches. Mr Luo 
went on to say the launch of three Western 
satel l ites by Long March would not take 
place until 1 991 . 

A new variant of the Long March, the LM-
2E, which is equipped with four liquid pro­
pellant strap-on boosters, is to make its first 
flight next year. The LM-2E is capable of lift­
ing 8,800 kg into Low Earth Orbit. Two other 
new launch vehicles are the LM-1 D and the 
LM-3A, which are due to come into service 
in 1 991 and 1 992 respectively. 

New facilities for the Long March 2E and 
3A are currently under construction at 
Xichang. The launch site will see up to three 
launches in 1 990. 

China's attempts to commercialise its · 
space programme has suffered a set back 
following the recent troubles in China. The 
US government has suspended the export 
licenses for three US-built communications 
satellites due to be launched on Long March 
veh ic les .  

A rianespa ce 
Celebra tes 
Launch o f  

Ariane 44L 
Arianespace received a timely boost 
three days before the show opened when 
the most powerful Ariane launch ve­
h icle, the Ariane 44L successfully 
placed the Superbird A and DF5-1 satel­
lites into Geostationary Transfer Orbit 

The launcher - equipped with four strap­
on l iquid boosters - blasted off from the 
Kourou Space Centre on June 5 at 22:37 
GMT. The launch had been earl ier post­
poned to solve a technical problem due to a 
rupture of an internal manifold in the helium 
supply circuit which conditions the upper 
bay of the third stage. 

Arianespace Chairman , Frederic d'AI­
Iest, told a Paris Air Show press conference 
that 22 satell ites had been successful ly 
piaced on orbit in 21 months. He said: "80% 
of our customers, now completely reas­
sured, are showing their confidence 
through new contracts.· 

Arianespace has 34 satellites on its or­
der books worth FF1 4.5 bi l l ion and 21  
launch reservations. 

A view of the Ariane 44L on the 
launch pad seen through a fish 
eye lens. Arianespace 
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The Chinese Long March Family 
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S ixty-two 
Atlas-Centaurs in 
Producti on 
Following the example of Arianespace, 
General Dynamics Co mmercial Launch 
Services has made a commitment for the 
production of 62 new Atlas vehicles to cover 
launch requirements for eight years. lt is 
planning to achieve up to eight flights per 
year, for $55-59 million each. 

Indian Launches 

Del ayed 
Hindustan Aeronautics Ltd (HAL) ,  promi­
nently involved with the space activities in 
India, mainly with launch systems, revealed 
the status of the I ndian Space Research 
Organisations (ISRO) plans to launch indi­
genously spacecraft The Augmental Satel­
lite Launch Vehicle (ASL V) is scheduled for 
its third test fl ight in mid-90. First Polar 
Satellite Launch Vehicle (PSLV) rocket will 
fly in mid-9 1 .  HAL is initiating the design of 
the 2nd stage structure for liquid propellant 
of the next I ndian launcher, the Geosyn­
chronous Satellite Launch Vehicle (GSLV) . 

Delta Ill? 
McDonnel l  Doug las Space Systems is 
evaluating the possibilities for an improved 
Delta I l l  vehicle. The new launch wil l use an 
existing Delta ll first stage with a restart­
able 2nd stage. Which engine? lt is sti l l  
open : Japanese LE-7 of Pratt & Whitney 
RL-1 0 are possib i l ities. Delta I l l  wil l be 
capable of launch ing 3 tons into GTO but 
will not be avai lable until 1 993, when rt will 
face strong competition from Ariane 4, At­
las-Centaur, Long March and H-1 1 .  Delta 
programme managers have to make a de­
cision on Delta I l l  by the end of this year. 

Israeli L auncher 

Israel Aircraft Industries (IAI) were exhib­
iting a ful l-scale mock-up of Offek-1 , Is­
rael's first home launch satellite, but did not 
give 
any detailed information about the 
launcher used for Offek-1 or even its name. 
However, it was revealed that Israeli indus­
try was working on the AMOS communica­
tions satellite to be launched by an Ariane 
4 in 1 993. Israel is apparently working on 
an improved rocket to launch satellites in 
geosynchronous orbit. 
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SO VIET SPACE BUDGET 

The Balance Sheet of the Soviet Space 
Programme: A Clearer Picture Emerges 

The debate In the Soviet Union over 
spending on the space progrwnme Is In 
full flow, with some - such as Borls 
Y eltsln - calling for cuts of 40 per cent In 
space expenditure to finance social In­
vestments. At the same time, the con­
tinuing advance of Glasnost (open­
ness), which Is now spilling over Into the 
space programme, has meant that much 
more Information Is emerging to give a 
precise picture of the size and break­
down of the space budget, and of the 
economic spln-offs from the pro­
g ramme. 

In his major speech to the new Congress 
on May 30, President Gorbachev an­
nounced that "outlays on space pro­
grammes have already been partially 
scaled down," adding that further cost-cut­
ting measures "should be found''. An ex­
ample of this was the decision to leave the 
Mir station unmanned from April of this year, 
until the two new modules to be added on 
have been completed. 

Gorbachev went on to point out, how­
ever, that "thanks to the newest space-re­
lated ideas we are acquiring unique tech­
nologies. Suffice it to say that nep devel­
opments produced as part of the Buran 
project alone can yield substantial returns, 
reaching a billion roubles, if given over to 
the national economy and for export." 

This echoes the main thrust of the cur­
rent debate: while advocates of economic 
reform are calling for better utilisation of the 
benefits of space research in the economy 
as a whole, the scientists and technicians 
are at pams to point out the economic bene­
fits which have been,  or soon are to be, felt 
from space research. 

The figures now emerging for the space 
budget show it to be much smaller than that 
of the United States. Prime Minister Nicolai 
Ryzhkov told the Congress of People's 
Deputies on June 7 that spending on space 
programmes for the current year amounted 
to Roubles 6.9 billion, of which 3.9 bill ion , 
or 56 per cent, is defence-related. A few 
days later the Soviet Chief of Staff General 
Mikhail Moiseyev wrote in Prsvds that this 
compared with a US space budget of $29.6 
bil l ion, while America's spending on mil i­
tary space programmes was $22.8 bill ion -
six times the equivalent Soviet figure. The 
comparison for spending on economic and 
space research was R1 .7 billion and $3 bil­
lion, and for re-usable space systems R1 .3 
bill ion and $3.8 billion. Moiseyev said that 
the space budget accounted for almost 1 .5 
per cent of the USSR's total budget. 

Detailed figures have also emerged re­
cently allowing comparisons to be made in 
the cost of the two main thrusts of the So­
viet Union's near-Earth space activity - the 
Mir station and the Energia-Buran system -
which reveal that the latter has eaten up a 
far greater share of resources. Over a pe­
riod of 1 3  years the cost of developing the 
massive Energia booster and the reusable 
shuttle has totalled R 1 4  billion, according to 
the Minister of General Machine Building, 
Vitaly Doghuzhiyev. Doghuzhiyev, writing 
in the Government Herald while the Coun­
cil of Ministers was debating the scientific 
and technological benefits of the space 
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Nicolai Ryzhkov delivers a report on the USSR's economic future. President Gorbachev looks on Novosti 

By Theo Russell 
Novosti Press Agency 

programme to the national economy esti­
mated the returns on the Energia-Buran 
system, when fully operational, at R4-5 bil­
lion per year. 

By comparison, the head of the Soviet 
space agency Glavkosmos Alexander 
Dunayev revealed in May that the cost of 
developing and o;>erating the Mir station , 
from its launch in February 1 986 until the 
return to Earth of its latest crew on April 27, 
amounted to a mere R1 ,471 mil l ion. This 
figure covers the entire cost of the station, 
the Kvant astrophysical module, the 
Gamma observatory, all '&rew and cargo 
del ivery craft, and the two new modules 
which are scheduled for launch later this 
year.  

The Soviet economy has indeed already 
benefitted considerably from its space pro­
gramme in terms of data collection and the 
development of new materials, technolo­
gies and processes, although the precise 
level financially is difficult to quantify. Ac­
cording to General Moiseyev, "the use of 
space equipment in the Soviet economy has 
already yielded a conventional economic 
effect of more than 1 2  billion roubles:" He 
went on to claim that "expenses on space 
equipment, if maintained at the present 
level, will be fully reimbursed by 1 995." 

One specific estimate given by 
Moiseyev is the use of meteorological sat­
ellite data in the Soviet economy, resulting 
in  savings of 500 to 700 mil lion roubles 
annual ly .  

Detailed assessment of some 64 million 
hectares of arable land have been made 
from aboard the Mir space station, as well 
as observations of the pollution of the Volga 
River, the Black and Caspian seas and the 
Sea of Azov. 

Another area of particular success is 
that of space photography, i n  which the 
USSR has now errtered the world market in 
earnest. Soviet satel l ite pictures have al­
ready been oold to 200 foreign customers in 
12 countries, and have been described in 
the US journal Aerospace Technology as 
the most accurate available. 

Some 600 original scientific and techni-

cal inventions arising from the Energia­
Buran programme have been made avail­
able for use in the economy. including new 
technologies and materials, machines, sci­
entific equipment, programmes, and auto­
matic control systems. Many of these have 
already been tested in various branches of 
industry, according to Vitaly Doghuzhiyev. 

But questions remain as to how and 
when these spin-offs wil l  actually translate 
into improved industrial performance. 
Mikhail Gorbachev to ld the Congress of 
Peoples Deputies that proposals for giving 
the new developments over to the economy 
were represented ·�n two volumes" to the 
Defence Council and to "dozens" of enter­
prises and economic organisations. Only If 
they were used in the economy and for ex­
port, he said , "wi l l  our space-exploration 
expenditures be jutltified. 

lt is also intended to use Buran to carry 
out servicing of satellites already in orbit, 
¥ihich could increase their service life from 
between 2 and 3 years to between 5 and 7 
years or even longer. But with a manned 
launch of Buran not expected unti l 1 99 1  at 
the earliest, it will be some years before the 
retu rns on the massive investment in the 
shuttle scheme will be felt. 

As a result of the polrtical pressures for 
space investment to show retu rns . com­
bined with the current economic liberalisa­
tion and cost-accounting drive in the Soviet 
Un ion, various innovative approaches to 
obtain ing a return on space expenditure 
through sell ing services abroad are now 
being adopted. These range from the com­
mercial launching of satellites and the sell­
ing of places for experiments and cosmo­
nauts on board Mir,  to sel l ing advertising 
space on the side of the Mir space station. 

With its large and varied launch capabil­
ity, the continued expansion of Mir and the 
advent of Buran in the relatively near future, 
the USSR can hope to plough back consid­
erable sums of hard currency in the years 
to come, despite growing global competi­
tion. This will depend on the Soviet space 
programme's ability to develop its capacity 
to meet the potential demand - an expansion 
which will also require funding. The next few 
years will see a shift away from finan�ing 
new investments purely from the state 
budget to a space industry seeking to pay 
its own way. 
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Soviet Space Programme 
Unknown and unconfirmed details of the Soviet Space Pro­
gramme are the subject of recent correspondence to Spacef/ight 

More to be Revealed by Glasnost 

Sir, On April 21 , 1 989, Cosmonaut Valentin Lebedev visited 
Texas A & M University in support of his book, Diary of a 
Cosmonaut. I was able to question him about the Zond lunar 
programme of the 1 960's and 70's. During this discussion, I 
showed the Cosmonaut a drawing of the G-1 -e heavy lunar 
booster, based upon the conical first-staged diagram by Charles 
Vick, and inquired as to the accuracy of the sketch. Cosmonaut 
Lebedev replied that the rendition was accurate. Additionally, I 
asked if the three reported fai lures of this rocket, reported as July 
1 969, June 1 971 and November 1 972 were correct, and re­
ceived another affirmative answer. 

· I then inquired as to the Soviet designation for the booster and 
its name. Mr. Lebedev said that the booster was known as the 
"N" class, and that its nickname was "Carrier", but that it had no 
official name. He further commented that "we had a great deal of 
trouble with that one", in relation to the rocket. I believe the lack 
of an official name was due to its inabi l ity to successfully launch 
a payload . 

When I showed Mr. Lebedev photocopies of Soyuz descent 
and orbital module-based lunar lander diagrams drawn by D.R.  
Woods, he immediately began to deny the existence of  a Soviet 
manned lunar landing programme in the 1 960's , call ing it a 
"fantasy". He also stated that no cosmonauts had been trained 
for lunar landing . 

· 
Consulting with James Oberg, I learned that there have been 

no prior admissions of the existence of such a lunar booster by 
Soviet officials , and that this should be considered the first. 
confirmation of the existence of manned lunar landing-related 
hardware. lt is my hope that Glasnost will reveal more of this 
program ,  which sti l l  continues to be h idden from Western knowl­
edge.  

Soviet Mini-Shuttle Doubts 

MARK CAMP 
Texas, USA 

Sir, "Pravda" articles on the maiden flight of Buran have thrown 
doubt on Western reports about the existence of a Soviet 
Hermes class spaceplane to be launched by the SL-1 6 booster. 
These reports were largely based on the four SL-8 launched 
Cosmos scale model orbital flights from Kapustin Yar between 
1 982 and 1 984 and a number of obscure suborbital tests over 
Soviet territory in the past four years, all of which were generally 
presumed to have been tests of scaled down versions of the 20 
ton spaceplane. 

Pravda now l inks the above projects to the research and 
development programme for the Buran class Space Shuttle 
Orbiter and says that they were designed to flight-rate the 
Shuttle's reusable heatshield. "A lot of attention was paid to tests 
of the heatshield", chief designers Valentin Glushko and Yuriy 
Semyonov point out in one article (1 ). 

In another article leading Shuttle designers describe the 
Cosmos scale models as "the first ever Soviet aerospace flying 
apparatuses·, adding that they allowed engineers to "study the 
working of the heat-resistant tiles and carbon nosecap in condi­
tions close to those experienced by Buran" (2] . 

Even more significantly, two leading cosmonaut-designers 
have emphatically denied the existence of the Soviet spaceplane,  
Konstantin Feoktistov during a visit to Paris in October 1 987 and 
Oleg Makarov in an interview for the French newspaper "Libera­
tion• on November 1 5, 1 988. 

This sti l l  leaves the possibil ity that the Soviet spaceplane 
programme is a highly classified mi litary project, which cosmo­
nauts are simply not allowed to talk about. However, an earlier 
suggestion of a launch from the mi l itary space centre of Plesetsk 
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(see Spacefllght, May 1 988, p . 1 93) is groundless, since Plesetsk 
does not have the capabil ity of launching the SL-1 6 .  

Furthermore, o n e  might ask whether a Hermes class mini­
Shuttle could actually play a valuable role in the Soviet space 
programme and if the Russians could financially afford to simul­
taneously run three independent manned space projects (Soyuz/ 
M ir, Buran and the mini-Shuttle) . 

All this does not me:1n that the Soviet Union never studied 
alternative Shuttle designs (including the Hermes/Dyna Soar 
type configuration) before the Buran concept was adopted some 
ten years ago. One of Buran's designers,  Vladimir Struminskiy, 
was quoted by Radio Moscow as saying that Soviet engineers 
began working on Shuttle type spacecraft as long ago as the late 
1 950s. "A spacecraft of that kind was built in the mid-1 960s", he 
said, "although it was much smaller than Buran. lt even went 
through tests, but the project was kil led because it was consid­
ered too expensive" [3] . 
Another Radio Moscow programme said that back in the early 
1 960s Gagarin and other pioneer cosmonauts had done re­
search into designing "an aerospacecraft that greatly resembled 
American Space Shuttles". "There was no continuation of that 
research", the report said. "One explanation ls the level of space 
technology at that time would have made it impossible to do such 
work and would have needed a lot of funds as well" [4] . All this 
suggests that, as in the United States, the concept of flying 
people into space aboard winged spacecraft was very seriously 
studied by the Soviets in  the early days of the Space Age, but 
eventually was dropped in favour of the simpler and less costly 
idea of launching manned ball istic capsules atop converted 
mi l itary missiles.  

References 
1. Pravda, November 1 7, 1 988, p.3. 
2. Pravda, November 24, 1 988, p 3. 
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3. Radio Moscow World Service, "Update", November 21 , 1 988. 
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More Glasnost Needed 

Sir ,  Now that a Soviet publ ication has official ly acknowl­
edged the occurrence of the "Nedel in catastrophe" of Octo­
ber 24 , 1 960 , the t ime is ripe to summarise j ust h ow far 
"space glasnost" has gone and how much farther it has to 
g o .  

The 1 5-22 April 1 989 issue of 'Ogonyok' , No. 1 6 , carried 
the article "Area- 1 0" by Aleksandr Bolotin which refers to 
the designation of the barracks area of the base. The article 
fully and movingly describes the explosion at "Tyura-Tam" 
(the official  Soviet spel l ing) at about 1 8 :45 hours on the 
evening of October 24, 1 960. The explosion kil led Nedel in 
and a "substantial n u m ber· of other special ists, many of 
them identified (two, Nosov and Ostashev, have streets i n  
Leninsk named after them) . The booster was a n  R-1 6 ICBM 
("SS-7" to NATO) from the Yangel Bureau in D nepropet­
rovsk, at a pad about 20 km from the Sputnik launch site . 
Prior to liftoff, on-pad repairs had to be made to the fully­
fuel led vehicle,  and the replacement of a command u n it 
caused an unexpected fire signal to be sent to the rocket's 
second stage ,  ignit ing its engine and immediately detonat­
ing the first stage. At the pad itself, only coins and pocket 
change were recovered from the v i ct i m s .  Yang el  and a 
general named M rykin went into the "smoking hut" for ciga­
rettes, and survived . M uch later, i n  a park i n  Len insk,  an 
obelisk was erected with the laconic i nscription : "Eternal 
memory to those fallen in carrying out their mi l itary duty on 
October 24 , 1 960". 

But questions remai n :  how many died then, how many 
died in other similar accidents, and when was the booster 
u lt i matel y  s u ccessfu l ?  
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G ro u p  P h otograph 

Sir ,  I enclose a group photograph which shows the second 
g roup of so-cal led l nterkosmonauts who arrived for train­
ing at Star Town in March 1 978. They are from left-to-right, 
Georgi lvanov (Bulgaria) , .  D u m itru Dediu ( Roman ia) , Ber­
talan Farkas ( H ungary) Aleksandr Aleksandrov ( B u lgaria) , 
Arnaldo Tamayo Mendez (Cuba) , Bela M agyari ( H u ngary) , 
Dumitru Prunariu ( Roman ia) , Jose Armando Lopez Falcon 
(Cu ba) , J u g de rde m i d i i n  G u rragch a  and Maydarjaviyn 

My earlier reconstructions of  th is  disaster showed many 
correct detai ls but one major error, which was to identify 
the vehicle as a Mars probe (official  Soviet data of the 
October 10 and 14 launch failures is sti l l  awaited) . 

Curtis Peebles raised the point that the Kremlin pressure 
to develop a workable ICBM , as opposed to the m i l itari ly 
useless "SS-6" from the Korolev KB,  led to the decisions 
which k i l led the best engineers of the "Yangel Bureau".  
Subsequent launch failures of the SS-7 in 1 961 contrasted 
with a burgeoning American ICBM force, which had been 
created u nder  the i ncorrect i m press i o n ,  fostered by 
Khrushchev, that Soviet ICBM's were rol l ing off the assem­
bly l ines " l ike sausages" and led to Khrushchev's desper­
ate gamble, the emplacement of m issi les (and almost a l l  
existing Soviet nuclear missile warheads) in Cuba in  1 962. 
The Nedelin catastrophe may have been a direct cause of 
the conditions leading to such a gamble. 

One may specu l ate on the motivat i o n  for t h e  above 
Soviet release of the Nede l i n  story. 

Fi rst in contemporary importance is the level of m i l itary 
space activit ies, reflected in "Cosmos" sate l l ite launch i ngs 
which are stil l  labelled as being for "space exploration". This 
is the m ost glar ing example of where a pol icy change is 
needed so that T ASS honestly describes the majority of 
vehicles as being for "defense purposes" . Recent release 
of data showing that more than half of the space budget is 
for mi l itary purposes goes some way to facing this truth . 

The "phantom sate l l ite" designated 1 985-53 , launched 
June 2 1 , 1 985 remains off the Soviet space record books. 
Someday responsibi l ity for it must be acknowledged . Pho­
tographs of Zenit may soon be publ ished since drawings 
h ave j ust been re leased . Detai l s  of t h e  myster ious test 
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Ganzor ig  ( Both M o n g o l i a ) . 
Two Vietnam ese cosmonauts were sel ected in 1 979 to 

join the group by which time lvanov had flown the abortive 
Soyuz 33 mission.  The other men in the group to fly were 
Farkas , Tam ayo Mendez, Prunar iu  and G u rragcha,  a l l  of 
whom flew to Salyut 6 and Aleksandrov who flew in 1 988 to 
the M i r  complex . 

N I C H OLAS E. STEGGALL 
West Yorks h i re ,  U K  

laooches of Cosmos- 1 786, 1 820, 1 871 and 1 873 may take 
a l ittle longer to be released. 

For the past three years, Soviet annual summaries have 
been l isting "date of cessation of work" for all vehicles, which 
coi ncides with recove ry dates o r  with breakdown dates . 
This data is g iven only for satel l ites lau nched that same 
year; someday retroactive data for sate l l ites lau nched in 
previous years which subsequently "cease work" mey be 
s u p p l i e d .  

I f  recoveries and breakdowns can be announced a year 
later, they should be announced when they occur. l t  is not 
too m uch to hope that TASS b u l l et ins wi l l  eventual ly pro­
vide both l iftoff time (not just date) and l iftoff location. 

Detai led i nformation on Proton-D ("SL- 1 2") vehic le f l ight  
h istory has been provided as part of c o m m erci a l isat i o n  
efforts and exact dates and causes o f  launch fai lures since 
1 970 released, except for the odd omission of Cosmos-41 9, 
known to be a Mars probe i njection fai l u re .  Overa l l  stat is­
t ics for oth e r  com m e rc i a l l y-offered ve h ic l e s  (Vostok,  
Soyuz,  Moln iya, Tsyklon , Cosmos and Zen it) have been 
published but detailed lists of fai lures and causes have not 
been released. Such records ought to include all vehicles 
and al l  the early years. The dramatic booster explos1on fi lms 
(of 'semyorka' and even 'Vostok' rockets) shown on Soviet 
television in  recent years should be identified with dates and 
intended miss ions .  

Now that extensive detai ls  have come to  l ight  on  the  
" m i s s i n g  cos m o n a u ts" and ot h e r  prev i o u s l y - u n known 
backup cos m o n a u t s ,  o n  t h e  G a g e r i n  l a n d i n g  l ie  ( " In  h is  
sh ip") and on h is  fatal accident, on the taboo name of  "Tyura­
Tam" and on the Nedel i n  catastrop h e ,  f u rther  revelat ions 
maybe only a matter of t ime 
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Who were the "six to eight" cosmonauts ki l led in  training, 
as admitted by Shatalov to Stafford in 1 973? We stil l  only 
have the name of Bondarenko. The Soviets would be wise 
to release photographs of the shrine to martyred spacemen 
l ocated in the admin istrat ion bui lding at Starry Town , just 
down the stairs from Shatalov's office and l ist al l  the names 
m e m or ia l ized there.  

Still unavai lable are maps of  Starry Town, of  "Baikonur" 
(the geographical  decept ion  s h o u l d  be dropped and the 
name "Korolevsk" used instead) and of  Plesetsk: access to 
the museum at the Korolev construction bureau in Kalinin­
grad is sti l l  restricted . 

Soyuz-1 remains a major unresolved h istorical question. 
Contemporary official  accou nts sti l l  insist the cosmonaut 
completed all test objectives before dying in a freak end-of­
mission g l itch . Yet the two-ship l i n kup was the plan , and 
p ro b l e m s  cropped u p  a l m ost i m m e d i ate l y  after  lau n c h . 
Program officials had objected to the premature launch but 
had not been overruled.  

The Soviets' man-to-the-Moon program of the 1 960s is 
also sti l l  unve i led.  Neither crew train i ng in  Zond capsules 
and the more advanced man-related lunar  veh icles tested 
as Cosmos-379, 382 , etc. have been disclosed . 

Two separate sou rces have suggested that the super­
booster "SL-1 5" or "TT-5" etc. ,  was known to the Soviets as 
the " E n e rd i n '  ( " E n e r- Dyne") . " l t  d i d  not b u rn ke rosen e " ,  
noted o n e  source;  " i t  bu rned money". Another source re­
peated the old accou nt of mass fatal it ies associated with 
the July 1 969 pad fai lu re. A recent memcir confirmed that 
the Energia/Buran launch pad was bui lt as a modification to 
an "exist ing structure" ,  but fu l l  detai ls were not given . 

The civil ian Salyut failures of 1 972 (at launch) and 1 973 

Neptune Encounter Debris? 

Sir, With Voyager 2 soon to rendezvous with Neptune and the 
prospe .. :t of a partial ring system being found, I have re-read A.T. 
Lawton's article ''The many shades of the 1 Oth planet" ( Spacefllght, 
March 1 979, p.1 1 5-1 23) in which he discusses a possible 
interaction between the hypothetical 1 Oth planet and Neptune,  
giving rise to the Pluto-Charon system and the retrograde nature 
of Triton's orbit. Since Lawton's article predates the suggestion 
of a Neptunian partial ring system ,  its discovery in August may 
add weight to his views and those of Lyttleton and Kuiper and 
Harrington and van Flandem, which he mentions. 

Was the 1 Oth planet so damaged as a result of this interaction 
that it may not, in fact, be extant as such but rather as an 
aggregation of orbiting debris, massive enough to cause the 
unexplained perturbations of Neptune and U ranus but invisible 
to observation due to its very fragmentation? 

Secondly, the Pluto-Charon system may not just be a binary 
planet or a binary planetoid system but a "dirty system", being an 
orbiting composite of Pluto, Charon and other debris (although 
not a ring system) from the aforementioned interaction. 

If partial rings and other nrbiting material of potential encoun­
ter origin are found, either or both suggestions will, of course, not 
be proven but if no such material is found, then these views may 
wel l  fall .  I wil l ,  if necessary, be a cheerful casualty. 

Dr. STEPHEN LEWIS 
Cardiff, Wales 

Brown Dwarf Companion to a White Dwarf Star 

Sir, An infrared object has been found at 1 20 AU from the 
white dwarf GO 1 65 ,  l ocated in the constel lation Bootes a 
few deg rees south of the red g iant star Arcturus. Images 
taken by Becklin and Zuckermann at several infrared wave­
lengths have led them to conclude that the companion , GO 
1 65 B, has a surface temperature of 21 00 K and a mass of 
0 .06 to 0.08 solar masses i .e .  roughly 70 times the mass of 
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( in orbit, called Cosmos-557) , the docking failures of Soyuz-
3 (1 968) and Soyuz-1 0  ( 1 971 ) have sti l l  to be acknowledged 
and exp l a i n e d .  Rendezvous fai l u res of Soyuz-8 ( 1 969) , 
Soyuz- 1 5 ( 1 974) ,  and Soyuz-23 ( 1 976) also need to be 
explained in as much detai l  as has been the Soyuz-33 fai l­
ure ( 1 979) and the T-8 failure (1 983) . 

C o m p l ete tech n i ca l " drawings and p h otog raphs of the  
Salyut-2, 3 and 5 vehicles (including landing capsules) have 
never been provided or details of the sudden termination of 
the Soyuz-21 mission in 1 976 . Configuration information on 
Cosmos-929, 1 267, 1 443 and 1 686 is also lacki n g .  

The mystery "twins" o f  the late 1 970s are sti l l  t o  b e  ex­
plained: Cosmos 881 /882 (December 1 5 , 1 976) , a fai lure in 
Aug ust 1 977,  Cosmos 997/998 ( M arch 3 0 ,  1 978) . and 
Cosmos 1 1  00/1 1 01  (May 22,  1 979) . These were recovered 
after one orbit and probably re l ated to early space sh utt le 
t e st i n g .  

A recent Soviet n ewspaper d e n u nciat ion o f  Western 
misinterpretations of the "spaceplanes" attacked reason­
able speculation caused by Soviet silence on that program. 
Acknowledgement that fou r  orbital tests were part of pre­
Buran technology development is not enoug h .  Suborbital 
tests h ave not been descr i bed nor p h otog raphs of pre­
launch , l iftoff , recovery , and post f l ight analysis released.  
I ndeed no account has been provided of  the fatal ity du ring 
ihe fi rst Indian Ocean recovery. 

Cosmos- 1 870 spacec raft ( "Res u rs- ::1")  has not b e e n  
expla ined,  n o r  d rawi ngs,  photog raphs,  a n d  samples of i ts 
radar and visual data pub l ished . 

J u pi t e r .  

JAMES E .  OBERG 
Dickinso n ,  Texas , U3A 

This is probably too smal l  to  be a true star, which shines 
through internal nuclear reactions, but it is glowing red hot 
through gravitational shr inkage processes s imi lar to those 
occurring on Jupiter, but on a larger scale. 

Beckl i n  and Zucke r m a n n  have s u rveyed 200 wh ite 
dwarfs and l ist a total of 9 (including GO 1 65) bel ieved to 
have or have been proved to be accompanied by brown 
dwarf companions.  They state that this su rvey has shown 
that brown dwarfs, either as companions to other stars or 
by themselves , could form the majority of the dark matter 
bel ieved to exist between stars . 

This is the f irst positive indication that smal ler bodies 
than stars do exist elsewhere. 

Developments of these tec h n iques m i g ht be able to 
image smaller and cooler objects (5- 1 0  x Jupiter mass) that 
are orbit ing white dwarfs . 

Arlane Launchers 

A.T.  LAWTON 
W.Sussex , U K  

Sir ,  I notice i n  the Apri l  edition o f  Spacefllght a n  article 
concerning the ordering of 50 Ariane 4 launchers. In this 
article, you specifical ly  mention the roles of British Aero­
space and Ferranti . 

Could I bring to your attention the role of EASAMS in this 
programme? As contractors for the Fl ight Program we are 
int imately i nvolved in each lau nch , p rovidi n g  a cr it ical  
component for  f l ight .  Ar iane 4 can f l y  without S P E LDA 
(when only one satel l ite is  being carried) and without the 
Ferranti platform : it cannot fly without an EASAM S  Fl ight 
P rog r a m .  

· 

R . J .  S M ITH 
Project Manager, Software Division 

EASAMS,  Surrey, U K  
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New Shuttle Boosters in 1994 
NASA has selected a joint Lockheed­
Aerojet team to build the next generation 
of Solid Rocket Boosters (SRBs) for the 
Space Shuttle. The Advanced Solid 
Rocket Motor (ASRM) will Increase the 
Shuttle's payload capacity and Improve 
safety. In 1994 the ASRM will replace the 
present SRBs, manufactured by Morton 
Thlokol, which were redesigned follow­
Ing the Challenger accident. 

The ARMS wil l  increase the Shuttle's 
payload capacity by 1 2,000 pounds, allow­
ing NASA to achieve its originally goal of 
65,000 pounds per orbit. Based on 1 4  nights 
annually, the extra payload capacity is the 
equivalent of an additional 2.4 flights per 
year. With this in mind, the development 
costs should be recovered in four years. 

The overall cost of design and develop­
ment, including the cost of motors for six 
ShutUe flights, is estimated at just under $1 
bil l ion , excluding the costs of faci l ities 
which are estimated at $200 to $300 million. 

The ASRM manufacturing plant will be 
built at Yellow Creak, Mississippi on the 
Tennessee River, construction work is 
expected to begin this summer. Other facili­
ties will include test installations at NASA's 
Marshal! Space Flight Canter and a static 
test stand at the Stennis Space Center. 

In 1 993 Aerojet will start manufacture of 

the ASRMs, leading to a production rate of 
32 motors per year. Starting in 1 994, ASRM 
will be barged down inland waterways en­
route to the Kennedy Space Center for 
Shuttle launches. 

The ASRM propellant will be manufac­
tured by Aerojefs continuous mix process. 
This maximizes propellant consistency and 
allows for continuous assessment of the 
propel lant rather than random sampling . 

Each 1 26 foot long motor will have three 
segments, one less than the present Thi­
okol motor. The field joints will be of a bet­
ter design than the present boosters. The 
ASRM is able to deliver more thrust be­
cause the motor's diameter has been in­
creased from the current 1 46 inches to 1 50 
inches, adding 200,000 pounds of propel­
lant per motor. The ASRM will adjust thrust, 
throttling down as the Shuttle passes 
through maximum aerodynamic stress,  
el im inating safety problems caused by 
varying the power levels on the Shuttle's 
main engines. 

This pilot plant shows the type of aUiomated con­
tinuous mix machinery that Aerojet will operate 
at Yellow Creek, Mississippi, to manufacture the 
ASRM. The casing is open to show the horizon­
tal Interrupted screw that will combine oxidizers, 
pre-mixed fuels and curing agents into the most 
advanced solid propellant. Lockheed 

Shuttle Pilot Griggs Dies the Head-Up Display, the development of 
the Manned Manoeuvring Unit and the defi­
nition and verification of on-orbit rendez­
vous and entry flight phase software and 
p rocedures.  

We are sad to record the death of astro­
naut S. Davld Grlggs on June 1 7. Grlggs 
died when his slngle-englned 1 944 North 
American Harvard AT-60 trainer 
crashed. He had flown aboard the Space 
Shuttle Discovery In 1 985  and was due to 
pilot the STS-33 mission scheduled for 
later this year. 

Griggs was buried at Arlington National 
Cemetery on June 21 , with members of the 
astronaut corp and other NASA employees 
in attendance. Astronaut Office Chief Da­
niel Brandenstein delivered a eulogy as part 
of the 25 m inute service and 5 1 -D crew 
ma1es Karol Bobko and Jeff Hoffman 
served as family escorts. Also present were 
NASA Administrator Richard Truly and 
Johnson Space Canter Deputy Director 
Paul Weitz, both former astronauts. 

Brandenstein described Griggs as •a 
very motivated, hard working individual ." 
He went on to say. "He has made numerous 
contribu1ions to the programme throughout 
his stay here. He was practically solely 
responsible for the Head-Up Display, he did 
extensive work on orbital manoeuvring 
vehicles and etfNI rescue and space station 
development. He was just a hard-charging, 
get-the-job-done kind of individual. His 
dedication and talents will be sorely missed 
in the office. • 

Griggs was bom on September 7, 1 939 
in Portland, Oregon. He joined NASA in 
1 970, working as a research pilot at the 
Lyndon B. Johnson Space Canter. In 1 974 
he was assigned duties as the project pilot 
for the Shuttle Training Aircraft and partici­
pated in the design, development and test­
ing of those aircraft pending their opera­
tional deployment in 1 976. He was ap-
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Astronaut S. David Griggs leans on the nose 
lightning rod of a T -38 trainer. NASA 

pointed Chief of the Shuttle Training Aircraft 
Operations Office in January 1 976. 

In January 1 978 Griggs was selected as 
an astronaut candidate and in August 1 979 
he successfully completed his training. 

From 1 979 to 1 983 Griggs was involved 
in many aspects of the ShutUe programme 
including the development and testing of 

In September 1 983 Griggs began train­
ing as a mission specialist for Shuttle mis­
sion STS 5 1 -D , which flew April 1 2- 1 9 , 
1 985. During the flight Griggs and fellow 
astronaut Jeff Hoffman conducted the first 
unscheduled space walk in the history of the 
US space programme.  The space walk 

, lasted for over three hours during which the 
astronauts attached a 'fly swat' to the end 
of the remote manipulator arm as part of an 
operation to revive a disabled satellite. 

Griggs was training as the pilot for STS-
33, a ShutUe mission for the Department of 
Defense currently scheduled for lau11ch on 
November 1 9. Griggs has been replaced by 
John Blaha who has been transferred from 
mission STS-40 , due for launch in August 
1 990. Blaha made his first space flight on 
STS-29 in March of this year. Blaha is to be 
replaced on STS-40 by Sydney Gutierrez. 

G riggs leaves a wife , Karen, and two 
daughters, Alison and Carre, to whom we 
extend our sincere condolences. 

Aircraft to Test Shuttle '-anding Gear 
1 NASA Convalr-900 aircraft will be used 
next year for exteuslve tests of Space 
Shuttle landing gear assemblies, from 
normal conditions up to and Including 
failures. The tests are to be conduaed at 
NASA's Ames-Dryden Flight Research 
Feclllty In California. 

Data from the landing tests will give 
engineers information on what to expect 
should an orblter experience a flat tyre or 

other problems on landing and will provide 
data to help in developing nfNI crew proce­
dures for various landing conditions. 

The test gear assembly will be mounted 
on the aircraft's fuselage between the main 
tyres and a hole will be cut in the fuselage to 
accommodate raising and lowering the 
gear. 

High speed video and film cameras, in 
addition to other instrumentation, will rec­
ord the test for thorough analysis. 



The official STS-28 crew portrait: (left to Right) Richard Richards, Mark Brown, Brewster Shaw, Janes Adamson and David leestma. NASA 

Columbia Readied For Return to Flight 
The Space Shuttle Columbia has waited 
three and a haH years to make Its eighth 
space fl ight. Columbia last flew In to 
orbit In January 1986 on mission STS 61· 
C. lt was scheduled to fly again on March 
6, 1986, but the Challenger accident left 
Columbia firmly grounded. Columbia 
will return to flight In early August when 
it blasts off on a m ission for the US 
Department of Defense (DoD). 

Commander for STS-28 will be Brewster 
Shaw, a veteran of two Shuttle flights (STS-
9 in November 1 983 and STS 6 1 -B in 
November 1 985) . Richard Richards, pi lot, 
will be making his first space flight. Mission 
Specialists for STS-28 are: David Leestma 
(who flew on STS 41 -G in October 1 984),  
James Adamson (making his fi rst space 
flight) and Mark Brown (also making his first 
space fl ight) . 

Launch Preparations 
STS-28 has suffered a number of de­

lays During the halt in Shuttle operations 
NASA took the opportunity to refit Columbia 
including major work on the orbiter's heat 
resistant tiles. Unfortunately, work on Co­
lumbia fel l  behind when earlier Shuttle 
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m•ss•ons took priority. STS-28 was ong•­
nally scheduled for launch on July 1 .  When 
it became apparent Columbia would not be 
ready in time NASA rescheduled the launch 
for July 31 at the earliest. However by mid­
July there was no contingency time left in 
the schedule and the launch wil l  almost 
cerlainly to be delayed until early August. 

While Discovery and At1antis were pre­
pared for their m issions, Columbia was 
housed in the Orbiter M aintenance and 
Refurbishment Facil i ty. The orbiter was 
transferred to the Orbiter Processing Facil­
i ty (OPF) on January 23, where work to 
prepare her for STS-28 could begin in 
earnest .  

Modifications, introduced after the 
Challenger accident, have been made to 
Columbia, including the installation of the 
crew escape pole. When Columbia began 
its processing flow 2,300 tiles were missing 

from the orbiter's skin. Work to fit the tiles 
continued along side other preparations. 

In early May the three main engines were 
installed. Dunng checks of the engines the 
No.1 engine was found to have a leaking 
high pressure hydrogen turbopump. Re­
placement of the pump did not go as 
planned. Difficulties with ground supporl 
equipment delayed the removal of the old 
pump and the insertion of the replacement. 
Then technicians had to remove and rein· 
stall the new pump three times because of 
leaks between the mam combustion cham­
ber the turbopump. Yet another leak was 
discovered in a bearing cap on the pump. In 
this case technicians were able the correct 
the problem in less than a day. The opera­
tion to replace the pump took two weeks. 

The STS-28 crew looked over their 
space craft in early June to check for any 
sharp edges or items that could be instal led 
differently. The crew had visited the space 
canter a week earlier to review the launch 
p reparat ions .  

With j ust m inor ti le work remaining 
Columbia was rolled over to the Vehicle 
Assembly Building (VAB) on July 3. Work to 
mate the orbiter to the External Tank and 
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SRBs continued from July 5-6. The Shuttle 
Interface Test (SIT) began on July 1 0. The 
SIT involves testing all the electrical and 
mechanical connections between the 
SRBs, External Tank, Orbiter and Mobile 
Launch Platform. The test had to be halted 
on July 1 1  when an electrical problem was 
detected in the right hand SRB. The test 
resumed and was expected to continue until 
just prior to the roll out to the launch pad, 
scheduled for the early hours of July 1 4. 
While the SIT continued last minute tile work 
on the left wing was completed. 

The STS-28 crew were due to arrive at 
the Kennedy Space Center on July 1 6  for the 
Countdown Demonstration Test which will 
conclude on July 18 with a simulated blast­
off at 1 1  :OOam EDT. 

A Flight Readiness Review is planned 
for July 25-26 and a firm launch date will be 
announced then. 

The M ission 
Columbia is expected to enter a 57 

degree inclination, 1 60 nautical mile circu­
lar orbit. During the flight, which wil l  last 
three to four days, two military satellites will 
deployed from the arbiter's payload bay. In 
addition to the satellites a number of secon­
dary payloads will be carried. They include: 
a contamination monitor, a stellar reference 
system, one or more Get Away Special 
canisters, a low altitude heavy ion experi­
ment, a radiation monitoring experiment 
and longitude and latitude monitoring 

Kennedy Space Center tile technicians continue 
their work on the Space Shuttle Columbia as one 
of the three main engines is prepared for instal­
lation. NASA 
equipment.  

After completing its mission Columbia 
will land at Edwards Air Force Base in Cal­
forin ia .  

Radiation Monitoring 
Aboard Columbia on STS-28 will be a 

highly advanced device for gauging the 
amount of radiation astronauts and equip­
ment receive in space. 

"Space has different kinds and intensi­
ties of natural radiation not found on Earth. 
As the potential for long term space explo­
ration draws closer, we must determine the 
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biological health effects of radiation and its 
impact on spacecraft and equipment," said 
Leslie A. Braby, a staff scientist at Battelle, 
the developers of the radiation detector. 

The device, called an energy deposition 
spectrometer, wi l l  categorize and record 
the charactenstics of orbital radiation and 
its impact on human cells into 1 6  different 
deposition ranges. The data collected will 
result in  a bar graph of minute-by-minute 
exposure during the Shuttle's orbits of the 
Earth. Current spectrometers record infor­
mation into only three deposition ranges. 

"The spectrometer wil l  provide impor­
tant data on a particular orbital zone off the 
Argentina coast that del ivers unusually 
high doses of radiation," said Braby Called 
the South Atlantic Anomaly, the zone can 
provide more radiation exposure in a few 
minutes than the Shuttle's entire 90 minute 
orbit of the Earth. 'We want to determine the 
types of radiation present in this zone and 
the potential health risks from long term 
exposure . "  

The device will also help determine how 
radiation affects electronic systems in  
spacecraft. "Radiation particles in space 
can interfere with computers onboard 
Shuttles or satel l ites , causing electrical 
circuits to maHunction," Braby said. "Once 
we determine the environmental circum­
stances that produce the malfunctions, 
preventive measures can be taken and new 
computers developed that are immune to 
radiation interferences." 

New Shuttle Launch Schedule 
Hubble Telescope Postponed until March 1 990 

NASA has recenUy released an updated 
Shuttle launch schedule. The new mani­
fest shows four fl ights remaining In  
1989, nine In 1 G90, eight In 1991,  1 2  In  
1 992 Includ ing four flig hts of the new 
orblter Endeavour, 14 In 1 G93, 13 In 1 994 
and 1 0  In 1 995 through September 1 995. 

The planetary schedule is maintained 
with the deployment of the Galileo probe to 
Jupiter from Atlantis on October 1 2  on 
mission ST8-34. The Ulysses probe to the 
Sun remains scheduled for October 1 990. 

Launch of the first of the great observa­
tories, the Hubble Space Telescope, has 
slipped from December to March 1 990 in 
order to protect retrieval of the Long Dura­
tion Exposure Facility (LDEF) deployed on 
mission STS 41 -C in April 1 984. 

Recognising the significance of recov­
ering LDEF, the STS-32 mission is now 
planned for December 1 8  aboard Columbia. 
The free-flying satell ite carrying 57 sci­
ence, technology and applications experi­
ments is in danger of reentering the Earth's 
atmosphere if not recovered by early 1 990. 
In addition to retrieving LDEF, the Syncom 
IV-05 satellite wil l  be deployed for the Navy. 

In support of Earth sciences, six addi­
tional Shuttle Solar Backscatter Ultraviolet 
(SSBUV) missions have been added to the 
line-up and the four previously-manifested 
SSBUV missions have been accelerated. 
This instrumentation maintains an accurate 
measurement of global ozone. 

Other major science mission changes 
include the Astro-1 mission in April 1 990, 
the Gamma Ray Observatory flight now in 
June 1 990 and the Spacelab Life Sciences 
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flight in August 1 990. 
The new manifest includes the first three 

assembly missions for the Space Station 
Freedom. All three flights are baselined in 
1 995.  

Also planned are two Right Telerobotic , 
Servicer (FTS) demonstration test flights. 
FTS is a system being developed for the 
space station to assist in assembly, service 
and inspection of the manned base and its 
attached payloads. 

In the international area, a third Euro­
pean Retrievable Carrier (EURECA-3L) 
deployment is now slated for launch in May 
1 995. Eureca is a platform to be placed in 

orbit for six months, offering conventional 
services to experimenters. 

Two additional Spacehab module flights 
have been booked, bringing the total num­
ber of planned flights to six. Spacehab is a 
commercially-owned, pressurised module 
for conducting experiments i n  a Shuttle 
middeck environment. 

The updated manifest also features six 
Shuttle "fl ight opportunities" beginning in 
1 992. Use of these flight opportunities by 
payloads which slip from their planned 
launch will minimise manifest revisions and 
promote schedule stability in payload pro­
grammes.  

Engine Fire Should Not Delay Columbia 
A Space Shuttle Main Engine (SSME) 
undergoing a test firing automatically 
shut down and caught fire near the 
completion of the long duration test. 
Shuttle managers bel ieve the Incident 
will not affect STs-28. 

A SSME development engine shut down 
automatical ly 21 minutes into a planned 
22.25 minute firing designed to test several 
modified engine components. As it shut 
down , fire broke out around the engine's 
powerhead. The test was taking place at 
NASA's Stennis Space Center in Bay, St. 
Louis, Mississippi.  

An early inspection of the engine 
showed significant damage to the engine's 
high pressure oxidiser turbopump. The 
engine has been flown to its manufacturer, 
Rocketdyne for a detai led examination . 

Shuttle managers, at the Kennedy 
Space Center for a roll out review meeting, 
decided to proceed as planned with the 
schedule until a 1 2-member board of inves­
tigation determines the cause of the dam­
age during the extended duration test. 

Mission Specialists Assigned 
Astronauts Mary Cleave and Norman 
Thagard, who recently flew on Shuttle 
mission STS-30, have been named as 
Mission Specialists for STS-42, a nine day 
flight aboard Columbia, set for December 
1 990. The partial crew assignment will al­
low long-range payload training and inte­
gration associated with the I nternational 
M icrogravity Laboratory ( I M L- 1 ) ,  says 
NASA.  
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SPACE STAMPS 

Anniversary Stamps 
lt has been a pleasure for me to con­
sider putting together a col lection of 
stamps commemorating the 20th An­
n iversary of the First Manned Landing 
on the Moon. I am n ot so sure that this 
wi l l  culminate In a complete col lectio n  
because I do n ot know just h ow many 
sets on this theme wil l  be released by 
the 240-odd stamp Issuing a uthorities 
on plant Earth. 

To simpl ify my selection ,  I think I might 
start with the CAPHCO Omnibus of twelve 
original sets each comprising stamps and 
souvenir sheet. But a few words first 
about CAPHCO. 

CAPHCO only became a l im ited com­
pany i n  1 985 after over 1 20 years of prac­
tical experience with postage stamps. lt 
took over th e Crown Agents Stamp Bu­
reau, which com m e nced operations in 
1 848 when a contract to print the "Britan­
n ia" series for Mauritius was p laced with 
Perkins Baco n ,  the printers of the Penny 
Black. By the 1 860s the Crown Agents 
were arranging for the design and printing • 
of many colonial stamps. 

Today, CAPHCO is renowned for its 
prudent policy-advice to nearly 50 stamp 
- issuing nations .  I! is very im portant to 
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carefully create a balance between stamps 
featu ri ng domestic and international 
themes as the phi latelic market is particu­
larly sensitive to any h int of exploitation ­
thematic relevance to the issuing nation 
is desirable,  if not vital .  

CAPHCO and NASA 
CAPHCO contacted the NASA at the 

conceptual stage of this omnibus and re­
ceived 1 00% co-operation from the out­
set. Al l the i l lustrations on the stamps are 
authentic. Highlights i nclude the i nside of 
NASA's Firing Room, rockets at lift- off, 
modules in orbit, astronauts and vehicles 
on the Moon, parachuting spashdowns 
and recovery operations. 

Project Mercury was launched i n  1 96 1  
with suborbital fl ights b y  Alan Shephard 
and Virg i l  Grissom. lt was only 20 days 
later that President Ken n edy went before 
Congress and cal led for a national effort 
to send men to the Moon and back before 
the end of the decade. 

The Apollo 1 1  Mission 
July 16 was the day chosen for the 

lau nch of Apollo 1 1 .  On the lau nch pad , 
the majestic rocket rose 363 ft i nto the air. 

J B IS  

M ore than n i n e  mi l l ion parts were h idden 
ben eath its sleek exterior. At 9 .32 am the 
five mighty engines of the Saturn V l ifted 
the rocket from the ground atop a pi l lar of 
flame in a never-to-be-forgotten spec­
tacle.  

Down to Earth 
O n  J u ly 2 1 , after performing a n u mber 

of experiments. Armstrong and Aldrin 
departed o n  the f irst leg of what was to be 
a triumphant return to Earth . A small 
stain less steel plaque o n  a leg of the 
module,  rem ai n ing behind stated : 

'Here men from the Plan et Earth first 
set foot upon fhe Moon. July 1 969 AD .  
W e  c a m e  i n  peace for a l l  mankind.  

The fol lowing countries are participat­
ing i n  the CAPHCO omnibus:  

Ascen sion Island · Bahamas · Belize · 
Kiribati • Liberia · Nevis· St. Kilts · Samoa 
• Seychel les • Solomon Is lands • Venuatu 
• Zil E lwannyen Sesel 

I am particularly fascinated by the 
Ascension I sland 1 5p value.  

journal of t� 
britisll int�rplan�tar14 soci�t'l 

The August 1989 issue ofthe journal of the British Interplane­
tary Society is now available and contains the following 
papers. 

UNIVERSITY OF SHEFFIED 
Institute for Space Biomedicine 

Space: A Testbed for Basle Biomedical Sciences 

Biophysics In Space 

Physiological Problems for Man In Space 

Exposure to Acceleration During Manned SpaceOight 

Water and Salt Disturbances Under Conditions or Mlcrogravity 

The Elrects of Space Travel on the Nervous System 

Calcium Metabolism and the Osteopenla or Space F11ght 

Food for Thought - Nutritional Problems in Space 

Elrects or Space Travel on Sexuality and the Human Reproductive 
System 

Non-lonlslng Electromagnetic Environments on Manned Spacecran 

Applied Potential Tomography 

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

The British Interplanetary Society, 27n.9 South Lambeth Road, 
London SWS lSZ, England. 
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• • . in celebration of the 20th Anniversary o 
Mankind's Greatest Space Achievement 

From the dawn o f  civil isation, man has gazed with wonder 
towards the heavens The first step of our journey to other 
worlds took place on July 20th 1 969. when Neil Armstrong 

took "a giant leap for mankind" onto the surface of the moon And 
now on the 20th Anniversary of this magnificent adfievement, 
nations throughout the world are issuing commemorative 
pQstage stamps in honour of man's conquest of outer space 

The Ultimate Souvenir 
You andyour family now have the opportunity to acquire 

eXclusive first editions of ttiese historic issues in a V'Jiume that 
Wi l l  become the ultimate philatelic souvenir of space travel 
- "Milestones in Space Exploration". 

Offer applies to U K and Channel Islands only 
Overseas, please send payment with order and add £3 00 
extra postage on first delivery 

Strictly Limited to 2500 Collections 
Worldwide 

Only you and 2499 other collectors can ever own 
this compilation - as distribution is strictly hmited to 
only 2500 complete collections worldwioe An 
individually numbered and signed Certificate of 
Authenticity attesting to lfle 2500 limited edition 
status of the collection wil l  be supplied to each 
subscriber. along with a full colour introductory page 
- showing earth as seen from the moon 

Stamps and Miniature Sheets I The nucleus of the collection - complete sets of 
genuine postage stamps and miniature sheets from 
nati81)S around the globe - celebrating the 20th 
Annlversary of the Moonlanding and the peaceful 
exploration of outer space Each and every one is 
supplied i n  pristine condition. with protecti\e stamp 
mounts and high quality album display leaves 

Plus an exclusive omnibus col lection of official 
Miniature Sheets tell the story of the historic Apollo 1 1  
Mission And as a subscriber you wil l  also be given 
the opportunity of collecting official First Day Co""rs 
of these issues - post marked with the one day only 1 First Day of Issue cancellation - verifyin� their 
l imited edition status forever 

A Wealth of Official N .A.S .A. Colour 
Photographs 

The Sputnik, Apollo, Soyuz and Space Shuttle 
missions space walks, blast offs, moon landings 
HE astronauts &ld cosmonauts and much much 

more' All come to l ife on the stamps and beautifully 
printed colour pages bearing photograpbs selected 
from the world's leading libraries - including many 
NASA photographs 

A Collector's Album At No Extra Cost 
A de-luxe, golden trimmed "Milestones in Space 

Exploration" leather look a1bum - worth £ I S  00 - will 
be supplied �ompletely FREE of charge with each 
collection This handsome, luxuriously padded 
binder, includes a golden-foiled album title card, and 
will be included with your third delivery 

• Examine A Preview Without 
Obligation - FREE For 10 Days 

You are invited to examine - wi thout obli�dtion 
the special introductory preview i l l ustrdted above ­
on 'see before you buy" 10 days FREE home 
approval. SEND NO MONEY NOW - if you are not 
completely delighted simply return the preview 
within 10 days and OWE> noth ing On I)' i f  you dedde to 
keep the preview need you pa) the spec..· ial low 
introductory price of ltH '15 ( piu• lt I 00 p&p 1 - • fu l l  
savin� o f  lt 5  0 0  o n  the normal s e l l  i n �  pri< e pf lt I I <J 'i  

Low Cost Convenient Regular 
Sendings 

We will then guarantee you the opportumty to 
enhance and develop your collection with further 
convenient and economic mon th ly selections of 
Milestones in Space Exploration stamps and pages ­
always on 10 days home approv•l 

Post to MILESTONES IN SPACE EXPLORATION P O  Box 100. FREEPOST. Watford Herts WD2 8FP r. - - - - - - - - - - - - - - - - - � 
I 0 DAY FREE HOME INSPECTION APPLICATION SE:'>D \O \Iom \0\\ YES Please accept my application for tht> 

"Milestones in Space Exploration' 
preview nmtai nin� 1 7  po..,tal.{e 

stamps, 2 Mi niature �heets Certific..·dte o( 
• j..utllen,ticity. Colour Album Pages Stdmp Ui,plu\ 

protective stamp mounts un 10 dd) FHJ � 
APPROVAL 

I understand I need SEND NO MONFY NO\\ If I dill 
not fully delighted . f may return the previe\\ within I l l  
days and owe nothing I f  I decide to �eep i t  I wi l l  P"Y 
the special introductory prk·e of only �X tr; l pluo; 
£1 00 p&p l saving lt5 00 on the normal •ellin� pri< e 
I will then receive convenient enmnmic.:al rm 1nthl\ 
stamp selections. always on 10 days appruvdl l e.  an 
stop collecting at any time by simplv writm� to vou 

D I have replied within 7 days and claim my 

Mr/Mrs/Miss ------------
Address ------------

______ Postcode _____ _ 

Signature __ 
( I  am OVer J 8 )  ! -\J i urde� mu,t bt- 'iu.!rlt'd .md drt''iuhtt'\ l lt , ttt l rj)larK.t' 

, I  
I 
I 
I 
I 
I 
I 
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T here is a large display board that 
stan d s  In t h e  Ma l l  at J P L  a n d  

posted o n  it i s  t h e  current status of 
m i ssions in f l ight. For over a dec­
ade o n ly Voyager data has been 
present. But now, Voyager 2's prog­
ress toward Neptu n e  Is supple· 
m ented by i nformat i o n  o n  Magel­
lan's cruise to Ven us,  a n d  the 
countdown to the October launch of 
G a l i l e o ,  on its Jovian m i ssion is  
tallied. Three m issions, three plan­
ets, and the California summer 
glows even brighter with the prom­
ise of planetary adventure.  

The opening of  Magellan's launch win­
dow for Venus was on Friday, April 28 and 
television monitors throughout JPL carried 
the countdown. When the launch was 
scrubbed, due to problems with the ShutUe 
Atlantis, the waiting began to find out when 
a second attempt would be made. On Thurs­
day, May 4, the faithful reconvened in front 
of television monitors at the laboratory and 
once more sweated out the countdown. The 
adequacy of the weather to accompany 
certain launch-abort scenarios was mar­
ginal ,  but conditions were finally judged 
suitable and Magel lan soared upward at 
2:46:59 pm. Eastern Daylight Time. 

In  the April issue, I presented the results 
of a (prelaunch) discussion with James S. 
Carter, Chief of M agellan's Mission and 
Sequence Design Team (MSDT).  The 
MSDT constructs a detailed layout of each 
two-week period of activities during the 
cruise to Venus and feeds this profile to the 
Spacecraft Team, which then generates the 
appropriate commands to be sent to Magel­
lan. (Upon arrival at Venus in August 1 990, 
the MSDT will similar1y support the radar­
mapping mission as the spacecraft orbits 
the planet every 3.1 5 hours.) In June, I re­
turned to talk with Carter in order to compare 
postlaunch reality with prelaunch expecta­
t ions .  

J U N E 5 
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GALILEO LAUNCH 

James S. Carter, Chief of Magellan's Mission and Sequence Design Team, stands by the mission status 
board at JPL. Voyager trajectories, Magellan statistics and the countdown to the launch of Galileo are 
d isplayed. NASAIJPL 

The first piece of i nformation for the 
MSDT was, of course, the fact that laun<;h 
and the subsequent injection into inter­
planetary cruise were successfu l ;  the 
MSDT and other elements of the flight team 
were in business. I njection was accom­
plished, after deployment from the Sh�e. 
by an Inertial UpperStage ( IUS) rocket. The 
time of separation ( 1 0:27 : 1 0 pm, Eastern 
Daylight time on May 4) of the spacecraft 
from the solid-stage IUS was the second 
piece of information required for the MSDT 
to go to work. 

The Galileo spacecraft and support equipment begin their 4 112 day ride from JPL to the Kennedy Space 
Center. NASAIJPL 

The team's first task was to update a set 
of real-time commands, collectively called 
"Cruise 0", which were sent to Magellan on 
Saturday, May 6, in order to bring its on­
board computers to states consistent with 
this period of the mission. Two days later, 
on Monday, the "Cruise 1 "  sequence of com­
mands was sent to the spacecraft. Cru ise 
1 ,  and subsequent loads, each spanning 
two weeks, are stored onboard the space­
craft as a set of t ime-tagged commands, 
each of which is executed when the space­
craft clock agrees with the command's time 
tag. This is the normal mode of control ling 
Magellan , Voyager, and Galileo. Real-time 
commands, exempl ified by Cruise 0, are 
executed upon receipt and are used as 
supplements to cover special situations 
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Carter said that launch operations and 
ear1y cruise have proved, so far, to be rea­
sonably smooth . Intensive train ing before 
launch paid off for the flight team, and no 
major hardware anomalies have occurred. 
Most of us carried in mind the trying experi­
ences after the launch of Voyager 2 in 1 977 
and were relieved that history declined to 
repeat itself. 

A significant milestone was passed on 
May 21 (or May 22, at 02:00, in the Univer­
sal Time System) with the successful exe­
cution of the fi rst trajectory-correction 
manoeuvre, a small propulsive event which 
changed the velocity of the spacecraft by 
2.9 m/s, util ising 4.2 kg of hydrazine propel­
lant .  

At  present,  the MSDT is occup1ed fu l l  

SPACEFLIGHT, Vol .  3 1  August 1 989 



time in keeping up with their duties with 
regard to the generation of cruise loads for 
the spacecraft. Carter's intention is to auto­
mate selected activities - replacing human 
effort with the labour of computers - in order 
to create some time for the MSDT to engage 
in planning their work after insertion into 
orbit about Venus in little more than a year 
from now. ''Incremental automation", the 
process of automating activities bit-by-bit 
in the light of experience , is a grassroots ac­
tivity that has paid considerable dividends 
for Voyager over the years, and it is encour­
aging to see the emergence of this effi­
ciency measure so early on Magellan. For 
example, the MSDT needs to examine in 
more detail their plans for that period of 
time, a few months after insertion into orbit 
about Venus, when Magellan will be carried 
behind the Sun with the sweep of Venus 
along its solar orbit. The radar survey of the 
planet will be interrupted for several weeks 
due to the inabi l ity to downlink high-rate 
data, but care and tending of the spacecraft 
is necessary so that it emerges in healthy 
condition from telecommunications exile 
(even low-rate transmission of commands 
to the spacecraft will not be possible for 
several days as a result of solar interfer­
ence ) .  

While Magellan has just set sail for Ve­
nus (what would an historian have made of 
such a phrase 50 years ago?) , Voyager 2 is 
nearing the end of its 3 1 12 year cruise from 
Uranus to Neptune. Uke Magellan, Voyager 
2 consumed command loads during its 
cruise period : testing newly developed 
spacecraft capabi lities for the Neptune en­
counter and obtaining scientific data about 
interplanetary space (plus observations in 
the ultraviolet of selected astronomical ob­
jects). A parallel activity took place during 
cruise with the crafting of the ten computer 
command loads for the spacecraft that 
would carry out the observing program dur­
ing the encounter period, from June 5 
through October 2. 

With preliminary versions of these loads 
"on the shelf', the process of updating them 
began in late February of this year and will 
continue until early September. Each up­
date requires between 9 and 1 6  weeks, and 
at one time, in late June, the schedule had 
eight of the ten loads simultaneously being 
updated: a busy summer! 

Among the numerous other activities 
being handled by the flight team is agree­
ment upon an accurate set of important 
physical constants. The great d istance of 
Neptune from the Sun makes it very difficult 
to obtain an accurate set of constants, yet 
such knowledge is essential for planning 
and executing the close flyby of Neptune 
and its large satellite Triton (see the Decem­
ber 1 988 edition of this column for a sum­
mary of the major events of the near-en­
counter period) .  

Quantities such as Neptune's 
ephemeris, mass, size, shape, orientation, 
rotation rate, etc. are dearly important to 
planners and navigators, but the list is con­
siderably longer and also takes into ac­
count the ephemerides and physical char­
acteristics of the two known satell ites -
small Nereid in addition to Triton - plus best 
estimates for the possible system of ring 
arcs, and much more. The set of constants 
is kept up to date as new information is ob­
tained during the approach to Neptune and, 
after the encounter, will constitute an impor-
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These five images of Neptune were taken by Voyager 2 on May 24, 1 989 at a range of 1 34 mi l l ion km 
from the planet. The images were taken with various filters. The top row of three 1mages employed 
violet. blue and unfiltered light (left to right} while the two images on the bottom row were green (left) 
and orange (right) filters. NASA!JPL 

tant component of our new-found under­
standing of the planetary system. 

One of the most crucial. updates to the 
constants will take place in the few days 
before the August 25 closest approach to 
the planet (at 04:00 UTC) when the 
ephemerides of Neptune and Triton are fi­
nally determined with high accuracy by the 
Navigation Team using, primarily, images 
from the onboard camera system. This in­
formation , in concert with an accurate 
ephemeris for the spacecraft (computed 
trom a combination of optical data and radio 
tracking data), will be employed to tune at 
"the last minute" the command load span­
ning the closest approach period. TJ:l is ac­
tion is necessary to insure accurate point­
ing of the spacecraft's remote-sensing in­
struments and execution of its intricate 
radio-science experiments. 

Galileo is the third ingredient in the 
planetary summer - if one stretches with 
authorial license the seasonal label to in­
dude not only the May launch of Magellan 
but also the scheduled October 12 launch 
date of Galileo. When the Challenger ex­
ploded in January 1 986, the spacecraft was 
within a few months of launch and had to be 
returned from the Kennedy Space Center 
(KSC) to JPL for modifications to accommo­
date its new mission plan; see the May 1 987 
"Space at JPL" for a summary of the hard­
ware changes. For ftle 1 986 launch, Galileo 
would have arrived at Jupiter in 1 988 after 
a direct flight from Earth. Now, with the 
abolition of the powerful Centaur rocket as 
an upper stage for the Shuttle, a more cir­
cuitous route, through the inner solar sys­
tem, had to be devised in order to take ad-

vantage of gravity assists from Venus and 
Earth. The spacecraft will arrive at Jupiter 
on December 7, 1 995. 

The spacecraft arrived at KSC on May 
1 6, 1 989 after a 4 1 /2 day cross-country trip 
A "pre-ship" event was held at JPL on Sat­
�Jrday, May 6 with a series of public displays 
and lectures. Project manager Richard 
Spehalski and other members of the Galileo 
team presented aspects of the mission and 
science objectives, and visitors had the 
opportunity to sign a register which was 
subsequently processed and placed on­
board the spacecraft to accompany it in 
f l ight .  

Upon arrival at KSC, the Gameo orbiter 
began a series of tests prior to mating with 
the (Jovian) atmospheric Probe. The next 
step will consist of a move to the Vertical 
Processing Facility for mating with the IUS 
booster rocket. In late August, the stack is 
scheduled for transport to launch pad 39-B 
and subsequent incorporation into the 
Shuttle Atlantis. 

Do you remember science-fiction writer 
Ray Bradbury's "Rocket Summer''? lt was 
the initial piece in his 1 950 collection The 
Martian Chronicles, and when I was 1 5, this 
vignette, set in January 1 999, seemed to me 
to be the apotheosis of optimism and adven­
ture. "Rocket Summer . . .  The Rocket lay on 
the launching field, blowing out pink clouds 
of fire and oven heat. The rocket stood in the 
cold winter morning, making summer with 
every breath of its mighty exhausts. The 
rocket made climates, and summer lay for 
a brief moment upon the land .. .". 

Our planetary summer seems a worthy 
companion of this vision. 
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Volcanos on lo 
V olcanos on Earth are ferocious 

geological beasts. Their preda­
tory effects need n ot be restricted 
to the immediate vicinity of an erup­
tio n ;  cl i matic changes Induced by 
material  spewed I nto t h e  strato­
sphere have caused crop fal l 1.1 res, 
with aHendant loss of life, at widely 
dispersed points. (See the May 1 989 
edition of this col u m n  for a report 
on some detective work concerning 
great volcanic explosions through­
out history.) However, i n  the larger 
sett ing of solar system events, ac­
tive v u l c a n i s m  was u n recogn ised 
outside of Earth until  the two Voy­
ager spacecraft flew t h r o u g h  the 
Jovian system in 1 979 a n d  ob­
served volcanic eruptions In  prog­
ress on the satell ite lo. 

lo is the innermost of the four large sat­
ell ites of Jupiter that were discovered by 
Galileo when he turned his telescope to the 
planet. Along with Europa, the next Galilean 
satell ite in distance from Jupiter, lo is 
largely a rocky body (although Europa does 
have a thin coating of ice) and both are about 
the size of our Moon. The two outer Galilean 
satell ites, Ganymede and Call isto, are 
larger with diameters more nearly equal to 
the planet Mercury, but with substantially 
lower densities than lo and Europa. The dif­
ference between these two pairs of satel­
lites seems to be that the inner ones lost 
much of their less dense, volatile materials 
early in the history of the Jovian system. 
Jupiter, then very hot, "cooked" out most of 
the water and other volatiles from lo and 
Europa, leaving principally a rocky 
residuum. A second possible explanation is 
that the formation environment was suffi­
ciently hot to prevent the initial incorpora­
tion of solid volatiles into the two inner sat­
ellites, and, in fact, both processes proba­
bly played a role. 

Today, Jupiter sti l l  radiates twice as 
much energy as it receives from the Sun • 
energy from the original for.mation of the 
planet and the decay of radioactive ele­
ments - but the primary effect of the planet 
upon lo is now gravitational rather than ther­
ma l .  

An  intricate gravitational interaction 
between Jupiter, Europa, and lo produces 
tidal heating of lo - rock tides, not water tides 
- that drives the volcanos observed on the 
satellite during the flybys of Voyager 1 and 
2 .  

The Voyager spacecraft provided strik­
ing images of the mottled orange-yellow 
topography of lo: painted with sulphur and 
its compounds by actively spewing vol­
canos, nine of which were catalogued by 
Voyager. Sulphur constitutes the motif for 
this Dante-esque world where even the 
orbit of the satellite is enveloped in a swirl 
of sulphurous material. 

In late 1 995, the Galileo spacecraft is 
scheduled to go into orbit about Jupiter, 
extending, among other objectives, our 
knowledge of lo's vulcanism. However, the 
progress of lo studies is by no means lim­
ited to data obtained from interplanetary 
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Volcanos on the Jovian satellite lo were discovered with this image taken on March B, 1 979 oy Voyager 
1 at a range of 4.5 million km from the satellite. One plume is seen on the hmb of lo, a second eruption 
is taking place along the terminator NASA!JPL 

spacecraft. Recently, I spoke with Dr. Den­
nis L. Matson of Jlill in order to become ac­
quainted with some of the Earth-based 
studies in which he is engaged. The sub­
stance of this conversation is reported be­
low and illustrates the interplay. 

Matson and his colleagues designed an 
observing programme that was originally 
focused upon understanding the heat flow 
from lo. Thus, it was natural to utilise meas­
urements in the infrared portion of the 
electromagnetic spectrum, and, to this end, 
he employed NASA's three-meter Infrared 
Telescope Faci l ity ( ! RTF) located atop 
Mauna Kea in Hawai i .  The observational 
program, extending from 1 983 to the pres­
ent, induded a period of time when a mas­
sive eruptive event took place on the satel­
l i te .  

The observations suggest that on Au­
gust 7, 1 986 an area approximately 30 km 
in diameter produced temperatures of 
about 9000K. 

Now this is very interesting: ( 1 ) the 
magnitude of the event, which had a power 
of approximately 2.6 x 1 013 W, exceeded 
any release observed by Voyager, and (2) 
the 9000K observed temperature was sig­
n ificantly higher than the boil ing point of 
sulphur: estimated to be about 71 5°K under 
the conditions at lo. 

lt had long been conjectured, by Dr. 
Michael Carr and others, that sulphur is not 
the only constituent in lo's vulcanism. The 
scarps and mountains which rise as high as 
1 0 km above the mean surface of lo cannot 
be supported structurally by sulphur alone. 
A mixture of sulphur and silicates could do 
the job. Most investigators believe that both 
sulphur and si l icate vulcanism is taking 
place on lo; the question at issue concerns 
the relative proportion of each and their at­
tendant effects on the landforms of lo. 

The IRTF was used to measure infrared 
flux from the satellite at three wavelengths: 

4.8, 8.7 and 20 microns (a micron ts one 
millionth of a metre and visible light extends 
from 0.4 to 0.7 microns) .  Each measure­
ment summed the flux from the entire visible 
hemisphere of lo; the disk only subtends an 
angle of about one arcsecond as seen from 
Earth, and it is difficult to achieve optical 
resolution on this scale because of the j it­
ter of the atmosphere. 

However, surface resolution is obtain­
able through two methods: ( 1 ) observation 
of lo at different places in its orbit about 
Jupiter, thus viewing various hemispheri­
cal caps, and (2) using the fact that the three 
infrared wavelengths provide windows on 
different physical processes. The 20 mi­
cron measurements characterise emission 
from nonvolcanic cold areas of lo's surface, 
which constitute approximately 99% of the 
topography, while the 8.7 micron data sup­
ply information about cooler volcanic activ­
ity. The 4.8 micron nux encodes hotter vol­
canic activity and includes an infrared 
component from reflected sunl ight .  
(Throughout the electromagnetic spec­
trum,  shorter wavelengths correspond to 
higher energy processes, and,  where tem­
perature is relevant, hotter events.) 

During the 1 986 observing opportunity, 
observations were made with the IRTF on 
seven nights. On August 7, the 20 micron 
flux was normal, but the 8.7 and 4.8 micron 
fluxes were both increased significantly 
above normal levels: the former by a factor 
of two and the latter by a factor of four. From 
an analysis of the geometry of the observa­
tions, it was estimated that the location of 
the anomalous event was probably near 70° 
W. longitude. There is no way to estimate 
latitude, but the motion of lo in its orbit dur­
ing the evening supplied enough informa­
tion to constrain longitude. The observed 
fluxes would be reasonably explained by a 
volcanic source at the equator with the pre­
viously mentioned diameter of 30 km and 
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Society at Space 
De velopmen t Con ference 

Start Made To HQ 
Extension 
Reports o n  b u i l d i n g  work at the  Society's H Q  (see 
Spscefllght, J u n e  1 989,  p .205)  have already brought to 
m e m be rs'  atte nt ion  t h e  m a n y  n ecessary and worthw h i l e  
improvem ents t o  t h e  structu re a n d  faci l it ies o f  o u r  present 
b u i ld ing that are i n  hand.  

The Society was wel l  represented at the 8th Annual  1 989 
I nternat i o n a l  Space Deve l o p m e n t  Conference h e l d  i n  
Ch icago i n  May.  The fou r-day prog ram me covered many 
of  the broader aspects of  space activity such as education ,  
business, law and medicine and went off very wel l accord­
ing to Frederick I. Ordway who represented the Society and 
gave a short talk on the Society's behalf as part of the d inner  
held o n  t h e  Sat u rday even i n g .  At the l u n c h e o n  o n  the  
Sunday as many B IS members as possible gathered for a 
group photograp h :  these i ncl uded Danie l  James Gauthier ,  
B i l l  Ganoe, Jeffrery Schavland , And rew H igg ins ,  J im Pot­
ter ,  Susan Switzer ( F ryer) , C h uck Carney,  W e l b u r n e  D .  
J o h nson (of London, Kentucky) , C h a r les Walker  a n d  
Frederick I .  Ordway . A m o n g  other B I S  m e m bers who at­
tended was Leonard David.  

The Society was one of  the eo-Sponsors of  the Meeting , 
w h i c h  was h e l d  u n d e r  t h e  Pr inc ipa l  Sponsors h i p  of the  
Nat ional  Space Society.  

We can now report that a start has been made with the 
extension at the rear of the building, plans for which were 
f i rst a n n o u nced in Spscefllght in M ay 1 98 7 .  The work 
u nd e rtaken involves t h e  laying of part of the  dra inage 
system and has been form a l l y  reco g n ised by t h e  Local 
Authority as constituting a 'start' with i n  the 5 year period 
si nce Planning Permission for the extension was granted . 

C o m m e nt i n g  on t h e  exte n s i o n  p roject the  Execut ive 
Secretary said , 'Now that a start has been made, contribu­
t ions are m ore than ever needed to the Society's Bu i ld ing 
Appeal Fund to ensure that the work can continue without 
delay and I appeal to all who support the Society to take this 
opportunity to make a contribution to the Bui ld ing Appeal 
F u n d .  

The fund total now stands at £71 ,000. With construction 
costs continuing to rise, it is essential that extra money is 
forthcoming so that we can see our way to clearing the main 
h u rd l es of expe ndi ture .  Eve ry contr ibut ion i s  one step 
nearer to the real isation of this project' . 

BfSatteridees at the Space Development Conference. Chi�go, May 26-
' 

29, 1 989. 

·. 'Space ' Degree at Leicester 

Contributions may be sent with the form on p .288 or en­
closed with a covering letter.  

We are pleased to n ote that Leicester Un iversity h as 
agreed to establ i � h  a n ew degree course ' P hysics with  
Space Science and Technology' that wi l l  be taking its first 

temperature o: 9000 K. H the volcano were 
located off of the equator, its diameter 
would be larger, with the area projected to 
the line of sight equal to the equatorial esti­
m ate . 

Matson said eight or nine minutes of time 
with the telescope were required to obtain 
each data point. Calibration of observations 
is important for any series of scientific 
measurements in order to tie the data to 
known sources of reference. For the lo 
observations, the satell ite Callisto was 
used as a local secondary standard by 
moving the telescope to that body after 
every two data points at lo (Ganymede can 
be used if Callisto is not available due to its 
apparent proximity to Jupiter) . For a pri­
mary standard, the star Alpha Lyrae (Vega), 
frequently used for astronomical calibra­
tions, was employed with similar frequency. 

The volcanic plumes observed by the 
Voyager spacecraft in 1 979 reached 
heights up to 300 km above the surface of 
lo and were the most dramatic manifesta­
tion of vulcanism on the satellite. Their col­
our indicates that they are composed 
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mosUy of sulphur or sulphur dioxide. 1t is dif­
ficult to estimate the size of particles in the 
plumes, so the rate of resurfacing of lo by 
deposition from volcanic plumes is highly 
uncertain;  estimate range from one ten 
thousandth of a centimetre per year up to as 
high as one centimetre per year. 

Another approach to estimating the re­
surfacing rate of the satellite comes from 
noting the absence of impact craters on its 
surface - they have been covered up by the 
ejecta and lava flows of volcanic activity. 
Knowing the flux of impacting bodies in the 
solar system, it has been estimated that the 
resurfacing rate must be at least one tenth 
of a centimetre per year. However, the gen­
eral mechanisms of volcanic activity indi­
cate that lava flows provide the predomi­
nant mode of resurfacing of lo.  

Matson and his col leagues have pro­
vided direct evidence which is strongly in­
dicative of the involvement of sil icates in 
Ionian vulcanism and, combined with indi­
rect evidence from topographical structural 
arguments, sharpens the debate between 
the sulphur and silicate schools. 

The ongoing program of observations 

SPACEA TJPL 

consumes 5 or 1 0 nights per year on the 
IRTF. Matson hopes to supplement this with 
more extensive chunks of observing time 
which will be available on a smaller tele­
scope of 1 .2 m, which is scheduled to come 
on line at JPL's Table Mountain Observa­
tory later this year. 

lo is a fascinating geophysical labora­
tory which will engage the attention of ob­
servers and theorists for years to come. 
Whether its bright surface features are sili­
cates with just a thin coat of sulphur paint, 
or possess a substantial sulphurous com­
ponent, is only one of an interesting set of 
questions. Ground-based observations 
such as those accomplished by Matson and 
his col leagues are of value on their own 
merits and also assist in scientific planning 
for space missions;  Galileo's l imited ob­
serving time as it flies closely by lo will be 
more intell igently applied due to a prior 
knowledge. (Radiation constraints close to 
Jupiter preclude more than one close flyby 
of lo; that one will  take place as the space­
craft is first being inserted into orbit about 
the planet.)  
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TAKE THREE_EPIC STEP_S ON THE RACE FOR SPACE 

ONE HUNDRED AND EIGHTY MIIVu7Fs 
OF UNFDRGEITABLE TELEVISHJN 
CONQUEST shows you every step in this, 
the greatest human endeavour of all . lt's 
a race that has inspired the noblest use 
of human energy and human science . 

CONQUEf?T features much original 
footage from NASA and the Soviet Space 
Agency: there's a lot of material here 
whi�;:h has been hidden away in the 
archives for years. That's why 
CONQUEST is such an essential 
complement to your home video library. 

I 

From the earliest dream of sailing to the 
moon in a boat, th� story of man's 
infatuation with space and with breaking 
the ties that bind him to the earth , is told 
in full in CXXIDUEST. 
Each step is traced from the primitive but 
effective V2's designed to rain terror down 
upon the inha�nts of London , through 
Ham and Sam the space chimps, 
Sputniks, Vostoks and Satum 5's and on 
to Yuri Gagaryn's triumphant 
demonstration that human beings could 
survive in space. 

After that the story moves to Tranquility 
Base , on to Space Walks and the Mariner 
Missions CONQUEST contains all the 
glory, and all the catastrophic disasters. 

•t believe this nation should commit itself 
to ttze goal of putting a man on the moon· 
The Kennedy challenge propelled both 
tbe USA and the Soviets intc 
superhuman efforts in the headlong race 
for the moon , with no prize for second 
place! 

By the ttme Neil Armstrong made h js 
famous boot print on the dust on the 
lunar surface ,  both nations were 
exhausted and thankful ly settled into 
more pragmatic yet no less spectacular 
endeavours ; the Soviets With their space 
station programme and the Americans 
with their Space Shuttle (the ultimate 
re-useable space truck}. 

COMMEMORATE THE 20TH ANNIVERSARY 
- OF MAN LANDING ON THE MOON -

Buy All Three� CONQUEST Videos For £2 9 . 9 7  � 
e plus £2 . 50 P&P e 

lf\/ny not take this umque opportu mty to commemorate one at the greatest anmversar1es 1n space exploration? The lifltwe CONQUEST ser1es 
is yours for JUst £29 97 plus £2 50 p&p Put yourself In  touch with the most epic human endeavour of an W1th COfi!QUEST 

CRESCENT DIRECT LTD. FREEPOST, 3 PRIMROSE MEWS, 1 A  SHARPLESHALL STREET, LONDON NWB OYQ - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
A video offer out of this world:- soecial orice couoon 
To - CRESCENT DIRECT LTD.  FREEPOST. 3 Primrose Mews, 1 A  Sharpleshall Street, London NWB OYQ 
Please send me the set of three conquest v1deo's at the spec1al offer pnce of £29 97 + £2 50 p&p 
or one CONQUEST video at the special pnce of £ 1 0  99 + £1 00 p&p each v1deo 
I enclose a cheque for £32 4 7 or £ 1 1  99, or please debit my Access/VIsa 

D CONQUEST set of three 

0 CONQUEST part one 

0 CONQUEST part two 

0 CONQUEST part three 
please tiCk box 

Cheque enclosed £ 

U l l l l l  
Access/V1sa number 
Please allow 28 days for delivery 
Free post, no stamp needed 

( 2 86 1  

Mr /Mrs/Miss/Ms 
(block capotals please) 

Address 

Signature 
Orders not accepted - Signature 

Postcode 

Important please place above order form in an envelope and 
send to the above address 
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u nderg radu ates i n  October i 990. News of th is shou ld  be 
of i nterest to you nger members and those concerned with 
the careers of young people .  

As the main ave n u e  of entry i nto the Society's Fel low­
ship grade is via graduation with a relevant degree, plus five 
years re levant sc ient i f ic ,  tec h n ical  or oth e r  profess i o n a l  
exper ience ,  t h e  i ntroductio n  o f  a n e w  u n iversity cou rse i n  
space science a n d  tech nology offers addit ional  qua l ify ing  
o p p o rtu n i t ies  f o r  y o u n g e r  m e m bers to prog ress to t h e  
Fe i low g rade and to u ndertake respons ib i l i t ies i n  the cor­
po rate affa i rs of the Society. 

The new course at Leicester University wi l l  be held in  the 
D epartment  of P h ys i cs w h e re in Oct o b e r  1 988 K e n n et h  
Baker  i n a u g u rated t h e  n ew Lece ister S pace C e ntre f o r  
wh ich an expansion o f  research faci l it ies is  p lanned.  P ro­
fessor Ken Pounds, Head of Department, writes : 'The new 
course wi l l  be unique of its kind in the UK,  although simi lar 
courses have been set up in Germany and the USA."  
F u rther deta i ls may be obtai ned from Prof . K .A .  Pounds,  
Department of  Physics,  U n iversity of Leicester ,  U n iversity 
Road , Leicester LE1 7 R H .  

Members ' Visit to Culham 
A practical example of the development of n uclear fusion , 
the process featured so often in past issues of JBIS and 
which may pave the way to interstellar travel ,  was demon­
strated to Society members visiting Culham Laboratory in 
M ay to inspect the Joint E u ropean Torus (J ET) project. 

The reaction most l ikely to yield fusion power first is that 
between the nuclei of deuteriu m  and tritium,  the two heavy 
isotopes of hydrog e n .  V i rtua l ly  u n l i m ited a m o u nts of 
deuteriu m  can be obtained from water in  the oceans whilst 
tritium can be manufactured (in a fusion reactor) from lith­
i u m ,  a l i g ht ,  plentifu l  meta l .  

Special electrical equ ipment capable o f  del ivering very 
h ig h  power in short pulses is necessary to carry out fusion 
research . M embers h ad an opport u n ity of v i s i t i n g  t h e  
Control Centre, replete with monitor screens and cou nt-
down , to see an experiment in progress . _ 

Deuterium-tritiu m  gas has to be heated to temperatures 
in  excess of 1 00 mi l l ion degrees celsius for fusion to occur. 
H ot plasma which touches the walls is cooled i nstantly so 
many d ifferent mag netic f ield patterns have been studied 
to determine the best confi nement system 

Nuclear fusion can provide a vast, new source of energy, 
using fuels both plentifu l and widely available throug hout 
the world . lt  would also be an inherently safe system for 
radioactivity of the reactor structure, caused by the neu­
trons, can be minimised be careful materials selection. The 
storage of radioactive waste could also be l im ited to less 
than 1 00 years for no long-l ived fission projects are pro­
duced, such as pluton ium and other actin ides, which re­
quire storage and supervision for centuries. 

The Tour did not allow examination of the ion thrusters 
developed by the team headed by Dr. A.R.  Martin,  a former 
Council member, though these were featured in one of the 
d i s p l ay s .  

Arthur C. Clarke 
Appointed Chancellor 
We are p leased to report that Art h u r  C .  Clarke,  an 
Honourary Fellow and former President of  the Society, has 
been appoi nted C h ancel lor  of the I nternat ional  Space 
U niversity (ISU) for a three-year term . 

Arthu r  C. Clarke helped to found the ISU in Apri l 1 987 
and has since served on the ISU Board of Advisors, actively 
sponsor ing its i n it ia l  devel o p m e nt which  led to its 1 988 
summer programme attended by over 1 00 students from 
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more than 20 nations.  
T h e  I S O  plans to expand i nto a f u l l -year  acad e m i c  

prog ra m m e  a n d  permanent  c a m p u s  locat i o n s  f o l lowi ng 
1 992,  the I nternational Space Year. 

Early BIS Days 
O n  s e e i n g  a recent 5paceflight o b i t u a ry t o  o n e  of t h e  
Society's early p ioneers ,  we h e a r  f r o m  A u rt h u r  C .  C larke 
p ay i n g  a p e rso n a l  t r i b u t e  a n d  p o i n t i n g  to  t h e  need f o r  
preserving a record o f  the early B I S  penod . H e  writes . 

S i r ,  I was saddened to see the reference i n  t h e  
M a rch i s s u e  of Spacefligh t to t h e  death  of  ' D oe '  
S later - though there can be few reg rets for anyone 
who l ives an active l ife to the age of 93 1 

' Doe' Slater was one of the most versati le and re­
markable men I ever met . He seemed to h ave mas­
te red at l east a dozen t a l e n t s ,  i n c l u d i n g ,  i t  was 
rumoured , the ab i l ity to whist le i n  two separate keys 
s i m u l t a n e o u s l y ' 

He was one of the true prioneers of the early BIS 
days, and I on ly  hope that he left some recorde of  that 
period. There are now very few left to re member  i t .  
though I am h appy to say that they sti l l  i nc l ude our  
Fou n d e r ,  Ph i l  C l eato r .  

ARTH U R  C .  C LA R K E  
C h a n ce l l o r ,  U n i ve rs ity of M o ratuwa 

The Society takes a particu lar  i nterest i n  preserv ing  a 
record of its early work . The Executive Secretary says , ' lt 
happens all too frequently that valuable early photographs , 
writte n i tems of correspo n d e n c e  o r  pr i nted m atte r  a r e  
d iscarded from personal col lections o f  memorabi l ia after a 
n umber of years. Should anyone have or envisage disposal 
of material relati ng to the Society, to Spacef/ight gen er­
ally or to the work of members of the Society from several 
yecvs ago ,  I would be m ore than g ratefu l  if  they would 
contact m e' . ' 

An article by Fl-hi l  Cleator recal l i ng early Society h istory 
was published in  the April 1 986 issue of JB/5 and this and 
other accou nts that have appeared,  such as the Society's 
book ' H ig h  Road to the Moon' by Bob Parki nso n ,  c lear ly 
show the detai led nature of the Society's ear ly work and 
ideas and how dearly they were confi rmed by later events. 
Any member who was actively involved with the Society or 
space projects up to the early years of the Space era and 
who may be able to 'fi l l  in' some of the detai ls of this period 
from their own recollection and records is asked to contact 
t h e  Executive S ecretary . 

Society to be Represented in 
National Astronomy Week 
(NA W) 1990 
The theme of NAW 1 990 is a celebration of British Astron­
omy with the highl ig hting and publ icity of key astronomical 
events in 1 990. The aim is to raise an awareness of Astron­
omy among the public at large and fol lows simi lar National 
Astronomy Weeks in 1 98 1  and 1 985. The week designated 
for special events is November 1 7-24, 1 990.  

With the i ncreas i n g  contri but ion that Astro naut ics is  
making to  astronom ical knowledge,  the Society is pleased 
to be participating in the organ isational arrangements for 
NAW 1 99 0 .  The C h a i rm a n  of NAW 1 990's o rg a n i s i n g  
committee is D r .  Nigel Henbest and t h e  Society's represen­
tative is Mr .  A.T. Lawton ,  a Vice-President of the Society. 
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Conference on Space Po wer ! 
About 1 50 people attended the I nternational Conference 1 
on Space Power in Cleveland, Ohio, USA organised by the 
Power Comm ittee of the I nternational Astronautical Fed­
eratio n ,  he ld on 5-7 J u n e  1 989 and eo-sponsored by the 
Society.  The fo l l ow i n g  report of the meet ing has been 
provided by D r .  Anthony M a rt i n ,  who represented the 
S o c i et y :  

Whi le t h e  prime sources considered a t  t h e  Conference 
were e i t h e r  s o l a r  or n u c l ear ,  t h e re was a wide-ra n g i n g  
prog ramme o f  papers on al l  aspects o f  converting these 
sources into useful e lectrical power. Sessions took place 
on energy storage,  power conditioning and contro l ,  power 
beaming and missions and applications. 

On the solar side it was frequently emphasised that the 
solar power sate l l ite concept was being re-examined as a 
way of al leviat ing concerns over global warm ing and the 
"gree n h o use" effect , i n  part caused by em iss ions from 
ground-based foss i l  fuel power stations.  Several overview 
papers poi nted out that advances in  technology, s ince the 
last serious studies of the concept i n  the 1 970's ,  had all  
served to make such power stations easier to engineer and 
construct. Problems stil l  exist over the large scale of such 
systems,  and studies of smaller (a few hundred megawatt 
size) stations should be encouraged . 

In the nuclear area it was recognised that, while current 
efforts are directed towards power sources of less than 1 00 
k i lowatts, power levels in excess of one megawatt would 
be needed to enable m issions to be pla'lned on the 20 1 0  
t imescale. If work was not started o n  the development of 
these now, then space programmes could wel l  stal l  in  the 
earlier  years of the next century,  whi le power technology 
caught up with other system capab i l it ies.  1 t  was noted "' 
several t imes that there was l ittle cause for concern over 
safety issues for properly planned and engineered systems 
but  that enviro n m e ntal  i m pact assessm ents s h o u l d  be 
carried out  at  the earliest possible time in a programme. Ful l  
d iscuss i o n  of these issues and efforts to educate con­
cerned persons were needed to e n s u re acceptance of 
n uclear systems.  

The conference ranged from "blue sky" discussions to  
detai ls of  near-term programmes, with a wide selection of  
topics i n - between .  The Organ is ing C o m m ittee is  to be 

congratulated on a stimulating and very worthwhi le Confer­
e n c e .  

A Rare Library A cquisition 

The Society has been fortunate in acquiring a copy of a very 
rare book,  No va Coe/estium terrestrium rerum oberva­
tiones et fortasse hactenus non vulgatae, ( l i tera l l y ,  "A l l  
th ings new o f  Heaven and Earth observed careful ly and 
possibly - thus far - not of the ordinary") , written by Fran­
cisco Fontana and published in 1 646. Fontana ( 1 580-1 650) 
was a lawyer who l ived in  Naples. He was a contemporary 
of Gal i leo ( 1 564- 1 642) and ' well  aware of h is  discoveries.  
I n  producing his t i t le Fontana was using h is  words very 
carefully. He did not want to fall foul of the C h u rc h ,  as 
Gal i leo had done.  Gal i leo was too wel l-known to be exe­
cuted for heresy - he was house-jai led instead . Fontana 
was not so well known . Had he written too freely, he wou ld 
certainly have forfeited h is  l iberty , if not h is  l i fe.  

The book describes observations of the Moon , Venus , 
Mars and Saturn made by Fontana between 1 629 and 1 645,  
i l lustrated with 27 copper engravings of the Moon ( includ­
ing a ful l  pul l-out map) and 25 other wood block engravings. 

lt is exceptional ly badly printed and has considerable 
off-setting and see-through so it is no work of art. Fontana 
excuses all th is by explai n i ng that the book was prepared 
in  g reat haste to prevent his i l lustrations being stolen and 
used by others as their own work. Two of them actually were 
stolen and used in th is way . 

Our copy, u nfortunately, lacks the front portrait i l lustra­
tion and the concluding index but is otherwise complete. lt 
is rare to find a copy nowadays, anywhere, in  any condition.  

oQo O O 
Fontana's drawings of Saturn in 1 630, 1 634 and 1 644. 

The Headquarters of the Society 
"Your generous support will help our building programme to go ahead without dela y "  

Ch•••rvcommission No 250556 Rex Turner, BIS President 1 985n 

I h ave pleasure in enclosi ng a contribut ion* towa rds the Society's Bu i l d ing Appeal of £ 

I wou l d  l i ke to receive a copy of the Society's B roc h u re 'Guide to Aims and Activities ' 

NAM E __________________________________ __ 
ADDRESS ________________________________ __ 

•Payments from UK may be made 

lal By ush, postal order or cheque made payable to 815 

(b) By GIRO Our GIRO account number is 53 330 4008 

Payments from abroad may be remiHed as follows 

la) From Europe the easiest way is by GIRO transfer 

Proposed extension 
on two floors. 

(bJ By Eurocheque with the account number wrinen on the reverse side 

I cl  By liS dollar cheque drawn on a Bank with an address in the USA 

(d) US doUar notes 

le) Members may instruct their Banks to remit directly to the Society 

m US or Canadian money orders payable in Sterling 

$ 

No. 27 No. 29 

Rd. 

Send to: The Executive Secretary, The British Interplanetary Society, 27/29 South Lambeth Road, London, SW8 1 SZ, England. 

( 2 88 ) 

0 



F SOCIETY MEETINGS DIARY 
Road, London SW8 1 SZ. 

Offers of Papers 1 1 Lectures Admission is 
_
by ticket

. 
only. Men:bers ! should apply m good t1me enclosmg a Authors wishing to present papers should 

contact the Exectutive Secretary. I BEmND THE.30SCENES 
stamped addressed envelope. 

I WITH MAGELLAN, 
Registration 

I I 

VOYAGER AND 
GA LIL EO 

Interplanetary exploration is showing a 
strong resurgence in 1 989 with three major 
events leading the way: The Magellan 
launch to Venus, Voyager 2's flyby of Nep· 
tune and the Galileo launch to Jupiter. Bill 
McLaughlin,  who is involved with all three 
projects at the Jet Propulsion Laboratory, 
wi l l  outl ine the missions and provide in· 
sights into the actual progress and results 
to date of these three endeavours. 

Venue: The Conference Room, British In­
terplanetary Society, 27129 South Lambeth 
Road, London, SW8 1 SZ. 

Admission is by ticket only. Members 
should apply in good time enclosing a 
stamped addressed envelope. 

1 November 1989 7.0D-8.30pm 

CETI OVERVIEW 
- AN UPDA TE 
A. T. Lawton 

Recent observations have revealed that at 
least two nearby stars have "Brown Dwarf' 
mini-stars as companions. Such studies 
wil l  undoubtedly lead to the discovery of 
Brown Dwarfs as individual single stars, so 
that Proxima Centauri may not be our near­
est extra-solar body. 
The impact of these new discoveries on the 
more conventional ideas of CETI wi l l  be 
d iscussed . 

Venue: The Conference Room, British In­
terplanetary Society, 27129 South Lambeth 
Road, London SW8 1 SZ. 

Technical Symposia 

1 3  September 1 989  1 0.DOam-4.30pm 

SPA CE STA TIONS 
AND BEYOND 
The 2nd BIS Space Infrastructure 
Sympos i u m  

Fol lowing the success o f  the fi rst infra­
structure symposium· in November 1 988, 
the British Interplanetary Society is organ­
ising a second with the theme of "Space 
Stations and Beyond" . 

Papers include: 

Mission Capability for A High Performance 
Orbital Propulsion Module - by E. Kruzins 

Strategies for Development of Lunar Base 
by C.M. Hempsell 

Phobos - A Future Space Station - by P.A. 
Hansson and A. Bond 

This series of symposia is the only current 
forum for discussion of major infrastructure 
topics such as: 

Launch Systems - Lunar Bases - Aero­
space Planes - Space Stations - Inter Orbit 
Transportation - Manned Planetary Explo­
ration 

The theme has been chosen because of the 
studies underway both in America and 
Europe to plan the next major programmes 
to be undertaken after the Freedom/Colum­
bus space station is established. Options 
under study include lunar bases, manned 
Mars missions and an autonomous Euro­
pean space station. 

Venue: The Conference Room, British In­
terplanetary Society, 27129 South Lambeth 

Forms are avai lable from the Executive 
Secretary. Please enclose a SAE. 

27 September 1 989  1 o.ooam-4.30pm 

BRITISH SOLID 
PROPELLANT 
ROCKETRY 

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

Papers to be presented will have the following 
themes: 

Cordites - by E. Baker 
Composite Propellants - by J. Hicks 
Sir William Congreve and His Rockets 

- by P. Turvey 
Early Rocket Motors - by V. Green 
Gosling - by E. White 
Sounding Rocket Motors - by J.  Rolfe 
IM I  Motors - by S. Gordan 
Stonechat - by P. Moore 

Venue: Conference Room, British Interplane­
tary Society, 27129 South Lambeth Road, Lon­
don, SW8 1 SZ. 

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

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

LIBRARY OPENING 
The Society Library is open to members on the 
first Wednesday of each month (except August) 
between 5.30pm and 7pm. Membership cards 
must be produced. 

44th ANNUAL GENERAL MEETING their remuneration. The present Auditors have expressed 
interest in continuing in Office. 

NOTICE IS H E REBY GIVEN that the 44th ANNUAL GENERAL 
M EETING of the BRITISH I NTERPLANETARY SOCI ETY Lim­
ited will be held in  the Society's Conference Room at 27/29 South 
Lambeth Road, London, SW8 1 SZ on 1 6  September 1 989 at 1 2  
noon precisely. 

Attendance is restricted to Fellows of the Society. Admission is 
by ticket. Those wishing to attend must apply for tickets not later 
than 1 0  days before the date of the meeting . 

AGENDA 

1 . To receive the Report of the Council on the Society's Affairs 
for the year to 31 December 1 988. 

2. To receive the Society's Balance Sheet and Accounts for the 
year ended 3 1  December 1 988 and the Auditors Report 
thereon . 

3 . To consider the following resolution : 

"That the Society's Council be authorized to raise a loan for 
the purpose of the proposed extension,  if necessary, up to the 
sum of £30,000". 

4. To appoint Auditors and to determine the method of fixing 

5. To elect four Members of the Council of the Society. In 
accordance with Article 43, the following Members of the 
Council will retire at the meeting': 

M . R .  Fry 
A.T. Lawton 

I . E .  Smith 
C.R. Turner 

If the number of nominations exceeds the number of vacancies, 
election will be by postal ballot in accordance with Article 44. The 
final date for the receipt of ballot papers will be 31  January 1 990. 

6 .  General Discussion. 

7 .  Closing Remarks by President. 

By Order of the Council 
L.J.  CARTE R 

Executive Secretary 

A Fellow who cannot be personally present at the meeting may 
appoint by proxy some other person, who must be a Fellow of the 
Society, to attend and vote on his behalf, subject, however, to the 
proviso that a proxy cannot vote except on a poll. ' 
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