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Record Order 
Follows Ariane 

Success Run 
Arianespace has signed a contract 
with Aerospatiale, MBB, SEP and 
Matra for the construction of 50 
Ariane 4 launchers, the world's 
largest launch vehicle production 
order. The contract follows a run 
of ten successful launches, orbit· 
ing 17 satellites. 

The agreement was signed by rep­
resentatives of Aria nespace and the 
fou r manufacturing companies i n  
Evry, France on February 1 5. T h e  50 
launch vehicles a re in addition to the 
21 orig ina l ly ordered. 

Since the resumption of fl ights in 
September 1 987, fol lowing a series of 
fai l u res, there have been 1 1  successfu l 
Ariane launches, placing 1 9  satel l i tes 
i nto o rbit. With its confidence restor­
ed, Arianespace placed the $3 bi l l ion 
Ariane 4 bulk order. The contract wi l l  
lead to reduced production costs, 
which, according to Arianespace, wi l l  
make the European launcher more 
competitive in the g rowing commer­
cial  market. Arianespace's Chairm an, 
Frederic d'AI Iest, was in optimistic 
mood after signing the agreement, he 
said, "This contract emphasizes the 
industria l  scope of the Ariane prog­
ramme and strengthens Ariane­
space's position in an increasingly 
competitive environment" . D' Allest 
has recently resigned from his posi­
tion as head of the French space 
agency, CNES, to devote h is  ful l  atten-

tion to marketing the Ariane launch�r. 
Under the agreement Aerospatia le 

is to provide 50 fi rst and th i rd sta�:�es 
and 60 strap-on sol id rocket boosters. 
MBB/ERNO wi l l  supply 50 second sta­
ges and 96 strap-on l iquid propel lant 
boosters. Matra wi l l  manufacture 50 
vehicle equipment bays, which carry 
the Ariane's guiOa nce and control sys­
tems. The Societe E u ropenne de Prop­
ulsion (SEP) wi l l  provide 346 Vi king 
engines (each Ariane 4 fi rst stage has 
fou r Viking V motors, the second stage 
is powered by a sing le  Viki ng IV and 
the strap-on l iquid boosters each carry 
one Viking VI engine). SEP wi l l  a lso be 
responsible for the construction of 50 
HM78 cryogenic engines for the th i rd 
stage. The construction rate of the 
Ariane 4 wil l  be five to eight vehicles 
per year, the fi rst is to be delivered in 
late 1 991 and the last in 1999. 

The contract wi l l  be a boost for the 
Ariane subcontractors in eleven Euro­
pean nations, including the UK's Brit­
ish Aerospace, which manufactures 
the Spelda payload structure, and Fer­
ranti who supply the gyro platform for 
the Ariane's guidance systems. 
Arianespace bel ieves the contract wil l  
ensure the jobs of 12,000 people em­
ployed throughout Europe in the 
Ariane programme. 

I Tbe production r- tor • v-..-- > 
used in Ariane first._.... ... ...,_ 

L-��--------------�--� 
{Left) A cut-away of ttie Ariane 4 illustrates the complexity of the vehicle. ArianespKle sees the 
booster as its 'work-horse' for the 1990s. During this period fifty launchers will be deliWred to the 
company, which expects to take a large slice of the satellite launching market. � 
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An example of the new openness in the 
Soviet space programme was display­
ed recently. The Soviet newspaper 
Trud gave its readers the opportunity 
to put questions to Vladimir Shatalov 
ex-cosmonaut and Chief of the Cos­
monaut Training Centre. 

A. Rodionov, Leningrad: Following Buran's 
bri l l iant debut, has the question of the 
second f l ight been decided? What is your 
personal opinion - should it be manned or 
unmanned? To put the question more 
broadly: Why do we trust automatic machi­
nes more than man on space fl ights, and 
why do we endea vour  to a l locate him a 
secondary role? 

Shatalov: I will begi n  by answering the last 
question. This is a rather old discussion: 
who should have priority on a space fl ight 
- man or an automatic machine. A person 
has his functions, whi le mach i nes have 
theirs. Today it is impossible to imagine a 
space fl ight without modern high-speed 
computers and al l  the very complex tech­
nology. But it is sti l l  the cosmonaut who is 
master aboard the craft. He is not a 'pas� 
sive observer' - it is the pi lot and resear­
cher who resolve the complex problems 
which frequently arise on a fl ight. 

In the past there was a clash of two 
positions. two approaches to manned 
flights. Certain designers stubbornly be­
lieved that technology must be trusted 
more than people. A serious blow was 
dea lt to these views back in 1965 at the 
time of Voskhod-2. The craft was unable to 
return to Earth from the orbit because of 
fau lts in the automatic equipment. lt was 
only by using the manual  control system 
that the crew gu ided the craft onto the 
descent path . 

Later too, cosmonauts repeatedly found 
a way out  in  very complex critical situa­
tions- Recal l ,  for example, how in J u ne 
1 985 Vladimir  Dzhan ibekov and Viktor 
Savinykh approached in the manual  mode 
the uncontrol led and unoriented Salyut-7 
station, flew around it, executed a meticu­
lously precise and very complex docking 
manoeuvre and repaired the systems 
which had gone out of commission. 

As for Buran's next f l ight, I bel ieve that it 
could be a manned one, after comprehen­
sive tra in ing of course. However, there are, 
of course, other opin ions. As far as I know, 
the final decision has not yet been made. 
Fi rst we have to conduct a careful i nvesti­
gation of the craft which has returned from 
space. 

V. nmofeyev, Voronezh: How many crew 
members wi l l  there be on Buran's fi rst 
manned fl ight? What is the largest possible 
crew on board a shuttle? Who is tra in ing to 
fly on Buran? 

1 1 2  

Shatalov: Two cosmonauts wil l  conduct 
test f l ights on Bufan before it becomes 
operational .  Subsequently, there could be 
four people manning Bu ran. And for indi­
vidual tasks requ i ring the participation of 
different kinds of researchers, as many as 
1 0  people cou ld  fly aboard Buran. 

The cabin is divided into two compart­
ments - upper and lower. The total vol­
ume is 73 cu.m. (more than seven t imes 
that of the three-seater Soyuz·TM ). 

Now, about those who are being trained 
to fly in Buran .  They are experienced test 
p i lots - I. Volk (group leader), V. Zablolt­
skiy, R. Stankevicius, U. Sult3nov, M .  Tol­
boyev, S. Tresvyatskiy and Vu. Sheffer. 

K. Khasanov, Oktyabrskiy, Bashkir ASSR: 
The newspapers have written that reserve 
landing strips wil l  be constructed for 
Buran-type shuttles. Where precisely? Wi l l  
Buran be our only veh icle, or is i t  planned 
to bui ld other shuttles? 

Shatalov: One reserve landing strip for 
shuttles wil l  be completed in the region of 
Simferopol, and another In the east of the 
country. Of course, the present Buran wi l l  
not be our only space shuttle. A second 
craft is now being assembled in the Baiko­
nur Cosmodrome's assembly and testing 
block. 

D. Shumilin, Mlnsk: How many flights can 
a shuttle make? How long can it stay in 
orbit? 

Shatalov: The shuttle is designed for 1 00 
space f l ights. Its stay in orbit depends on 
the mission. At the fi rst stage - up to 
seven days; subsequently - up to one 
month. 

T. Grishchenko, Kiev: What is the fate of 
the Salyut-7 orbiting station? 

Shatalov: lt has been dec1ded to leave this 
station in  space i n  order to conduct service 
l ife tests. This is important to designers for 
Mir has largely been manufactured from 
the same materials as Salyut-7. Therefore, 
it would be interesting to learn how long 
these materia ls retai n  their properties and 
how they change u nder the impact of 
cosmic rays, meteorites, the vacuum and 
the tremendous temperature gradient. We 
have to check the thermal and meteorite 
protection and so forth. After the service 
l ife tests have been completed, Satyut-7 
wil l  either be returned to Earth by Buran or 
sunk in  the ocean after descending from 
orbit. 

This question wa the sub;ect al filletters 
to TIUd: Is it not time to cut .appropriations 
for space exploration? 

SMUiov: Space exploration is of tremen­
dous significance for the development of 
science and economic progress is impossi ­
ble without it. 

Let's see what space exploration gives us 
d irectly for the practical needs of the Soviet 
economy. 

lgor Vol k, group leader of the Soviet shuttle  cosmonaut corn. Volk is expected to command the 
first manned f l ight of Buran. Nowuti 
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First, the satel l ite communications sys­
tem. Television broadcasting and multi­
channel long-distance telephone and tele­
graph communications embrace practical­
ly the entire population of the USSR (93%). 
By the year 2000, seven out of every ten 
messages carried by a l l  communications 
channels wi l l  be transmitted via space. But 
if we were to lay down cable the cost would 
be fantastic. 

There is the Tsikada satel l ite navigation 
system, which serves ships in  the World's 
oceans. Weather satel l ites - the use of 
meteorological i nformation from space en­
sures an  annual  saving of up to 500-700 
mi l l ion roubles. 

And then such a very important area as 
study of the Earth's natural environment 
and resources. Photographs from space 
combined with aerial and traditional geolo­
gical exploration methods and with geo­
physical and geochemical research make it 
possible more quickly and more cheaply to 
determine promising areas to look for 
minera ls. For example, a comprehensive 
analysis of data from an investigation of 
the Kola peninsula, the Verkhoyansk range 
and the region around the Sea of Okhotsk 
revealed a number of promising areas to 
prospect for ore deposits. Judge for 
yourselves: what is more profitable - to 
extract our own metal or purchase it from 
abroad? 

We have begun  looking for minerals in 
remote desert regions: rare metals in,the 
Far East, copper in the region of the Baykai­
Amur mainl ine rai lway and tin in Yakutia. 
The Astrakahn oi l  and gas bearing region 
was selected for priority development. The 
prognosis was bri l l iantly confirmed. 

As we see, there is considerable practical 
return on space research.  But I must say 
that those readers are right to put this 
question : Why is such insignificant use 
made of space flights to resolve u rgent 
national economic tasks? 

To speak of manned fl ights, for example, 
the return on them for our economy could, 
in my view, be immeasurably greater. lt 
was proved long ago that u nder weightless 
conditions in orbit it is possible to obtain  
invaluable medical preparations and un i­
que crystal l ine materials, to carry out 
manufacturing processes that cannot be 
achieved on Earth. 

Experiments have been fina l ised, but 
what now? On a permanently manned 
orbiting station it would be possible to 
organise semi-industrial production of 
medicines, crystals, semiconductors and 
many other things. The technical possibi l­
ity for this already exists. But for some 
reason no one is i nterested in it. Perhaps 
we have not yet woken up after the 'stagna­
tion h ibernation'? Industrial firms in  the 
West are fighting vigorously to buy space 
aboard the US shuttle, a fight for every 
gram of payload stowed aboard the craft. 
Their aim is to open up space for industry 
as quickly as possible. U nfortunately, such 
an attitude is very rare in  our country. We 
have a big shortfal l  here. 

D. Bortsov, Novosibirsk: What is the prog­
ramme of manned f lights in  1989? 

Shaulov: A Volkov, S. Krik_alev and V. 
Polyakov are currently on duty aboard the 
Mir. They wil l  be rel ieved by a nother crew 
in Apri l .  Volkov, Krikalev and Polyakov wil l  
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Aleksandr Vol kov (left) and Sergei Knkalev wi l l  return to Earth on Apri l 29. CNES 

return to Earth on Apri l 29th. Th&new crew 
wil l  work u nti l  the autumn, when there wil l  
be another change of  watch. 

S. Martcina, Yaroslavl: Are long flights 
necessary - lasting one year, for example? 

Shatalov: If we seriously want to open up 
space, we cannot do without such flights. 

A n umber of specialists consider work by 
space crews lasting one year to be the 
optimum. Others, however, are convinced 
that crews work most efficiently for four  to 
six months. If we disregard superlong 
flights designed to study the effect of 
weightlessness and other space factors on 
the h uman organism then orbital fl ights 
lasting no more than six months, with the 
possibil ity of a 'shift overlap', should in my 
view be the norm. 

I believe it to be expedient to change 
crews, not over the space of a few days, but 
over a longer period. lt is a matter of 
having both crews work together for a 
month or two and carry out the most 
d ifficult, i ntensive programme during this 
period. During the remai ning three or  fou r  
months the one crew should tackle re­
search, manufacturing processes, the u n­
loading of Progresses and so forth. Thus 
two or three missions could be carried out 
over the period of one year. Foreign cos­
monauts could work on the station during 
those few months when two crews wil l  be 
working simultaneously on the orbiting 
complex. 

S. Grac:hev, Kursk: The newspapers have 
written that special ised modules wil l  be 

dispatched to the Mir complex. When will 
this happen 7 

Shaulov: 1t is planned to launch two 
modules &nd dock them with the complex 
this year. The designers want the i nterval 
between the docking of the first and the 
second modules to be minimal .  For an 
asymmetry wil l  a rise i n  the space complex 
when one of them docks - which wi l l  
complicate control of  the  station. 

D. Krutoyarov; Tomsk: Ground services­
control lers, designers - have recently 
been making rather a lot of mistakes. One 
of the two automatic i nterplanetary inter­
planetary stations now flying towards Mars 
went out of commission because of an 
incorrect command. There were two mal­
functions in  a row when international 
crews returned last September and Decem­
ber - the landings had to be postponed. 
What accounts for this? 

Shaulov: The growing complexity of spa­
ce programmes demands specia l  compo­
sure, attentiveness and responsibil ity on 
the part of a l l  i nvolved in a space fl ight, of 
cosmonauts, designers, scientists and 
ground control services. U nfortunately, no 
one is insured against mistakes. Thus, 
what is needed are systems which wi l l  
provide, for example, back-up insurance 
and additional verification of the correct­
ness of commands transmitted to space 
from Earth. 

The growing breadth and complexity of 
space programmes, i ncluding the organ­
isation at the

-
mission control centre of 

parallel work with other space objects 
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The patch for the joint Soviet-French mission. Shatalov says talks are underway with Britain and 
Malaysia for similar international flights. CNES 

( Buran and Phobos, for example), requires 
the i nvolvement of a large number of 
young special ists i n  flight control. Maybe 
they have not all been trained adequately 
for such work. At the cosmonaut tra in ing 
centre every special ist who deals with the 
crews must receive the same tra in ing as 
the cosmonauts themselves. Only then can 
he be considered a real special ist. 

V. Shurgot, Moscow: What i nternational 
flights are planned in  the future? 

Shatalov: An accord has been reached on a 
Soviet-Austrian space flight. 

In an i nterview in the newspaper 'Ex­
press' the FRG Minister of Research and 
Technology expressed the hope that the 
first joi nt Soviet-West German space fl ight 
would take place no later than 1 991 . 

Talks are being held with Brita in  and 
Malaysia. The USSR Chief Directorate for 
the Development and Use of Space Tech­
nology for the National Economy and Sci­
entific Research is ready to receive applica­
tions from any country to participate in  
flights on a com mercial basis. 

The French side wants month-long joint 
Soviet-French fl ights to be made once 
every two years. This has greatly hearte­
ned Michel Tognin i, the back-up for Jean­
Loup Chretien, who recently returned from 
space. Tognin i  now has a real chance of 
going to an orbiting station in 1 990 or early 
1 991 . 

V. Molchanov, Tula (A Spaceflight reader 
in the USSR): I am very interested in  
cosmonautics. I was told that a women's 
crew - S. Ye. Savitskaya, Ye. A.lvanova 
and Ye. I .  Dobrokvashina - had been 
training to fly to an orbiting station. No­
thing was reported about this. Who were 
their back-ups? 

1 14 

Shatalov: Yes, in 1 984 it wa� decided to 
prepare a women's crew to fly to the 
Salyut-7 orbiting station. The commander 
was to be Savitskaya, who had a lready 
made a space flight in July of that year. The 
crew also included engineer lvanova and 
physician Dobrokvashina.  Their back-ups 
were A. Viktorenko, A. Aleksandrov and V. 
Solovyev. Why a male crew? The answer is 
simple: every crew must include one cos­
monaut who has already made a flight. In 
the women's crew this was Savitskaya. But 
there was no woman cosmonaut for a 
back-up women's crew who had experi­
ence of a fl ight and who was ready at that 
time for a new one. That is why the stand­
bys were men. But after the birth of Savits­
kaya's baby the women's flight did not take 
place. 

V. Petrovicheva, lvanovo: Will women fly 
in space this year? 

Shatalov: No, such a fl ight is not planned. 
Women are not currently being trained at 
our centre. 

V. Korablev, Voronezh: Are our cosmo­
nauts train ing for a Moon flight? 

Shatalov: There is no such need at present. 
But it is impossible to imagine space 
exploration in the future without exploring 
the Moon and setting up lunar bases there. 

S. Trunova, Baku: Why is nothing heard 
about cosmonauts A. Zaysev and A. Kaleri, 
who were reported earlier to be members 
of back-up crews? How many cosmonauts 
are in the detachment now? 

Shatalov: Kaleri and Zaytsev are not 
undergoing training for medical reasons. 
Five crews are now preparing for future 

flights, and each one consists of two men : 
commander and fl ight engineer. Ten 
people in al l .  Depending on the future 
intensified fl ight programme researchers 
who are being trained in their own prog­
rammes may later be included in the 
crews. The group which is tra in ing to fly 
the shuttle also has a special program me 
!based on fl ight tests). 

T. Spiridonov. Arkhangelsk: Are V 
Savinykhm. G. Grechko, A. Yel iseyev, V. 
Askenov and V. Bykovskiy tra in ing for new 
fl ights? 

Shatalov: No, they are not. Savinykh is 
now Rector of the Moscow Institute of 
Engineers of Geodesy, Aerial Surveying 
and Cartography. Grechko is working i n  an 
i nstitute of the USSR Academy of Sciences. 
Yel iseyev is Rector of the N .E .  Bauman 
Moscow Higher Techn ical School .  Askenov 
is director of a scientific research i nstitute. 
Bykovskiy is Director of the House of Soviet 
Science and Culture in Berl in  (GDR).  

S. Orlov, Sudjarvi :  I sti l l  remember with 
anguish the tragic demise of the first Soviet 
crew of an orbiting station - G. Dobrovl­
skiy, V. Volkov and V. Patsayev. Everythi ng 
connected with that flight is dear to history. 
Would it not be possible to name the 
cosmonauts who were in the back-up 
crew? 

Shatalov: The thing is that Dobrovolskiy, 
Volkov and Patsayev were members not of 
the first but of the second crew for the 
Soyuz-1 1 and Salyut orbital station flight. 
The first crew consisted of A.A. Leonov, 
V.N. Kubasov and P. l .  Kolodin (he now 
works at mission control centre). But when 
there were just a few days to go to the 
launching of Soyuz- 1 1, physicians at Baiko­
nur  grounded Kubasov. If one crew mem­
ber is taken off a fl ight, this means that the 
entire crew cannot fly. The state commis­
sion made the decision :  the second er-­
Dobrovolskiy, Volkov and Patsayev -
would go into space. 

I remember how upset Leonov. Kubasov 
and Kolodin were at being taken off the 
flight. But a truly dreadful blow still awa­
ited us when our comrades died during 
their return to Earth. Everyone took it 
unbearably hard at the time. 1t was impos­
sible to look at Kubrasov, Leonov and 
Kolodin with their darkened. pinched­
looking faces, feel ing deeply the death of 
the cosmonauts with whom they had flight 
trained and who had taken their places. 

V. Trofimov, Chelyabinsk: How do you see 
the future of cosmonautics? 

Shatalov: The i ndustrial isation of space. 
Plants in orbit which will g ive people 
materials and medicines that are inaccessi­
ble on Earth. Satel l ite information systems. 
High-capacity orbiting power stations. 

I am also sure that there wil l  be lunar 
settlements 

·
(with the aim of producing 

many rare materials from lunar  rock for 
terrestrial needs and for lunar bases) and 
interplanetary expeditions. 

TOP: The back-up crew for the Joint Soviet­
French mission (left to right) Michel, Tognini, 
Aleksandr Viktorenko and Aleksandr Serebrov. 
BOTTOM: The Mir 1PKe station in orbit. -
from an eppr"l&Ching Soyuz lP c afL CNES 
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Afir Expansion Delayed 
The Soviet space agency, Glavkosmos, has provided Spaceflight 
with up-to-date, accurate information and diagrams of Soviet 
spacecraft. The material includes information on the first Mir 
module, the launch of which has been delayed from April to later 
this year. Regular Spaceflight correspondent, Neville Kidger, out­
lines the changes made to the Soviet plans. 

Models by Phi/ Mills illustrate the dock­
ing procedure for the first Mir module. 
The module first docks with Mir's front 
axial port (top) and is then transferred 
by a remote manipulator arm on the 
module to thtl radial porr (bottom). 
The module is expected to dock with 
Mir later tltis year. 

The Mir space station is currently man­
ned by Aleksandr Volkov, Sergei Kri kalev 
and Dr. Valeri Polyakov. Under the original 
f l ight plan Volkov and Kri kalev were to 
conduct two EVAs to install additional solar 
sensors to M ir's exterior to aid the orienta­
tion of the complex. 

At the end of Apri l  the complex was to 
receive a 're-equipment' module, wh ich 
would feature a section for EVAs with a 1 

metre d iameter exit hatch at the front. lt 
was also to contain a multi-spectral camera 
system made in East Germany, and a life 
science experiment featuring small Japa­
nese canaries. 

The crew was to have been rel ieved on 
the complex by cosmonauts Aleksandr 
Viktorenko and Aleksandr Serebrov. The 
latter of these two was to have conducted 
an EVA from the new module with the 
brand new Soviet Manned Manoeuvring 
Unit ( M M U ). which was shown to Western 
visitors at Baikonur il'i November 1988. 

Soon after the launch of the 're­
equipment' module, a second module was 
to have been docked with M i r  so that the 
complex did not become asymmetric. With 
a single module attached to Mir the com­
plex would become difficult to manoeuvre, 
expending much fue l .  

However on February 2 1  chief spacecraft 
tlesigner, Yuri Semenov, told Soviet TV 
viewers that the fi rst module would now be 
launched in the second ha lf of 1989. The 
M M U  test would take place after this.  

The second large module would be a 
technological one. This is to be a min i ­
factory for growing crystals  i n  weightless 
conditions. These are i ntended for enterpri-

SCIEnCE 
mODUlE 

MASS ATTACHED TO MlR: 20,600kg 
LENGTH OF MODULE: 12.5 metres 
MAXIMUM DIAMETER: 4.1 metres 
INTERNAL TEMPERATURE: Q-400C 
INSTALLED PAYLOAD: 5,000 kg 
LAUNCH VEHICLE: Proton 

By Neville Kidger 

ses in the USSR making electronics and 
lasers. The space-grown crystals will make 
possible the creation of new super-+ast 
integrated circuits Semenov said 

The module will also carry a special umt 
for work in biotechnology and .vi !I produce 
up to 100 kg of products per year after it 
begins operations in late 1990 or early 
1991. 

Semenov said that ecological monitoring 
equipment, being developed at the mo­
ment, would be placed on the module This 
possibly accounts for the delay of the first 
module which Volkov's crew was expect­
ing. The task of launching the modules is 
complex because they have to be prepared 
simultaneously - a problem WTth one 
would ground the other. 

The result of the delay is a maJO• change 
to the Volkov crew's miSSion. Tne EVAs 
have reportedly been cancelled and the 
replacement crew. due to be launched on 
Apri l 19, although sti l l  headed by Viktor­
enko may not contain Serebov. who 
trained extensively for the MMU space­
walk. The Volkov m ission ends on April 29. 
Polyakov may remain onboard to continufl 
his work with the new crew, which will 
return after a six month period in orbit. 

The next insta lment of SpaufligiJt's 
regular  M i r  M ission Report will contain ful l  
detai ls  on the f l ight of Volkov, Krikalev and 
Polyakov. 

A Soviet painting of Buran docked to the Mir 
space station. Soviet Union 
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BUR An 
By Dietrich Haeseler 

3 4 

I 
7 ZJ 21 20 

1. Forward reaction control thruster block 
2. Equipment bay 1 
3. Habitable module 
4. Cabin 
5. Equipment bay 6 
6. Equipment bay 7 and 7A 
7. Flight deck 
8. Module with command equipment 
9. Payload bay 

m1n 
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SOYUZTm 
SPACECRAFT M4SS: 7,070 kg 
LANDING CABIN MASS: 3,000kg 
LENGTH OF SPACECRAFT: 6.98 metres 

(minus docking probe) 
MAXIMUM DIAMETER: 2.72 metres 
WIDTH OF SOLAR PANELS: 10.6 metres 
CREW: up to three people  
FLIGHT TIMES: 

-AUTONOMOUS: up to 3.2 days 
-ATTACHED TO MlR: up to 180 days 

SPACEFLIGHT, Vol. 31, April  1989 

SOVIET SCENE 

10. Block of additional equipment 
(space station module) 

11. Auxiliary power unit 
12. Vertical stabilizer with airbrake 
13. Braking parachutes 
14. Basis block of the unified pr�pulsion 

system 
15. Reaction control thruster block 
16. Fuel tank (kerosine) 

MASS OF BASE BLOCK: about 2 1,000 kg 
LENGTH OF BASE BLOCK: 13. 13 metres 
LENGTH OF WORKING 
COMPARTMENT (WC): 7.67 metres 
MAXIMUM DIAMETER OF 
WC: 4.2 metres 
DIAMETER OF TR4NSFER 
COMPARTMENT (TC): 2.2 metres 
LENGTH OF TC: 2.84 metres 
ORBIT: 300 to 400 km 
INCLINATION: 51.6o 

ORBITAL PERIOD: 90.3 to 93.4 minutes 
PRECISION OF 

ORIENTATION: 
-COARSE MODE: not less than 1.5o 

-FINE MODE: not less than 15' 

HVAftT 
MASSATTACHED TO MIR: 11,000kg 
LENGTH OF MODULE: 5.8 metres 
MAXIMUM DIAMETER: 4.15 metres 
VOLUME OF PRESSURISED 
COMPARTMENT: 40 cubic metres 
PAYLOAD MASS: 4.1 tonnes 

\ 72 

79 78 

17. Body flap 
18. Lower central stage attachment point 
19. Oxidizer tank ( l iquid oxygen) 
20. Upper central stage attachment point 
21. Equipment bay 2 
22. Instrument section 
23. Temperature regulation system 
( ) : Denotes authors add it ions. 

Source: Soviet Union 1/B9. p. 10-13 

ATMOSPHERE: 
- PRESSURE: 800 to 970 mm mercu ry 
- COMPOSITION: as Earth atmosphere 

TOTAL LENGTH 
OF COMPLEX (SOYUZ-MIR­

KVANT-PROGRESS: 32.9 metres 

MAXIMUM WIDTH ACROSS 

SOLAR PANELS: 29.7 metres 
NUMBER OF MODULES: 5 
NUMBER OF CREW: 

-RESIDENT CREW: 2 to 3 people 
- VISITING CREW: 2 to 3 people 

Mir, Kvant, Sovuz, Progress and Science 

Module data and diagrams courtesy of 

Glavkosmos. 

PROGRESS 
SPACECRAFT MASS: 7,240 kg 
CARGO CAPACITY: up to 2,400kg 
DRY CARGOES: up to 1,400 kg 
FUEL: up to 1,200 kg 
LENGTH OF SPACECRAFT: 6.98 metres 

(minus dock ing probe) 
FLIGHT TIMES: 

- AUTONOMOUS: up to 3 days 
-ATTACHED TO MlR: up to 90 days 
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Shuttle 
Fleet Status 

Wrth seven shuttle flights planned for 
1989, the shuttle processing facilities at 
the Kennedy Space Center (KSC) are a hive 
of activity. Spaceflight continues its regu­
lar Shuttle Fleet Status report, bringing 
readers up to date with the very latest 
news from the Cape. 

DiscoveryOV-103 STS-29 
At the time of going to press there was a 

race against time to launch Discovery on 
mission STS-29. The mission was schedu­
led for March 1 1 ,  but delayed until March 
1 3. when Discovery's Master Event Con­
trol ler fai led. Columbia's controller was 
removed and instal led in Discovery on 
March 7. 

Replacement high pressure oxidizer tur­
bopumps were successfu l ly instal led i n  
Discovery's engines out on the launch pad. 
The pumps were delivered and fitted ear­
lier than expected and the work was com­
pleted on February 22. 

If Discovery's launch s l ips beyond March 
18 the mission would have to be post­
poned so Atlantis can meet the April 28-
May 27 launch window for Magellan. A 
postponement could prompt a major reor-

The STS.29 crew during pre-flight training. (left to right) Pilot John Blaha, Mission Specialists 
Jim Bagian, Jim Buchli and Bob Springer, and Commander Michael coats. NASA 

ganisation of the shuttle schedule. Discov­
ery is to launch the third Tracking and Data 
Relay Satel l ite {TORS), a vita l communica­
tions l ink  for the Hubble Space Telescope, 
which is due for launch in December. 
Spaceflight wil l  provide a ful l  report on the 
outcome of the mission next month. 

During the preparations for STS-29, Dis­
covery was modified to carry the Gal i leo 
Jupiter probe and the U lysses solar polar 
orbiter. Both /equ i rt? additional cool ing 
equ ipment whilst in the payload bay. 
Atlantis has a lready undergone the neces­
sary modifications and is scheduled to 
launch both probes. By converting two 
arbiters NASA can switch the payloads if 
Atlantis is u nable to make the fl ight. 

AtlantisOV-104 STS-30 
Atlantis has to meet the vital 30 day 

launch window for the MAgellan probe. 
Stacking of the Solid Rocket Boosters for 
STS-30 was completed on February 1 7, the 
External Tank was attached several days 
later. Atlantis was scheduled to be rol led 

over from the Orbiter Processing Facility 
(OPF) to the Vehicle Assembly Building 
(VAB) on March 9 and mated the SRBIET 
stack later that day. While in the VAB work 
will  begin on changing Atlantis' oxidizer 
turbopumps in the same manner as Dis­
covery. Depending on the STS-29 launch 
date, the pump replacement could be com­
pleted at the launch pad. 

Atlantis' ti res were i nstalled over the 
weekend of February 18/19. as - the 
crew seats. A new location for the -'5 will 
al low more room and greater reaCh for the 
crew while in their launch and re-entry 
partial pressure su its. 

Meanwhi le work on Magellan continued, 
the probe was mated to its IUS booster and 
will  be moved to the launch pad about a 
week after the launch of Discovery - this 
wil l  a l low time for the payload facilities at 
the pad to be fu l ly cleaned. 

Spaceflight wil l  carry an update on the 
preparations for STS-30 next month. 

Columbil! OV-102 STS-28 

(Left) Engineers replace one of Discovery's high pressure oxidizer turbopumps, out on pad 398 at 
the Kennedy Space Center. (Right) Stacking of the STS.30 boosters begins in the VAB. NASA 

Columbia has been undergoing modifi­
cations introduced after the Challenger 
accident. She was transferred from the 
Orbiter Maintenance and Refurbishment 
Facility to Bay 1 of the OPF on January 23, 
where work accelerated to prepare her for 
a Ju ly launch. Much tile work remains on 
NASA's oldest arbiter, so much in  fact, that 
Columbia's launch wil l  almost certai nly be 
delayed. 
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Work to assemble the SRBs for STS-28 
began on February 23. 

Columbia, with many of her tiles missing, is 
towed to Bay 1 of the OPF on January 23. 

NASA 

SPACEFUGHT, Vol. 31.  April 1989 



INTERNATIONAL SPACE REPORT 

NASA-DoD Study 
Highlights Debris 

Threat 
A six month joint NASA-Department of 
Defense (DoD) study of orbital debris has 
concluded that, left unchecked, the growth 
of debris could threaten the safe and 
reliable operation of manned and unman­
ned spacecraft in the next century. 

The study reviewed cu rrent policies a n d  
activities desig ned to reduce t h e  a m o u nt of 
space debris or mitigate its effects and 
explores potentia l  opportu nity for further 
action. I nternation a l  efforts, leg a l  issues 
and commercial  reg u l ations were a l so ex­
amined. 

The report cites satellite a n d  rocket body 
fragmentation as the principa l sou rce of 
orbita l  debris. But it recog nises that cu rrent 
knowledge of the orbital debris popu l ation 1 
is limited by the cu rrent observation 
methods. 
An estimated 7,059 trackable objects a re in 
orbit a round the Earth,  the report states Of 
that n u m ber 1 ,695 a re active and inactive 
spacecraft, 1 ,076 a re spent rocket bodies 
and 4,288 a re frag me nts and other  debris. 
The report estimates that the number of 
trackable objects represents only a bout 0.2 
per cent of the orbital debris popu l ation. 
The estimated m ass of m an-made objects 
in various orbits is a bout 6.6 million 
pou nds. 

Uncertainty as to exactly h ow much 
debris is in orbit makes it  difficu l t  to assess 
the true risk posed to spacecraft, the report 
states, and that in turn creates u ncertainty 
as to the u rgency for action and the poten­
tial effectiveness of a ny corrective action. 

NASA's Jet Propulsion Laboratory re­
cently issued a request for proposals for a 
ground based radar  to track o rbital  debris 
as small as 1 cm in diameter at an altitude 
of 500 km. The US Space Command today 
tracks objects only as s mall as 1 0 cm in 
dia meter. 

The report also details the effects of 

col lisions that occ u r  at the extremely high 
speeds these objects are travel l ing,  ca l led 
hypervelocity In l ow-Ea rth  orbit (LEO).  
debris circles the g lobe at 7 km per second 
When these objects col lide with each other 
or  with operationa l  spacecraft at a com­
bined velocity of 10 km per second, the 
results can be serious or catastrophic, the 
report states.  

For exam ple, a 0 3 cm object travelling at 
10 km a second has the destructive power 
of a bowling ball travel l ing at 60 miles per 
h o u r. O r  a 1 cm a l u miniu m sphere trave l l ­
ing at  10  km per secon d  has the destructive 
power of a 400-po u n d  safe trave l ling at 60 
miles an h o u r. 

The stt..dy group recommends that the 
NASA-DoD team develop a comprehensive 
research a n d  development p l a n  to improve 
orbita l  debris m onitoring, modelling a n d  
data m a nagement capabilities. l t  also re­
commends that NASA a n d  DoD develop a 
basic p l a n  for generic tech nologies a n d  
p rocedu res for minimizing debris and p ro­
tecting spacecraft. Both p lans a re re­
quested by Jan u a ry 1 ,  1 990. 

Don Kessler, a scientist at the Johnson 
Space Canter's Space Science Branch and 
a member of the working group that p re­
pared the debris report, said u nless the 
amount of orbital debris created in orl.lit is 
constrained a 'critical density could be 
reached by the mid-24st Century. Critical 
density is the point at which the n u m ber of 
collisions creates a runaway increase that 
renders some altitudes u n u sable. 

"lt's something that needs to be looked 
at in more detail," Kessler said. "You don't 
want to be wrong one way or the other.  If 
you're wrong about the possibility of los­
ing LEO, then you've done a lot of work 
towards nothing trying to save it, but if you 
don't take it seriously you may end u p  
losing LEo.· · 

NASA Issues Call 
for Reuseable Satellite 

The NASA Johnson Space Canter 
(JSC), Houston, Texas has rei-sed a 
request for proposal for study and 
design of an unmanned reusaable 
reentry satellite that could significant· 
ly expand the agency's capability to 
investigate the weightlen environ­
ment. The satellite, called "UfeSet" 
would be placed into orbit by expend­
able launch vehicles. 

The satellite is planned to be almost 
completely reuseable and capable of being 
reflown within two months of the previous 
flight. Designs a re expected to be deriva­
tives of the often-flown Discovery, Gemini, 
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and Apollo designs of the 1960s, calling for 
a vehicle roughly six feet in diameter, 
weighing over 2,000 pQunds, and carrying 
a useful payload of 500 pounds. 

The LifeSat would be used primarily in 
the fields of life sciences and materials 
processing and would fly experiments in a 
variety of orbits, including those incurring 
large radiation dosages, for periods u p  to 
60 days. Upon completion of the flight, the 
spacecraft would soft-land at a ground site 
where scientists and engineers would have 
immediate access to the experiments. 

Roe/of SchuHing 

This computer graphic illustrates the vast 

swar.-;1 of debns that surrounds the Earth 
ESA 

Phobos 
Returns 

First 
Pictures 

The Soviet Union's Phobos-2 probe has 
returned its first images of the Martian 
moon, Phobos. The probe is due to drop 
two lenders onto the surface of the moon 
in early April. 

The p robe transmitted the first pictu res 
of Phobos between 1 5:35 and 1 6:25 (all 
times Moscow Time)  on Februa ry 2 1 , when 
it  was 860 to 1 , 1 30 km from the moon. The 
pictures were at first stored o n board 
Phobos-2. then relayed to Earth d u ring a 
regular com m u nications session. The im­
ages will p rovide information for the 
p robe's m o re 1etailed examination of 
Phobos. 

Before retu rning the pictu res, Phobos-2 
had been m a noeuvred into a more circular 
'observation orbit' at 1 7:06 on February 1 8. 
After completing the m anoeuvre Phobos' 
engine u nit was jettisoned. The probe will 
use its own low thrust motors to approach 
Phobos. 

Aurora Satellite 
The Japanese Institute of Space and Astro­
nautical Sciences has launched a satellite 
to study the Aurora Borealis, better known 
as 'the Northern lights', and the Auroral 
Australis, the same effect, but occurring in 
the Southern hemisphere. 

The satellite, n amed Exos-D, was laun­
ched by a M3-SI I-3 solid rocket, from 
Japan's Kagoshima launch site on Febru­
a ry 2 1 .  lt was p laced into hig h  incli nation 
o rbit of 75 degrees, with a perig ree of 
300km and a n  apogee of 8,000km. 

lt is hoped the satellite will define the 
mechanism of the a u rora particles. 
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Space/ab Payload 
Specialists Selected 
Or Ulf Merbold, European Space 
Agency (ESA) and Or Roger K Crouch, 
NASA, have been selected as candidate 
payload specialists for materials 
sciences experiments on the 
International Micro;Jravity Laboratory 
(IML)-1 mission aboard the shuttle 
Columbia in April 1991. NASA also 
announced that it has extended to the 
government of Canada through the 
Ministry of Science and Technology an 
invitation to nominate two candidate 
payload specialists for the life sciences 
experiments on the IML-1 mission. 

Dr Merbold flew as ESA's Payload 
Specialist on the Spacelab-1 Mission 
which was carried out i n  November/ 
December 1 983. He is a soiid state 
physicist from the Max Planck Institute for 
Metals Research where his main fields of 
research was crystal lattice defects and 
low temperature physics. He jointed ESA 
in 1 977. 

After the in itial training period , NASA 
will designate, in  consultation with ESA, a 
prime and a backup payload specialist for 

the materials sciences portion of the I M L-
1 mission and wil l  also designate , i n  
consultation with the Canad ian min istry, a 
prime backup payload specialist for the 
l ife sciences portion .  

I M L - 1  i s  the fi rst of a series of 
microgravity investigations using the 
Spacelab module. lt will focus on material 
and l ife sciences, two disciplines needing 
access to a laboratory i n  reduced gravity. 
I M L- 1  will use the Spacelab long module 
and is  a dedicated microgravi1y mission . 

The i nvestigations wil l  use five l ife 
sciences experiments, designed to be 
used and flown again - Biorack, Protei n  
Crystal Growth Faci l it ies, Gravitational 
Plant Physiology Facil ity, Microgravity 
Vestibular I nvestigations and Space 
Physiology Experiments; and three 
materials faci l ities - Fluid Experiment 
System ,  Vapor Crystal Growth System,  
Mercury-Iodide Crystal Growth System 
and the Critical Point Facil ity. These 
reusable faci l ities have been bui lt by US, 
European , Canadian and Japanese 
investigators and org�nisations for refl ight 

Soviet Shuttle Cover 
A phil atelic envelope h as been pre ­
p ar ed  by Me zhdu narodn ay a  Kni ga, 
the Sovi et e xpo rt  agency, in coo per a­
tion with Gl avkosmos, the Sovi et _ 
sp ace agency, to commemor ate the 
fi rst test fli ght f or the sp ace shuttle 
Bur an. The covers were not abo ard 
the shuttle itself, but were at the 
B aikonour sp ace f acility for the launch 
and r ecovery. 

The beautiful red and blue multico­
lour, printed cachet reads, "Mu ltipur­
pose Reuseable Cosmic Ship," and 
the rubber stamp shows a l i ne draw­
ing of the space shuttle and reads 
"Experimental Fl ight 1 5. 1 1 . 1 988 Orbi­
tal Rocket 'BURAN'." 

The postmarks on the Yuri Gaga ri n  

0037 w 
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postage stamp a re from the uBai ko­
nou r Cosmodrome" and are dated 
November 1 5, 1 988 . There a re two 
postma rks, one for the launch and one 
for the successfu l landing at the space 
centre. 

_ The back of each cover has a rubber 
stamp, with the legend i n  Russian and 
Engl ish, ucommemorative Cover De­
voted to the Test Launching of 'Ener­
gia' Carrier Rocket and Space Shuttle 
Buran 1 5. 1 1 .88. Glavkosmos USSR 
and V/0 Mezhdunarodnaya Kniga. w 
Each cover is individual ly authenti­
cated and signed by A. Ya. Belostots­
ky, General Director of Kniga, the 
official  Soviet export agency. 

Les Winiclc 

Critical Point Faci l ity for thermodynamic 
studies under m icrogravity. 

In add ition to the experiments which 
requ i re the reusable faci l it ies, three other 
l ife science and three other materials 
science experiments with unique hardware 
wil l  fly aboard IML- 1 . 

. The I M L  series are designed to fly at 17 
to 25 m o n t h  i n vervals. e n a b l i n'g 
investigators to analyse and u nderstand 
the results of f l ight experiments and use 
that knowledge to design add itional 
aboard the NASA-ESA Spacelab system .  

ESA provides two m8Jor facilities for 
the IML-1  m ission: the enhanced version 
of the Biorack of which a first version was 
already flown successfully on Spacelab 
D-1 in 1 985 and the newly developed 

experiments. 
Columbia wil l  fly in a 160 (nautical ) 

mile-high,  28.5 degree orbit. Mission 
duration is n ine days and the crew will 
consist of two payload speoalists and five 
additional astronaut/mission specialists. 
The arbiter wil l  fly in a tail-down attitude 
cal led "gravity gradient" thereby produciri!J 
the least gravitational disturbances on the 
Space lab during the mission flight OJrabon. 

The I M L  series is intended as an ongo­
ing i nternational research progr3mme i n  
materials and l ife sciences in a micrograv­
ity environment. 

Scout 

Agreement 
NASA and the Missiles Diwilioll of LTV 
Missiles and Electronics � 0.., 
Texas, have announced the -... of an 
agreement which grants the fina I 1he 
rights to commercially pnJdiKe ..et -­
ket the Scout launch vehicle. 

l TV has manufactured the NASA­
developed Scout rockets since 1958 under 
a series of government contrac:U which 
procured flight vehicles in support of 
NASA science missions. 

Under the new agreement. LTV is 
granted rights to produce and launch the 
Scout on a commercial basis and is pro­
vided access to NASA-controlled produc­
tion tooling and special test equipment 
used i n  the production of the Scout rockets. 
The agreement also enables l TV to obtain 
the use of Scout launch support facilities at 
the NASA Wallops Island, Virginia, and 
Vandenberg Air Force Base, California 
launch sites. 

The Scout launch vehicle became oper­
ational in 1 960 and has undergone upgrad­
ing since 1 976. The standard Scout is a 
solid-propellant four  stage vehicle approxi­
mately 7.5 feet in length. The lift-off thrust is 
1 32,240 pounds. Improvements have i n­
creased the Scout's capability to place 
payloads in low Earth orbit to approximate­
ly 2 1 0  pounds. Over 1 00 Scouts have been 
launched to date. They have placed 
payloads into inclined, equatorial,  and po­
lar orbits for a variety of missions. 

,., Schuiling 
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SATELLITE DIGEST • IIO 
--------- Robert D. Christy ---------

Continued from the March 1989 issue 

A monthly listing of satellite and spacecraft launches, compiled from open 
sources. The heading to each launch gives the name of the satellite, its 
international designation and its number in the NORAD catalogue. Launch 
times are given in Universal Time and are accurate to about five minutes 
except where marked with an asterisk, where the time is to the nearest 
minute as announced by the launching agency. 

Launched: 2225, 3 October 1 988 from Ple­
setsk, USSR by A-2-e. 
Spacecraft data: Probably simi lar to the 
Molniya satel lites, in  which case it has a 
cyl indrical body with a con ical orbital ad­
justment motor section at one end. The 
opposite end of the vehicle carries sensors 
and a solar panel array set in a plane at 
right angles to the main axis of the body. 
Stabi l isation is probably by the use of 
momentum wheels. The length is about 
4 m, the maximum diameter about 1 .6 m, 
and the mass around 1 ,800 kg. 
Mission: Part of the USSR's bal l istic mis­
sile early warning system. 
Orbit: In itia l ly 585 x 39,431 km, then raised 
to 586 x 39,784 km to ensure dai ly repeats 
of the ground track. 

Launched: 0803, 1 1  October 1 988 from 
Plesetsk, USSR by F-2. 
Spacecraft data: Possibly a truncated cone 
with a pair of sun seeking solar panels at 
right angles to the centre of the body, and 
an Earth pointing sensor array at the larger 
end. The length is probably about 4 m, 
maximum body diameter 1 .5 m and mass 
around 1 ,600 kg. Stabil isation may either 
be by by the use of a gravity gradient boom 
or by momentum wheels. 
Mission: Electronic i ntel l igence gathering.  
Orbit: 631 x 666 km, 97.76 min,  82.54 deg. 

Launched: 1 1 20, 1 3  October 1 988 from 
PlesPstk, USSR by A-2. 
Spacecraft data: Based on the Vostok man­
ned spacecraft and consisting of a spheri­
cal ,  camera carrying re-entry module sup­
ported by a conica l  instrument unit con­
taining batteries, control equipment and a 
rocket motor system. A 2 m diameter, 
0.5 m deep, cyl indrical ,  supplementary in­
strument package may be carried at the 

forward end. The overal l  length is about 
6 m, maximum diameter 2.4 m and the 
mass is between 6 and 1 tonnes. 
Mission: Mil itary photo-reconnaissance, 
recovered after 14 days. 
Orbit: 359 x 41 0 km, 92.29 min,  72.86 deg . 

Launched: 1 543. 20 October 1 988 from 
Tyuratam, USSR by D-1 -e. 
Spacecraft data: Probably simi lar to the 
Gorizont satel l ites, being a stepped cyl in­
der with a dish aeria l  array at one end. 
Electrical power is provic;led by a pair of 
rotatable solar panels at right angles to the 
body. Station keeping is by the use of gas 
jets, and three-axis stabi l isation is achieved 
by momentum wheels. The length is about 
5 m, the maximum diameter about 2 m. 
and the mass around 2,000 kg.  
Mission: Communications satel l ite provid­
ing continuous telephone, telegraphic and 
television l inks with in  the USSR. 
Orbit: Geosynchronous above 35 deg east. 

Launched: 1 803. 25 October 1 988 from 
Plesetsk, USSR by A-2-e. 
Spacecraft data: Probably simi lar to the 
Molniya satel l ites, in which case it has a 
cyl indrical body with a conical orbital ad­
justment motor sectior at one end. The 
opposite end of the vehicle carries sensors 
and a solar panel array set in a plane at 
right angles to the main axis of the body. 
Stabi l isation is probably by the use of 
momentum wheels. The length is about 
4 m, the maximum diameter about 1 .6 m, 
and the mass around 1 ,800 kg. 
Mission:  Part of the USSR's bal listic mis­
sile early warning system. 
Orbit: In it ial ly 630 x 39,253 km, 708.23 m in,  
62.90 deg then raised to 634 x 39,728 km, 
71 7.91 min,  62.90 deg to ensure daily 
repeats of the ground track. 

2,000th Cosmos Launched 
The Soviet Union launched the 2,000th 
Cosmos satellite on a Soyuz (SL"") laun­
cher from Plesetsk on February 10. Earlier 
the same day a string of military communi­
cations satellites, Cosmos 1994-1999, lifted 
off from Plesetsk, Cosmos 2001 was laun­
ched four days later. 

The Cosmos series has become known 
as the 'catch all Cosmos'. The Soviets use it 
to categorise. many would say conceal ,  
their mi l ita ry satel l ites, experimental spa­
cecraft and launch fai lures. The fi rst Cos­
mos satel l ite was launched on March 1 6, 
1 962, since then Cosmos launches have 
steadi ly i ncreased, reaching just under 1 00 
satel l ites per year. 

Cosmos 2000's Earth resources mission 
includes mapping the central areas of 
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Antarctica. Yuri Kiyenko, Genera l  Director 
of the State Research and Production Cen­
tre Pri roda, said the satel l ite would provide 
unique data on the ice cover, on the 
outcrops of rocks and the formation of 
g laciers and icebergs. Also, new data 
might be obtained on the formation of the 
'ozone hole' over the area. The satel l ite wi l l  
a lso photograph areas of the Soviet Union.  

A Tass statement. issued to commemo­
rate the 2,000th launch. confi rmed Cosmos 
1 374, 1 445, 1 5 1 7  and 1 6 1 4 were the tests of 
the Soviet min i  shuttle, which according to 
the statement: "were the first Soviet aero­
space vehicles, which tested [the)' heat 
protective covering for the Buran reusable 
spaceship".  

TDF 1 ( 1 988-98A) d u r i ng pref l ight checks. 
l'he sate l l i te was launched by Ariane on 
October 28, 1 988. Arianespace 

Launched: 1 1 30, 27 October 1 988 from 
Plesetsk, USSR by A-2. 
Spacecraft data: Based on the Vostok man­
ned spacecraft and consisting of a spheri­
cal. camera carrying re-entry module sup­
ported by a conical instrument un it con­
taining batteries, control equipment and a 
rocket motor sytem. A 2 m diameter. 0.5 m 
deep, cyl indrical, supplementary instru­
ment pa�kage may be carried at the for­
ward end. The overal l  length is about 6 m, 
maximum diameter 2 .4 m and the mass is 
between 6 and 7 tonnes. 
Mission: Mi l itary photo-reconnaissance. 
recovered after 14 days. 
Orbit: 229 x 282 km, 89.66 min, 72.87 deg . 

Launched: 02 1 7*, 28 October 1 988 from 
Kourou, �rench Guiana by Ariane 2 (V-26). 
Spacecraft data: Box shaped body with an 
aerial mast on one face, approx 2 m a l l  
round. Power is provided by a 1 9.3 m span 
solar array. The mass (in orbit) is 1 3 1 8  kg. 
Mission: French, domestic d irectbroad­
casting television satel l ite. 
Orbit: Geosynchronous above 1 9  deg west. 

Launched: 6 November 1 988 from Vanden­
burg AFB, USA by Titan  34D. 
Spacecraft data: not avai lable. 
Mission: Probably a pair of satel l ites in the 
Satel l ite Data System. used for mi l itary 
communications to and from northern po­
lar regions. 
Orbit: Approx. 600 x 39,700 km, 718 min,  
63.4 deg. 

Launched: 0300*, 1 5  November 1 988 from 
Tyuratam, USSR by K-1 (Energia) .  
Spacecraft data: Winged re-entry vehicle, 
36 m long. with wingspan 24 m and fusel­
age diameter 5.6 m.  The mass at launch 
was 1 OS tonnes. 
Mission: Unmanned test fl ight of the 
Soviet Un ion's fi rst shuttle orbiter. lt land­
ed on the Baikonur runway at 0625, after 
two circuits of the Earth. 
Orbit: 248 x 256 km, 89.48 min, 51 .63 deg. 
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The Moon Book 

K. Long, Joh nson Books, 1880 South 57th Cou rt, Boulder, Colorado 
80301, USA., 1988, 128pp, $6.95. 

This  paperback concisely summarises many fasci nating facts 
about the Moon, i nclud i n g  explanations of the times of Moonrise 
and Moonset, eclipses, lunar phases, Moon lore, l u n a r  photography 
and the like. 

lt is very readable, filled with diagrams, and both erudite yet easy 
to u nderstand.  

The same publisher  also issues a strik ing annual black and white 
poster-calendar, p roviding a g raphic display of the phases of the 
Moon for each day of the year. lt adds i nformation on perigee, 
apogee, etc and is also availa ble in card form. The poster s ize, 31 'h" 
x 20'!2", is available at $6.95, the card size, 6'!2" x 1 O'h" at $1.95. 

Annual Review of Astronomy and Astrophysics Vol. 26 

G. Burbidge et al. Annual Reviews Inc., 41 39 El Camino Way, PO 
Box 1 0 1 39, Palo Alto, CA 94303-0897, USA. 1988. 703 pp. $51 . 

This volume contains sixteen contr ibutions which provide au­
thoritative reviews of some of the m ost active areas of astronomy 
and astrophysics today. The range, as ever, is extensive, beginning 
with a current view of comets in  the wake of Giotto, the origin of the 
solar system, star formation and supernovae remnants and 
reaching finally to the large-scale structure of the U niverse. 

The information-content is invariably very high so, although the 
contributions wou ld be valuable to any student or i ntelligent 
layman interested in astronomy, careful reading is essential if one 
is to make the most of the information imparted. 

All contributions are carefully and fully referenced and prepared 
to a h igh standard. 

A Manual of Advanced Celestial Photography 

B.O. Wall is & R.W. Provin,  Cambridge University Press, The 
Edinburgh Bui ld ing, Shaftesbury Road, Cambridge, CB2 2RU, 
England, 1 988, 388 pp, £25.00. 

Recent improvements in photographic emulsions, IJypersensiti­
zation techniques and telescopic equipment have made it possible 
for amateurs to make real contributions to astronomy. 

·
This is a 

unique technical handbook which bri ngs together topics generally 
not available to the non-specialist, thus bridging the gulf between 
the novice a nd the advanced astrophotographer. lt includes a 
detailed discussion of topics not usually mentioned in general 
surveys, e.g. photographic optics, instru ment design, techniques at 
the telescope, films and developers, advanced darkroom methods, 
sensitometry and film hypersensitization. Emphasis is placed on 
u nderstanding basic photographic principles and professional 
laboratory methods. 

A number of special techniques are discussed which add to the 
comprehensive nature of this work and have the aim of encourag­
ing readers to obtain  celestial photographs of a high order. 

Ell A Challenge for Change 

P. Schenkel ,  Vantage Press I nc., 5 1 6  West 34th Street, New York, 
NY 1 000 1 ,  U.S.A., 1 988, 248 pp, $1 6.95. 

In this book the author postulates what contact with advanced 
intelligent life and other planetary systems could mean to mankind. 
He bel ieves that such life exists and urges i ncreased SEll efforts. 

Part I examines some of the economic and political problems 
facing mankind today, hence a fair amount of comment on the 
current political scene and the inclusion of all sorts of political 
worthies in the index. Part l l  not only supports the idea of the 
existence of extraterrestria l  intell igence but stresses the probabi lity 
that this is likely to be more advanced than W 3  are, both in  
technology and in  other respects. The author argues that older 
civilizations must necessari ly have undergone similar evolutionary 
stages to ourselves and propounds the view that such meetings 
would be highly beneficial to mankind. 
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Satellite Astronomy: The Principles and Practice of Astronomy 
from Space 

J . K. Davies, Joh n  Wiley & Sons Ltd., Baffins Lane, Chichester, West 
Sussex, P019 l UD, En£land,  1988, 198 pp, £34.50. 

Satellites are now the key tools in astronomy which have 
revolutionised the way in which we perceive the U niverse. This 
book provides a comprehensive review of h ow astronomy is now 
carried out from space and examines, in some detail, those historic 
missions which provided the quantum leaps in our abi l ity to 
o bserve and u nderstand the U niverse. 

lt begins with a n  introduction to the basic principl es, operational 
m ethods and engineering challenges posed by space astronomy. 
This is followed by chapters which describe the use of satellites for 
investigating various regions of the electromagnetic spectrum . The 
main types of instruments a pplicable to each energy band are 
d escribed and several important satellites and their results re­
viewed in detail. Additionally, a n u m ber of smaller missions are 
summarised and gu idance given as to fu rther reading. 

Each chapter concludes with details of further missions a lready 
approved and due for launch over the next few years. A final 
chapter examines a developing role expected for astronom ical 
satellites over the next centu ry, including instru ments attached to 
space stations and installed·on the M oon. 

Guidance and Control 1988 

R.D. Culp & P.L. S hattuck, U nivelt .Inc., PO Box 281 30, San Diego, 
CA 921 28, U.S.A., 1988, 576 pp, Hard back $75, Soft back $60. 

This book, Vol. 66 in "Advances in the Astronautical Sciences., is 
based on a conference held early in 1988. Sections include 
spacecraft attitude control and a utonomy, guidance and control 
storyboards d isplays, space station system control techniques and 
otfboard navigation and attitude systems. 

Astrodynamics 1987 

J.K. Soldner e t  a/, Univelt Inc. ,  PO Box 281 30, San Diego. CA 92128, 
U.S.A., 1 988, 1 774 pp, Hard back $1 80, Soft back $1 50. 

This volume, in two parts plus a microfiche supplement. presents 
the proceedi ngs of the latest of a series of annual Astrodynamics 
Conferences, held in August 1 987. Wide-ranging session topics 
included space transportation, LEO orbit determination. optimal 
control, gravity assist missions, precise orbit determination, multi­
body dynamics and tethered satellite, the NASA Mars � 
programme, semianalytic satellite theory, a special NORAD ses­
sion. structural identification and control, planetary mission and 
payload analysis, satell ite debris and orbit decay. dvnamics and 
control of rotating structures and outer planetary exploration. 

The Cambridge Atlas of Astronomy 

J. Audouze and G. Israel, Cambridge University Press, The Edin­
burgh Bui ld ing, Shaftesbury Road, Cambridge. C82 2RU, England, 
1 988. 431 pp, £35.00. 

The exploration of our Universe is one of the great intellectual 
adventures of the present age. Telescopes on the Earth and i n  
space have enabled us  to  see the  stars as  never before. to perceive 
our own galaxy more clearly and to penetrate the vast reaches of 
space. Radiation of a l l  types collected by modem instruments e.g. 
l ight, radio waves, x-ray and u ltraviolet radiation. when analysed 
by the latest image processing techniques. has provided a new 
perspective of star formation, interstell ar matter and the turmoil 
which takes place with in  active galaxies and quasars. 

This second edition of an outstanding compendium of informa­
tion contains results from the most recent space missions such as 
the Voyager 2 encounter with Uranus. the Giotto mission to 
Halley's Comet and the series of Soviet spacecnlft used to explore 
Venus and its atmosphere. lt has been exteusively revised and 
brought completely up  to date. 

The atlas provides detailed information on planetary science, 
modern astronomy and astrophysics and cosmology general ly. 
Many of the il lustrations have been computer-process a cf to empha­
sise features of significance. There are 350 colour photographs, 420 
i n  black and white and over 300 other illustrations prepared 
special ly for the book, all accompanied by extensive captions. 
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Quasars, Redshifts and Controversies 

H. Arp, Cambridge University Press, The Edinburgh  Bu i ld ing, 
Shaftesbury Road, Cambridge, CB2 2RU, England, 1 988, 1 98 pp, 
£1 2.50. 

In  this book the author contests the accepted view that quasars 
are the most distant objects i n  the universe and presents observa­
tions and data to explain why he has concluded them ·to be 
associated with relatively nearby galaxies. 

He takes the view that the enormous redshifts of quasars do not 
arise fr om the expansion of the universe but are an intrinsic 
property of the quasars themselves. adding that galaxies and 
quasars probably have an orig in far different from that assumed by 
the "Big Bang " model of the un iverse. 

The Guide to Amateur Astronomy 

J. Newton & P. Teece, Cambridge University Press, The Edinburgh 
Bui ld ing, Shaftesbury Road, Cambridge, CB2 2RU, 1 988, 327 pp, 
£1 5.00. 

Amateur astronomy is sti l l  an area of scientific activity where 
modest equ ipment can offer the chance of making excit ing 
d iscoveries. 

This book introduces the fundamentals  of astronomy and 
explains how one can get started in  making one's own observa­
tions. lt i ncludes maps of the night sky to help with i ndentification, 
as well as information on how to recognise and locate planets. 

After acquiring some basic knowledge, a new observer will wish 
to turn to some of the more advanced projects described in the 
book. An important feature is the emphasis placed on practical 
techniques, including how to bui ld a telescope from first principles, 
make an observatory for it and experiment with astro-photography. 
Other areas l ie in observing variable stars or using a personal  
computer. There are plenty of additional suggestions for investiga­
tion. including asteroid and comet hunting, nova and supernova 
searches, observing binary stars, etc. 

JBIS  journal 
br it is� 

The April 1989 issue of the Joumal of the British Interplane­
tary Society is now available and contains the following 

papers. 

EXPLORATION OF MARS 
The Resources of Mars for Human Settlement 

Wind Energy: A Resource for a Human Mission to Mars 

Rocket Propellants from Martian Resources 

Survival and Prosperity Usiag Regolitb Resources on Mars 

Use of Martian Resources in a Controlled Ecological Life 
Support System (CELSS) 

Copies of JBIS, are priced at £12.00 ($24.80) to non-members, 
£4.00 ($8.00) to members, post included, can be obtained from 
the address below. Back issues marked by an asterisk are 
double issues and priced £24.80 ($48.00) to DOR-members, 
£8.00 ($16.00) to members. 

NEW PAL VIDEO TAPE RELEASES 

CHALLENGER ACCIDENT INVESTIGATION (30 min) and 
one hour PAL Video highlight tape for each STS 26, 27 

and 29 missions are now available ! !  AVD Services has 
the la rgest collection of PAL Format SPACEFLIGHT 

Videps Most have TWO MISSIONS on each tape O n l y  
$39.00 each 4 0  more tapes are listed below. 

T 1 ) Mercury Redslones 1 .  2 & 3 56 m1n, T2) Friendship 7 56 m1n 

T3) Aurora 7 & S1gma 7 56 m1n, T 4) Faith 7 & Mer Summary 56 m1n. 

T5) Genunt 4, 7&6 56 m1n, T6) Gem 8 & 10 38 mtn , T7) G.m 1 1  & 1 2  .u mtn 

T8) Workj Was There (Mercury Flights) & Legacy ol Gamtnl 56 man, 

T9) Apollo 4 5 & 7 45 mon. T1 0) Apollo 8 & 9 56 moo 
T l t )  Ap-:>llo 10 & 1 1  58 mm, T 1 2) Apojlo 12 & 13 56 mtn 
T I J) Apollo 14 & 1 5  56 mm. T l 4) Apollo 16 & 1 7  56 mm. 

T 1 5) Skylab 1 & 2 6 1  m1n, T 1 6 )  Skylilb Summary & �STP 56 m•n 

T 1 7) STS 1 & 2 SS m • n .  T 18) STS 3 & 4 44 mm, T t 9) STS 5 & 6 58 m1n. 
T20) STS 7 & 8 72 mon. T2 1 )  STS 9 60 mon. T22) STS 4 1 8 54 mtn. 
T23} STS 41 C 56 man, 124) STS 4 1 0  58 m1n, T2S} STS 4 1  G 50 m1n. 
T26) STS S I A  56 l1lln. T27) STS S I C  58 mon, T28) STS 5 1 0  54 """· 
T29) STS S I B  54 mm. TJO) STS SIG 42 min. TJI )  STS 5 1 F 54 mm. 
T32) STS 5 1 1 58 mtr T33) STS StJ 58 m1n . T34) STS 61A 56 nun 

T35) STS 6 1 8  58 1111t1. T36) STS 61 C 42 llllfl. 
T37) STS 5 1 l  All TV l.aunc:h AngiH R81eaaed 58 mn, 

T38) X 1 5  & Flytng Machanes 56 mm , T39) NASA 1 st 25 yeart 56 m1n, 
and T 40) Now Fronbors (STS 1 ·4) & We OeiMif (STS 5·8) 56 mm 

Send check oayabls 10 us dollars v•a us Bank for s 39 00 
plus S 5 00 (Au Pos1) pe< ,.,_ payable 10 AV D 

OHiaal NASA Shunle Pr••• Kit (Press Into) cop.es are ..tva•laba tor au 
m1saions (except Do0) tor onty $ 1 4  00 each, post pa1d AU A p o l l o  
Pr••• Kita are ava•lable ,  Wuta • •  Space Shunle Fhghl Plant lor S T S  
5 1 L  e nd  STS 2 6  & 2 8  are only $25 0 0  each post p.w d  All Apollo and 
Shuttle flight Plan cop.es are available 

AVO SerVIce• haa the most Space Vldeoa et the beat prtceall  
Write for epeclal Uetlng ol rara Apollo Program 

and Shutua Program mamorablllall 

AVD 
767 St. Mlchaels Dr. 

Ullchellvllle, MD 207 1 6  USA 

of t�e 
interplanetary soc.ietlJ 

The following back issues of JBIS are available: 

August 1 988 
Space Technology 

September 1 988 
Dust in Space 

October 1 988 
Logica in Space 

November 1988 
Interstellar Stadies 

December 1988 * 
Australia and Space - A ilk:entennial Perspective 

January 1 989 
On·Board Data Management 

February 1 989 
Manned Space Capsules 

The British Interplanetary Society, 27/29 South Lambeth Road, London SW8 lSZ, England. 
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IV/agellan to Venus 
For thirty years the primary 
assignment of JPL has been to 
conduct unmanned exploration of 
the Solar System within the 
NASA programme. However, no 
JPL-managed missions have been 
launched to the planets since 
Voyagers 1 and 2 in 1977. Thus, 
the scheduled lift-off this month 
or in May of the Space Shuttle 
Atlantis, carrying the Magellan 
spacecraft mated to an upper­
stage rocket, is not only an event 
of scientific importance but also 
constitutes a refreshment of the 
laboratory's prime purpose. The 
feeling of refreshment is broadly 
based since, as I write this piece in 
January, President Reagan's 
budget submission to Congress 
includes a project start in Fiscal 
Year 1990 for the first two Mariner 
Mark 11 missions: Comet Rendez­
vous Asteroid Flyby (CRAF) to 
Comet Kopff and Cassini to 
Saturn. 

New beg i n n i ngs a re certai n ly not 
unique to the space programme, but 
they are often more visible in such a 
progress-oriented endeavou r. When I 
joined the Apol lo  lunar- landing pro­
ject in 1 968, recovery from the devas­
tating fire of 1 967 which ki l led three 
astronauts was wel l  u nderway, and 
the Christmas circumnavigation of  the 
Moon by Apol lo 8 dramatica l ly certi­
fied that fact (along with the October 
1 968 flight of Apol lo 7) .  Simi larly, one 
can view the Magel lan launch as a 
hea l ing event for the trauma i nfl icted 
on planetary exploration by the explo­
sion of Chal lenger in 1 986. For me, the 
cum u l ative low point was reached 
after the Chal lenger's destruction 
when I wal ked through the flig ht-team 
areas of Gal i leo and Ulysses, schedu­
led for May 1 986 launches (Gal i leo is 
now rescheduled for October 1 989 
and Ulysses for October 1 990) .  The 
sense of lost opportunity was a pal p­
able com panion for the people who 
sat in those offices and tried to guess 
what an u ncertain  futu re would bring.  

Pr ior to the Chal lenger accident, 
Magel lan was scheduled for an April 
1 988 launch - almost two years after 
Gal i leo's and Ulysses' planned as­
cents - and consequently the project 
was earl ier in its development cycle. 
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In this artist's concept, the Magellan probe orbits Venus, mapping the surface of the p._t. 
ltlartin ltlarietta 

Hence, whi le Gal i leo and Ulysses had 
t9 de-staff many positions, Magel lan  
adjusted its bui ld-up profi le.  (The 
modifications to the Gal i leo spacecraft 
have a lso been extensive si nce it must 
now be equipped to su rvive the ther­
mal  rigours of the i n ner Solar System 
while receiving a g ravity assist from 
Venus;  see the May 1 987 " Space at 
J PL" for these changes and last 
month's colu m n  for some scientific 
plans which this outer-planet m ission 
has formulated to take advantage of 
the 1 5,000 km flyby of Venus i n  Febru­
ary 1 990.) 

Space exploration is a feasible and 
rewarding activity, as the record 
attests, but it often poses a series of 
chal lenges that manifest themselves 
as threats to a schedule.  In order to 
meet President Kennedy's goal  of a 
successfu l lunar  expedition by the end 
of the decade, Apol lo managers had to 
juggle flight schedu les to suit the 
occasion. For example, the Apol lo 8 
ci rcumnavigation of the Moon was a 
late i nterpolation between the Earth­
orbiting Apol lo 7 and 9 m issions, 
designed to accommodate the cu rrent 
state of hardware development and 
stay o n  the critical path to the fi rst 
lunar- landing m ission.  Magel lan has 

bui lt its schedule not to conform to a 
presidential mark but to meet the 
real ities of planetary alignments and 
Shuttle manifests. 

Magel lan experienced two hard­
ware chal lenges to its schedule when, 
i n  October 1 988, a short-lived but 
i ntense battery fi re took place just 
after the spacecraft arrived at the 
Ken nedy Space Center (KSC) and later 
in the year when fabrication flaws 
were detected in portions of the radar 
and spacecraft-data subsystems. 
Through the fal l  and winter, project 
personnel added wortc shifts and e l i­
minated hol idays to recover lost time. 

The rectification of these two prob­
lems had to be accomplished against 
a backg round of scheduled work; the 
busi ness of readying a spacecraft for 
lau nch is an intensive activity. In order 
to keep abreast of progress, I subscri­
be to the dai ly spacecraft status re­
ports, issued from the project office at 
KSC. One or two pages are spent on 
these h igh-level summaries wherein,  
typical ly, accurate measures of mass 
and centre-of-mass are compared 
with previous estimates, electronic 
components tested, compatibil it)' of 
spacecraft a nd ground systems veri-
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Space at JPL -----------

fled, an� a pparently a110malous mea­
su rements explained. 

James S.  Carter was Deputy Chief of 
the Sequence Team ( responsible for 
generating command loads for the 
spacec:;raft) for Project Gal i leo i n  1 986 
when the mission was delayed. Car­
ter s previous experience had inclu­
ded service with the Viking and Voya­
ger projects, and,  with the Gal i leo de­
staffing in this a rea, his experience 
was transferred to Magel lan's fl ight 
team .  He is the Chief of that project's 
M ission and Sequence Design Team 
(MSDT), and he briefed me on 
Magel lan-in-cru ise, as  reported below. 

After launch, and up to the August 
1 990 a rrival at Venus, the spacecraft 
wil l  be in i nterplanetary cru ise and, 
un l i ke cru ise phases for most mis­
sions, scientific experiments wi l l  not 
be u ndertaken (the spacecraft's 
payload, a synthetic apertu re radar 
and an  altimeter, are designed for 
planetary mapping appl ications). 
However, just as d u ri ng the period of 
the spacecraft's residence at KSC, en­
g ineers on Carter's MSDT and other 
fl ight teams wi l l  be kept busy main­
tain ing and conditioning the vehicle 
for its futu re rendezvous with Venus 
- see the September 1 987 edition of 
this colu m n  for a review of the Venu­
sian su rvey strategy. 

The M SDT occupies an intermediate 
position on Magel lan's fl ight team, 
between the M ission Planning Team 
and the Spacecraft Team.  The M ission 
Planning Team considers scientific op­
tions and engages in  long-term mis­
sion analysis, including possibi l ities 
fol lowi ng the prime (243-day) map­
ping m ission. The resu lts of these 
analyses a re expressed, in the main,  i n  
a continua l ly u pdated MiJsion Plan.  
Accepting the M ission Plan as i nput, 
the MSDT produces as its primary 
output the uskeleton Orbit Profi le" 

HIGH-GAIN 
ANTEN NA 

LOw-GAIN 
ANTENNA 

The Magellan probe. 

(SOP). As the name impl ies, the MSDT 
un it of p lanning,  d u ring Venusian 
orbital operations, wi l l  be the orbit; 
the spacecraft swihgs i n  an eccentric 
orbit about Venus every 3. 1 5  hours, 
mapping the su rface of thEt planet with 
its radar at lower a ltitudes near periap­
sis and then turning toward Earth to 
pump the recorded data back to the 
a ntennas of the Deep Space Network. 
The SOP is fed to the SpacecraftTeam 
for the production of the actual sequ­
ence of commands which a re radioed 
to the spacecraft. 

Th� bui ld ing blocks for a SOP are 
cal led,  fittingly, u blocksu .  The blocks 
a re a standard set of subroutines i nto 
which the MSDT i nserts the appropri­
ate parameters i n, order to achieve 
desired performanC'e of the spacecraft 
(and cues for supporti ng actions on 
the g rou nd) .  

The spacecraft must be cared for 
d u ring its year-plus cruise to Venus. 

The Magellan spacecraft will wrap itself around the Sun about 1.6 times in its cruise from Earth to Venus. 

VENUS AT ARRIVAL 
8/1 0/90 

S/C APHELION 
5/1 6189 & 3/3/90 

EARTH AT LAUNCH 
4/28/89 
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VENUS AT LAUNCH 
4/28/89 

VERNAL 
EQUI NOX 

NASA/JPL 

ROCKET ENGINE 
MODULE 

C"Z==- THERMAL CONTROL 
LOUVERS 

SOLAR PAN EL 

Carter detailed some of the more 
important responsibi l ities with which 
he and his team are charged. 

Two fundamental activities are plac­
ing periodic uSTARCALSu and " DE­
SATS" i n  the SOP; both relate to 
control l ing the attitude (orientation)  of 
the spacecraft. In  the STARCAL, stars 
are observed by means of the spacec­
raft's sta r sensor in order to correlate 
accu rately the i nternal reference sys­
tem of the vehicle with the external 
world. 

The DESAT fu nction refers to u n­
loading (desatu ratingl  excess momen­
tum from the reaction wheels. The 
three reaction wheels store angular  
momentum (derived from the electri­
cal energy generated from the solar  
panels) used to place the spacecraft i n  
its desired attitude; changing the 
angular  velocities of the wheels in a 
calcu lated manner wi l l  turn the spa­
cecraft to a new attitude. In the cou rse 
of time, holding the spacecraft's attitu­
de u nder buffeting by the solar  wind, 
and similar disturbances, wi l l  resu lt in 
one or more of the wheels spinn ing at 
a rate which approaches the design 
l i m it. Hence, momentum is propor­
tionately removed from the set of 
wheels by a DESAT to return the 
system to a state wel l  within its nor­
mal  operating range ( physical ly, the 
spacecraft's hydrazine thrusters a re 
used to accomplish the momentum 
u nloading) .  

The STARCALS and DESATS (Carter 
said that informally the tea m  has. 
label led the dual  activities U DECALS " I  
w i l l  b e  done a bout once per day 
d u ri ng the in itial  portion of the cru ise .. 
relaxing to every other day after a bout 
three months. While the un it of o rbital 
p lanning is 3. 1 5  hours i n  length, each 
cru ise SOP is about two weeks long, 
yielding a rough measure of relative 
complexity between orbital and cru ise 
operations. 

A key ingredient in  most m issions is 
the set of trajectory-correction man­
oeuvres (TCM) which wil l  ma inta in ,the 
spacecraft on its proper course. Just 
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Continued from p. 125 
as angular  momentum is employed to 
manage the attitu)ie of the spacecraft, 
l inear momentum, generated by the 
fami l iar  method of mass expulsion 
throug h a "motor burn", is used to 
adjust the trajectory. Prior to i nsertion 
i nto orbit about Ven us, th ree TCMs a re 
planned for Magel lan .  The fi rst, sche­
duled for about 1 5  days after i njection 
i nto interplanetary cru ise, wi l l  clean 
up any small errors resulting from that 
injection burn. The second, approxi­
mately one year into cruise, wi l l  a lso 
serve as a cleansing agent, as wi l l  the 
th ird, about 17 days prior to i nsertion 
into orbit about Venus. The transfer 
from i nterplanetary cru ise to a plane­
tary orbital trajectory is accompl ished 
by igniting a STAR 48 sol id-rocket 
motor. 

The solid-rocket motor must be 
tended d u ring cru ise by providing it 
with the proper thermal environment. 
When far from the Sun,  the STAR 48 is. 
warmed by adjusting the spacecraft 
attitude so that the Sun shines on the 
motor; nearer to the Sun, shading is 
requ i red. 

No data wi l l  be acquired by the 
synthetic aperture radar during cru ise, 
but the spacecraft's tape recorder wi l l  
b e  supplied, prior t o  launch, with a 
load of radar data. These data can be 
played back d u ring cruise (the plan is 
to do this three times) for the pu rpose 
of exercising computers and people 
on the g round, prior to orbital opera­
tions. 

Five days a week, eight hours per 
day, Carter's team and other elements 
of the fl ight team wil l  gu ide Magel lan 
to Venus for its m ission of scientific 
exploration. We wish them all wel l  i n  
that most exciting u ndertaking - the 
exploration of space - and see in 
Magel lan a celebration of the return to 
deep space. 

Space at JPL -----------

The STAR 48 solid-rocket motor is mated to the Magellan probe. NASA 

---Burning Curiosity---

With Voyager 2 bearing down on 
Neptune for a flyby in August, 
curiosity becomes a factor in our 
anticipation of that event. Does 
Neptune have rings? H so, are 
they partial arcs? Wil l  we be able 
to see the surface of the large 
satellite Triton? H so, will it have 
lakes of liquid nitrogen? Wil l  the 
spacecraft receive a strong dose 
of radiation from trapped parti­
cles? 

Several times in the last three years I 
have tried to express, verbally and in  
writing, the experience of  watching t.Jranus 
draw near, from the vantage of Voyager 2. I 
will try again .  lt seemed to me, and still 
does, the most exciting thing in the world : 
the seventh circle of curiosity. Two TV 
monitors sat on my desk at JPL, principally 
for monitoring spacecraft telemetry chan­
nels, but when i mages were coming down I 
frequently switched over to see them. As 

1 28 

the spacecraft approached the U ranian 
system, the satellites were transformed 
from points of light to disks with obscure 
features. A white blur on Miranda gradual­
ly took form and, in the closest-approach 
images, became a chevron imbedded in  
some of the most bizarre topography i n  the 
Solar System. The ·columbus experiencew 
has been invoked on many occasions but 
none more appropriate than here. The 
drama will repeat at Neptune. 

Several years ago (see the August 1 980 
JBISI I became i nterested i n  the history of 
discovery relating to planetary rings. Rings 
were discovered in  1 6 1 0  (Saturn), 1 977 
(Uranus), and 1 979 (Jupiter). These dates, 
particularly the last two, represent the 
termini  of discovery - the satisfaction of 
curiosity - but what transpired in the 
prediscovery period? Frequently we find 
ourselves struggling with u nresolved prob­
lems and fail ing to learn from the comple­
ted tasks of the past. 

When Galileo observed Saturn through 
his telescope, he did not realize that the 

objects he saw were rings. In  fact. it fell to 
Christia n  Huygens in 1 655 to deduce the 
true nature of the Saturnian rings. But with 
the Saturnian examp)e in hand, theoreti­
cians and observationalists poked for the 
next few centuries at the possibility of rings 
about other planets. 

The Jovian  rings were discovered from 
Voyager 1 by direct imaging as the spacec­
raft passed through the equatorial plane of 
Jupiter. Prior to that time, Jovian rings 
were predicted on theoretical grounds in 
1 962 by the Soviet astronomer S.K. Vsekh­
svyatski i  and, using different assumptions, 
by Hannes Alfven ( 1 9721 and J.  Boynton 
( 1 975). Analyzing charged-particle data 
from the Pioneer 1 1  ftyby of Jupiter in  
1 974, Mario Acuna and Norman Ness pers­
picaciously saw the possibility of a ring 
about Jupiter. 

Prediscovery evidence for the rings of 
U ranus has an even longet" history. The 
discoverer of Uranus ( 1 781 ), Wil liam Hers­
chel, noted in his journal in 1 787, •the 
suspicion of a ring returns often when I 
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adjust the focus . "  ( l t  is l i kely, however, that 
Herschel  was responding to a defect i n  the 
optical system of h is  telescope. )  A p rob­
able prediscovery observation of the r ings 
was made by a ba l loon-borne telescope, 
Stratoscope 1 1 , in 1 970, but reco g n it ion of 
this fact d i d  not occur  u nt i l  1 977, fol lowi n g  
the actua l  discovery, w h e n  spec i a l  data 
p rocessi n g  tech n i ques were used to search 
for signs of the newly discovered r ings 
Alfven a lso predicted, as i n  the case of  
J u p iter, r ings a bout U ranus .  

The U r a n i a n  r ings were detected from 
Earth by observi n g  the occu ltat ion of a 9th 
m a g n itude sta r, SAO 1 58687, by the p lane­
tary system .  Dips i n  brig htness were cor 
rectly i nterpreted as being caused by r ings 
about · the p lanet, and,  i n  the next few 
years, the r ing system was qu ite accu rately 
m apped by the occultat ion  tech n i q u e  The 
same method has been employed with 
rega rd to Neptu ne, but the resu lts h ave 
been less conclusive (see, for exa m ple,  a 
paper by C. E. Covau lt et al. i n  lcarus 67, pp.  
1 26- 1 33, for  some of the observations)  
Neptu n i a n  r ing h u nt ing h as, l i ke the U ra­
n i a n  case, a long h i story, e.g., in 1 847 
J. C h a l l i s  used an 1 1 %  i nch refractor at 
Cambridge to "detect" r ings about Nep­
tune ( l ike Herschel 's  Uran ian  r ings,  the 
observet ion i s  a l m ost certa in ly  i nva l i d ,  un­
l ess these objects h ave very g reat temporal  
va riation) .  

The prediscovery h i stories of  the planets 
Uranus, Neptune, and Pluto make a fasci­
nating story from which many methodolo­
gical morals can be extracted (see "Jug­
gling Numbers" in the September 1 988 
"Space at JPL • for some connections with 
the Titius-Bode law). But my favourite 
example of burning curiosity concerns the 
long trail of investigation that led from ­
puzzlement to an understanding of the 
source of the Sun's energy. Trust me and 
read on.; the history is far superior to the 
pun.  

Mankind had been curious about the 
source of solar energy, as part of the 
general development of a scientific world 
view, but it was not u ntil the middle of the 
nineteenth century that an explanation be­
came imperative. The problem arose from 
a conflict between physics on the one hand 
and biology and geology on the other. 
Julius Mayer, Hermann Helmholtz, and 
James Joule had formulated, in  the 1 840s, 
the

· 
law of the conservation of energy -

one .of the grandest generalizations of 

Space at JPL 
physics. Mayer a n d  H e l m h oltz postu l ated 
that the g ravitat ional  contract ion of the 
Sun was the sou rce of solar energy and, 
usi n g  conservat ion of energy, ca lcu lated 
the requ i red rate of contract ion (somewhat 
over 200 feet per yea r) .  More i m portantly, it  
was shown that through contract ion the 
Sun could only m eet its energy needs for a 
few tens of m i l l ions  of years. 

But even prior to the solar- l ifet ime esti­
mates, the geolog ist Cha rles lyel l  had 
dated the o ldest foss i l-bea r ing rocks at 240 
m i l l io n  years, and the work of Char les 
Darw i n  i n  evolut ionary b io logy added 
weight to the geological testament.  The 
astronomical  and geological est i m ates 
were clearly at variance.  

An a lternative to solar  contract ion was 
enterta i n ed by some.  the i nfa l l  of meteors 
o nto the solar surface. Howeve r, it was 
soon rea l ized that an i m possib ly h i g h  fl ux 
of meteors wou l d  be req u i red to m a i nta i n  
t h e  Sun's  temperature. 

l t  i s  i nterest ing to track the subj ect, over 
the yea rs, through the lens of popu l a r  
works o n  astronomy as authors wrest led 
with the astronomical/geological  contra­
d ict ion  and then, s lowly, saw hope in the 
mysterious su batomic phenomena that 
came upon the scen e  towa rds the turn of 
the century . 

Thus, Joel Dorman Steele i n  h is  New 
Descriptive Astronomy ( 1 884, p . 54) i g nores 
the geologica l  problem and states, "The 
heat of the s u n  is  general ly considered to 
be produced by condensation, whereby the 
size of the Sun is constantly decreasing, 
and its potential energy thus converted 
into kinetic. ·  

In  a more careful analysh;, A Textbook of 
General Astronomy ( 1 889),  Charles 
A. Young rejects the meteoric theory as 
insufficient and says (p.223), "We seem to 
be shut up to the theory of Helmholtz, now 
almost universally accepted; namely, that 
the heat necessary to maintain  the sun's 
radiation is principally supplied by the slow 
contraction of its bulk . "  Despite some d is­
comfort evident in h is  phrasing, Young 
makes no explicit reference to the geologi­
cal-evidence. 

In his popular work, The Stars ( 1 901 ), the 
astronomer Simon Newcomb does expli­
citly note (pp.224-225) the conflict between 
geological estimates. and the conclusions 
of the contraction theory and makes an 
oblique reference to alternative modes of 
energy generation :  " Facts are accumulat­
ing which converge to the view that forms 
of substance exist which are neither matter 

nor ether, but someth i n g  betwee n  the two 
- perha ps pri meval su bstance from which 
m atter was evolved. I n  this  ethereal subst­
a nce is stored an a lmost exhaust less sup­
ply of energy . "  Reca l l  that i n  1 896 Antoine 
Becquerel had d iscovered " Becq uerel 
rays " em itted by u ra n i u m  salts. And, in h i s  
Side-Lights o n  Astronomy (c .  1 906), New­
comb says (p .59) ,  "Who k nows but that the 
rad i a nt property that Becquerel has fou n d  
i n  certai n  forms o f  matter m ay be a re­
s i d u u m  of some o r i g i n a l  form of energy 
which is i nherent in g reat cos mica I m asses, 
and has fed o u r  sun d u r i n g  a l l  the ages 
req u i red by the geologist. " 

By 1 9 1 2, You n g  i n  h i s  Manual of Astro­
nomy has been part i a l ly wea ned from the 
contract ion theory. Although on page 254 
he says, " [the contraction theory] has h i g h  
probabi l ity i n  its favour ,"  on p a g e  570 h e  
adm its, " radi u m  3nd i t s  congeners m a y  
have p layed a n  i m portant part, and t h e  
s u n ' s  a g e  m a y  be m a ny t imes g reater t h a n  
the l i m it w e  have named . "  

Concluding our  su rvey o f  pop u l a r  attitu­
des on solar energy generation,  we fi nd 
that by 1 934 the t ide has defi n i tely tu rned 
away from support of the contract ion  
theory, with Edwa rd Fath ( The Elements o f  
Astronomy, t h i rd edition,  p 1 1 7 )  su m mariz­
i n g ,  "Various theories to accou nt for the 
mai ntenance of the solar radiation h ave 
been proposed, but the only one which 
seems worthy of consideration at the p re­
sent t ime i s  the one which piaces the 
sou rce i n  the d is integ rat ion of the atoms of 
the sun's mass. Much sti l l  rem a i n s  to be 
done before this theory can be considered 
as proved, but it appears to be the only one 
which will account for the radiation of the 
sun for the period of time which now 
seems necessary. "  He was apparently re­
ferring to fission, rather than the fusion 
processes which actually power the Sun 
and stars, but the basic issues were settled. 

We started out by contemplating the 
Voyager 2 exploration, this coming August, 
of the Neptunian system and detoured 
throug h  previous adventires in ring dis­
covery and the source of the Sun's energy. 
No certain  rules of discovery are apparent, 
but the mathematician George Polya in his 
classic How to Solve lt ( 1 945) l ists " have 
you seen it before?" as one of his basic 
precepts for discovery. Perhaps exercises, 
such as the above, help to build intuition by 
stocking our minds with material so that 
we are better equ ipped to follow Polya's 
guidance. Well - does Neptune have 
rings? (I said "yes" in my 1 980 paper. ) 

�-- Roving on Mars ---

The age-old fascination with Mars is once more asserting itself. The Red Planet burned 
bright in our n ight skies last year - the most favourable opposition in many years -
stimulating ground-based telescopic studies; The Soviet Phobos mission is underway, 
and NASA's Mars Observer mission is scheduled for a 1 992 1aunch. Even more ambiti­

ous plans are being made by U.S. and Soviet mission planners with regard to the explor-
ation of the planet. Given the persistent interest in Mars and the continuing growth in 

space technology, intensive investigation of the surface, by humans and machines, 
seems only a question of time. The Mars Rover Sample Return (MRSR) mission is 

being studied by NASA as an option for the late 1 990s, with a launch that could occur 
as early as 1996 (sending the first portion of the MRSR system elements to Mars). 

Since MRSR was last reported on in  this 
column ( November 1 987i, the joint study, 
by the Jet Propulsion laboratory and 
NASA's Johnson Space Canter, has made 
notable progress. M uch of this progress 

was documented in 17 papers g iven at the 
AIAA Aerospace Sciences meeting in Reno, 
Nevada, in January. The mission of M RSR 
is cantered upon returning about 5 kg of 
Martian surface samples to Earth, a nd its 

technical challenges are considerable, but, 
the study has shown, they appear to be 
withi n  the grasp of current technological 
capabilities. 

The objectives of M RSR a re broad and 
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A descendant of this conceptual design for a Rover may traverse the surface of Mars around the turn of 
the century if the Mars Rover Sample Return (MRSR) mission is approved. NASAIJPL 

ment packaging and delivery can be 
--�-------------�...,......._ achieved with Titan IV/Centaur  G launch 

veh icles . 
U pon arrival at IOlars, 'tWo options exist 

for insertion into orbit about the planet :  
propulsive a n d  aerocapture. O n e  mission 
scenario packages the MCO and SROS in 
one Titan/Centau r  launch, separates them 
after launch, and propulsively inserts each 
into Mars orbit. In  the same scenario, the 
Rover and MAV go up in a second Titan/ 
Centaur launch and employ aerocapture 
techniques to achieve orbit about Mars. 

Once in orbit, the MCO will observe 10 x 
10 km poteptial landing sites to provide 
information for site selection. The imaging 
resolution to support this process will be 
about 0.25 m per picture element (pixel) .  

..._ ________________ ___. Later, the MCO will· also serve as a telecom-

A Mapping and Communication Orbiter (MCO) is 
planned for deployment in an elliptical orbit 
about Mars as part of the proposed Mars Rover 
Sample Return IMRSRI mission. NASA/JPL 

fal l  into two basic categories : 1 1 i  scientific 
studies relating to geology, climatology, 
and biology, and 121 experience which wil l  
prepare the way for the eventual human 
exploration of Mars. Factors in the second 
category include environmental informa­
tion and the testing of key engineering 
technologies. 

Four major elements of the MRSR sys­
tem have been identified : 1 1 1  Rover, (2) 
Mapping and Communication Orbiter 
( MCOI. (31 Sample Return Orbiter Segment 
(SROS), and (4) Mars Ascent Vehicle 
(MAV). The combined mass of these ele­
ments wol.lld require a launch vehicle with 
heavy-lift capability, such as the proposed 
Advanced Launch System (ALS) .or the 
proposed Shuttle C. Consequently, in order 
to base the mission upon existing launch 
vehicles, most of the mission scenarios 
which have been developed util ize more 
than one launch to transfer the element!'� 
from Earth to Mars. Quite satisfactory ele-
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munications relay satellite, linking ele­
ments on the surface of Mars to anten nas 
on Earth. An ell iptical orbit is prescribed for 
the MCO; the low periapsis (250 km altitu­
de) facilitates imaging, and telecommuni­
cations functions are performed in the 
upper reaches of the orbit. 

Two different kinds of surface operations 
are being studied: local and areal. lri the 
local scenario, a modest Rover would be 
landed together with the MAV, and the 
Rover would collect samples withi n  a re­
gion extending no further than 100 m from 
the MAV. The area! approach envisages the 
Rover and MAV either landed together or 
separately. The Rover range would be 
m uch greater than for the local option, 
travelling 20 to 40 km for sample-collecting 
activities. 

In several months on the surface, sample 
collecting wil l  be effected by a variety of 
methods: raking (for pebbles), scoops of 
soil, collection of individual rocks, sam­
pling portions of rocks, and core samples 
otthe regolith at a metre or more in depth . 
The latter mode might be accomplished by 
special  equipment onboard the MAV rather 
than the Rover. 

Several technologies are being i nvesti­
gated to develop an efficient Rover. Two 
general schemes for di recting the Rover 
are appl icable to both the areal and the 
local regimes: computer-a ided remote 
driving (CARD) and semi-autonomy. In the 
CARD method, an operator on Earth makes 
decisions based upon stereo pictures taken 
by the Rover. The Earth-based operator 
examines the images and selects a safe 
path for the next leg of traverse (up to 
30 m) for the Rover. A prototype CARD­
operated vehicle has been tested in the 
Arroyo Seco near JPL - it is an i nteresting 
experience to be carried along d i rt roads in 
a vehicle intermittently d irected by an 
operator one quarter of a mi le away! The 
CARD method resu lts in  rather slow tra­
verse of the Martian terra in ;  progress is 

. l imited by the round-trip l ight time be­
tween Earth and Mars, the necessity of an 
Earth-Mars communications l ink, and the 
time requ ired for Earth-based decision pro­
cedures. Semi-autonomy is more technolo­
g ically ambitious but would yield a greater 
effective range for the Rover. lt rel ies upon 
high-resolution, three-dimensional infor­
mation extracted from MCO pictures and 
stored onboard the Rover. Sophisticated 
Rover software would move the Rover 
through the terrain ,  sending imag i ng re­
ports of progress back to Earth, but only 
ha lting its autonomous journey if an  im­
passe of some sort were reached (the 
Rover would halt from time-to-time during 
normal traverse to do its own route plan­
n ing ) . 

The physica l mode of locomotion of the 
Rover could be one of several types now 
u nder i nvestigation. Wheels or legs are 
obvious candidates (see the November 
1987 and November 1988 editions of this 
column for i l lustrations of both classes). 
One imaginative concept, •the walking 
beam",  is constructed of two nested tripod 
platforms. The platforms are alternately 
translated with respect to one another in  
order to produce motion. 

U pon . completion of surface activities, 
the MAV wi l l lift off the surface of Mars and 
dock with the SROS. An Earth Return 
Vehicle (ERV), part of the SROS, will carry 
the sample back to terrestrial laboratories 
for analysis. Near Earth, a 5ample Return 
Capsule wil l  be separated from the ERV 
and either placed in Earth orbit or sent 
directly to the surface via parachute. 

The rationale for a Mars sample-return 
mission has been presented in some detail 
in Planetary Exploration tbrough the t'IM' 
2000: An Augmented Program (U.S. Gov­
ernment Printing Office, Washington D.C., 
1986, pp. 58-101 ). An obvious benefit of a 
sampl�eturn mission over in situ studies 
is that the ful l  force of scientific: judgement 
and technology can be bro�ght to bear on 
a wide variety of problems: chemical, 
geological and biological. The • .,...,._ can 
continue to yield scientific results for years, 
as the Apollo lunar samples have shown, 
i ncluding investigation of questions that 
arise long after the mission is complete. 

A strong team within government and 
industry has been formed to make feasible 
the raturn of a rich Martian inventor( 
around the turn of the century. Their re­
sults indicate the technological directions 
that would lead to success, and the scien­
tific value of the undertalcing is clear. 
Approval of MRSR as a pro;ect ewaits a 
larger set of deci� concerning NASA's 
next big step in the exploration of the solar 
system. 
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President For 
1989 

At the Counci l  meeting held i n  l ate February Mr .  G .W. Chi lds 
was unanimously re-elected President of the Society for a 
second annua l  term of office. 

Mr. G.W. Ch i lds  

After his re-election Mr. Chi lds said,  ' I  look forward with 
confidence to the S-:>ciety conti nuing to play an i m portant 
role  i n  promoting the advancement of astronautics i n  the 
year a head. 1 989 promises to be a year of sign ificant new 
developments for space tech nology and appl ications i n  a n  
improving i nternational  cl imate'. En larging on the role  of 
the Society, he said, 'The contri bution of i ndividuals wi l l  
continue t o  cou nt for much of what is achieved a n d  the 
Society, as a long-standing Learned Body, has a vita l role to 
play i n  su pport of the work of the i ndividual  through its 
programme of meeti ngs, publ ications and other activities' . 

At the same Counci l  meeti ng the two offices of Vice­
President were fi l led for 1 989 by the re-elections of M r. A.T. 
Lawton and Professor I .E .  Smith. 

JBIS - A Leading 
Journal 

Members who receive JB/5, the Society's main  technical 
and scientific publ ication, wi l l  have noted that a number of 
changes have been i ntroduced over the last year or two to 
the journal's general presentation .  Most changes, consi­
dered i ndividual ly, have been of a m inor natu re, but their 
i ntroduction has been motivated by the over-riding require­
ment to give the Society a worthy and leading publ ication 
and to provide the' best possible service to those who 
submit materia l  to the Society for publ ication.  

lt may have been noticed, for example, that from January 
1 987 a l l  articles have started i n  a right-hand page. This 
change was prompted by the decision to supply preprints 
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(50 copies free-of-charge) to author(s) of each paper pub­
l ished. A fu rther preprint service offered to authors a lso 
enables them to be suppl ied with copies in excess of 50 for 
a nominal charge. 

Si nce Apri l 1 987, JB/5 has carried the Society's Coat of 
Arms on a re-styled and more attractive front cover whi le  
the issue of  October 1 988 saw the i ntroduction of  colou r 
printing, which can now be provided by special  a rrange­
ment when there is an essential need for i l lustrations to be 
in  colour. 

JBIS Editorial Advisory Board 
During 1 988, the Society i ntroduced a JBIS Editoria l  

Advisory Board and revised and en larged its Panel  of 
Reviewers to strengthen the procedu re by which submitted 
papers a re processed and, if necessary, revised before 
acceptance for publication.  

The composition of the Editorial Board is as fol lows : 

PROF. P. BAINUM 
OR.  B. l .  EOELSON 

DR. O.G. FEARN 
DR. M.J. FdWLER 
CAPT. R.F. FREITAG 
OR. R.O. GOULD 
PROF. G.V. GROVES 
DR. R.M. HAROING 
DR. R. HOLDAWAY 
PROF. D. HOWE 

DR. D.W. HUGHES 

PROF. H.H. KOELLE 

PROF. N.H. LANGTON 
DR. W.l. MclAUGHLIN 
PROF. A.J. MEADOWS 

PROF. K.A. POUN DS 
PROF. J.D. ROSENDHAL 
PROF. A.E. ROY 

PROF. I.E. SMITH 

DR. G. WHITC0"-1B 

Howard University 
The Johns Hopkins Foreign Policy 
Institute 
Royal Aerospace Establishment 
Space Biomedicine Consultant 
Space Consultant 
Royal Aerospace Establishment 
University of London 
RAF Institute of Aviation Medicine 
Rutherford Appleton laboratory 
Col lege of Aeronautics, Cranfield 
Institute of Technology 
Dept. of Physics, University of 
Sheffield 
lnstitut fOr luft- und Raumfahrt, 
Technische U niversitit Berl in 
Consultant Physicist 
Jet Propulsion laboratory, CAL TEC H  
Dept. o f  library & Information 
Studies, Loughborough University of 
Technology 
Dept. of Physics, U niversity of Leicester 
The George Washington University 
Dept. of Physics & Astronomy, 
University of Glasgow 
School of Mechanical Engineering, 
Cranfield Institute of Technology 
Future Science Projects, European 
Space Agency 

JBIS has a cu rrent world-wide distribution of 2,000 copies 
per monthly issue to BIS members and subscribers, includ­
ing many technical l ibra ries. 

JB/S Special Issues 
A wel l-known and m uch appreciated feature of JB/5 is the 

coverage given to a specia l  topic or  subject area, such as 
space technology o r  space science, in  special  issues. 
Readers of Sp•ceflight who do not have a regu lar  subscrip­
tion to JB/5 may l ike to know detai ls  of issues which relate 
to thei r own particu lar  interests. Those for which there has 
been considerable demand in  recent years hace been on 
Soviet Astronautics and I nterstel lar  Studies. Stocks avai l ­
able of some JB/5 issues from last year are detai led i n  the 
JIBS advertisement. Copies can be supplied post free at  the 
prices stated on  sending the appropriate remittance to the 
Society's Office. 

Professor K.A. Pounds 
We welcome to the JB/5 Editoria l  Advisory Board Prof. 

Ken Pounds of the X-ray Astronomy G roup, Department of 
Physics, Un iversity of Leicester who writes, 'I am delighted 
to accept you r i nvitation to join the Editoria l  Advisory Board 
and look forward to helping to maintai n  the high standard 
of you r  Journal' .  

Prof. Pou nd's contributions to Space Science have also 
been recognised by his election as a Member of the 
I nternational Academy of Astronautics, which prompted us 
to invite him to u pdate detai ls about his career i n  the space 
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field and the work of the Leicester G roup. He has written ,  
sayi ng : 

My research career is contemporary, in a sense, with the space 
era in that I started out as a graduate student at UCL working with 
Or (now S i r) Robert Boyd on a project to probe the Earth's 
ionosphere. My own part was to develop X-ray and Ultra Violet 
sensors which were flown on a series of Skylark rockets to measure 
the controlli ng solar flux. I moved to Leicester in 1 960 to establish a 
new group to study solar physics within  the department of 
Professor Stewardson. Throug hout the 60's the Leicester Group 
continued to collaborate closely with the group at UCL in a series of 
rocket and satellite experiments including ARIEL 1 ,  ESR0-2 and the 
NASA OS0-4 and 5 spacecraft. Highlights during this time were 
some of the first X-ray i mages and spectra of the solar corona. 

Following the discovery of Sco-X1 i n  1 962 we were keen to move 
into this exciting new field and flew our first cosmic X-ray 
experiments at Woomera iA t967. From that time u ntil the mid 
1 970's the Leicester Group carried out a series of Skylark experi­
ments which were largely responsible for the fi rst surveys of the 
Southern sky, the Northern sky being well covered by our US 
counterparts. 

ARIEL 5, launched in  1 974, moved our cosmic X-ray studies i nto 
the satellite arena and I believe the success of th is mission is well 
documented. Our primary i nvolvement was on the Sky Survey 
Instrument which made many discoveries, including several bright 
X-ray novae and the establishment of X-rays as a common property 
of active galaxies. ARIEL 6 followed i n  1 969 but this was much less 
productive scientifically because of a variety of technical problems, 
the most serious of which was i nterference by Soviet radars on the 
satellite command system.  

The next major space mission for us was EXOSAT in  which the 
Leicester Group was responsible for the design of one of the main 
instruments. We also have a much earlier connection with th is  first 
ESA X-ray Astronomy mission dating back to its original concep­
tion in 1 970 and my own presentation of the m ission to ESRO (as it 
then was in 1 973). The science i mpact of EXOSAT is also wel� 
documented and resulted for a time in  the centre uf activity in this 
field of space science moving to Europe. Most recently we have 
been involved with the Institute of Space and Astronautical Science 
in Tokyo, a collaboration in which we jointly built the main X-ray 
detectors and are now sharing the operation and scientific analysis 
of the G INGA satellite. The significance of GINGA is u nderl ined by it 
being currently the only operational X-ray mission worldwide. 

F inally, looking to the future, we are now eagerly anticipating the 
launch of ROSAT in  1 990 and JET-� three years later. My own role 
is as PI for the UK Wide Field Camera on ROSAT, which as you 
know is being produced by a Consortium of UK U niversity groups, 
and as Project Scientist for JET-X. This latter instrument, which will 
form a major part of the Soviet Spectrum-X mission, is being 
developed by a consortium in the UK, Italy and Germany. 

Work u ndertaken by Prof. Pound's X-ray Astronomy 
G roup on the ROSAT Wide Field Camera is the subject of 
two papers publ ished by the Society in  the August 1 988 
issue of JBIS. 

Fire Causes Delay 
A major fi re at the premises of the com pany who u ndertake 
the overseas dispatch of Spaceflight destroyed a number of 
copies. We apologise for any delay i n  the receipt of the 
March issue by overseas subscribers which may result and 
have made arrangements for additional  copies to be printed 
and d ispatched as quickly as possible.  

Obituary 

Kenneth J. Staples 
We reg ret to record the death of Kenneth Ja mes Staples, a 

Fel low of the Society for over 30 years and a former 
aerodynamicist at the Royal Ai rcraft Establ ish ment at 
Farnborough .  
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Joint International 
Conferences 

The foll!>wing conferences are being cosponsored by the 
Society : 

The 8th Annual 1989 International 

Space Development Conference 
May 26-29, 1 989 

Themes wi l l  be Apol lo :  20 years later. An Overview of 
Space.  Space Technology, Busi ness and Space. Meet Space 
Leaders, etc, etc. To be held at the Hyatt Regency O'Hare 
Hotel, Chicago USA. 

International Conference on 
Space Power 
Organised u nder the auspices of the IAF S pace Power 
Committee. 

J u ne 5-7, 1 989 

To be hosted by Lewis Research Center in Cleveland, Ohio, 
USA. 

Towards the International Space 
Station and Columbus 
Hosted by the DGLR Hamburg, W. Germany. 
October 4-6, 1 989 

Fu rther detai ls  of the above meetings can be obtained from 
the Executive Secretary. Please enclose a SAE. 

40th IAF Congress 
The 40th Congress of the I nternational  Astronautical Feder­
ation ( IAF) wi l l  be held at Beij ing,  China on October 7 to 1 3, 
1 989. 

Members of the Society wish ing to present papers may 
obta in  procedural detai ls  for subm ission of abstracts from : 
The I nternational  Astronautica l  Federation, 3-5 Rue M a rio­
N i kis, 750 1 5  Paris, France. 

Futu re IAF Congresses a re to be held at the fol lowing 
venues : 

1 990 Dresden (GDR) 6-1 2  October 
1 991  Ottawa (Canada) 5-1 2 October 
1 992 Washington, DC (USA) 27 August-5 September 
1 993 Lju bjana (Yugoslavia )  
1 994 Haifa ( Israel )  

SPACE '90 
Members attending SPACE "38 and previous SPACE 

meetings asked that i nformation on plans for futu re SPACE 
meetings be made avai lable as soon as possible. 

We are, therefore, pleased to announce that SPACE '90 
wi l l  be held at the White Rock Theatre, Hastings on October 
5th-7th, 1 990. The theme wi l l  be 'Steps to Space'. 

A fu l l  programme and other detai ls  wi l l  be avai lable i n  
d u e  course. I n  the meanti me the Society i nvites offers of 
papers, general ly of 20-30 minutes du ration,  for considera­
tion by the Organising Committee. 
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Special Event 5 July 7.3CI-8.15pm 

GOING TO THE MOON 
Dr. R.C. Parkinson considers the BIS contributions to 
manned lunar concepts. Beginn ing with its design for a 
Moonship in 1 939, the BIS continued thinking about ways 
of reaching the Moon throughout the 1 950s. This talk  
i l lustrates some of the concepts, which culminated in  the 
US Apollo programme. 

19 July 7.00-8.30pm 

INSTRUMENTA TION ON 
THE MOON 

To commemorate the 20th anniversary of the historic 
Apollo 1 1  lunar landing, the British Interplanetary Society 
has organised a series of lectures to celebrate Man's first 
steps on the Moon, concluding with a dinner at the 
Society's Headquarters. 

Keith Wright talks about his work on the Apollo lunar 
surface experiments, in  particu lar the 'Moonquake' 
instruments. 

21 July B.OOpm 

Details of the meetings follow: 

21 June 7.30-8.30pm 

'I WAS THERE' 

APOLLO ANNIVERSARY 
DINNER 

Reg Turn i l l  and Frank Miles recal l  the atmosphere and 
events of twenty years ago. Reg Turn i l l  was reporting 
from the US during Apollo 1 1 ,  whi le Frank Miles was a 
member of ITN's a Space Unit" covering the mission from 
London. 

The Society wil l  conclude its Apollo 1 1  celebrations with a 
four course mea1 on the anniversary of Man's first steps 
on the Moon. (Guests of honour wi l l  be announced later). 

All events will be held in the Society's Conference Room, 
27/29 South Lambeth Road, London SW8 1 SZ. Meetings 
are restric:ted to Society members. Subject to space 
being available members may also apply for a ticket for 
one guest. Please apply to the Executive Secretary, 
enclosing a SAE. 

28 June 7 .30-8.30pm 

LEGACY OF APOLLO 
A lecture by Douglas Arnold i l lustrated by striking photo­
graphy of Man's first steps on the M oon.  

Admission to lectures is  free. Apollo Anniversary Dinner 
tickets are £28. 

Symposia 
3 June 1 989 1 0am-4.30pm Symposium 

SOWETASTRONA UnCS 

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

Offers of Papers 
Authors wishing to present papers should contact 
the Executive Secretary 

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

27 September 1 989 9.30am-4.30pm 

BRinSH SOLID PROPELLANT 

ROCKETRY 

Venue: Conference Room, British Interpla­
netary Society, 27/29 South Lambeth Road, 
London SW8 1 SZ. 

The emphasis will be on British post-war 
sol id propel lants and the development of 
associated rocket motors and launch vehi­
cles. 

Offers of Papers 
Authors wishing to present papers should 
contact the Executive Secretary. 
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Registration 
Forms are avai lable from the Executive 
Secretary . Please enclose a SAE. 

General Lectures 
5 Apri1 1 989 7.00-8.30 p.m. 

THE PROSPECTS FOR 
SPACE TOURISM 

This lecture by DaV1d Ashford, wil l  propose that Europe 
should develop a small fully reusable aeroplane-like 
launcher, as an alternative to Hermes, which could 
actually cost less to develop 11 could lead to a space 
tourism industry starting this century and developing 
into a large, if not the largest commercial issue of 
space 

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

3 May 1 989 7.00-8.30pm 

UK INVOL VEMENT IN 

SA TELLITE NA WGA nON 

Dr. I.L. Jones 

The UK has a long tradition of innovation 
and excel lence i n  navigation based on our 
background as a trading nation. The UK 
has been particu larly active in the appl ica­
tion of the new techniques of satel l ite 
navigation. The presentation wil l  describe 
the evolution of sate l l ite navigation, high-

l ighting the i mportant scientific and com­
mercia l  contributions of the UK to systems 
such as Transit and Navstar. 

F inal ly, what does the future hold in this 
most exciting of fields? 

Admission is by ticket only. Members 
should apply in good time enclosing a SAE. 

Visit 
1 3  May 1 989, 1 0.30 am 

UKAEA CULHAM 
LABORA TORY 

A tourof the United Kingdom Atomic Energy Authority's 
Culham Laboratory which is concerned with nuclear 
fusion and plasma physics research, and ts the home 

of the Joint European Torus (JET) ProJect The tour 
wil l  include the Control and Assembly Rooms 

Admission is by registration only Members should 
apply before 15 April enclosmg a stamped addressed 
envelope 

UBRARY OPENING 

The Society Library is open to members on the 
first Wednesday of each month (except August) 
between 5.30 pm and 7 pm. Membership cards 
must be produced. 
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Payload Specialist Flight Hopes 
A new crewing policy in the United States may cause a number of payload 
specialists who were in training at the time of the Challenger accident on 
January 28, 1 986 to lose their seat on the Space Shuttle. The fol lowing 
article provides a summary of those payload specialists and others who 
may sti l l  get a chance to fly. 

The November 1 985 Space Shuttle 
Payload Manifest showed a number of 
payload specialists from the sponsoring 
country or organisation. The resulting 
changes are outl ined below. 

STS 62-H 
Since Palapa B3 was transferred Jo an 

Expendable Launch Vehicle (ELV) , it is 
doubtfu l  whether an I ndonesian wi l l  now 
fly on the US shuttle. The seat was 
occupied by Pratiwi Sudarmono, who 
would have been the fi rst non-Soviet, non­
American woman i n  space. Born on July 
3 1 , 1 952 in  Bandung ( Indonesia) , she 
received an MD from the University of 
I ndonesia in  1 976, and a PhD in  genetic 
engineering from the Research Institute 
of Microbial D iseases, Osaka University 
in Japan. A resident of Jakarta, Sudarmono 
is married and has a son ,  born in  1 977. 
Her back up was T aufik Akbar, an engineer 
working for Perumtel ,  the Indonesian 
telecommunications corporation. He was 
born in Medan ( Indonesia) in January, 
1 951 . 

STS 62-A 
This was to be the first flight from 

Vandenberg Air Force Base in California:  
a DoD m ission carrying the AFP-888/T eal 
R u by sate l l i te bu i lt by Rockwel l  
International. Since the launch has been 
postponed for several years the spacecraft 
has been placed in storage. 

Two payload specia l i sts were 
scheduled for th is flight. The first was 
John Brett Watterson ,  an Air Force Major 
and a member of the Manned Space 
Flight E ng ineer (MSE) cadre (see 
Spaceflight, January 1 989, p.26) .  Born 
in Garden City, New York, in 1 949, he 
graduated from the Virginia Military 
Institute in Lexington with a Bachelor of 
Science degree in physics in 1 971 . He 
was selected for the MSE programme in 
February 1 980. His back up was Captain 
Randy Odle. 

By Bert Vis 

The second payload specialist was to 
- have been Edward C.  Aldridge, an Air 

Force Under-Secretary at the t ime of his 
selection. He would have been the th i rd 
politician to go up i n  space after Jake Garn 
(STS 51 -D) and Bill Nelson (STS 6 1 -C) . 

Aldridge was appointed Secretary of 
the Air Force and wi l l  not now ride the 
shuttle. 

STS 61 -1 
Two payload specialists were also due 

to fly on this m ission . One would have 
been the first journalist in space, whose 
selection was postponed i ndefinitely after 
the l ist of candidates had been narrowed 
to 40 on May 1 4, 1 986. The other seatwas 
reserved for an I ndian payload specialist 
representing the ISRO ( I ndian Space 
Research Organisation). 

Two Indian candidates had been 
selected and were in Houston at the time 
of the 51 -L accident. although no final 
decision had been made regarding who 
would actually accompany the INSAT 1 C 
satel l ite into orbit. INSAT was transferred 
to Europe's Ariane and was suecessfully 
launched on July 21 , 1 988 on Ariane fl ight 
24. lt is doubtful whether either of the two 
candidates,  Nagapathi C. Bhat and P 
Radhakrishnan (P not being an in itial but 
the first letter of his father's name, 
Paramaswaran) ,  will make it i nto space 
via the shuttle. 

Bhat was born on January, 1 ,  1 948 in 
Sirsi (North Kanara) India. He graduated 
from Karnatka University in 1 970 (BE 
Mech . )  and the Indian Institute in 
Bangalore in 1 972 (BEMIC Design) .  After 
working for Jyoti Ltd in Baroda from August 
1 972 to June 1 973, he joined ISRO in July 
and started work at the ISRO Satellite 
Centre in Bangalore. He was worked on 
variou& Indian satellites like ARYABHATA, 

Pratiwi Sudarmono Nagapathi C. Bhat P Radhakrishnari 
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BHASKARA, APPLE and IRS. Bhat is 
married and has a son and a daughter. P 
Radhakrishnan was born on October 2. 
1 943 i n  Trivandrum,  Kerala State in  I ndia. 
He holds a BS in  Physics and Mathematics 
from the University College in Trivandrum 
( 1 963) and a MS i n  Physics from the same 
university ( 1 965) . He joined ISRO in April 
1 966 as a trainee and became a regu lar 
employee at what is now known as the 
Badram Sarabhai Space Centre i n  
Trivandrum in  September 1 967, where he 
participated in the ARYABHAT A, ROHIN I ,  
APPLE and INSAT projects. From January 
1 977 until February 1 98 1 , he was a 
member of the Programme Plann ing and 
Evaluation Group of theBakram Sarabhai 
Space Cente. In March, he became Head 
of the Test and Evaluation D ivision of the 
Systems Reliabil ity Group. At present he 
is the Group Director of the Electron ics 
group. Radhakrishnan is married and has 
a daughter and a·son.  

STS 61 -L 
The second Hughes Company payload 

specialist was scheduled to fly on this 
mission, with Syncom IV-5 as parf of its 
payload. The new policy of not flying 
payload specialists unless they are of 
crucial importance to the mission will 
probably cost Konrad his seat. On the 
other hand, there is the possibility he may 
get the chance to perform the experiments 
that Greg Jarvis was to have carried out 
on STS 51 -L, although no plans for a flight 
exist at this time. 

STS 71 -C 
Two non-NASA satellites were planned 

for launch from Columbia's payload bay 
during this flight: ASC-2 for the American 
Satellite Company and Skynet 4B of the 
British Ministry of Defence - both were 
rescheduled for launch by EL Vs. 

The ASC payload specialist's name 
had not been submitted to NASA by 
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N igel R. Wood Peter H. Longhu rst Robert J. Wood 

January f9�ffie-company was.still..iiL � -:_Uncertain is what wi l l  happen on DoD 
the selection process , although one missions. The MSE fel l  victim to a steadi ly  
candidate·,-ottoW. �oerfng-Jr: had-beeR decl in ing interes\ from the Air Force, and 
provisionally chosen in November 1 985. most of the 32 members of the group were 
Hoering was born on July 21 , 1 938 in  transferred or have resigned from the 
Kansas City, Missouri. In 1 960, he received mi l itary. Only two of them Craig Puz and 
a BS in Mechanical Engineering from the Maureen LaComb, are officially assigned 
Texas A&M University. Prior to join ing to a shut+!e m ission : the Starlab defence 
ASC, in June 1 984, he worked as an spacelab il ig�t. Their back-ups have not 
independent satel l ite communications been announced. In  June 1 988 however, 
consu ltant to industry and government. Puz and LaComb were involved in  an 
Since February 1 987, Hoernig, who is automobile accident in  Boston ,  i n  which 
m_arried a�d has two_ children,  has been both were injured. lt is to be seen if and 
Vtce-Prestdent, Bus1ness Development how this will affect their assignment. 
with Contel ASC. . . Another mi l itary payload specialist 

The UK's second _payload �pec1ahst candidate is Major Carol Belt, a 
Cdr. P�ter Longh_urst, IS also unhk�l� to fly meteorolgist of the Air Weather Service. 
especially followmg the Mo� dec1s1on to Belt was born on January 30, 1 953 in Red 
reschedule Skynet 4B to Anane. 

Otto W. Hoer ing 

Oak, Iowa. She is single. Her back-up is 
Major Lloyd Anderson "(36). 

Conclusion 
The only real conclusion that can be 

made is that none of the candidates that 
were scheduled for a fl ight can be 1 00 per 
cent sure of getting the seat he or she was 
to occupy prior to the Challenger tragedy, 
except maybe for Durrance and Parise, 
the payload specialists in the only crew 
(61 -E) that was ndt disbanded shortly 
after the accident. 

NASA's decision not to fly payload 
specialists on the first five missions 
currently has no influence on this as Astro-
1 is schedu led for the eleventh flight 
designated STS-35. 

Other Missions 
Space Shuttle manifest for November 1 985 snowed a large number of missions carrying payload specialists 

A number of people that were already 
assigned to missions can sti l l  be fairly 
certain they will make their flight and these 
include scientists, selected as payload 
specialists for scientific missions, who have 
a vital role in carrying out the experiments. 

Although such fl ights are facing 
considerable delays, specific knowledge 
of instruments and fields· of research will 
make a strong case for Lampton and 
Lichtenberg (STS 61 -K), Nordsieck and a 
second ASTR0-3 payload specialist (STS 
71 -M), a Japanese scientist on STS 81 -G 
and Hughes-Fulford on STS 81 -M.  
Durrance and Prise, originally scheduled 
for STS 61 -E, the mission that was to fly 
after 51 -L, have been recently assigned 
as payload specialists for STS-35. 

Also, Bob Wood , of McDonnei i­
Douglas, wil l probably get his chance: the 
complexity and importance of the EOS 
(Electrophoresis Operations in Space) 
programme requires ski l led personnel to 
accompany the equipment aboard the 
Shuttle. A test device was operated by 
McDonneii-Douglas engineer Charles 
Walker on m issions 41 -D ,  5 1 -D and 61 -B. 

Some candidates may be helped by 
pol itics: the fact that Nigel Wood would be 
Britain's fi rst astronaut could be of help to 
h im and Canadian Steve Maclean may 
fly if Canada remains a partner in the 
Space Station programme. Maclean was 
due to operate the Space Vision System 
on 71 -F. This system is designed to 
increase the accuracy of the Remote 
Man ipu lator System and dock i n g  
op�rations. 
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Mission Launch Prime Back-up 

61 - E Mar 6, .1 986 Samuel T. Durrance Kenneth N. Nordsieck 
Ronald E. Parise 

61 -H June 24, 1 986 Pratiwi Sudarmono Taufik Akbar 
Nigel R. Wo!)d Richard A Farrimond 

62-A July 1 986 J. Brett Watterson Randy T. Odle 
Edward C. Aldridge 

61 -J Sept 27, 1 986 Nagapathi C. Bhat or P .  Radhakrishnan 
Journalist-in-Space Journalist-in-Space B/U PS 

61 -K Oct 27, 1 986 Michael L. Lampton Dirk D. Frimout 
Byron K. Lichtenberg Charles R. Chappel l  

61 -L Nov 6, 1 986 John H. Konrad Stephen L. Cunningham 
71 -A Jan 1 2, 1 987 Kenneth H .  Nordsieck 

ASTR0-1 PS ( 1 )  

71 -C Jan 27, 1 987 Peter H. Longhurst Christopher J. - Holmes 
Otto W. Hoernig ASC B/U PS 

71 -D Feb 1 6, 1 987 Robert J .  Wood Charles D. Walker 

71 -E Mar 1 6, 1 987 Francis A. Gaffney ????? 
Robert W. Phi l l ips ????? 

71 -F  Mar 24, 1 987 Steven G. MacLean Bjarni V. Tryggvason 

71 -M Aug 1 8, 1 987 Kenneth H. Nordsieck 
ASTR0-3PS (1 ) 

81 -G Feb 23, 1 988 Spacelab J PS (2) Spacelab J B/U PS 

81 -M July 20, 1 988 Mil l ie Hughes-Fulford ????? 
SLS-1 PS (3) 

Notes to Table 
1 The Astro payload specialist team consisted _pf three 

members, all of whom were to make two flight and serve 
as back up on the third This means that the back up for 
STS 61 -E, Kenneth H Nordsieck, would fly on STS 71 ·A 
and 71 -M, while both Ronald E Parise and Samuel T 
Ourrance would be back up on one rl'ission. 

mission T akao Doi, Mamoru Mohn and a woman. Chiaki 
Naito One of these three would fly while another would 
be back up 

3 A second payload specialist was to be selected "shortly" 
when the flight assignments for Gaffney, Philips and 
Hughes·Fulford were announced on April 24, 1 985 At 
the same time of the Challenger accident he or she still 
had to be named however 2 Three scientists were selected as candidates for this 
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CORRESPO� DENCE 

Space Shuttle 

Will NASA again save Solar-Max? 

Sir, Now that the euphor ia over the retu rn of the Space 
Shutt le has d ied down fol lowi ng the fl ig hts of Discovery 
and Atlantis perhaps it's a good t ime for NASA to review 
America's futu re i n  Space. 

However, I am distu rbed to hear NASA is  forgetting about 
the present. lt has now i n  orbit amongst other spacecraft 
America's on ly fu nctiona l  Sol a r/Meterological  observatory. 
CaUed Solar-Max it provides the West with its on ly sou rce of 
combi ned sol a r  and atmospheric data : it  stud ies sol a r  

fla res t h u s  g iv ing us  a better u ndersta n d i ng on  how t h e  S u n  
works and h ow it affects med i u m -term g loba l  weather 
phenomena.  lt even stud ies the 'ozone' l ayer!  . . .  And its 
go ing to ' reenter' the Earth's atmosphere and be destroyed 
in l ittle  u nder 1 3  months t ime.  

Is  NASA going to u nwitti ng ly  k i l l  th is  va l uab le  national­
asset- in-space just l i ke it d id the Skylab 9 yea rs ago? 
Al l that wou l d  be needed to effect a rescue is  a meag re 
$25m a n d  one q u a rter of the cargo-bay of a Space S hutt le to 
carry the necessa ry eq u ipment to re-boost its o rb it. Or 
wou l d  they rather save $25m a n d  see one $250m spacecraft 
be destroyed in the process? We' l l  soon see which way 
they' l l  decide;  for Sol a r  Max comes back for g ood in 1 990, 
in a burn ing  shower of debris.  

RAMON HARTOPP 
Barcelona,  Spain. 

Ed. There is l i ttle hope that a 1 989 rescue mission can be 
mounted on account of the a lready tight shuttle schedule. 
(See Spsceflight .March 1 989, p.85) 

Payload Specialists 

S i r, Recent developments i n  astronaut fl ight assig n ments 
for N�SA space shuttle m issions h ave helped to c larify the 
quest1on of whether  non-astronaut 'passengers' wi l l  be 
permitted to fly on the shutt le i n  the foreseeable futu re.  On 
January 1 1 ,  1 989 the Nation a l  Research Cou nci l  of Canada 
annou nced that the second solo fl ight of a Canadi a n  
Payload Specia l i st on t h e  shutt le h a s  been delayed o n e  year 
to 1 992. Canadi a n  p hysicist Steven MacLean is scheduled to 
con�uct experiments with the Space Vision Systems (SVS), 
des1gned to p rovide the basis of 'artific ia l  vision'  for 
a utomated remote m a n i p u l ator systems for the p lanned 
Freedom Space Stat ion .  The fi rst Canadian shutt le payload 
speci a l ist, Marc Garneau ,  flew aboard the shutt le Cha l len­
ger on m ission 41 -G i n  October 1 984. 

The day fol lowing the a nnou ncements at NASA Head­
q u a rters in Wash i ngton, the space agency a nnou nced that 
except for scientist-astronauts aboard Space lab m issions 
and a l i mited n u m ber  of Payload Specia l ist opportu n ities 
such as the Canadian astronaut fl ight in 1 992, non­
astronauts (such as school  teacher Chr ista McAul iffe who 
perished i n  the Cha l lenger accident) wi l l  n o  longer be 
permitted to make shuttle fl i ghts. By way of p rovid ng a n  
'escape clause' for t h e  sternly worded pol icy, NASA 
announced that exceptions cou l d  be made in cases where 
flying  a certa i n  passenger wou ld  'contribute to the i r  appro­
ved NASA objectives or  to be in the nationa l  i nterest. '  

Additiona l ly the N at ional  Research Counci l  of Canada 
annou nced two payload specia l ist cand idates for the I nter­
n ationa l  M icrog ravity Laboratory ( I M L) Spacelab fl ight, 
cu rrently schedu l ed for l au nch in Februa ry  1 99 1 . The two 
Canadian astronaut candidates a re Dr. Roberta Bondar, a 43 
year o ld  neu rologist, and Ken Money, 54, i nternationa l ly 
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recogn ised as an expert on wei g ht lessness and h u m a n  
physiology. A decision wi l l  b e  m a d e  i n  1 990 as t o  wh i ch 
researcher wi l l  actua l ly make the fl ight. The E u ropean fl ight  
candidates h ave yet to be a n nou nced for I M L-1 . 

J .W. POWE LL 
Calga ry, Alberta, Canada 

Ed. For a rev iew of the effect that the Chal lenger accident 
had on the future plans and f l ight opportunities of Payload 
Special ists see p. 1 34. 

External Tank 

Sir, The space shuttle's vast external tank, if only it was del ivered 
to orbit, could become its unique asset. 

The planned space stations with their pretty modules must be 
crammed with kit to be cost-effective , but at a price. They lack 
workspace. ln  time the lack wil l  be felt of a "Tank Farm" to provide 
repair bays, storage,  l ife-boat hangars, waste-holding, stabil ity, 
strong-points for mooring and/or boost, and rare recreational 
volume. Also, shielding . 

Space Station Resupply 

N . KELLY 
Liverpool , UK 

Sir,  Although the Freedom Space Station (FSS) wi l l  need the 
Space Shuttle to set it up, there are arguments in favour of smaller 
shuttle craft to assist in routine resupply and crew rotation etc. 

Instead of about three Shuttle resupply m issions per year, the 
FSS could be visited every four  to six weeks by a mixture of Shuttle 
and Hermes craft. This would have the fol lowing advantages:  

( 1 ) The �ariation in routine by regular visits would improve morale 
on the FSS. There would be more opportunity to see new 
faces, get fresh food, letters etc. The crew would also feel less 
isolated. 

(2) Crew members could be rotated one or two at a time rather 
th?n in bulk providing continuity, ie at any time there would only 
be one or two crew members finding their 'space legs'. This 
may also reduce clashes in personal ity caused by long penods 
in close proximity. 

(3) The existence of two independent supply systems would 
improve safety. 

(4) A failure of equipment or crew i l lness on the FSS is less l ikely 
to present a major problem when on average a resupply fl ight 
wil l  only be two or three weeks away. 

(5) New materials and the results of experiments etc would be 
returned to Earth more frequently for analysis and this  would 
speed up feedback to the FSS. 

(6) A missed, delayed or re-scheduled flight is less l ikely to be 
critical. 

(7) Provision of logistics wou ld be far easier because it would not 
be necessary to predict al l  FSS needs three or four months in 
advance. (Just how many Mars bars wi l l  e ight crew members 
consume in four months?) 

I wonder if NASA may have been better JOin ing the ESA in 
developing Hermes than spending money on a replacement for 
the Challenger orbrter. Regrettably, whatever the practicalities of 
such a mixed shuttle fleet, one must be realistic and conclude that 
the possibi l ity of the US putting money into a European inspired 
venture in favour of its own space program is somewhat remote. 

PETER R. HALL 
Bucks, UK 
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Soviet Space Programme 

Keen interest in Soviet space activity is reflected in corres­
pondence to Spacefl i g ht 

Energia Payload 

S i r, As fa r as payload capab i l it ies a re concerned, the l a u nch 
mass of a fu l ly- loaded E nerg i a  by Soviet statements ca n be 
2 ,400 tonnes but if  you measure the l a u nch accelerat ions 
from both the E nerg i a  1 and the Eenerg i a  2/Bu ra n  m issions  
you derive a l a u nch mass of  2 ,400 ton nes from the known 
sea level eng ine th rusts.  My own fig u res i n d icate the fu l ly 
laden E nerg i a  with fou r  strap-on boosters can l oft j u st over 
1 50 tonnes to the point  which the sh uttle o rb iters sepa rate : 
th is  i m p l ies a payload to low E a rth o rbit of a bout 1 40 tonnes 
after s u btracti ng the o rbital  i nject ion prope l l a nt and kick 
stage.  C learly B u ran  wi l l  never use the fu l ly laden Energ i a  
and t h e  Energ i a - 1  was carry ing a less-tha n-maxi m u m  
oayload mass.  

Energia Dimensions 

PHILLIP CLAR K 
Lee, London SE 1 3  

S i r, M r  Lawton's letter i n  Spaceflight, November 1 988, 
p .438 a bout the E nerg i a  engi nes is  h i g h ly relevant. The 
vehic le wou ld seem better ca l led E n i g m a .  

T h e  basic q uest ion is  t h e  d i m ensions.  T h e  i n it ia l  " a bout 
60 metres height" and  8 metres for the core d i ameter ca n 
h a rd ly  be s i m u ltaneously correct, i n  view of of the aspect 
ratio as seen i n  pre- lau nch photographs, these being 
genuine a lthough taken o n  the s l a nt a n d  with pa rt i a l ly 
obstructed s ight l i nes. 

Other less re l iab le, but more access ible,  representat ions 
reco nci le  these d i mensions but i nc lude a suspic iously long 
engine sect ion.  M r  Lawton's suggestion removes a few 
metres from the eng ine length of E nerg i a  as l a u nched. Th is  
i s  what is needed, for if  the 8 metres is  correct the hei g ht is 
about 56 metres, not 60, and the l atter  is a h a rd ly j u stifiab le  
approx imation .  

The i nterest of  the  d i mensions is the l i g ht they shed o n  
t h e  size and capab i l it ies o f  E nerg i a ,  and  t h i !;!  m i g ht seem to 
h ave been reso lved anyway by the Ch ief Designer's Pravda 
article (Spaceflight October 1 988, p.381 ). But th is  is not the 
case. 

The basic factors determ i ning  the capabi l ities of a 
vertica l ly- lau nched rocket a re the ta ke-off th rust a n d  the 
propulsive technology. The Ch ief Designer parades before 
us a veh icle su rpass ing Satu rn V i n  these respects. Yet the 
cu l m i nati ng achievement of a q u a rter  of a centu ry of 
techn ical advance is, apparently, to reduce the l ow earth 
orbit payload by more than 30 per cent. Perhaps yet another 
a lternative name for E nerg ia  wou l d  be Economia, symbol is­
i n g  the economy with the truth.  

Piggy-Back into Orbit 

TON Y  DEVEREUX 
Essex, UK 

S i r, The recent i ntroduction of  the Antonov An-225 s ix  
eng i ned transport a i rcraft has opened new horizons to the 
futu re of  Soviet Space Tra nsportation Systems (STS) .  With 
a payload of 250 tons carried inside the fuselage or 
piggyback on  top, it has been offici a l ly stated that the 
a i rcraft is  to transpon parts of the E nerg i a  and Buran  type 
orbiters. This heavy payload capa b i l ity wi l l  make it an ideal 
p latform for fu l ly  reusable STS. Two basic configurations 
ca n be proposed : 

1 .  A HOTOL type spaceplane with a n  a i r  breath ing rocket 
engine us ing less demanding and sophisticated techno lo-
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g ies, havi ng  an overa l l  mass of over 200 tons. N ote that 
, Bern a rd Carr proposed to get the HOTOL on a j u m bo jet 

modified for th is  pu rpose [ 1 ] .  The j u mbo here was work ing 
wel l  a bove i ts  des igned payload levels and was crit icized by 
J .C .E .  Moore [2] .  In fact even Mr Moore's 200 ton payload 
l i m it for a j u m b o  jet i s  opti mistic. The l atest vers ion '747-
400' with an extended wing and u prated eng i nes took off at 
a record break ing wei g ht of about 405 tons (g ross wt.) 
compa red with  600 tons for  the An-225. The f loor  load ing on 
the fuselage is a n  i m portant factor i n  determ i n i ng the 
maxi m u m  payload ca rried by an  a i rcraft, so one ca n n ot 

. s imp ly  add its i ntern a l  cargo load together with a l a rge 
port ion of fuel carr ied m ostly i n  the wings to assume a 
maxi m u m  carriab le  payload on top of an aircraft .  Th i s  i s  one 
reason why the Lockheed C5B is  u sed i n  the USA a s  a 
strateg ic  a i r  l i ft a i rcraft with a maxi m u m  des ig ned payload 
i ns ide the fuselage of a bout 1 20 tons. A typica l  B 747 wi l l  
not d o  any better. Th is  i s  the m a i n  d ifference between a 
dedicated cargo a i rcraft and a passenger ai rcraft of the 
same size. One ca n exceed the desi g ned i nterna l  payload at 
the expense of fuel by a n  a m o u nt not exceedi n g  20-30%. As 
an  example  to t h i s, the An 1 24 has a desig ned max.  cargo of 
1 50 tons giving a ra nge of 4,500km . lt has been certif ied in a 
record brea k ing miss ion to ca rry 1 88 tons. The same 
appl ied to ear l ier  smal ler  a i rcraft. Tak ing th is  i nto cons idera­
t ion we fi n d  that the B rit ish H OTOL with a n  overal l  mass of 
230 tons can f it  neatly on top of a n  An-225 with no 
modifications to the a i rcraft bas ic  des ign,  s ince it  a l ready 
possesses a widespa n twi n  ta i l  very s i m i l a r  to the one 
proposed by M r. Carr  on h is  mod ified B 747.  The i nternal  
fuel  ava i l a b l e  wi l l  g ive it  a cross ra nge for l a u nch i n g  the 
HOTOL of over 2,000km from where it took off. Th is  wi l l  be 
very usefu l for different i nc l i n at ion m issions, giving it 
flexi b i l ity and n o  danger  of cross winds.  

lt  rem a i n s  to be seen whether the Soviets wi l l  be capable 
of b u i l d i n g  a HOTOL type spaceplane of their  own. 

2. A Teledyne Brown E n g ineeri ng spaceplane type [3] but 
scaled u p  to a factor of around two to give a tota l mass 
a ro u n d  250 tons, and LEO payload of around 10 tons. 

Note that a l ot of the Soviet l a u nches sti l l  use the A-2 
l a u ncher after 30 yea rs of rel i ab le operatiah i n  its different 
versions, showi ng no s igns of phas ing out. By the turn of 
the centu ry there wi l l  sti l l  be a need for a l a u nch veh icle i n  
the ::;; 1 0  ton category capable o f  replaci ng the A-2 and  
m aybe even the Cyclone lau nchers, used at  a rate of  o nce 
weekly, m a i n ly for LEO m issions both m a nned and recon­
na issance. Fu l ly reusable systems shou ld  provide the 
solut ion.  Later on  the Proton booster cou l d  be phased out i n  
favou r  of SL- 1 6  l a u ncher for both G E O  a n d  p lanetary 
m issions,  leav ing the E nerg i a  and  the sh utt le o rbiters for 
heavy space stat ion construct ion and  assembly .  There wi l l  
sti l l  be a need for a smal l  expendable l a u ncher i n  the C-1  
category accompl ish ing  the rem a i n i n g  m i ssions.  

Refe...,ces. 
1 Sp4corllfght March 1 987. p.90 
2 S(Mcellight May 1 987. p 207 
3. Sp.-f/ight December 1 987, p 4 1 3  

M .Q. HASSAN 
Baghdad,  I raq 

Ed. Readers may be interested in the following Tass 
statement issued on December 12, 1988: 

'Academic ian Stru m i nskiy bel i eves that the futu re be­
longs to a i rcraft-type vehicles d ifferent from both the 
shuttle and Bura n  - aerospace craft cost ing between two 
and five ti mes less that the present systems. lt wou l d  be a 
modificat ion of the hyperson ic  passenger a i rcraft now 
u nder development in the USSR a n d  e lsewhere; prototype 
engi nes using hydrogen were tested in the Tu- 1 55 a i rl i ner i n  
Apri l .  Cryogenic hydrogen cou l d  be used to i m p rove the 
dynamic characteristics of the wi ng by coo l i n g  its surface' . 
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------ SOVIETS in SPACE-----­

Above the Pla net 
-- Salyut EVA Operations --

Regular Spaceflight correspon­
dent Neville Kidger continues his 
review of spacewalks made from 
the Soviet Union's Salyut series of 
space stations. 

1984: A Banner Year 
On September 9, -1 983 the Salyut 7 

station suffered an oxidiser pipe leak which 
was f irst reported in  the west and which 
the Soviets onginal ly did not acknowledge. 

As the Soviets later adm itted , the leak 
was potential ly serious.  "A blow-out of 
ox1d iser could take place (from two oxidiser 
tanks) i nto the u npressurised assembly 
module , "  a report on the i ncident said in  
1 987.  

After an i n it ia l  concern for the 
c o s m o n a u t s '  safety ( Lyakhov and 
Aleksandrov were aboard Salyut 7 at  the 
time) it was determined that the f l ight 
cou ld  continue.  In order to determine the 
specific area of the leak gas was pumped 
from a Progress cargo ship through the 
oxidiser pipelines. 

The area of the leak was estab lished 
and the probable cause determi ned, 
but the problem sti l l  troubled en­
gineers. lt was decided that the next 
crew wou ld effect a fu l l  restoration of 
the Combined Engine Instal l ation 
(Soviet acronym ODU) to gain "the 
capabi l ity and technological experi­
ences in conducting operations in out­
er spacen .  Salyut 7 had been operat­
ing normal ly on account of the bran­
ching dynamic pressure design of the 
ODU. 

The next Salyut crew would have three 
members - Leonid Kiz im,  Vladimir Solvyov 
and Dr. Oleg Atkov. The first two were to 
conduct a n umber of EVAs to by-pass and 
seal the leaking pipe. 

More than thirty d ifferent tools were 
developed for the operation i ncluding 
specia l  ladders and cutt i n g  too l s ,  
wrenches, hydraul ic crosspieces for by­
passing the unsealed area and a tool 
container and waste carrier, according to 
Solvyov. About 90 per cent of these tools 
were declared inventions by the Soviets. 

The cosmonauts practiced the activities 
on mock-ups of the system on an I L-76 
aircraft flying a parabol ic  trajectory to 
create weightlessness , and used test 
bench models. Train ing was also done i n  
the Star Town hydro tank. Al l- in-al l  the 
men held about 30 EVA training sessions 
i nvolving almost two hundred contingency 
situations. 

I n  addit ion,  the men were also 
schedu led to make an EVA to erect the 
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Kizim gives 8 salute during 8 ..,_ walk from Salyut 7. 

second pair of DSB solar panels. 
Kiz im,  Solovyov and Atkov were 

launched in Soyuz T -1 0 on February 8 
1 984. They docked with Salyut one day 
later and , for seven days in  April ,  played 
hosts to the Soviet/lndian visiting flight 
before com mencing their work outside . 

Four Times Outside: 
April 23 to May 4 1 984  

Prof. Konstatin Feoktistov notes, after 
the end of the 1 984 flight, that many 
variants of the work needed to be 
accomplished with the ODU had been 
developed the most unl ikely one 
requiring six EVAs to fulfi l  the programme. 
This was prec isely what happened . 

Progress 20 was docked for the first 4 
EVAs. lt had a special platform attached 
to it tor the cosmonauts to stand on.  At 
0431 G MT on Apri l 23 Kizim and Solovyov 
opened the EVA hatch . Atkov was i nside 
Salyut's working compartment monitoring 
medical parameters) .  

The first EVA was dedicated to the 
installation of a 5 m ladder and the 
arrangement of the working site , according 
to Solovyov. "Then with the help of a 
piercer and special cutter we succeeded 
in opening the plastic hatch cover, behind 
which i n  an unpressurised container were 
the hydraulic connections of the propulsion 
system,"  wrote Solvyov. 

The package of tools, with a weight of 
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about 40 kg , was attached to the work 
area. The two men returned to Salyut, 
closing the EVA hatch after an EVA lasting 
4 hours 15 minutes. 

The second EVA began at 0240 G MT 
on Apri l 26. After 20 minutes of clambering 
along the ladder to the work area the men 
made holes in the station's outer skin over 
the area of the ODU's reserve condu it .  
There the men installed a valve. The 
conduit was blown through and its 
airtightness checked . However, at one 
stage a stubborn nut, covered with epoxy 
putty, refused to budge. The men used a 
special wrench to undo the nut, but that 
cost them about two hours of the scheduled 
4 hours and 5 m i n utes allotted to this EVA. 

K i z i m  and S o l ovyov asked for 
P.9rm ission to carry on with the work but 
flight control ler Valeri Ryu m i n  told them to 
return to Salyut saying "we real ise that 
you're enjoying [the work) , but soon 
enough you' l l  have the opportunity to get 
on with the job again and carry it through .  
So don't rush it, o r  you' l l  deprive yourselves 
of that satisfaction." 

The hatch was closed on the second 
EVA for Kizim and Solovyov after 4 hours 
and 56 minutes (reported by Tass as 5 
hours) .  

Original  plans called for two EVAs i n  
Apri l ,  according t o  Soviet sources. (The 
EV As were planned for early morning 
Moscow Time for daylight coverage. 
Tracking ships in  the Atlantic and Pacific 
ensured up to 50 m i n utes of contact with 
the men per orbit .)  The men asked for, 
and received , permission to conduct a 
third EVA in Apri l .  

A t  0 1 35 G M T  on April 2 9  t h e  hatch 
opened again .  Once at the work site they 
con nected two filler tubes with a metal 
bypass l ine.  This added a new conduit to 
the main reserve. N itrogen was blown 
through the pipe to ensure that it was 
airt ight.  The thermal covering was 
reinstalled over the work area to ensure 
the correct thermal conditions. They 
packed away their tools and returned to 
Salyut after an EVA lasting 2 hours and 45 
minutes. Kizim and Solvyov were the first 
Soviets to make three EVAs on a single 
flight. 

At 231 5 GMT on May 3 the men opened 
Salyut's hatch yet again and made their 
way to the work site. Solvyov later wrote 
that each time they made their way to this 
site the men had to pull bulky containers 
with equipment and tools in  the m .  "During 
the first EVAs this route was not easy for 
us and gave us a lot of trouble. We had to 
stop very often and sometimes return to 
free the tether or take the tools or 
TV camera out of an u ndesirable position," 
Solvyov said. "E xperience was gained 
after the second and third EVAs and we 
got the hang of doing it and passed our 
route 'almost running' . "  

During this EVA the men removed the 
thermal blanket again and installed a 
second extra conduit ,  checking its 
airtightness after instal lation. 1t was only 
now, according to Solovyov, that using ·a 
very original logic based on the commands 
from the ground and the pressure checks 
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by the propulsion system control panels 
that the u nsealed point was finally located. 
This was performed by cosmonaut Atkov 
who was inside Salyut 7 at that moment." 

The thermal blanket was replaced and 
the men returned into Salyut afteran EVA 
of 2 hours 45 m i n utes. 

Slwd- S.Vistskava . 

New Solar Panels: May 1 8  1 984  
Progress 20, which had been used 

ex1ensively during the fi rst 4 EVAs of the 
tenure of Kizim ,  Solovyov and Atkov 
departed on May 6 to be replaced four 
days later by Progress 2 1 . 

This cargo ship brought the second set 
of DSB additional solar panels. The new 
set contained solar cells made from 
gall ium-arsenide which would give 6 amps 
more power than the existing si l icon cells. 

At 1 752 GMT on May 18 the hatch 
opened again and Kizim and Solovyov 
exited. The men carried out tool boxes 
and two containers with the folded DSB's 
in  the m .  The men soon winched up the 
first panel .  

Atkov, inside Salyut, then commanded 
the array to rotate 1 80 degrees so that the 
other side faced the cosmonauts outside. 
At one stage of the operation the winch 
handle broke, giving rise to concern by the 
previous crew to complete such a task -
Lyakhov and Aleksandrov - about 
m i c rosate l l ites f lying off. The two 
containers become microsatellites when 
the cosmonauts i n  orbit cast them off into 
space. 

Solovyov then began attaching the 
electrical cables to connect the DSBs to 
the main panel.  The flight engineer "puffed 
and panted" as he struggled to tie two 
knots in the bundles of wire in a repeat of 
problems encountered by the previous 
crew. " Like trying to thread a needle in 
boxing gloves,"  Aleksandrov told a 
reporter. 

With both panels installed and 
connected the men returned to Salyut's 
i nterior and closed the hatch on a three 
hour five minute EVA. Their record now 
stood at five EV As for a total time outside 
of 1 7  hours 50 minutes. 

A Woman Walks in Space: July 25 1 984 
Although it was unkown in the west, the 

fou r  EVAs of Kizim and Solvyov had not 

completed the repair of the Salyut oxidiser 
l ine. Soviet planners scheduled yet another 
foray to the site of the leak to seal off the 
leaking pipe entirely. 

Procedures were developed and tools 
bu i lt and tested for this purpose. The 
Soviets also trained a ground-based 
cosmonaut, Vlad imir  Dzhanibekov, in the 
operation and in it ial ly proposed that he 
would perform the work outSide the station. 
Kizim and Solvyov objected to this so a 
plan was devised where Dzhanibekov 
would fly to Salyut and train the men in  
orbit with a model of  the clamping device 
and show videotapes of the operation as 
Dzhanibeko had practiced it in the Star 
Town hydrolab. 

lt i s  u nclear when the nex1 addition to 
Dzhanibekov's mission was made - the 
first walk in space by a woman. 

The Americans had assigned Kathryn 
Sul l ivan to Shuttle M ission 41 -G i n  
November 1 983, that flight was t o  include 
an EVA by her and a male crew-member. 
Also on the f l ight would be Sally Ride, 
America's first woman in space, who would 
be making her second trip i nto space. The 
Soviets, never ones to allow the Americans 
to set a space first without a try themselves, 
planned to ach ieve both those records by 
flying Svetlana Savitskaya, who made her 
first fl ight in  1 982 to Salyut 7.  

Savitskaya was also to perform an 
EVA to test out a multipurpose welding,  
cutting, soldiering and spraying tool (Soviet 
acroynum U R I )  in open space. The device ­
was developed by the Paton Institute in  
Kiev where automated tools, called Vulkan 
and lspaatel had been developed and 
tested in  Soviet spacecraft from 1 969. 
U R I's pu rpose was to replace the 
automated tools with a manual tool . 

The heart of the tool,  two electron beam 
guns,  was housed in a container along 
with a step-up transformer and a high­
voltage rectifier. A voltage convertor, which 
stepped .up low-voltage direct current from 
the spacecraft to 5-6 kV altemating current 
for the U R I ,  was housed separately. The 
gun and its accessories - an airtight 
electronics box, a control unit, fixing 
handles, etc, were housed i n  a single 
container. 

The weight of U RI was less than 3 kg 
and the mass of the entire package was 
30 kg without the holder for the samples. 
The power source was the heaviest 
element. 

The Soviets say that URI took some 
t ime to be i ncluded in the mission . 
Physicians, were yet to overcome the 
psychological barrier.· Until the very last 
moment reservations were voiced about 
using the tool ."  

URI was tested in  a pressu re chamber 
where experimenters gained proficiency 
with it over three sessions and in an aircraft 
f lying a parabolic trajectory. 

Soyuz T-1 2,  carrying Dzhanibekov, 
Savitskaya and lgor Volk ( included at the 
request of the Ministry of Aviation Industry 
as part of his preparation for flying the 
Soviet shuttle) was launched on July 1 7, 
1 984 and docked with Salyut Ts rear port 
the next day. 

-
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The EVA was schedu led for the seventh 
day of the f l ight .  With s1x cosmonauts 
aboard Salyut provis ion was made tor an 
emergency return to Earth should there 
be a problem with the EVA. Whi lst 
Dzhan1bekov and Savitskaya were on EVA 
Solovyov was sealed i nto Soyuz T- 1 1 at 
the front of the station .  I f  an emergency 
occured . the two spacewalkers would enter 
T- 1 1 and return to Eart h .  Kizi m .  Atkov and 
Volk we re located : nside Salyut's working 
com partment.  

I n  the afternoon of Ju ly  25 the 
cos monauts assu med the i r  posit 1ons and 
at 1 455 GMT the hatch of the station was 
opened tor the s ixth t ime of the 1 984 
occupat ion . 

Dzhanibekov was f i rst outside . He 
stepped onto the Yakor platform and 
secu red h imself .  The Yakor h ad been 
folded for two years . A sample container 
was removed for return to Earth and a 
lamp set up .  

The U R I ,  and its associated test boards, 
was handed out by Savitskaya and 
plugged i nto an external power outlet. The 
task took sl ightly longer than planned but, 
as the complex passed over Africe, 
Svetiana Savitskaya floated out of the 
hatch. 

The first woman to conduct an EVA at 
fi rst caught her tether and complained 
that "the sunl ight is b l inding my eyes." 
Dzhan ibekov advised caution .  Once on 
the Yakor Savitskaya rested. 

Dzhan i bekov, now back in the 
hatchway, set up a TV camera. Direct 
contact was establ ished with FCC. Fl ight 
control ler Valeri Ryumin asked for a status 
report. 

"Can we start?" Savitskaya asked. 
"Wel l ,  if you're so impatient, then start it , "  
was the reply.  

" I  have begun the work. I have switched 
on the instrument. We have power," 
Savitskaya reported. The first task involved 
cutt ing a 0.5m m  thick sample of titan i u m .  
it took less than o n e  minute t o  make a 1 0 
cm cut .  

Turning to another set of pre-cut 
samples she began to weld them together. 
The samples were 1 mm thick. At f irst the 
weld did not g ive a very even resu l t ,  
Savitskaya reported . She later reported 
that she had achieved "three tack welds 
and the seam 1s good ."  

TV pictures showed her f l ipping the 
fou r  sample boards u p  and down as she 
contin ued the tests of the U RI .  Six welding 
exper iments were conducted - two 
samples of titan i u m  and fou r of stain less 
stee l ,  S h e . c o n d u cted s i x  c u tt i n g  
experiments - three o f  titan i u m  and three 
of st a i n l e s s  stee l .  S i x  s o l d e r i n g  
experi ments i nvolving t i n  and lead were 
conducted and, using the second electron 
em itter ,  fitted to a special crucible.  melted 
solder and sprayed it onto anodised 
a l u m i n i u m  discs. The crucible tack 45 
seconds to heat the solder.  There was 
concern that the work would not be done 
before nighttime. 
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SOVIETS in SPACE------

SVeth1na Savitskaya during her 3 hour 35 minute EVA, on July 25, 1 984. She became the first 

woman to walk in space and the first woman to make two space flighu. 

Kizim was asked how the world's fi rst 
woman spacewalker was doing:  "Sveta is 
work'ng fine," was his reply from i nside 
Salyut, Atkov told Savitskaya that a d inner 
had already been prepared for the 
celebration of the EVA. However, she 
replied that she was not returning u nt i l  the 
work was done . 

·• 
Before the complex entered darkness 

Savitskaya reported to FCC that the cutting 
and welding experiments appeared good 
but that she was having difficulty seeing 
the solder and the spraying results, the 
Sun had h indered her.  

Savitskaya, responding to a question 
from FCC said that although not -::old 
her r ight leg was sl ightly numb. 

As the complex passed through orbital 

n ightt i me the two spacewalkers swapped 
pos it ions . Savitskaya described what she 
could see: 

" Earth is beautiful n ot only when l i t  up 
by the Sun but also when i n  the shadow . .  
I was overwhelmed b y  the fantastic 
spectacle of thu nderstorms with bri l l iant 
f lashes and play of colours against the 
black backgrou nd of the clouds. These 
l ight phenomena seem to rem i nd us that 
there are sti l l  many en igmas in natu re. 
Meanwhi le , i n  areas not h idden by clouds, 
the l ig hts of lots of c.it ies and towns could 
be see n .  Looking from outer space , it is 
obvious that the Earth is an in habited 
place and that there is inte l l igent l ife on it ."  

When contact was resumed with FCC, 
after a 40 minute break, Dzhanibekov was 
operating the U R I .  Speak ing about the 
spraying operation, the veteran cosmonaut 
said that it was " l ike painting a wal l . . . the 

tool is very handy and I am sure we'l l  be 
using it a lot . "  

When Dzhanibekov finished the U R I  
tasks h e  put the electron g u n  back into the 
container, closed the plate holders, fixed 
them and handed the whole assembly to 
Savitskaya in the hatchway. 

B e f o re ret u r n i n g  i n to S a l y u t ' s  
compartment t h e  two placed a container 
with bio-polymers on the outside of 
Salyut. This was a contin uation of the 
Medusa experiment and was designed to 
n o n - o i o g e n et i c a l l y  s y n t h e s i s e  t h e  
components o f  nucleic acids i n  open 
space. Other cassettes were removed 
and placed inside Salyut. 

The h atch was closed on the EVA after 
being opened for 3 hours 35 m i n utes. 
I nside the statio n ,  as the cosmonauts 
w a i t e d  to d o f f  t h e i r  s p a c e s u i t s ,  
Dzhanibekov beamed TV p ictures of 
Savitskaya to FCC. She gave a heartfelt 
thanks to the makers and testers of U R I  in 
the Ukraine.  

On October 5 1 984 Sal ly  Ride and 
Kathryn S u l l ivan were lau nched as 
members of the seven-strong S huttle 4 1 -
G crew. Ride became tile f i rst American 
woman to make two f l ig hts and. late• in the 
f l ight ,  S u l l ivan made her EVA with David 
Leestma. But by then both records were 
held by Savitskaya. 

In 1 988 Georgi G rechko told a reporter 
that Savitskaya had found herself in trouble • 
dur ing the EVA "and had to be rescued " 
He said that women were "no good" i n  
space a n d  that t h e y  should stay on Earth I 

This major feature on Soviet EVA operat­
ions continues in the next edition of 
Spaceflight. 
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--------Into Space--------

Making Space News 
in New Zealand 

The resumption of shuttle launchings with mission STS-26 on Septem­
ber 29, 1988 did not go unnoticed in New Zealand thanks to the special 
efforts of David Maclennan, Fellow of the BIS and Vice-President of the 
New Zealand Spaceflight Association, who writes about his 'STS-26 
Awareness Program'. 

The STS-26 Awa reness Prog ram 
rea l ly began o n ly two weeks before 
l a u nch,  when I learned of the lau nch 
date itself. The work i nvolved d is­
plays, newspaper featu res, lectu res 
and radio  featu res, a n d  u nt i l  I had this 
fi rm date I cou l d  not do m uch a bout 
organ is ing sites for displays, for ex­
a mple.  

To assist the news media I prepared 
a media kit on the m ission based on 
the NASA one.  As the NASA one d id  
not a rrive u nt i l  less than a week before 
lau nch, the media had this kit o n ly a 
cou ple of days before launch.  Despite 
the l ateness, it was wel l  appreciated, 
as fa r as I can tel l .  Ear l ier  in the month 
I had sent out a news release a lteri ng 
the media dto the fact that the launch 
was near, and that it wou l d  be a 
newsworthy event. 

I took a weeks leave from work to 
prepa re the d isp lays and organ ise 

� other  aspects of the Awa reness Prog­
': ram .  There were two displays : the one 

in the photo opposite, which was in a 
bank window downtown, and a l a rger 
d isplay on the shutt le program m e  as a 
whole was part of a 'Space Shuttle 
Day' held at the loca l Planetar ium the 
day after launch.  The latter a lso 
contin u ously-screen ing Shuttle mis­
s ion videos. 

I wrote two featu re a rticles on  the 
Sh uttle recovery prog ramme and 
STS-26, which were publ ished i n  two 
of the cou ntry's major da i l ies, the 
Even ing Post and the N ew Zea land 
Hera ld .  

Of  the various news media  here, 
rad io  was by far the most responsive. I 
was i nterviewed on a i r  severa l t imes 
i n  the weeks lead ing  up to the fl ight 
and d u ring  the m ission itself. I a lso 
persuaded the national rad io  network 
here to broadcast the Voice of Amer­
ica commenta ry on the lau nch, though 
I cou l d  not ta l k  Television New Zea­
land i nto covering the lau nch J ive 
(TVNZ virtual ly  i gnored the fl ight 
together) .  I n  the hou rs leading u p  to 

(Top) A display on the shuttle programme 
mounted in the window of a high street bank in 
Wellington, New Zealand as part of the STS-26 
Awareness Program. 

(Bottom) The Explorer Platform with solar 
panels extended and the EUVE payload mod· 
ule consisting of three identical 'Scanning' 
Telescopes plus the Deep Survey/ 
Spectrometer (see diagrams in p.144). 
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the l a u nch the national  rad i o  network 
a lso b roadcast NASA " Space Story"  
tapes on  STS-26 that  I had suppl ied.  

Although coverage of the m ission 
here was not as good as it cou ld  have 
been,  I fee l  the STS-26 Awareness 
Prog ram did at least ensu re that more 
New Zea landers were awa re of what 
was going on than m i g ht otherwise 

have been the case. From my point of 
view I was p leased that despite the 
shortness of time, everything p lan ned 
got done. 

And of cou rse, the m ost g ratifyi ng 
th i n g  of al l  is  that the m ission was a 
success ! I o n ly wish I cou ld  h ave gone 
to the Cape to see the lau nch i n  
person .  

Satel l ite Telescopes 
Extreme Ultra Violet Explorer (EUVE} Mission 

EUVE is a new project to be launched by NASA in the summer of 1 99 1 .  The 
satellite will map the entire sky in the extreme ultraviolet band of the spectrum, 
something which has not yet been attempted. Under development since 1 979, 
EUVE is expected to find·a whole array of new sources in space, from new stars 
to quasars and white dwarfs. 

Dr. Roger Malina, a Fellow of the BIS, is a member of the project's Science 
Team and Principal Investigator of the EUVE Instrument Development Project. 
He now provides Spaceflight readers with an insight into some of the novel 
features of this mission. 

Introduction 
The Space Astrophysics Group (SAG) at 

the University of California, Berkeley is an 
organization devoted to the expansion of 
scientific d iscovery and research. Em­
ploying over 100 people, the group is 
responsible for several projects in  col labor­
ation with NASA and other research 
groups. and universities. Through the d irec­
tion of Professor Stuart Bowyer, SAG has 
been a leader in the study of the extreme 
and far u ltraviolet bands of the spectru m ;  
new, high-efficiency detectors a n d  spectra­
meters; research on the i nterstel lar 
medium; the search for extraterrestria l  
intel l igence; and ground-based observa­
tions of high energy sources. 

The Extreme Ultraviolet Explorer 
The Extreme U ltraviolet Explorer (EUVE) 

wil l  be launched by a Delta 2 expendable 
launch vehicle and attached to a mu lti­
mission spacecraft (MMS) s imi lar  to that 
used for the Solar Maximum M ission. After 
completion of the EUVE mission, the shut­
tle wi l l  be used to retrieve the EUVE 
science payload and i nstal l  a second scien­
ce user. The MMS Explorer platform itself 
wi l l  remain  in orbit for 15 years. 

The EUVE satel l ite wi l l  be placed in  a 
ci rcular orbit at an a ltitude of 550 kilo­
meters. Mapping of the extreme u ltraviolet 
wil l  occur through the spin motion of the 
M MS, which uses the Sun as its orientation 
point. At the end of this six-month "sky 
surveyw phase, the scanning telescopes 

wil l  have viewed the enti re sky. Meanwhile, 
the deep survey/spectrometer wi l l  be view­
ing in the anti-Sun d irection, carrying out a 
deep survey of the sky located along the 
ecl iptic. During the second six-month spec­
troscopy phase, the spectrometer wi l l  be 
pointed at selected stars. 

The science payload of the EUVE satel l ite 
will consist of three identical scanning 
telescopes and a deep survey/ 
spectrometer. Each of these instruments 
wi l l  be equipped with a telescope i nterface 
(TIF), and a l l  four  TIFs wi l l  be interfaced to a 
common command data and power elec­
tronics unit. The four  instruments thus wi l l  
interface t o  the spacecraft as a single 
payload. 

EIJVE Orbit. 
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--------------- IMo S,.ce---------------
The EUVE 
spacecraft 

Historiclll Note 
The first non-solar EUV source was disc­

overed using a SAG telescope on the 
Apollo-Soyuz Mission in 1 975. Previous 
en�usiasm for this part of the electromag­
netic spectrum was dampened by the reali­
zation that there was a reasonably dense 
interstellar medium and, absorption coeffi­
cients being about as high as they can get 
at these wavelengths, it would be almost 
opaque. 

In 1 974 calculations indicated that direct 
observations of stars in the EUV should be 
possible out to about 1 00  pc. These stars 
would have to have a surface temperature 
in excess of 20,000 K and would have to lie 
on a line of sight in a direction where the 
neutral hydrogen density was very low. 
During the early 1 970's, many people were 
reporting measurements indicating that in 
certain directions, neutral hydrogen densi­
ties could be as low as 0.01 cm3• 

Apollo-Soyuz offered the opportunity to 
make extended observations and 20 hours 
of observational time was logged. On the 
seventh day of the mission, July 22, 1 975 at 
22h 26m, the spacecraft was rolled to a 
target in Coma Berenices. Over the instru­
ment horizon something came into view, 
and with it, a new field of astronomy. 
Subsequent raster scans confirmed that 
the countrate was reproducible and that 
the source was localized to a region center­
ed at RA 1 3h 1 4.0m and Dec +29d 22m. At 
that position exists the hot white dwarf 
known as HZ43. 

Back on Earth, the analysis of the data 
obtained through different filters gave a 

Primary Mirror of Spectrometer. 
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crude estimate of spectral energy density. 
A simple blackbody fit enabled the extrac­
tion of the following information regarding 
both the nature of this new type of star and 
the interstellar medium. The surface tem­
perature of the star could be a&. high as 
1 10,� K (compared to our Sun's 5000 K), 
and thts would mean its radius is about 
7800 km (compared to the Earth's 8000 • 
km). The density of the interstellar medium 
(in that direction) would be 0.014 cm3• 

Having proved that observations to dis­
tances well beyond 300 l ight years were 
feasible, the Berkeley group headed by 
Prof. Bowyer (SAG) realized that over 
1 00,000 stars could be found in that volu­
me, many of which could be expected to be 
bright at EUV wavelengths. A survey of this 
volume of space would provide fundamen­
tal new information about the local stellar 
population, energy transport in stellar 
atmospheres, and the ionization and opac­
ity of the interstellar medium. 

Confirmation was provided by a number 
of new roctet payloads, which were laun· 
ched in rapid succession as thesis projects 
by Webster Cash (November 1 976), Roger 
Malina (November 1 978), Randy Kimble 
(June 19821 and Pat Jelinsky (November 
1983). The flight of the ·Blue Rainbow· by 
Roger Malina in April 1 978 obtained the 
first spectrum of HZ43, indeed of any 
stellar EUV source, and reported the dis­
covery of hel ium in  the photosphere of the 
white dwarf. 

With a speed which can only be descri­
bed as awesome, by December 1 976 the 
group had prepJred for submission to 
NASA a 300 page proposal which gave a 
detailed description for an Extreme Ultra­
violet Explorer. 

EUVE Spec:trometer 
The six-month phase following the All­

Sky Survey by the EUVE Scanners will be 
dedicated to spectroscopy of the brightest 
sources newly-discovered by the Survey. 
The EUVE Spectrometer to be used for this 
task wil l  have a novel slitless design incor­
porating variable line space (VLS) gratings 
which correct for the fact that the light from 
the mirror is converging. 

The Spectrometer wil l  have three wave­
length channels, each of which will use 
one-sixth of the Wolter·Schwarzscild 11 tele­
scope aperture. The remaining half of the 
beam will be focussed onto the Deep 

Diagram of the Deep Survey/Spec:trometer 
Telescope which has a Wolter·Sch-mlchild 
Type 11 mirror. The ray path is traced for 
channel B which is sensitive to Hell 304A l ine 
emission. 

Survey Detector, which will perform a 
long-exposure survey of a portion of the 
sky along the ecliptic and in the direction of 
the spectroscopy targets. 

Roger F. Malina 
Roger Malina graduated from the Mas· 

sachusetts Institute of Technology in 1 972 
with a B.S. degree in Physics and a yeat 
later embarked on a career in astronomy at 
the Space Sciences Laboratory, University 
of California, Berkeley, undertaking re­
search on UV and X-ray emissions from 
astronomical sources and gaining his Ph.D 
degree in 1 979. The following year he was 
appointed Associate Research Astronomer 
at Berkeley and has since played a leading 
part in the EUVE mission acting as Princi­
pal Investigator for EUVE Science Instru­
ments. 

Roger Malina was elected to the British 
Interplanetary Society in 1 976 and main­
tains a close interest in  the Society's activi­
ties. In 1 988, he was joint author of a 
technical paper on the EUVE mission which 
was publ ished by the Society [ 1 ). 

( 1 )  S. Bowyer, R.F. Malina and H.L Mwshal, 'The 
Extreme Ultraviolet Explorer Mission: 1.-umentation 
and Science Goals', JBIS, 41, p.357·361 (1988). 

Sec:ondarv Mirror of Spectrometer. 
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