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HOTOl.- TOWARDS THE 21st CENTURY 
The annou ncement that the H otol " Proof of Concept"  Stu dy is u nderway at 

last on  jo int  government/i ndustry fu nd ing  m u st be welcome to those who look 
for a n ew U K  att itude to Space. The amou nts i nvolved are sma l l ,  and  it has taken 
a perhaps cha racterist ica l ly long t ime for the annou ncement to be made, but the 
decis ion shows a positive read iness to look to new ventu res in  Space for the 
futu re. If  th is  is to set  the "sty le"  for the new British N ationa l  Space Centre, it 
should be app lauded.  

Let us  be clear just what has been a g reed. The H otol Proof of Concept Study is 
to estab l ish whether the brea kthrough  i n  lau nch veh ic le concepts c la i med for 
Hotol by Brit ish Aerospace a n d  Ro l ls  Royce is rea l ,  and more i mportantly how 
i m mediately that breakt h rough can be translated i nto a usa ble lau nch veh icle. 
Establ ish i n g  the t imescale is a key. lt i s  not a com m itment by the UK to develop 
such a vehicle, still l ess to develop it as an  i n dependent project separate from its 
partners in E u rope. The UK now has perhaps 1 8  months to achieve the objectives 
of Provi ng the Concept befo·re it must go to its partners as a proposer of a jo int 
project. 

I n  the mean t ime the French will conti n u e  to press E u rope down the route of 
Ariane 5 and  Hermes as the l au nch vehicle for the l ate 1 990's. 

lt is  probably the French who wi ll have to make the most difficult  decis ion 
regard ing Hotol. The U K  has made it c lear that, at the end of the Proof of Concept 
Study, it will share the results with its E u ropean pa rtners.  If those results a re 
positive then the French wi l l  have to decide whether to abandon Ariane 5 and  
Hermes, or more real ist ica l ly just Hermes, a n d  embrace Hoto l .  Th is is  why the  
potential t imescale is  i m portant. l t  establ ishes whether Hotol is a rep lacement, or  
a successor to Ariane  5/Hermes. But the decis ion is  not s imply whether E u rope 
should take a conservative or  high risk route on  its futu re lau nch vehic le .  

Across the Atl antic, wh ile the U K  fi nds a few m il l ion pounds for stu d ies, the 
· U SAF is  putt ing h u n d reds of m i ll ions i nto a new veh

.
ic le concept ca l led the Trans­

Atmospheric Vehicle or TAV for short .  The im mediate need is m i l ita ry, but if it can 
be made to work the TAV wi l l  h ave a d i rect i m pact on civi l l a u nch costs. lt will 
bring lau nch costs per k i logramme down by an o rder of magn itude. 

If  Hotol can work, then TAV can work. And if TAV flies, NASA will have, by the 
end of the Centu ry, the low cost l a u nch the S h uttle shou l d  have been but was not. 
The UK is  p u rsu i n g  a n u m ber  of l i nes which look remarkably s imi la r  to H otol­
and aga inst that competition ,  Ariane 5 a n d  Hermes will make no i n- roads 
whatsoever. Without a competitive lau nch vehicle,  E u rope cou l d  fi nd itself not 
o nly out of the l au nch veh ic le busi ness, but out of commercia l  Space altogether. 

That is  the real cha llenge of H otol- not whether E u rope can afford to do  it, but 
can it afford n ot to? 

But if E u rope does manage to take a deep b reath and p lunge  in ,  the rewa rds 
could be much g reater than s imply rema in ing  in the Space Business. A lmost 
every aspect of the  com mercialisat ion of Space, with the except ion of 
com m u n ications satell ites, is today held back by the h i g h  cost of l au nches. To 
lower the costs by a factor of five or more would be an i m mense sti m ulus to 
g rowth in these other  a reas. 

F inally, there is  a converse to this subject. lt may be that Hotol proves not to be 
the route to the 2 1 st Centu ry for E u rope.  In that case the UK must be prepared to 
support Ariane 5 and Hermes as actively as it would have expected France to 
support Hotol. In  not jo in ing d i rectly with the US TAV stu d ies, but showi ng a 
read iness i n  the fi rst i n stance to share ttw Hotol fi ndings with Eu rope, the U K  has 
i nd icated its readiness to be a "good E u ropea n " .  The next generatio n  of lau nch 
veh ic les and the E u ropean capability for m an- i n-space operations a re too 
i m portant·for the UK to ignore or s imply to fi l l  a m inor  su b-contractor role 
su pplying  bolts and fittings. Hotol has shown that the U K  is prepared to th ink  
innovatively i n  S pace and to  partici pate with E u rope, and  it must conti n u e  to  
participate at  that level. 

Viewpoint 
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Flying into the Future 
by Clive Simpson 

Development of a revolutionary new engine by 
Rolls Royce is the key to British plans for Hotol, 
the horizontal takeoff and landing vehicle, a 
project which could put Europe at the forefront of 
commercial operations in space by the turn of the 
century. 

The dua l-fu nct ion i ng eng ine  bei ng designed for 
Hotol represents a quantum leap fo rwa rd i n  
propu ls ion techno logy - i t  wi l l  b e  a b l e  t o  breath a i r  
from t h e  atm osphere d u ring i n it ia l  stages o f  operation  
before switch ing to  interna l  fu e l  supp l ies when 
externa l  a ir  becomes too rare. 

In tandem with development of the Ro l ls  Royce 
propu ls ion system, B ritish Aerospace is studyi ng the 
feas ib i l ity a n d  desig n  of the H otol spacep lane .  I n it ia l  
stu dies shou l d  be complete by the second h a lf of  1 987 
and wi l l  cost £3 m i l l ion,  ha lf  of which wi l l  come from 
the government-fu nded Brit ish N ationa l  Space Centre 
( B N SC) .  The Hotol development prog ra m m e  inc ludes 
1 2  test fl ig hts and seven orbita l test fl ig hts, which 
wou ld  beg i n  in ear ly 1 996 and conclude with the start 
of com mercia l  operations between 1 998 a n d  2000. 

British Aerospace fi rst a n nou ned its ideas for Hotol 
i n  August 1 984 and si nce then the concept has become 
a su bject of  increasi ng i nterest both with i n  E u rope and 
i n  the U n ited States. 

The goal of Hotol is to achieve l a u nch costs to low 
E a rth orbit of a bout one-fifth those of cu rrent l au nch 
systems such as the Sh utt le for a typica l  seven ton n e  
payload.  The ab i l ity o f  H otol t o  recover sate l l ites a n d  
dock with Eu rope's Co l u m bus  and t h e  American Space 
Stat ion wi l l  a lso be investigated d u ring  the proof-of­
concept stud ies.  

The spacep lane concept stems from the bel ief that a 
l au ncher system which operates by th rowing away its 
components in fl ight is- u n l i ke ly to com pete in the 
1 990's a n d  beyond with a g reatly i m p roved, second 
generation Space Sh utt le .  So,  convi nced that  i n  the 
long term tota l re l i ance on expendable  l a u nchers 
wou l d  be seriously detri menta l to E u rope's futu re 
space interests, Brit ish Aerospace eng i neers 
u ndertook fa r-reach ing stud ies to identify a n d  desi g n  
t h e  opti m u m  commercia l  l a u nch veh ic le .  

More than 30 different configu rat ions were studied 
a n d  it was concl uded that for a recoverable, reusa b le  
l a u ncher a ll the  expensive ha rdwa re (engi nes, 
avion ics, structure)  shou l d  be col lected into a s ing le  
veh icle and anyth ing that  left the g round --; except 
prope l l ants a n d  payload - shou l d  return aga in .  

I n  addit ion eng ineers ag reed that as l itt l e  
deadweight as possi b le  shou l d  go i nto space a nd 
turnarounds on the g round wou l d  h ave to be rap id ,  
meaning m i n i m u m  i nterfaces with cargo and g ro u n d  
faci l it ies. T h i s  leads t o  another basic desig n criteria­
one type of payload rather  than m u lt ip le  pay l oads with 
the attendant i nteg rat ion problems. 

A scale model of Hotol i n  the 5.5 metre wind  tunnel at  BAe Warto n .  Recent design changes have removed the two vertica l  f ins  at the rear and 
altered the sma l l  fo repla nes which  a re now spaced 1 20 deg rees apart around the vehicle's nose. Wind tunnel  testi ng began in  early February. 
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----------------------------Hotol----------------------------

As a result the concept of the " ideal "  lau ncher 
emerged - a s ingle-stage-�o-orbit veh i cle a ble to 
operate from a s imple lau nch a rea with an a i rl iner-type 
frequency.  

H otol is  based on a rem a rkable new p ropulsion 
tech n i q u e  which allows the use of atmospheric oxyge n  
t o  reduce the o n  board p ropellant mass and  perm its t h e  
u s e  o f  wings t o  optim ise t h e  i n it ial fl i g ht trajectory after 
takeoff from a sta ndard runway. 

This combi nation makes the long soug ht after, 
s ingle-stag e-to-orbit lau ncher a p ractical proposition .  
The propulsive and aerodynamic  characteristics result 
in a vehicle that is fully recoverable a n d  totally and 
q u ickly reusable with  m i n i m u m  refu rbishment, 
preparat ion and expense. 

H otol's hybrid eng ine  would use atmospheric 
oxyge n  and on  board l iquid hy<;1 rogen to accelerate the 
veh icle to h igh speed i n  the lower, denser layers of the 
atmosphere a nd then t ransfer at a su itable altitu de and 
speed to p u re rocket propulsion  us ing the l iqu id  
hydroge n  and  on board l iqu id  oxyge n .  

T h e  vehic le emerg i n g  from the des ign boards is  
basically part a i rcraft a n d  part spacecraft with a bra n d  

- new propulsion  system .  l t  is  roug hly t h e  s a m e  size a s  
Concorde and  the two also h ave i n  common t h e  same 
take-off mass and payload .  

M ost of  the forwa rd fuselage of H oto l is  occupied by 
a la rge  pressu rised l iqu i d  hydrogen fuel ta nk  wh i le  at 
the rea r  is  a l i q u i d  oxygen ta nk  for fl ight  outside the 
atmosphere where a i r  b reath ing  is  not possi b le .  

The payload bay - of S h uttle d iamete r - is between 
the two ta nks a n d  the overa ll layout ensu res m ini m u m  
movement o f  the centre o f  g ravity d u ri n g  f l ig ht. 

E n g i nes would be convent ional ly mou nted at the 
rea r  and protect ion for re-entry heati ng wou l d  be 
concentrated largely u n derneath the fuselage and  
wi n g .  Thermal protect ion would be by  carbon ca rbon 
materia l  o n  a reas of h i g h  temperatu re and a tita n i u m/ 
Rene 4 1  n ickel sandwich o n  low temperatu re areas. 

Breakdown Q! Hotol structure 
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The skin panels (measur ing  one foot by three feet) 
would not requ i re periodic replacement as do the  
Space S h uttle tiles. 

Take off IT19ss would be some five t imes the lan d i n g  
value, as opposed to about twice on  a conventional 
a i rcraft, g iv ing  rise to a g reat d isparity betwee n  takeoff 
a n d  land ing  u ndercarr iage req u i rements. Therefore, 
H otol would be lau nched from a laser-gu ided trolley 
with a l i g htweig ht undercarr iage provided for l a n d i n g .  
Th is  a rrangement would meet one o f  the criteria of 
ensur ing as l ittle deadweight as possi b le  bei ng  carr ied 
i nto orbit .  

A take-off speed of 290 knots would be ach ieved 
with an acceleration  of 0 .56g and a run of 2300 m .  
Vertica l acceleration a t  l ift-off wou l d  b e  1 . 1 5g with a 
c l imb alt itude of about 24 deg reees. 

Hotol would go su personic  after two m i n utes, 
c lear ing commercial a i r  lanes ( 1 2,000 m) after 4 .5  
m i nutes a n d  reach i n g  a speed of  Mach 5 after j u st n i n e  
m i nutes. T h e  fue l  bu rned u p  a t  t h i s  po int wou l d  be 
about 1 8  per cent of take off mass, compared to a 
typical  va l u e  of 50 per cent for a vertical takeoff vehic le .  

At the n ine m i n ute po int external a i r-breath i n g  
wou l d  no  l o n g e r  b e  possi b le  and  a ba l l ist ic trajectory 
on ma in  engine wou l d  beg i n .  Orbital velocity wou l d  be 
ach ieved af90 km, the main engine wou ld then cut off 
and Hoto l coast to a n  operat ing altitud e  of a rou nd 300 
km.  

Maxi m u m  m ission d u ration wou l d  be 50 h o u rs with 
positio n  and a lt itude cha nges achieved by a n  orbital 
manoeuvri ng  system .  

At t h e  e n d  o f  its m ission t h e  O M S  wou l d  slow the 
veh icle and  br ing the perigee d own to about 70 km 
altitude i n  preparatio n  for re-entry. 

Hoto l wou l d  re-enter the atmosphere at a very h i g h  
i ncidence (about 8 0  deg rees),  reducing as speed fa l l s­

. a hyperson ic  g l ide com menci ng at a bout 25 km 
�alt itude. 

Because of its large wi ng a rea and low mass the 
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vehic le wou l d  behave much less l i ke a projectile than 
the S h utt le .  Re-entry tem peratu res would therefore be 
l ower a n d  a hig h-tem peratu re m etal al l oy skin would 
suffice for protection of the u nder surface, a l l  mea n i n g  
sim pler  construct ion a n d  maintena nce. 

The h i g h  hyperson ic  lift-to-drag rat io of H otol 
dur ing re-entry ( m o re than  twice that of the S h uttle) 
g ives a h i g h  cross range capa bi l ity, sufficient for a 
l a n ding in E urope from a n  equitoria l  o rbit. 

Fi na l  approach a n d  la nding  tech niques wou l d  be 
similar to the Shutt le  but gent ler :  approach a n g l e  1 6  
deg rees, touchdown speed 1 70 knots a n d  the roll o n  a 
wet ru nway 1 800 m .  

F o r  sim plicity a n d  economy t h e  fi rst operat iona l  
H oto l wil l  be remotely pil oted by means of a rtificia l 
i ntel l igence a n d  robotics systems.  H owever, from the 
very outset p rovision wi l l  be made for m a n ned 
operation. t 

The strategy o n  m a n ned operations is on ly  to � 
i nclude men when they a re needed for orbita l o r  S pace 
Station operat ions.  A man ned modu le  would be 
situated in the cargo bay and  those o n board would 
p lay no ro l e  in l au nch a n d  l a n d i ng activities.  

M a n ned m issions wou l d  only take p lace after the 
u n m a n ned vers ion of H otrol was fu l ly p roved and it  is 
likely that one vehicle from a fleet of a bout six wou l d  be 
dedicated sole ly for m a n n ed missions.  

Desig ners confidently predict that H otol wil l  reduce 
costs to low Earth o rbit by a factor of five and ,  even 
with cu rrent perigee stages, wi l l  ha lve the cost of 
putting a satel lite into geosync h ronous orbit. 

Such economy of operation ,  cou p led with q uick 
react ion a n d  a rap id  turnaro u n d  time ( l ess than seven 
days) wou l d  enab le  H oto l to compete rea list ically for 
a bout 75 per cent of the commercia l  l au nch m arket 
from the yea r  2000 o nwards. 

In addition Hotol techno logy is  forwa rd look ing with 
a m p l e  potentia l for deve lopment beyond the cheap 
and  effective spacecraft l au ncher which it  is  presently 
p lan ned to be. 

I ndeed,  a one hour passenger fl i g ht fro m Eu rope to 
Austra l i a  is  a dist inct poss ib i l ity a ro u n d  the year 20 1 0  
a n d  it takes l itt le  imag i nation  to identify other 
i m porta nt uses for such a rem a rka ble flying mach ine .  
A second generati o n  Hotol  cou'd aiso h ave the 
potenti a l  fo r wo rld-wide sa les. Dave:ccment costs for 
H otol are currently est im ated a: £j,.::: ::-'/lion. 
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HOTOLVERSUSHERMES------�-------------

Brits in snd Frsr,rce could be shsping up for • hesd on clash within the European Space Agency (ESAJ in trying to win 
formsl spproval of their respective Hotol snd Hermes programmes. 

Towards the end of 1985 the French 
Space Agency, CNES appointed 
Aerospatiale and Dassault-Breguet as 
prime contractors for development of 
its manned mini-shuttle project. 
Hermes. 

The craft, to be launched atop the as 
yet to be developed Aria ne 5 heavy lift 
launch vehicle, would essentially be 
used as a service vehicle for space 
stations, transporting crew and cargo. 

Typical missions might include the 
assembly of space structures and 
scientific and applications 
experiments. as well  as in-orbit 
repairs, maintenance and 
refurbishment of satel lites. 

Development of Aria ne 5, an expen­
dable booster. was approved during 
ESA's Ministerial Council meeting in 
January 1985 and the current design is 
based around a configuration known 
as Aria ne 5P which has a central body 
with an HM60 large crygenic engine 
with two side-mounted strap-on solid 
boosters. 

France is keen for Hermes to be 
adopted as an ESA programme and a 
project briefing was given by CNES to 
member states before the January 
1985 ministerial meeting. 

Reaction was lukewarm and the 
project was merely "noted with 
interest" (together with Britain's 
Hotol plans) in resolutions passed by 
the ESA members as a last minute 
compromise. CNES has stated that it 
wil l  look for bi-lateral agreements with 
other European nations as an 
alternative route. Belgium, Sweden 
and Italy have already shown interest. 

The proposed mini-shuttle is 15.5 m 
long with a delta wing and small 
vertical stabilisers at the wing tips. 
The wingspan is 11 m. A large vertical 
stabiliser would be located behind the 
payload bay. which has ,a volume of 35 
cubic metres. above• the orbital 
manoeuvring engines. 

Propulsion into orbit after Hermes 
separates from its launcher will be 
provided by two 20 kN engines 
mounted in the rear fuselage. 
Dissipation of excess heat from the 
systems .onboard, crew and variable 
solar heating once in orbit would be 
provided by radiators on the inner side 
of the payload bay dDors. similar to the 
system used by the American Space 
Shuttle. 

In contrast to the development of 

Compa rison of development pro9rammes for Hoto l a nd Hermes. -

Hermes. the United Kingdom is 
. actively pursuing an alternative and 

altogether more innovative path to the 
future. 

The joint British Aerospace/Rolls 
Royce Hotol project is for an advanced 
horizontal takeoff and landing 
spaceplane which would be 
completely reusable and capable of 
operating in manned or unmanned 
modes. 

Hotol relies on revolutionary new 
propulsion technology being 
developed secretly in Britain and so far 
unmatched by the rest of the world. 

The choice facing ESA between 
Hermes and Hotol is not easy: Hermes 
is based on existing technology. Hotol 
is at the cutting edge; and if Europe 
chooses Hermes will it loose out when 
the United States develops its own 
transatmospheric spaceplane as a re­
placement for the Space 'Shuttle? lt is 
doubtful whether both Hermes and 
Hotol would be financed simul­
taneously by ESA member countries. 

Peter Conchie, business develop­
ment manager for British Aerospace 
Space and Communications Division, 
describes it as • a very difficult situation·. 

"We don't have any solution to the 
problem of how we get the Hotol pro­
gramme endorsed by ESA. lt is only a 
matter of time before the US catches 
up- all we can do is give Europe a little 
grace. 

"Traditionally France spends most 
money within Europe on launch 
vehicles. lt is not easy to see how they 
can embrace Hotol. • he says. 

The estimated cost of development 
for Hermes through to the initial two 
test flights is £1,050 mill ion. More than 
£9 million has been provided for 
Hermes studies in the period 1985/6 
with a further £15 mi llion allocated for 
1987. This compares with the· £3 
mill ion recently announced for proof­
of-concept studies lasting into the 
second half of 1987 for the Hotol space­
plane. 
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US Pumps Cash Into 
Spaceplane Development 
by Stephen Byford 

As British engineers begin work on the next 
phase of the design of Hotol (see previous pages), 
their American col leagues will also be engaged in 
the initial planning of a one-stage horizontal­
take-off spaceplane capable of accelerating 
directly into orbit. lt is hoped that this project will  
evolve into a possible successor to the Space 
Shuttle. 

I n  the aftermath of the tragic  Space Sh utt le  accident, 
President Reagan has stressed his contin u i n g  support 
for the American man ned space prog ramme, 
inc luding the S hutt le  a n d  the proposed permanently 
occupied Space Statio n .  In addition to these existi ng 
comm itments, he  has a n nou nced the development of 
a transatmospheric veh ic le which,  after taking off from 
Wash ington l i ke an ord i n ary aircraft, cou l d  " accelerate 
up to 25 ti mes the speed of sou nd, atta i n  low Earth 

A vertical takeoff two-stage co ncept for a spaceplane developed at 
NASA langley in 1984. The orbiter wou l d  use both hydroca rbon and 
hydrogen engines, and the crew and payload would  be located 
a bove the orooel lant tank. 
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orbit o r  fly to Tokyo with in  two hours " .  Reaga n  ca l l s  
th is  new craft t h e  " O rient Express " of t he  next centu ry. 

The President has thus emphasised the civi l i a n  
app l icat ions o f  t h e  proposed spaceplane .  T h e  Or ient 
Express cou l d  be descri bed, however, as a spi n-off 
from a project born of m i l ita ry motives. A jo int 
prog ramme for the desig n  of a n  experi menta l aero­
spacep lane ' is a l ready p lan ned, Defence Advanced 
Projects Research Agency ( OAPRA), Strateg ic Defense 
I n itiative Organ isation (SOlO) and NASA. Only a fifth of 
the fu nd ing  for the p roject wi l l  come from NASA- the 
rest wi l l  be suppl ied by the Defence Depa rtment. 
Sepa rate hyperson ic  resea rch efforts with i n  these two 
organ isations have a lready been brought  together. 

A major pressu re for the development of a si ngle­
stage l a u ncher comes from President Reagan's 
Strategic Oefense I n it iative (SD I) .  Such a system for 
defence aga inst ba l l istic m issi les wou l d  probably 
requ i re a decrease by a factor of a l most ten in the cost 
of putt ing a g iven payload i nto orbit before it cou ld  
become economica l ly  v iab le .  Th is  can on ly  be  
achieved by  the development of  a second-generation 
Space S h uttle .  

The US adm i n i stration a lso feels the need to match 
what it sees as the more responsive l au nch capa b i l ity 
now posessed by the Soviet U n i o n .  They poi nt out t h at 
the  Soviet space effort is m uch more closely t ied to 
m i l ita ry operat ions th a n is the case in the U SA. and 
that the Soviets h ave a g reater capab i l ity to p roduce 
boosters and rocket eng i nes than al l  of the western 
a ll ies put together.  They a re a lso cu rrently deve lop ing 
a n u m ber of  new l a u nch vehicles.  

l t  i s  the refore fea red th at, du ri n g  an i nternationa l  
cr is is ,  a com b i nat ion of expenda b l e  l a u nchers and the 
exist i n g  S pace Sh utt le  wou ld be unab le  to rep len ish 
m i l ita ry space systems q u ickly e n o u g h. Th is  task cou ld 
beco m e  vita l ,  with i nte l l i gence gather i n g ,  ear ly  
wa r n i n g  a nd g l oba l  com m u n icat ion now beco m i n g  
i ncreasi n g l y  dependent on sate l l ites. 

The overa l l  tech no log ica l  di rect ion of t h e  
p rog ra m me is  e respons ib i lty o f  a j o i nt office at the  
USAF Aero P opu ls ion  Labo ratory, Wrig ht-Patterson 
Ai r Fo rce B e, O h io .  

Despite h e  m a i n ly m i l ita ry pu rpose of  t h i s  p roject, 
h owever, com mercia l  a nd sc ientific users wi l l ,  no 
d o u bt, a l ,so benefit in the l o n g  term from the g reater 
l a u nch f lex i b i l ity a nd l ower costs i nvolved in u s i n g  t h e  
new craft. 

Altho1.1g h the prog ra m m e  i nvolves su bsta nti a l  r isks, 
it is  widely be l i eved with i n  the  a e rospace com m u n ity 
that it m ay now be tec h n ica l ly fea s i b l e .  Severa l  
devel opments h ave contri buted to t h i s  be l ief, 
i nc luqih g breakth ro u g h s  i n  propu ls ion  rese a rc h ,  
advanced mater ia ls ,  coo l i n g  tech n i q u es, sol id oxide 
fu e l  ce l l s, g iv ing  g reatly i m proved thrust-to-weight 
rat ios,  a nd the des i g n  and s i m u l at ion fac i l it ies 
provided by the l atest l a rge  com puters. 

The propu ls ion  q uest ion wi l l  p rove to be central  if 
the new vehic le  is  i ndeed to be capab le  of tak i n g  off 
h orizonta l ly, from a ru nway, without the need for the 
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l a rge su pport crews cu rrently req u i red fo r S h utt le  
lau nches. The cu rrent concept is  a hyd rogen-powered 
a i rcraft that wou ld ,  for m uch of its ascent, consume 
atmospheric oxyge n  i n stead of  carry ing  large ta n kfu ls  

.of  l iqu id  oxyge n .  l t  wou l d  fly at  speeds of  M ach 1 2-25. 
Work at the U SAF Aero Propu ls ion Laboratory 
suggests that such a veh icle cou l d  be operat ional by 
the end of the centu ry. 

D u ri ng its a i r-breat h i ng phase, the craft wou l d  most 
probably be propelled by su person ic  com bust ion· 
ra mjets (scramjets) .  These a re essentially mod ified 
remjets, which rely on the a i rcraft's m ot ion to 
compress the gases, s i nce they lack turbi nes. 
H owever, scramjets will o-nly operate efficiently at 
hyperson ic  speeds ( above Mach 5). Consequ ently the 
Americans a re alleged to be interested i n  the secret of 
Hotol's eng i nes which,  accord i n g  to Rolls Royce, also 
work well at lower speeds. 

The latest ideas for a U S  spacep lane have evolved 
from the i n it ial exploratory efforts of NASA and 
DARPA i n  the period from 1 982 to 1 985. Th is year sees 
the beg i n n i n g  'of the n ext phase of the prog ramme, 
which will consist of the additiona l  technolog ical 
development requ i red for a n  exper imental fl i g ht 
vehicle, a n d  the construct ion a n d  test ing of eng ine  
modu les u p  to the cu rrent maxi m u m  wi nd tunne l  
speed of  M ach 8. Th is  pha�e wi l l  be d i rected by 
DARPA. 

The aerospaceplan e  progra m m e  was allocated $30 
m ill ion  in last year's budget; th is  wi l l  n ow rise to $500 
m i l l ion  over the next three fiscal years. The 
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Model of the US aero­
spaceplane. The vehicle, 
powered by supersonic 

combustion ramjets, 

would be capable of laun­

ching from conventional 
into low Earth 

impl icat ions ofthe idea will be stud ied i n  the context of 
g l o bal fl ig ht, civi l tra n sport a n d  as a long-range  a i r  
defence i nterceptor. Th is  constitutes t h e  most 
extensive American a i r/space research prog ra m m e  
s ince the North America n Rockwell X-1 5 p roject o f  t h e  
late 1 950s. 

JBIS 
The Apri l issue of the Journal  is devoted to Pioneeri ng 
Space and contains  the fol lowing papers : 

Terminal Testimony 
by P. E.-Cieator 

The Coming of Age of US Rocketry 
by D. Davis 

The Golightly Mystery 
by F. H. Winter 

Letters and Signatures 
' by l. J. Carter and A. T. Lawton 

This JBIS issue i s  ava i l able  at a cost of £2 ($4) per copy, 
post free, from the British Interplanetary Society, 27/29 
South Lambeth Road, London, SW8 1 SZ, Eng rand .  
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UNITED KINGDOM 

------- THE WIND OF CHANGE 
For many yea rs, the B IS  voiced the message that 'Money spent o n  S pace

. 
is spent here on E a rth 

. . . on new know-how, new t ra i n i n g  and new h igh-tech i n d u stries',  but it a l m ost a lways fel l  upon 
deaf ears. 

Pol itica l resolve for a b road-based a n d  long-term comm itment to Space has long been 
noticeably a bsent, whi le  other  cou ntries forged ahead. From M P's o n  both sides of the House one  
heard 'Don't put to m e  anyth ing  that I ca n not offer to the e lectorate' ,  o r  'My postbag is  fu l l  of  
everyth ing  but  Space, which is of  n o  i nterest whatsoever to the pu blic'. 

The wind of pol itica l change is now b lowi ng ,  even i n  B rita in. M P's do receive l etters a bout 
Space, express ing positive support, a n d  there a re M P's who rea l ise a n d  advocate the nationa l  
i mportance of  Space. I n  Apri l 1 984, a motion,  proposed by six M P's a n d  sponso red by 51  others, 
was tabled in the House of Commons on "The Space I n d u st ry " ,  ca l l i ng for g reater G overnment 
com.mitment to the industry. 

What shou l d  th is  ca l l  for " more Space" be a bout? Fi rst, more resou rces a n d  a better use of 
resou rces a re needed on the part of both Governme nt a n d  I ndust ry. Also a routi ne  and 
prog ressive att itude to Space is  needed, recogn is ing that Space provides many sp in-offs by 
ra is ing levels of i nterest a n d  competence at working  leve l ,  by open i n g  u p  new areas of 
e m pl oyment a n d  by b ring ing  financ ia l  retu rns to i nd ivi d u a l  industri a l  compan ies and the nat ion 
as a whole. 

The vis ion needed is a broad one. I nterest needs to be engendered at schoo l  l evel a n d  carried 
o n  i nto u n iversities where i n n ovative capabilit ies can be  developed and new know-how created. 
Tra i n i n g  p rog ram mes together with tech nica l  a n d  m a n ufact u ring  faci l i t ies n eed to be su pported 
in a co-ordi nated and sensib le  way to meet Space-or ientated objectives. UK Centres n eed to be 
estab l ished for the commercia l  development of space which a re closely associated with 
academic institutions actively resea rch i n g  i n  the same specia l i st fie lds .  

Successive g overnments h ave fa i led to rea l ise the cou ntry's tru e  Space potent ia l  a n d  even 
now p resent effort a n d  expend itu re a re wel l  below the nation 's potenti a l  level of ach ievement 
there by weaken ing  its posit ion i nternat iona l ly. 

The S pace Stat ion p rogramme is h e re to stay a n d  n eeds to be exploited to 
the fu ll in a l l  its aspects, includ ing  an astronaut  p rog ramme of selection a n d  
t ra i n i n g  to be i n it iated at a n  ea rly date. T h e  U K  h as b e e n  dra g g i n g  its h ee ls  
instead of movi ng bo ld ly  forward i n  many i m porta nt a reas .  

Ca n the situation be remedied? Can we expect th � UK Space Budget to 
eq uate to that of Germany or  France with i n ,  say, the next five years with a 
th ree-to-fo u r  fo l d  i ncrease? 

Basical ly, a change i s  already ta k i n g  place. A 
healthy s ign is that the c h a n g e  is u nde rway in  the 
area of pub l i c  op in ion .  

S pace is now comma ndi ng  pub l ic 
i nterest a n d  a p p roval. The n ews 
media sense th is  a n d  are treat i n g  
the  top ic  more respectfu l ly,  t h u s  
provid i ng t h e  i n formed a n d  
ba la nced presentat ion w h i c h  t h e  
p u b l ic need .  Space i n  the  UK is  fi nd­
i n g  accepta nce with t h e  e l ectorate. 
The Government has sensed t h e  
new situation a nd h a s  esta b l i s h ed 
the B rit ish N ationa l  Space Centre to 
co-ord inate the cou ntry's h itherto 

" frag mented Space effort. The fol­
low-on period is now a l l - importa nt. 
Expenditure wi l l  n eed to be restruc­
tu red a nd i n  certa i n  di rect ions s u b­
sta nt ia lly i ncreased. 

Th is  spec i a l  UK section h i g h l i g hts 
the p resent pos it ion of the UK i n  
space. W e  g ratefu l ly acknowledge 
the  assistan ce of Mr G eoffrey Patt ie ,  
M i n ister of State for Indu stry and 
Information Tech nology, Mr Roy 
G i bson,  D i rector- G e n e ra l  of t h e  
BNSC, a nd M r  Tom M ayer, C h a i r-

l_ __________________ �=:::::�����������------�m:a:n::o:f t�h�e�U�K�Is:c:·�a�s�c�o�n�t=r i�b�u�to�r�s .
� 
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UNITED KINGDOM 

Space- Today's 
Challenge and Opportunity 

by Geoffrey Pattie, MP 

MP Geoffrey Pattie, UK Minister of State for 
Industry and Information Technology, Depart­
ment of Trade and Industry, London, puts 
forward a British view on past, present and future 
developments in space.* 

The space age is on ly  a l itt l e  over a q u a rter of a 
centu ry o l d .  When the fi rst Sputn ik  satellite was 
lau nched, few then rea l i sed that mank ind  had been 
g iven the key to a whole new resou rce to jo in  those of 
the land ,  sea and a i r. In th is  short t ime period, we h ave 
landed men on the Moon,  exp lored portions of the two 
nea rest p lanets ( M a rs a n d  Ven us) ,  flown near  J u piter, 
Satu rn and now U ra n u s, provided revolut ionary new 
means of com m u n icat ion,  bu i lt g reat new i ndustr ies, 
brought remote sens ing from space to the t h resho ld  of 
operationa l  use and beg u n  to p lan  how to ach ieve a 
perma nent man ned base i n  space. M ost i m portantly, 
we have CO!lle to rely on  space in a s ign ificant way 
beca use of its u n i q u e  vantage poi nt a n d  specia l  
properties.  

Britain's Space Heritage 
Brit ish scientists a n d  eng i neers were among the 

fi rst to rea l ise the potentia l of space and  Brita i n 's space 
i ndustry was esta bl ished in the early 1 960's with the 
Ariel series of scientific sate l l ites. O u r  fi rst home-bu ilt 
sate l l ite was Ariel  I l l  which,  fo l l owing its l a u nch on an  
American Scout rocket, estab l ished o u r  scientists 
among the leaders in the fie ld  of x-ray astronomy, a 
position they sti l l  ho ld  today. 

Our Defence M i n ist ry was a lso q u ick to appreciate 
the potenti a l  of sate l l ites for com m u n ication ,  setting 
u p  i ts  fi rst such l i n ks i n  1 966 - it was after a l l  a n  
Eng l ishman,  Arthur  C .  C l arke, who fi rst poi nted o u t  the 
potent ia l  of  the geosynch ronous orbit to p rovrde 
worldwide h i g h  q u a l ity com m u n icat ions- and we put 
the world's fi rst m i l ita ry geosynch ronous satel l ite, 
Skynet I ,  i nto service in 1 969 a n d  su bsequently its 
Brit ish-bu i l t  successor, Skynet 11, wh ich is today sti l l  
provid i n g  usefu l capacity. 

Th us we now fi n d  ou rselves i n  B rita i n  very 
cred itab le  users of space systems- i ndeed perhaps the 
biggest user of space systems outside of North America 
in the OECD cou ntries a n d  therefore probably t h i rd i n  
t h e  world with a strong and  active i nvolvement i n  
mi l itary, scientific, operat ional  a n d  commercial  sectors. 

In the civi l fie ld ,  we p layed a l ead ing  part in setting 
u p  the necessa ry i nternationa l  o rgan isat ional struc­
tu res and  we are fou nder  mem bers of lntelsat and its 
E u ropean reg iona l  equ iva lent Eutelsat, of lnmarsat 
and  E u m etsat a n d  a bove all the E u rC)pean S pace 
Agency. 

*Adapted from an address at the Western European Union, 
Colloquay, Munich, September 1985. 
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Geoffrey Patt ie, UK Minister of 
State for Industry and Informa­
tion Tec h nology. 

In Brita i n  the Government's pr imary o bjectrve i n  
support ing civi l space resea rch a n d  development h as 
been to promote the development of profitab le  
industri a l  a n d  commercia l  organ isations capab le  of 
p roduci ng a n d  explo i t ing space h a rdward, softwa re 
a n d  services, particu l ar ly i n  comm u nicat ions.  

Employment i n  B rit ish space i n d u stry is  g rowi ng at 
more than 1 0  per cent a year and the cu rrent order 
book is twice the size of a n n u a l  tu rnover. Th is  i s  q u ite 
a .. success story a n d· Government has been 
u ndoubted ly ach i evi ng  its m a i n  goal. Conti n u ity of 
pol icy has been an i m po rtant factor i n  this p rovi d i n g  a 
sta b le  c l imate for g rowth but the respons ib i l ity, a n d  
cong ratu l at ions for its g rowth l i e, q u ite r ig htly, with t h e  
industry itself. 

The space busi ness is  a r isky bus iness a n d  just as it 
has been i m poss ib le  for the space i nd u stry to bea r the 
bu rden of  investment by itse lf, so it  has been important 
for B rita i n  to co-operate with the g overnments a n d  
industries o f  other  cou ntries i n  major space p rojects. 
The U n ited States a n d  Soviet U n ion h ave had  the 
economic strength,  pol it ica l wi ll and defence 
req u i rements to d evelop a fu l ly com preh ensive space 
capabi l ity. The re is now a recog n ised t h i rd force i n  
space - E u rope.  B y  col l a borat ing  t h rough  the 
E u ropean Space Agency, the 13 mem ber states a nd 
one associate have between them d eve loped a 
com p rehensive capab il ity. lt is through ESA that the 
main Br i t ish effort has been d i rected over the last ten 
yea rs and  now we ca n see that it  has been remarkably 
successful with its scientific, m eteorolog ica l ,  l a u ncher 
and  app l ications p rog ram m es.  

lt  is ESA which has estab l ished E u rope as a powerf u l  
fo rce i n  space a n d  made its i ndustry second on ly  t o  t h e  
US i n  t h e  market p lace. A major  v i rt u e  o f  E SA is  that i t  
is  structu red so that n ew space p rog ram mes c a n  b e  
sta rted with a m i n i m u m  of formal ity a n d  with d ifferent 
m ixes of contri but ions from the membe r  states. The 
e lements of each prog ram m e  can be selected from the 
cou ntries best able to p roduce them successfu l ly and  
economical ly, wh i l st sti l l  hav ing  formal mech a n isms 
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UNITED KINGDOM 

to e n s u re that each member state gets a fa i r  share of 
interesting work in retu rn for its fi nanc ia l  contri buti o n. 

O u r  exper ience i n  space so far i n  E u rope has shown 
th at: 

e E u ro pe acti ng  together  i n  h i g h  tech no logy ca n 
be a major force on  a par with the super 
powers; 

e O rg a n isations need to be flex ib le, ab le  to adapt 
to c h a n g i n g  c i rcumsta nces a n d  m a n ifestly fa i r  
fo r each of t h e  partners; 

e G en u i ne co-operat ion d ra'!"s o n  the strengths 
of the part ic ipa nts. Th us  so far i n  ESA, Brita i n  
h a s  concentrated o n  teleco m m u n icat ions 
sate l l ites, Fra nce o n  lau nchers and Germany 
o n  m a n ned space facilities, all with notab le  
success. These aspects wi ll be b rought to­
gether even more closely in the Co l u m bus 
Space Stat ion Prog ramme.  

e lt ca n pay to be bold i n  creat ing  new institu­
tions -with ESA, Arianespace, l n m a rsat a n d  
E utelsat all excellent exam ples. 

British Organisation for Space 
A recu rrent eoncern for G overnments, because of 

the h i g h  costs of space resea rch and  d evelopment, is  
when,  where and  for how long should it be i nvolved in 
fu n d i n g  space efforts? And what is  the proper balance 
between p u b l ic and private fu nd ing for space resea rch 
and development? Even more d i rectly - what 
i n centives a re needed to encou rage the p rivate sector 

The successful B lue Streak booj;ter used here as the first stage of 
E u ropa after the Brit ish·bui lt b a l l istic missile was cance l led as a 
mi lita ry project. 
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to assu me a l a rger  ro l e  in  deve lop ing  and exp l o i t ing 
space techno l ogy? 

I n  B ritain the G overn ment took the decision ear ly i n  
1 985 that there w a s  a n e e d  t o  b u i l d  o n  present 
arrangements for co-o rdinat ing  what G overnment d id  
i n  space by  esta b l i s h i n g  a B rit ish N at iona l  Space 
Centre to i m p rove the development of space 
tech no logy in the U n ited K ingdom and to co-ord i n ate 
po l i cy more effectively. 

I n  Brita i n ,  as e lsewhere, a g rowing range of users of 
space services is spread across G overnment, 
academic i n stitut ions a n d  a l l  types of industry. As thtly 
have become more awa re of the benefits offered to 
them by space, it has become more i m portant to 
estab l ish a s i n g l e  focus to which they can tu rn for 
advice a n d  tech n ica l  support .  We hope they wi l l  seek to 
i nfl uence the prog ra m m es of the Centre by mak ing 
the i r  own fi nanc ia l  a n d  i n-ki nd  contri butions .  O u r  a im 
is  to i m p rove the use of  pub l i c  resou rces a n d  I be l ieve 
that one of the most effective ways in which we can be 
su re of ach ievi ng  th is  is to i nvite i ndustry to p l ay a 
major  ro le  with i n  the new Centre. 

The esta b l ish ment of a Nat ional Space Centre does 
not s igna l  a new d i rect ion in our space pol icy in B rita i n .  
Rather it emphasises the Government's com m itment 
to the development of space technology for i ndustrial, 
scientific and defence pu rposes. Our aim is  to ensu re 
the best use of ava i l a b l e  technology a n d  that n ationa l  
resou rces are not wasted t h rough  u n necessa ry 
d u p l icat ion of effort. U n iq u ely, we wi ll be seeki ng to 
ru n some civi l a n d  defence space efforts together .  One 
ga in that we look fo r from th is  is  the easier transfer of 
the resu lts of pub l ic ly fu nded resea rch i nto the civil ian  
economy. O u r  new agency wi l l  therefore be or ientated 
towa rds serv ing a va r iety of nati o n a l  needs inc lud ing  
some of  those i n  defence a n d  we see it p rovid ing  a 
s ing le  focus  for space research a n d  deve lopment i n  
support o f  Government a n d  t h e  private sector. 

G a i n s  we look fo r i nc lude better budgeta ry a n d  pro­
g rammatic co-ord i nat ion of nat ional space research 
and development effo rt, and a better ba la nce between 
techno logy " push " and user " pu l l " .  M o re positively 
we hope that the new Centre will  perm it the tota l·space 
budget to be adj u sted more read i ly  to chang ing  po l icy 
priorit ies and  that it wi ll faci l i tate the deve lopment of 
jo int prog rammes i n  a reas such as space i nfrastructu re 
of i nterest to the enti re space com m u n ity in B rita i n .  
ESA wi l l  remai n  t h e  cornerstone o f  o u r  civi l space 
activit ies.  

The Pace of Progress 
Tu rn ing  from means of i m plementat ion to 

app l icat ions,  we fi nd  today that l ntelsat, now 20 years 
old, has ove r 1 00,000 sate l l ite voice ci rcu its i nsta l led, 
work ing  i nto 650 Earth  stat ions in 1 65 cou ntries. At the 
t ime of Los Angeles O lympics, l ive TV was brought to 
over one b i l l i o n  viewers in 68 cou ntries - someth i n g  
that on ly  sate l l ites cou l d  do but which w e  n ow take for 
g ra nted .  

Aga inst t h i s  backg rou n d  i t  i s  h a rd t o  be l ieve that 
there has bP.en ,  and remai ns, a pere n n i a l  problem of 
bring ing  a bout the n ew services that sate l l ites can 
offer. A classic case of th is  pre-dates space, a n d  goes 
back to the early day of aviation when the Austra l i a n  
Post Office is  s a i d  t o  have d ismissed as u ncom petitive 
the com m u n ication possib il it ies of a i rcraft in favou r  of 
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ca m e l s ! 
A l l  too often we fi n d  prospective custom e rs sayi n g  

that t h ey h ave g rown a n d  p rospe red without  t h e  n ew 
capa b i l it ies a n d  the services t h at space h a s  to offer .  
Exa m p l es a bo u n d  of te leco m m u n icati o n  a u t ho rit ies 
who,  in t h e  1 960's and i n d eed i nto the  70's,  i ns isted 
t h at the i r ex ist i n g  tec h n o l ogy of m i c rowave l i n ks,  
u n d e rsea cables and so fo rth  co u l d  adeq u ate l y  m eet 
the i r n eeds, a n d  who were a l l  too ready to reject as  
i nsu pporta b l e  the  p rospective costs of sate l l ite 
services. And yet, t h i s  was in a fie l d  w h i c h  had a n  
o rg a n i sed user  com m u n ity a n d  tec h n o l ogy was be i n g  
offe red wh ich  was m e re ly g o i n g  t o  b e  a su bst itute fo r 
oth e r  tec h n o l ogy.  lt is n ot su rpri s i n g  t h at we fi n d  yet 
m o re d i fficu lty with oth e r  fi e lds  of space, such  as 
rem ote sens i n g ,  where no o n e  s i n g l e  user  h a s  a 
d o m i n a nt ro l e  o r  need .  

The prob lem of cou rse is  t h e  c l assic error  of  fa i l i n g  
t o  fo resee h ow advances o f  tec h n o l ogy c a n  o utmode 
h a bitu a l  g ro u n d  ru l es a n d  ways of  t h i n k i n g  and so a l ter 
t h e  way i n  which rout i n e  everyday tasks a re 
acco m p l ished .  We h ave to be a l ive to cont i n u i ng 
adva nces i n  tec h n o l og ica l  capa b i l ity o ut-dati n g  
p r i n c i p l es t h a t  h a d  p revio u s l y  b_een t h o u g h t  t o  b e  
fu n d a m enta l .  W h e reas i n  the  e a r l y  days it seemed self­
evi dent  t h at t h e  ro l e  of sate l l ites was . t h at of i nter­
conti n e nta l  com m u n icatio n s ,  l i n k i n g  nati o n a l  
te l e p h o n e  system s  a n d  u s i n g  l a rge  d i s h es - l i ke 
a d d i t i o n a l  ca b l e  serv i ces i n  outer  space rat h e r  t h a n  i n  
t h e  deep space o f  t h e  ocea n s - w e  now see i ncreas i n g  
u se of t h e  widespread coverag e  affo rded by sate l l ites 
to b ri n g  i nternat io n a l  te lev is ion  p rog ra m mes via s m a l l  
i n d iv id u a l ly-owned d ishes  stra i g ht t o  h ote ls  a n d  
b l ocks o f  f lats.  

Sate l l ites cari a l so n ow p rovi d e  a vita l contr i but i o n  
to i n d u st r i a l  i nfrastru ctu re, w i t h  co m p uter ta l k i n g  
d i rect ly  to com puter  v i a  sate l l ites i n  a d e l u g e  o f  d i g ita l 
b its as it o rg a n i ses the  d ay-to-day worki n g  of a n  
i nd u str i a l  co n g l o me rate . 

Up to now t h e  wo r ld 's  sate l l ite com m u n icati o n s  
h ave b e e n  provided b y  l e g i s l ated o r  de  facto m o nopo ly  
o rg a n i sat ions,  a n d  co m p l ete l i bera l isat ion  wou l d  be 
both h i g h ly content ious  a n d ,  in my o p i n i o n ,  i l l ­
advised . H owever, i t  seems l i ke ly  t h at w e  wi l l  h ave to 
l o o k  ca refu l ly t h ro u g h  the 1 980's a n d  90's at t h e  
i nst itut ion a l  a rra n g e m ents o f  l nte l sat a n d  oth e r  b o d i e s  
t h at w e  h ave esta b l ished to o rg a n i se services a n d  
s h a re t h e  cost o f  space fac i l i t ies .  These bod i es have 
been extra o rd i n a r i l y  va l u a b l e  in  deve l o p i n g  effect ive 
a n d  re l i a b l e  sate l l i te services, and the o l d est of t h e m ,  
l nte l sat, h a s  s h own t h e  i m p o rta n ce o f  a dyn a m i c  
a p p roach t o  its m a n date a n d  t o  t h e  c h a n g i n g  
envi ro n m ent o f  te leco m m u n icat ions .  B u t  with sate l l i te 
co m m u n icat ions  m ovi ng  m o re and m o re fro m t h e  
m a c ro to the  m i cro l eve l ,  w e  m u st m a ke s u re t h at 
reaso n a b l e  o p p o rt u n it ies a re p rovided fo r t h e  
entre p reneu rs i n  o u r  soci ety, with out  a t  t h e  sa m e  t i m e  
jeopard i s i n g  t h e  good fac i l i t ies that w e  cu rrent ly  h ave.  

Sate l l ites a re a l so,  of cou rse,  ca u s i n g  some deep 
t h o u g ht o n  t h e  q u esti o n  of b roadcasti n g  p o l i cy .  
Previ o u sly,  te rrestr i a l  tec h n o l ogy has  e n s u red that l ive 
te l evi s i o n  t ra n s m issio n s  were effective l y  confi ned to 
nati o n a l  borders .  But from a vantage p o i nt 36,000 km 
a bove the E a rth 's  su rface, sate l l ites recog n i se n o  
fro ntie rs a n d ,  worki n g  i nto s m a l l  d ishes s itu ated i n  t h e  
b a c k  g radens  o r  o n  t h e  roofs o f  dwel l i ng h o u ses, a re 
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The Arie l  3 sate l l ite on test at the Goddard Space F l ight 
America .  

now b ri n g i n g  oth e r  cu ltu res i nto t h e  h o m es of m i l l i o n s  
i n  t h e  s h a pe o f  fo re i g n  TV p rog ra m mes.  T h e  
i m p l icat i o n s  o f  t h i s  tech no log ica l  t r e n d  a re fa r­
reach i n g  a n d  need to be cons idered with g reat care .  

Today,  we fi n d  t h at B rita i n  i s  t h e  l a rgest u se r  of 
sate l l i te capacity i n  E u rope,  with ha lf  a dozen UK­
o ri g i n ated te levi s i o n  c h a n n e l s  bei n g  bea m e d  i nto 
ca b l e  heads and h ote l s  th rou g hout  E u rope .  In soc i a l  
terms,  t h i s  rep resents a revo l ut ion  o f  co n s i d e ra b l e  
po l it ica l s i g n ificance w h i c h ,  I a m  g l a d  t o  say, h a s  so fa r 
p roceeded re l ative ly  pa i n l ess ly .  B u t  t h e  potentia l  for 
o bject ions  to "cu ltu ra l i nvasi o n "  a n d  poss i b l e  

·• p ressu re fo r encrypt ion  i n  o rd e r  to contro l recept ion  i s  
se lf-ev ident .  The confl i ct i s  o n e  o f  freed o m  o f  speech 
and p o l it ica l u n ificati o n  as opposed to a natu ra l d e s i re 
o n  t h e  p a rt of a l l  cou ntr ies to p rese rve t h e i r  cu l tu ra l  
i d e ntity, a n d  with its m u lt i p l ic ity o f  nat ions ,  each with 
its own d i st i nct l a n g u a g e  and tra d it ions ,  t h i s  is  
p a rt icu l a r l y  re levant to E u rope .  

A fu rt h e r  issue wh ich  we ca n be su re wi l l  n ot g o  
away i s  the  q u est ion  of h ow t o  ensu re t h at a l l  cou ntr ies 
g a i n  free and eq u ita b l e  access to the n a t u r a l  but 
l i m ited resou rces of t h e  g eostat i o n a ry o rb i t  and the 
rad i o  freq u en cy spectru m .  Th i s  i s  a p ro b l e m  w h i c h  
re l ates n ot so m u c h  t o  sateltite b roadcast i n g  as t o  
sate l l ite te l eco m m u n icat ions .  l t  i s  a m atte r of ent i re ly 
u n dersta n d a b l e  co ncern to m a ny cou ntr ies for whom a 
nat i o n a l  te l eco m m u n icat i o n s  sate l l ite is a n  a m bit i o n  
fo r t h e  futu re th at, b y  t h e  t i m e  t h ey a re ready, t h e  
adva n ced cou ntr ies m a y  h ave occu p i e d  t o o  m u c h  of 
the  o rb i t  a n d  of the  most desi ra b l e  spectru m .  To t h at 
e n d ,  m a ny deve l o p i n g  cou ntr ies h ave set t h e i r s i g hts 
on a rat h e r  r i g i d  fo rm of p l a n n i n g  w h i c h  wo u l d  set 
a s i d e  a " s lot"  fo r each cou ntry. The d ifficu lty i s  t h e  
waste i nvolved i n  reserv i n g  p a rts o f  a va l u a b le  
reso u rce, u n used,  a g a i nst a need w h i c h  m ay be 
severa l - l ifet i mes d i stant  in m a ny cases.  

The oth e r  s ide of the co i n  is  represented by p resent 
u sers who h ave a l ready b u i lt a g rowi n g  b u s i n ess from 
operati n g  sate l l ites a n d  w h o ,  l o o k i n g  for a reaso n a b l e  
deg ree o f  secu rity o f  ten u re, v iew with re l u cta n ce t h e  
idea that t h ey may at some futu re d ate be a s k e d  t o  
m ove as ide  to m a ke roo m  for a n ewcomer .  

Th is  i s  a n  a rea where t h e  d eve l o ped wor l d  wi th  its 
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h i g h  tech no logy a n d  experience i n  space shou ld  be 
able to do much to help accom m odate the natu ra l a n d  
g rowi ng conern o f  t h e  t h i rd world which so badly 
needs the services that space ca n offer.  The task is how 
to set up the necessary proced u res and  mech a n isms 
wh ich wi l l  provide the confidence that, when the t ime 
comes, these cou ntries wi l l  a l so be ab le  to d raw on  the 
services 1hat the S pace Age offers . 

The Future 
But what of futu re? I n  J an u a ry 1 984, President 

Reagan a n n o u nced that he  was instruct ing  NASA to 
deve lop  a permanent, m a n ned orbit ing S pace Statio n  
with i n  a decade a n d  he i nvited the Heads of 
Government of B rita in ,  Fra nce, the Federa l Repub l ic  of 
Germany, Italy, Japan  and Canada to part ic i pate in th is  
project. Costs were expected to be i n  the reg ion of 
$1 0 b n .  Su bseq u ently at a spec ia l  meeti ng  in Rome 
ca l led to dete rm i n e  the shape of o u r  next 10  to 1 5  
yea rs' p rog ra m me, my fe l l ow ESA M i n isters and  I 
decided i n  pr inc ip le  to part ic ipate i n  th is  g reat co­
operative endeavou r, su bject of cou rse to satisfactory 
a rra ngements o n  costs, i nvolvement and  access bei ng 
a g reed.  

The Space Stat ion  is  a logical  extension of the 
lessons a n d  exper iences of the  l ast 25  years .  The move 
towards more wide-spread a n d  persona l i sed services, 
the need fo r even g reater rel i ab i l ity and the fi n ite 
capacity of the orbita l resou rce, a l l  point to the need fo r 
l a rger, more closely-i nteg rated space systems such as 
can only be ach ieved by ma n's i ntervention  in orbit, 
and the S pace Station  is  to be the fi rst step on  the road 
towards this objective. ' 

But  it is not o n ly what the Space Station wi l l  tech n i ­
A Brit ish B lack Arrow rocket bei ng l a u nched from Woomera i n  South 
Austra l i a  i n  October 1 97 1  with the X-3 ( Prospero) technology­
proving sate l l ite. 
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ca l ly enab le  that wi l l  be i m po rtant.  Eq u a l ly i m portant 
wi l l  be the effect that the Space Statio n  wi l l  have in 
ca ptu ri ng the  imag inat ion of the you ng a n d  
enco u rag ing  t h e m  i nto t h e  pu rsu it o f  h i g h  tech nol ogy 
careers u po n  which the conti nued g roW1h of the wo rld 
as a whole depends.  Success i n  th is  a rea too wi l l  be an 
i m porta nt m a n ifestation  of the bonds between the 
Western democracies. But co-operation i m p l ies 
g e n u i n e  partnersh ip ,  and my fel l ow M i n isters and I i n  
E u rope wi l l  b e  looking for a n  opport u n ity t o  p l ay a 
mean i ngfu l a n d  worthwh i l e  ro l e  which is c lea r-cut a n d  
free-sta n d i n g .  F o r  w e  a re acute ly awa re that, a lthoug h  
tech n ica l ly successfu l ,  Space lab,  o u r  contri but ion to 
the Space Sh utt le prog ra m me, has fa l len somewhat 
short of rea l operat iona l  success, with operat ing  costs 
a n d  access arrangements mak ing it relatively 
u nattractive to the customers fo r whom it was 
i ntended.  We do not wa nt to make this k ind  of m istake 
aga in .  

We now have a period of  i ntensive work before us  
with the Space Statio n  project i n  the defi n it ion stag e  
which wi l l  detemine  m ission,  desig n a n d  cost deta i l s .  
I n  para l l e l  with th is, we sh a l l  be ho ld ing  deta i led  
Governmenta l d iscussions to  c la rify the i m po rta nt 
q u est ions of tech nol ogy t ransfer a n d  terms of access 
which wi l l  be crucia l  to o u r  jo i n i n g  the b u i l d i n g  a n d  
operat iona l  ph ases. A l l  bei ng we l l ,  I h o p e  that w e  wi l l  
b e  ab le  t o  cement Western so l i d a r ity with a m u tu a l ly­
benefic ia l  co-operative p rogra m m e  having a n  i m pact 
extend ing  wel l  i nto the 2 1 st centu ry a n d  that we wi l l  be 
ab le  to move fo rvva rd together in 1 987 with fu l l  
deve lopment .  

Conclusion 
I u rged at the Rome M i n ister ia l  meet ing  at the 

beg i n n i n g  of 1 985 the i m p o rtance of ba la nce i n  what 
we d i d  i n  sett ing  goa l s  fo r E u rope's fut u re space 
p rog ra mme.  By " ba l a nce n I mean pa rticu la rly ba la nce 
between activities such as the deve lopment of 
l a u nchers, m a n ned space ve h i cles and Space Stat ion 
activit ies which are the means of  conduct ing  space 
research and the achievi ng  of m o re effective a n d  
attractive space services - t h e  e n d s .  W e  wi l l  not 
ach ieve the rea l fru its of space deve lopment u n less we 
ca n conti n u e  to mount l ively, releva nt a n d  wel l -ti m ed 
ut i l isat ion prog ra m mes - i n  space science, i n  te le­
com m u n icat ions i n  its d ifferent aspects, i n  Earth  
observat ion,  i n  the potentia l  new app l icat ion a reas of 
materia ls  process ing a n d  so forth .  

This  shou ld  not  be taken as a negative co m ment on  
Col u m bus/Space Stat ion  p lann ing  nor  on  Ariane  5 o r  
Hermes or  H otol  - b u t  w e  do h ave t o  get o u r  strategy 
for ach ievement and  o u r  t im ing  correctly p itcl:led if 
futu re ESA activit ies a re to have the r ig ht spa n ,  if we 
a re to make o u r  goa l  of p rog ressive Eu ropea n 
autonomy i n  space mea n i ngfu l ,  a n d  if the  costs a re to 
rem a i n  with i n  affordab l e  bou nds in amou nt and i n  
t i m i n g .  A n d  a centra l concern here is  obviously the  
h i g h  cost a n d  vu l nera b i l ity to over-ru ns  of m a n ned 
space fl i g ht activit ies. 

What sta rted a q u a rter of a centu ry ago as a m u sc le­
f lex ing tech no log ica l contest between the super  
powers has now b lossomed into a major force for the 
advancement of  mank ind .  Let us  hope that we wi l l  be 
eq u a l  to the cha l lenge it presents so as to maxim ise the  
oppo rtu n it ies for mank ind  that  a re u n d o u bted ly there. 
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Space Centre Sets 
June Policy Target 

by Ray Gibson 

Newly appointed Director-General of Britain's 
National Space · Centre, Roy Gibson, is now 
involved in drawing together the country's space 
interests and defining a long term plan for 
development and participation in national and 
international space projects. Below, Mr. Gibson 
writes for Spaceflight on the task ahead . 

Why Organise Space? 
At a press conference i n  London on N ovember 20, 

the M i n ister of I nformation and Techno logy, G eoffrey 
Pattie,  a n n o u nced the format ion of the B N SC a n d  my 
appoi ntment as  its fi rst D i rector-Genera l .  Readers of 
th is  journa l  wi l l  sca rce ly need rem i n d i n g  that th is  
marked the end of  a long  cam pa i g n  amongst space 
enthusiasts to have a foca l point  for the cou ntry's 
space activities. lt had been tradit io n a l ly held in the U K  
that space d id  not merit  a sepa rate organ isation  -
government depa rtments bei ng free to use space as a 
too l ,  a n  instru ment o r  a veh ic le  for its own activities, 
with coord i nation  assu red by a com m ittee of represen­
tatives of the var ious departments. 

So it has been for the past 20 yea rs, and it has not 
worked so badly. The UK has m a ny im porta nt space 
ach ievements to its credit and these shou ld  not be 
fo rgotten o r  bel itt led i n  the excitement that m a ny of us 
fee l  i n  now having a n at iona l  space org a n isat ion . 

Why, then,  is a space org a n isation needed at a l l ?  
M a ny a rg u ments h ave been b ro u g ht fo rwa rd over t h e  
yea rs and  I a m  n o t  s u re that a l l  o f  t h e m  merit 
considerat ion .  Avo id ing  d u p l ication ,  for exa m ple,  is 
often cited as one of the advantages. The new 
org a n isation  wi l l  certa i n ly enab le  a certa i n  a m o u nt of 
rat ion a l i sat ion of resou rces and wi l l  -he l p  to fac i l itate 
com m u n icat ion betwee n  the var ious g ro u ps engaged 
i n  space activities i n  d ifferent parts of the cou ntry, but 
if any savi ngs a re to be fou n d  from th is  process, they 
a re certa i n l y  offset by the cost of creati ng  the centra l 
orga n i sat ion - h owever s l im we decide to keep it. 

No, for me the overwhel m i n g  a rg u m e nts in favo u r  
o f  havi ng a nationa l  space o rg a n i sation a re to be fou n d  
i n  the i nfi n itely g reater n eed there now is for a centra l 
nat ion a l  po int i n  o rder  to d evel o p  a n d  to ca rry out a 
coord i n ated n at iona l  space prog ramme.  

That  is  not  to say that  the space organ isatio n  need 
necessa r i ly be respons ib le  for every s ing le  space 
activity i n  the whole  cou ntry, but it shou l d  certa i n l y  be 
awa re of it and  should have a word to say a bout  a ny 
government fu n d i n g  it may requ i re - a n d  that i n  the 
l ig ht of a n  overa l l  nationa l  p l a n .  

I n  the s a m e  l i ne o f  t h i n ki ng,  the space centre i s  
needed to a l l ow i n d u stry's needs a n d  i n d u stry's 
contr ibutions to be fed i nto the nationa l  p lan  in a t imely 
way. Perha ps, for these reasons, i t  wou l d  have paid off 
to h ave had such a n  o rgan isation  some years ago,  but  
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the need is  very much g reater now because of the  
i nter-dependence of  space prog ra m m es.  

We a re no  longer  i n  the e ra where it was poss ib le  to 
decide on  sate l l ite prog ram mes one by one, and with 
l itt l e  thought  of the i r  relationsh i p  one to a n other  
except for the tota l bi l l .  N owadays, pa rticu la r ly with 
the advent of the S pace Statio n ,  we need to h ave an 
ag reed overa l l  framework for our space activit ies. We 
ca n not possi b ly do h a lf the th ings  that m a ny peo p l e  
wou l d  l i ke to s e e  inc lu ded,  b u t  those w h i c h  w e  th i n k  we 
ca n afford m u st together  m a ke sense. 

M o reover, there m u st be enough money l eft in the 
nationa l  t i l l  for us  to be able to use properly the 
faci l it ies which we h ave created or  he l ped to create 
th rou g h  i nternationa l  cooperatio n .  

·� A n d  s o  t h i s  wi l l  b e  t h e  fi rst pr io rity o f  the Brit ish 
N at iona l  Space Centre : the product ion of a nationa l  
space prog ra m me. O u r  ta rget for th is  is the end of  J u n e  
- perh aps I shou ld ,  fo r t h e  cynics, a d d  1 986. 

Building Up the.Organisation 
Of cou rse, the fi rst task is to get organ ised . The 

B N SC has i n h e rited contri butions from a n u m be r  of 
major partici pa nts, and these h ave to be put together  
i n  a sens ib le  way. The pr inc ipa l  i n it ia l  co ntri butors a re 
the  fol l owi ng : 

Depa rtment of Trade a n d  I n d u stry, of which the 
S pace Divisi on  headed by M r. C l ifford N icholas is  
tra nsferred to BNSC forthwith,  as wel l  as M r. Jack 
Leeming ,  the U nder Secreta ry who has done so much 
to bri n g  about the fo rmation of the  B N SC.  H e  is  now 
the Di rector of P l a n n i n g  and Prog ra m m es.  J o i n i n g  h i m  
i n  h i s  D i rectorate a re not o n ly h i s  co l leagues from DTI 
but a lso sen ior  staff secon ded from the other  m ajor  
contri butors : SERC,  N E RC, a n d  the M i n istry of 
Defence. 

SERC is  a lso seco n d i n g  a sig n ifica nt n u m ber  of staff 
from the Rutherford and Appleton Laborato ry. 

N E RC is second ing  staff, pr i ncipa l ly  i n  the remote 
sensing a rea,  to serve with B N SC at RAE, 
Farnboro u g h ,  and i n  London .  

M i n istry of  Defence is  seco n d i n g  a m ajor  p a rt of th,e 
S pace Depa rtment at Fa rnboro u g h .  

Th is wi l l  m e a n  that t h e  B N SC has somewhat over 
300 staff seconded from its fou n ders, and these wi l l  be 
managed by the DG,  the Di rector of P l a n n i n g  and 
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Prog ra m mes prev iou sly ment ioned,  p l u s  a Di rector of 
Proj ects a n d  Tec h n o l ogy sti l l  to be appoi nted . 

The London office is i n  M i l l ba n k  Tower on the  
Thames at  Westm i nster, a n d  the other  perso n n e l  wi l l  
b e  l ocated at RAE o r  at RAL - with the  m i n i m u m  
m ovement o f  perso n n e l  cons istent with a n  accepta b l e  
o rg a n i sat i o n .  

D u e  t o  the natu re o f  the pa rent o rg a n i satrQns,  n ot a l l  
o f  the perso n n e l  seco nded fro m the l a b o rator ies ca n ,  
a t  l east i n  the fi rst i nsta nce, be fu l l -t ime,  n o m i n ated 
persons .  lt  is  envisaged that some of the m a n power 
wi l l  be provided in the fo rm of m a n-years : it wou l d  be 
i m p ract ica b l e , i ndeed u n d es i ra b l e ,  fo r the B N S C  to 
attem pt to be who l ly i n dependent in a l l  the spec i a l i t ies 
it wi l l  need.  Far  more i m portant than the su pposed 
p rest ige  which m i g ht be attached to havi ng  a l a rg e r  
n u m ber  o f  B N SC badge- bea r i n g  perso n n e l ,  i s  the  need 
to h ave a- l og ica l  o rg a n i sati o n  with sensi b l e  long term 
a rra ngements with the host l a borato r ies .  

Looking Ahead 
Another pr io rity task of the  B N SC m a n a g ement i n  

t h e  fi rst few months of its l i fe i s  t o  reco m mend what 
sort of a beast it shou l d  become.  lt ex ists at the 
m o m e nt t h a n ks to the cooperati on of  a n u m ber  of 
government depa rtm ents a n d  government fu nded 
o rg a n i sati ons ,  but it wi l l  need to have i ts  status m o re 
c lear ly  defi ned ove r the co m i n g  m o nths .  

Th is  i s  proba b ly  a n  a ppropr iate m o m e nt at which  to 
e m ph asise the exce l l ent sp i r it of  cooperati o n  which  I 
h ave fou n d  i n  the  weeks s i nce I took u p  t h i s  n ew post.  
At a l l  l eve ls  I h ave fo u n d  noth i n g  but cooperat ion  -
m u c h  m o re t h a n  I cou l d  ever h ave expected .  I rea l i se 
that t h i s  is a sort of h o neymoon per iod a n d  that the  
B N SC m u st soon show what  advantages it has  
bro u ght,  o r  wi l l  s h o rt ly  br i n g ,  to i ts  contr i butors, but 
the  co nstructive atmosph e re i n  which  a l l  th is  i s  ta k i n g  
p l ace deserves t o  be known t o  a w i d e r  c i rc le .  

Some readers m ay h ave noticed that I h ave n ot so 

fa r made m u c h  ment ion of i n d u stry's ro l e  i n  t h e  B N SC.  
Th is  is  not at a l l  beca use of the B N SC does not  n eed 
i n d u stry's h e l p  - q u ite the contra ry, but it  i s  o n l y  
reaso n a b l e  fo r i n d u stry t o  b e  a b l e  t o  s e e  exact ly  what 
is p l a n ned a n d  h ow prog ra m mes wi l l  be executed, 
befo re ask ing  fo r t h e i r  su bsta nt i a l  fi n a n c i a l  a n d  
m ate r i a l  support .  I n  t h e  short te rm,  there i s  a rea l need 
fo r h e l p  fro m i n d u stry in the fo rm of s h o rt 
seco n d m e nts of spec i a l ist perso n n e l  to serve o n  the 
B N SC's p l a n n i n g  g ro u p  a n d  to h e l p  put tog eth er a p l a n  
wh ich i n d u stry wi l l  l ater fee l  a b l e  t o  support .  I a m  
confident that t h i s  h e l p  wi l l  be ava i l a b l e  fro m i n d u stry.  

M a ny j o u rn a l i sts, p a rt icu l a r l y  those from the 
Cont i n e nt, h ave asked whether  the  fo rmati o n  of the 
B N SC h e ra l d s  a m ove away fro m t h e  E u ropean Space 
Ag ency, and of cou rse t h i s  i s  ce rta i n ly not the case. 
Space prog ra m m es wi l l  cont i n u e  to be extre mely 
cost ly ,  and it makes good sense for us  to be do ing m ost 
of t h i s  work with o u r  E u ropean partners.  

Perh a ps we a re h o p i n g  to be a l i tt l e  m o re d i scern i n g  
i n  o u r  cho ice o f  the  m o rsels w h i c h  c o m e  ci u r  way i n  
these cooperat ive prog ra m mes;  perhaps w e  need to 
have a h i g h er  profi l e  i n  the E u ropean deci s ion  m a k i n g ,  
b u t  these a re a m b it ions fo r the  futu re.  I n  the m e a n  t ime 
t h e re i s  m u c h  to  be done to  identify what it i s  we want 
out  of o u r  space effo rt and expe nd itu re, and t h i s  wi l l  be 
o u r  n u m ber  one pr io rity as th ese l i nes a re bei ng  read .  

Thanks for Your Support 
M ay I take t h i s  opport u n ity of t h a n k i n g  the  B rit ish 

I nterp l a n eta ry Soci ety fo r i ts  act ive s u p p o rt over the 
yea rs fo r the concept of  a B r i t ish N at i o n a l  S pace 
Centre. M a n y  mem bers in il l l  pa rts of the cou ntry h ave 
a l ready written express i n g  t h e i r  sat isfact i o n .  My 
col leag u es and I can m a ke n o  prom ises oth e r  t h a n  to 
assu re you a l l  t h at we a re fu l l  of enth us iasm,  a n d  that 
the express ions of support we a re rece iv i n g  both from 
i ns ide  the country and from a b road m a ke u s  s u re that 
no-one wi l l  reg ret the  N ovem ber dec is ion . 

Space Bill Goes Before ParlianJent 
Lord Lucas of Chi lworth, Parlia­

mentary Under-Secretary of State for 
Trade and l nd,ustry, has i ntroduced a 
Bi l l  to enable the U n ited Kingdom to 
fulfi l l  certai n  i nternational  oblig�­
tions concern i n g  private sector 
activities in outer space. 

The obl igations arise u nder three 
U n ited Nations conventions to which 
the U K  is  a party : the 1 967 Outer 
Space Treaty, the 1 972 Convention 
on I nternational  Liabi l ity for Damage 
Caused by Space Objects and the 
1 976 Convention on Registration of 
Objects Lau nched i nto Outer Space. 

These conventions oblige the 
Govern ment to exercise a measure of 
superv1s1on over private sector 
activities in outer space; to pay com­
pensation if such activities cause 
damage to foreign states or persons; 
and to enter deta i ls of private sector 
satel l ites i nto a register of "space 
objects" .  
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Describing th,e Bi l l ,  Lord Lucas 
said : "In the past, the l a u nch of satel­
l ites and their operation was seen as 
the job of the public sector or of 
i nternational  organisations. This 
view is changing and today the 
prospect of a U K  private sector 
satel l ite project no longer seems 
remote. We have therefore decided 
to i ntroduce legislation to enable us 
to fulfi l l  our  i nternational  obl igations 
i n  respect of private sector activities 
in outer space, when they occu r. 

"This legislation wi l l  a l low the 
private sector to plan outer space 
projects with knowledge of how the 
legal framework wil l  operate. lt will  
apply to a l l  com mercial ,  scientific 
and experimental satel l ite projects 
u n less they a re carried on by an arm 
of Government. 

"The Bil l  i ntroduces the m i n i m u m  
o f  regu lation necessary f o r  us to 
m eet our i nternational obligati o n s . " 

A non-statutory register of space 
objects has been kept si nce 1 976 a n d  
t h e  o n ly non-Govern mental space 
objects registered are satel l ites 
owned by the Science and Engineering 
Research Counci l  (SERC) and by the 
U n iversity of Su rrey. The conti nued 
operation of these satel l ites wil l  
eventual ly need to be l icensed 
(a lthough the Bill does contain tra n­
sitional  provisions).  SERC i s  l i kely to 
be given one "open licence" covering 
a l l  i ts  science projects in outer space. 

There a re a g rowing n u m ber of 
private sector sate l lites i n  the U n ited 
States but there is no i m m inent 
private sector satel l ite project in the 
UK. 

Adm i nistration of licensing will  be 
carried out by existing staff working 
i n  the British National  Space Centre 
and costs i ncurred will be recovered 
from fees. 
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Mr. Tom Mayer, C B E, 
Chairma n of the U n i ted 
Ki ngdom Space Com­
mittee ( U K I S C )  si nce 
1984. Mr. Mayer, who 
from Apr i l  1 becomes 
C h ief Executive of 
T H O R N E  EMI Technology, 
is a founder member of 
U KI S C  and has been 
c l osely i nvolved in its 
work s i nce 1975. 

,------- UKISC ------

The United Kingdom Industrial Space Committee 
(UKISC) represents " the British Companies which have 
activities in the Space Sector. The committee is jointly 
formed from members of the Society of British 
Aerospace Companies and the Electronic Engineering 
Association to represent companies involved in a whole 
range of Space activities, from launcher guidance and 
satellite construction to ground stations for telemetry 
and communications. The companies are engaged in 
design and manufacture of �oth hardware and sohware 
for many different programmes. Within UKISC there are 
14 participating members and three corresponding 
members. 

Industry Invests in Space 
by Tom M ayer, CBE 

The major role of British companies in space­
related programmes was highlighted in a 
presentation to UK diplomatic staff in London 
during February. The audience comprised 
Foreign and Commonwealth Office staff about to 
take up new duties at UK diplomatic posts 
overseas. A two week long series of specialist 
briefings updated them on the capabilities of all 
apsects of the British Aerospace Industry. We are 
pleased to present here a short summary of Tom 
Mayer's overview of the wide-ranging activities 
of British companies in space. 

The British Space Industry 
Fo l l owi ng the cance l l at ion of the Brit ish lau ncher 

prog ram m e  20 yea rs ago, I ndustry has concentrated 
on the e lectron ics and  h i g h  tech nology aspects of the 
business and has particu la rly excelled i n  the 
construct ion of  sate l l ites and  the  g round station 
e lements of a n u mber of key program mes. Su pport of  
major  ESA activit ies has been a critica l e lement of the 
work carried out ,  and key contri but ions have a lso been 
made to NASA prog ra m mes and to a n u m ber  of 
projects for cou ntries in the Midd le  East. I ndustry is  
looki ng forward to i ncreas ing i ts export bus iness to 
cou ntries who have activities concerned with any 
aspect of  Space, i n  com m u n icat ions, navigat ion,  
meteoro logy or  Earth resou rces mapping .  

The contri bution that  Brit ish Indust ry makes to ESA 
prog ra mmes is i ndeed the fou n dation of our S pace 
business. Fol lowi ng the recent review of the B ritish 
nationa l  contri bution to the ESA budget, the 
Government is com mitted to an  expand ing  
prog ra m m e  of  su pport for E u ropean p rog ram mes 
inc l ud ing  the joint ESA/NASA activity on the Space 
Statio n .  D u ring the last 20 years Brit ish indust ry has 
contri buted to the E u ropean p rog ramme in more than 
30 projects. These incl u d e :  

HEOS Stud ies of i nterp laneta ry magnetic 
fie lds 

ISEE Resea rch in the Earth's magneto­
sphere 
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G EOS 

METEOSAT 
OTS 

EXOSAT 
SPACE 
TELESCOPE 

Fi rst E SA sate l l ite fo r which UK 
i ndustry took pr ime responsi b i l ity 
in 1 977 
Weather sate l l ite 
Experi 1 mental  sate l l ite TV t rans­
mission 
Location of X-ray sou rces 

For detect ing  very fa i nt sta rs 

And shortly to be lau nched are :  

ISPM 
HIPPARCOS 

• ERS 1 

For exploration of Solar Poles 
To measu re sta r motion  
Remote sensi ng of  ocea ns a n d  
coasta l a reas 

The wide scope of desig n  and m a n ufactu re to 
support the ESA prog ra mme req u i res a l a rge  
investment i n  the creat ion of  very com prehensive 
manufactu ri ng and test faci l it ies. All such faci iWes a re 
located with i n  Brit ish I ndustry a n d  g ive a 
com prehensive capabi l ity to the UK for Space p rojects. 

Military Satellites 
I n  the m i l ita ry fie ld i ndustry has concentrated on the 

supply of com m u n icat ions sate l l ites and  g ro u n d  
stat ions.  I n  th is  review i t  i s  not possi b le t o  go i nto t h e  
deta i l  o f  t h e  faci l it ies provided to the Armed Services 
which inc lude voice tra nsm issions, data 
com m u n icat ions and visua l  i m ages. The very 
adva nced series of Skynet sate l l ites together with the 
g round equ i p ment which inc lude l a rge ante n n a  
stations and  vehic le a n d  man-portab le  equ i pment 
enable com m u nications to be made between land,  a i r  
a n d  sea. Work on  m i l itary satel l ites a l so inc ludes 
meeting the needs of NATO . .  

Applications Satellites 
Many sate l l ite prog ram m es have been concerned 

with Earth observat ion either to o bta i n  meteoro log ical  
data or  to carry out terrestria l  surveying for m i nerals or 
mapping .  These missions a re accompl ished us ing 
sate l l ites which  eithe r  orb i t  the Earth conti n uously 
coveri ng the whole of the surface, or  a re fixed in  
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geostation a ry orbit over a pa rticu l a r  sector of the 
g lobe. Typica l  orbit i ng sate l l ites a re M eteosat used for 
weather  forcast ing ,  La n dsat used for terra i n  mapp ing  
a n d  E R S 1  used for Earth resou rces m easu rements. An 
i m po rtant bus iness aspect of th is  work is the supply of 
the l a rge n u m ber  of g ro u n d  stations a l l  a ro u n d  the 
wor ld to enable the ag ricu ltu ra l ,  fish i n g  and  m i nera l  
extract ion agencies to determ i ne the best cond iti ons 
for thei r operations .  

· 

Another key use of sate l l ite systems is to provide a 
method of g l oba l navigat ion .  The NAVSTAR system 
p rovides mobi le  u n its o n  l and ,  sea and in the air with 
an ab i l ity to fix thei r position  to an  accu racy of a few 
metres us ing s m a l l ,  low cost g round stations .  

Communications Satellites 
Today, te lephone ca l ls can be routed via Space over 

thousands of m i les at a l ower cost than  a terrestria l  l in k  
o f  o n ly a few h u n d red m i les.  

The exist ing  ECS sate l l ite su pports com m u nications  
with i n  the who le  of  E u rope.  Its use  h i g h l i g hts the  
asto u n d i n g  g rowth i n  com m u n ications  over the last 50 
years. In many parts of da i ly  l ife, techno logy has had a 
profo u n d  i m pact.  For i nsta nce, the speed of tra nsport 
has i ncreased perhaps 1 0  t i mes a n d  agricu ltu ra l 
effic iency by a s i m i l a r  factor. I n  com m u n ications terms 
h owever the i m provement in s ig n a l  capacity a n d  
d istance trave l led has i ncreased b y  a factor o f  a m i l l io n  
o r  more.  Th is  prod ig ious capab i l ity, b y  which for 
i n sta n ce a who le  conti n e nt such as N o rth America ca n 
receive s i m u lta neously 50 te levis ion prog ram mes 
from Space, shows qu ite asto u n d i n g  g rowth .  The ECS 
sate l l ite scored a fi rst in E u rope by p rovid i n g  the 
com mercia l  re l ay of te levis ion prog ram mes. 

Scientific Satellites 
Some of the most spectacu l a r  successes of the 

Space prog ra m m e  have been the scientific m issions i n  
which the g a laxy has been exp lored by telescopes, 
i nfra red and X-ray cameras.  The recent m issi on  to 
U ra n u s  a n d  the rendezvous of the G iotto p robe with 
H a l l ey's com et captu red the pub l i c  imag i nat ion but do 
not perhaps l ead to the same prospects for export 
sa l es as othe r  E a rth-related p rogra m m es.  

Ground Equipment 
The g reatest potentia l  fo r expa ns ion i n  Space 

equ_ipment fo r com merc ia l  use is the g rowth of the use 
of sate l l ites, especi a l l y  geostatio n a ry satel l ites, for 
voice, data a n d  te levis ion com m u n ications .  N ot on ly 
do Brit ish compan ies make the sate l l ites used for 
m a ny of these transmiss ions but they a lso provide the 
comp lex g round eq u i pment used to u p l i n k  the ca l l s, 
data and p rog ram mes and the s imp ler  receiver-on ly 
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eq u ipment fo r ca b le  head end fo r busi n ess a n d  
domestic  use. T h e  whole area o f  g rou n d  stat ions  is  o n e  
o f  g reat potenti a l  for B rit ish i ndustry. 

A si ng le  sate l l ite system ca n generate a m a rket fo r 
thousands of g rou n d  stat ions coveri n g  wide a reas of 
the g lobe.  Some of the i nsta l l at ions a l ready i n  p l ace 
are Goo n h i l ly 1 ,  Goon h i l ly 2, M adeley (where the red 
br ick b u i l d i n g  is fu l l  of e lectro n i cs - one notices the 
d ish but the expensive equ i p ment is  i n doors ! )  and the 
insta l lat ion at  Masi ra h .  

L inks a re provided t o  se rve m a ny Govern ment 
com m u n icat ion needs a n d  o u r  E m bassies abroad are 
a l l  eq u i p ped with u p-to-date eq u i pment of Brit ish 
desig n  and man ufacture .  

Looking to the Future 
Although  much of the work of B ritish I n dustry i n  

recent yea rs h a s  been i n  associ atio n  with ESA i t  i s  
i m portant t o  esta b l ish a cont inuous i nvolvement with 
the enormous USA Space prog ra m m e .  The U K  
Government i s  a lead i n g  supporter of t h e  ESA i n it iative 
in contri buti ng to the US Space Stat ion .  In addit ion to 
many other  projects, U K  i ndustry is p l a n n i n g  
i nvo lvement i n  po l a r  arbiters and  i n  data 
com m u n icat ions associated with the com mercia l  
exp lo itation  of the Space enviro n m e nt, fo r the 
prod uctio n  of new materi a ls  in  g ravity free 
envi o n m e nts. 

Th ree of the many projects in which U K  com pa n i es 
are actively engaged with NASA a re :  The Space 
Station : The Space Telescope project : and G a m m a  
R a y  observatory i n  Space. 

One of the most topica l p rog ra m mes associ�ted 
with Space activities is the US Strategic  Defence 
I n itiative. Very recently a Memora n d u m  of 
U ndersta n d i n g  was s igned by the UK and US 
Governments in support of a B rit ish contri but ion to the 
prog ram me.  Wit h i n  the next few weeks Brit ish 
I n d u stry wi l l  be outl i n i ng to US Depa rtments of 
Defense and I ndustry h ow our capa b i l ity, b u i lt u p  i n  
recent yea rs i n  a l l  aspects o f  S pace-re lated techno logy, 
ca n be developed to ca rry out a n u m ber of t he research 
tasks to be fu n ded by the U S  Depa rtment of Defense. 

lt  m ay come as a su rprise to many peop le  to rea l ise 
h ow m uch the activit ies of B rit ish I ndustry have 
contri buted to the Space bus iness. We h ave perhaps 
as a n  I ndustry been l acki n g  i n  pub l i c  vis i b i l ity but 
I n d u stry views the Space m a rket as very i m po rtant i n  
generati ng  a l a rge export bus iness. 

Fo l l owi ng d iscussions with the B ritis h  Government 
over the past few yea rs, I n d u stry was de l ig hted by the 
decis ion to set u p  the Br i t ish N ationa l  Space Centre 
( B N SC)  u nder the d i rect ion of Roy G i bson .  Detai l ed 
p lans  for the work of the centre a re n ow be i n g  
prepared and  I n d u stry has p ledged t o  g ive its fu l l  
su pport t o  the prepa ration  a n d  i mp leme ntat ion  of the 
N ati o n a l  P lan .  The B N SC is critica l ly reviewi ng futu re 
B rit ish activities i n  Space a n d  one  of the i m portant 
p rojects is  the p roposed polar orbit i ng Space p l atform 
associated with the NASA Space Statio n .  

I n  t h i s  short overview I have d iscussed t h e  
ach ievements a n d  capabi l it ies o f  i n dustry i n  Space a n d  
outl i ned the so l i d  fou n dations o n  w h i c h  w e  i ntend to 
base o u r  futu re bus iness. There is a wea lth of ta lent i n  
i ndustry seeki ng t o  explo it  new techno log ies a n d  
.HOTO L is  just one o f  t h e  exciti ng  new concepts we a re 
looki ng  at fo r the future.  
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UNITED KINGDOM 

British Super-Minicomputer Boasts Reliability 
Information Technology limited is a leading British 

computer company which researches, designs, 
manufactures, sells and services a wide range of 
advanced computer and commu nications products 
for business, industry, science and government 
through its own nationwide network of 16 sites. 

The I nfo rmatio n  Tec h n o l ogy L i m ited M o mentu m 
9000 su per-m i n i co m p uter at t h e  E u ropean S pace 
Ope rati o n s  Ce ntre is  ca p a b l e  of process i n g  a n d  
d i str i but i n g  vast q u a ntit ies o f  te l e m etry d ata a t  h i g h  
speeds despite h a v i n g  o n l y  0 . 7 5  megabytes o f  m a i n  
m e m o ry.  M o mentu m was u sed as the  deve l o p m ent 
base fo r ETOL,  the E u ropean S pace p rog ra m m i n g  
l a n g u age,  wh ich  a l l ows scient ists a n d  e n g i neers to 
program t h e i r  a p p l icatio n s  with out  need i n g  to be 
com puter speci a l i sts. l t  is  cu rrent ly m o n itori n g  the 
hea l th  and h ousekeepi n g  of the  G i otto sate l l i te 
m issi o n  to H a l l ey's Comet.  . 

When t h e  E u ropean S pace Agency fi rst sta rted 
u s i n g  M o m entu m o r  its p redecessors fo r sate l l i te 
test i n g  a n d  m o n itori n g ,  its sta n d a rd procedu re was to 
buy two computers in case one fa i l e d .  Soon after 
worki n g  with the  M o me ntu m ,  h owever, t h i s  
requ i re m e nt w a s  a b a n d o n e d .  E v e n  o n  so cr it ica l  a 
sate l l ite as G i otto, where years of work a n d  tens of 
m i l l i o n s  of p o u n d s  h ave been dedicated to ach ievi ng  a 
m e re 30 m i n ute conj u nct ion  of sate l l i te a n d  comet 
after a n i ne-month  fl i g ht, ESA o n l y  fou n d  it n ecessary 
to buy o n e  M o m e ntu m com puter .  N o  sate l l ite program 
u s i n g  ITL com p uter system s  h a s  ever  been d e l ayed by 
ITL com p uter fa i l u re .  

M o mentu m wi l l  feed conti n u o u s  d ata o.n 2 ,000 
para m eters rel ati n g  to the statu s of G i otto a n d  its 1 0  
experi m ents t h ro u g h  a n  ITL Cab lestrea m Loca l Area 
N etwo rk se lect ively i nto 1 0  oth e r  co m pute rs - from 
Apples to DEC PDP-1 1 s .  M o mentu m's  selecta b l e  m u lt i­
co lou r syn o pt ic  d i s p l ays of each sate l l ite su b-system 
a l so m a ke sate l l ite a n d  experi ment  statu s  v is i b l e  a n d  
adj u sta b l e  without m o u nta i n s  o f  pr i ntouts.  
C a b l estre a m  is  a ra n g e  of ITL e q u i p m ent w h i c h  m a kes 

SATELLITES I N  EDUCATION 
The U niversity of Surrey has catalysed a n  initiative in 

the U K  to promote the specific use of satellites in 
education - involving not only the two UoSAT space­
craft but also meteorological, TV and other satell ites 
that are readily available to the individual experimenter. 

As reported in  Spaceflight (March 1 986, p1 1 6), a U K 
Coordinating Committee for Satell ites in Education was 
created in  early 1 985 comprising representatives from 
all strata of education.  lt is currently under the 
chairmanship of Dr. John Gilbert. 

A national resource centre is planned to be 
established at UoS to support this programme which is 
intended to provide a central coordinating team, to 
assist in the preparation of materials, experiments and 
software, and to advise on hardware focussing directly 
on educational applications. 

lt is anticipated that there will  be opportunites quite 
soon for a small  number of science teachers to join or be 
seconded to UoS to develop the centre and educational 
resources. Any qualified teachers who may wish to be 
considered should contact Dr. John Gilbert at UoS. 
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up E u rope's m ost popu l a r  b roa d b a n d  ca b l e  l oca l a rea 
n etwo rk a n d  is  u sed by a cons idera b l e  n u m be r  of 
i n d u str ia l  a n d  co m m e rc i a l  g i a nts.  

When the  E u ropean S pace Ag ency co m m iss ions a 
new sate l l i te from a E u ropean p r i m e  contractor  a n d  
su b-contractors spread t h ro u g h o u t  E u rope, it  i s  b u i lt 
o n  a C a b l estre a m  Loca l Area N etwo rk ( LAN ) w h i c h  
c o n nects the  sate l l i te test equ i p m e nt to a resi l i e nt 
M o m entu m a n d  to t h e  sate l l ite a n d  its battery of 
experi m e nts. Th is  n etwo rk then  tests out  the  sate l l ite 's 
system and experi m e nts u nd e r  t h e  control  of t h e  
M omentu m .  D u ri n g  t h i s  p rocess, n ot o n l y  t h e  ESA 
sate l l ites but  the i r e nti re C a b l estre a m  LAN s  a n d  
M o mentu m com puter system s  a re often req u i red t o  be  
tra nsported,  h eated u p, coo led  down , s u bjected to 
.vac u u ms,  and severe ly s h a ke n .  In fact, M o m e ntu m is  
th e o n l y  eq u i pment ever to h ave passed the  E STEC­
defi ned E M C  tests ( e lectro-m a g n et ic  com pati b i l ity ) ,  i n  
wh ich  i t  h a s  p roved i t  ca n keep operati n g  w h i l e  
s u bjected to va ry i n g  strengths  a n d  com b i n at i o n s  of 
m a g netic e m a n at ions,  e lectrica l  cu rrent f l u ctuat ions,  
wide tem pe ratu re var iati o n s  and a i r  c lea n l i n ess 
d e g radat io n .  M o re t h a n  20 B rit i s h ,  I ta l i a n  a n d  ESA 
sate l l ites, i n c l u d i n g  G i otto, h ave been b u i lt u s i n g  t h e  
M o m entu m/Ca b l estrea m system 

BOOK REVIEW 

History of British Space Science • 

H .  S. W. M a ssey a n d  M .  0. R o b i n s ,  C a m br idge U n iversity 
P ress, The E d i n b u rg h  B u i l d i n g ,  S h aftesbu ry R o a d ,  
C a m bridge,  C B 2  2 R U ,  5 1 4  pp,  1 986, £45.00.  

T h i s  book docu m e nts h ow a new and co m p lex branch of 
science e m e rged with i n  t h e  UK and was enco u ra g e d  to g row 
both nat i o n a l l y  a n d  i nternat i o n a l ly,  a s  seen t h ro u g h  the eyes 
of two who p l ayed a m a j o r  ro l e  in m a n y  of the events 
descri bed . 

it traces t h e  beg i n n i n g s  of t h e  Br i t ish  Space Science 
prog ra m m e  from its o ri g i n s  i n  the 1 950's u p  to t h e  1 980's, 
prov i d i n g  both i nfo rmat ion a bout its backg ro u n d  a n d  
h i g h l i g hti n g  s o m e  o f  its su ccesses. Coope rati o n  w i t h  NASA 
i s  descri bed in some deta i l ,  a s  we l l  a s  t h e  p a rt p l ayed by 
Br ita i n  in esta b l i s h i n g  E u ropean col l a bo rat ion a n d  a m o re 
m od est col l a bo rative prog ra m m e  with Com m o nwe a l t h  
cou ntries.  

l t  is  i nterest i n g  to n ote t h at,  d u r i n g  this 30 yea r per iod,  
B rit ish sci e n ce experi m e nts were ca rr ied a b o a rd m o re t h a n  
6 0 0  rockets a n d  3 7  spacecraft. 
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EURO BUSI N ESS FOR CHI N ESE 

Swede n  i s  cons ideri ng  u s e  o f  the  C h i nese l a u nc h e r  
Long M a rch 2 fo r i t s  p roposed M a i l sta r sate l l ites. 

A one yea r l a u n c h  reservat ion a g reement has been 
s i g n e d  betwee n  the Swe d i s h  Space Corpo rat ion  a n d  
C h i n a .  If  i t  goes a h ea d  t h e  contract wou l d  be o n e  of t h e  
fi rst com merc i a l  l a u n c h  a g reem ents secu red b y  C h i n a .  

M a i l sta r, a s m a l l  sate l l ite b e i n g  eva l uated for 
e lectro n i c  m a i l  service to pa rts of the  wo r l d  where t h e  
te l ecom m u n icat ions  i nfrastructu re is u n d e r­
d eve loped,  wou l d  be l a u nched p iggyback with a 
C h i nese E a rt h  observat ion spacecraft. 

These a re p laced in l ow E a rt h  o rbit by Long M a rch  2 
a n d  a n  extra p ropu ls ion  system wou l d  be needed by 
M a i l sta r to boost it  to operat i o n a l  a lt itu de .  J o i nt work is 
cu rrent ly ta ki n g  p l ace to desi g n  an a p p ropr iate 
prop u ls ion  system.  

La u nch o f  C h i n a  1 7  last October b y  t h e  Long March 2 rocket which 
cou ld be u sed for Sweden's  M a i l star sate l l ite. 
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,....-- 1 986 NASA LAU NCHES--.... 

NASA has five launches of unmanned rockets 
scheduled for the remainder of 1 986 from Cape 
Canaveral .  They are : 

e M a y  1 - G OES-G weat h e r  sate l l ite a boa rd a 
Delta rocket. 

e M ay 22 - Navy com m u nicat ions a n d  navigation 
sate l l ite a bo a rd an Atl a s ·Centau r. 

e Aug 1 4 - DoD payload a board a Delta rocket. 

e Oct 9 - G O E S- H  weat h e r  sate l l ite a boa rd a 
Delta rocket. 

e N ov 1 6 - N avy comm u nications and navigation  
sate l l ite a bo a rd a n  Atl a s  Centa u r. 

JAPANESE D BS 

RCA is to desi g n  a n d  m a n ufactu re major  su bsytems 
fo r the BS-3 Spacecraft b u s  as  a pa rt of J a p a n 's t h i rd 
g e n e ratio n  d i rect b roadcast sate l l ite.  RCA is u nd e r  
contract from N E C  Corporati o n  o f  J a p a n ,  who h ave 
worked tog ether  on the Broadcast i n g  Sate l l ite 
p rog ra m m e  s i nce 1 981 , writes Nicholas Stegga/1. 

BS-3 wi l l  p rovide th ree broadcast c h a n n e l s  to a l l  of 
J a p a n  a n d  its nea rby i s l a nds .  Two c h a n n e l s  wi l l  ca rry 
N HK ( J a p a n ese Broa rdcast i n g  Corpo ratio n )  p ro­
g ra m mes a n d  one c h a n n e l  wi l l  carry p rog ra m m es 
from t h e  J a p a n  S ate l l ite B roadcast i n g  I nc . ,  a 
con g l o m e rate of p rivate com p a n i es wh ich  wi l l  s h a re 
the capita l .  

NASDA h a s  contracted for two sate l l ites t o  be 
l a u nched in the s u m m e r  of 1 990 a n d  1 99 1  by the H - 1  
l a u nc h  veh ic l e  n o w  u n d e r  deve l o p m ent.  

HISTORIC TRANSMISSION 

L i v e  te levis ion w a s  b ro u g ht to t h e  h i g h  s e a s  fo r the 
fi rst t i m e  at the  e n d  of  J a n u a ry by the  America n-based 
Com m u n icat ions Sate l l ite Corporat i o n ,  Comsat. 

The Amer ican S u p e r  Bowl G a m e  was tra nsm itted 
l ive to C u n a rd L i n e's Queen E l iza beth 2 w h i c h  was at 
sea in t h e  Pacific Ocea n .  

l t  was o rg a n ised t o  demonstrate t h e  tec h n ica l  
feas i b i l ity of  re layi ng  te levis ion p rog ra m m i n g  v ia  the  
l n m a rsat sate l l ite system to  s h i ps at sea  a n d  offsh o re 
d ri l l i n g  r igs .  

H owever, s i nce the l ive tra n s m i ss ion  of  the  popu l a r  
sport i n g  event took p lace d u ri n g  t h e  s h i p's  d i n i n g  
h o u rs C u n a rd chose t o  v ideo t h e  g a m e  fo r a s h ow i n g  
l ater  t h e  s a m e  even i n g ! 
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SATELLITE 
DIG EST - 1 9 1  

A monthly listing of satel l ite 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  U niversal 
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. 

Robert D. Christy 
Continued from the March 1986 issue 

COSMOS 1713, 1 985- 1 20A, 1 6434. 

Launched: 1 705, 27 Dec 1985 from 
Plesetsk by A-2. 
Spao;ecraft data: as Cosmos 1 702. 
Mission: Possibly a space engi neeHr1g 
appl icat ions missio n .  
Orbit: 2 1 6  x 398 k m ,  90.67 m in ,  62.82 deg . 

COSMOS 1714, 1 985- 1 2 1 A, 1 6437. 

Launched: 0920, 28 Dec 1985 from 
Tyu ratam, possibly by a version of the D 
vehic le .  
Spacecraft data: not avai lab le. 
Mission: Possibly a fa i led l a u nch of a large 
electron ic i ntel l igence gathering satel l ite .  
Orbit: 443 x 853 km, 97.72 m i n ,  70.99 deg , 
a lthough a nother object (cata logue 
n u mber 1 6434) may be the payload in an 
orbit of 1 63 x 850 km, 94.75 m in, 7 1 .00 deg. 

COSMOS 1 7 1 5, 1 986- 1 A, 1 6447. 

Launched: 8 Jan 1 986 fro m  Plesetsk by 
A-2 .  
Spacecraft data: Possibly based o n  the 
Vostok m a n ned spacecraft, with spherica l  

· re-entry mod u le,  instrume nt u n it a nd a 
supplementary package of instru me nts at 
the forward end. Len gth about 6 m, 
diameter (mas) 2.4 m, a nd mass arou nd 
6000 kg. 
Mission: Mi l itary photo-recon n aisance, 
recovered after 1 4  days. 
Orbit: 227 x 283 km, 89.65 m i n ,  72.82 deg. 

COSMOS 1716-1723, 1 986-2A- H,  1 6449-
56. 
Launched: 0249, 9 Jan 1986 from Plesetsk 
by C- 1 .  
Spacecraft data: Each satell ite i s  possibly 
spheroidal i n  space, about 1 m long a nd 
0.6 m diameter, and with ma.ss approx 40 
kg. 
Mission: S ingle launch of eight sate l l ites 
to provide tactica l communications for 
troops or units in the field. 
Orbits : 1480 X 1 698 km, 1 1 8.00, m in . 74.00 
deg ( lowest), 1475 x 1 5 1 5  km, 1 1 5.91 min ,  
73.99 d e g  (h ighest).  

STS-61C, 1 985-3A, 1 648 1 . 

Launched: 1 1 55*, 1 2  Jan 1 986 from the 
Kennedy Space Centre. 
Spacecraft data: Shuttle Orbiter 
'Columbia'.  
Mission: Carried crew of G ibson,  Bolden,  
Nelson, Hawley, Chang-Diaz, Cen ker a nd 

SPACEFUGHT, Vol .  28, Apri l 1 986 

Nelson ( U S  Congressman) .  Missiofl" 
object ives included materials sc ience 
experi ments, tests of SDI related 
survei l l a nce equ i pment and l a u nch ing a 
com m u n ications satel l ite.  'Columbia '  
landed on the ru nway at  Edwards AFB at 
1 359, 1 8 J a n  1 986. 
Orbit: 324 x 346 km, 9 1 .05 m i n .  28.47 deg. 

RCA SATCOM K1.  1985-38, 1 6482.  

Launched: 2 1 25, 12 Jan  1 986 from the 
payload bay of 'Colurobia '  by PAM- 02. 
Spacecraft data: Th ree-axis stab i l ised, 
box sha ped body, 1 .7 x 2 . 1  x 1 .5 m,  wit h a 
1 5  m span solar a rray a n d  mass around 
1 1 00 kg .  
Mission: Commercia l  com m u n ications 
satel l ite. 
Orbit : geosynchro nous above 85 deg west 
longitude. 

COSMOS 1 724. 1986-4A, 1 6490. 

Launched: 1 420, 1 5  Jan  1986 from 
Plesetsk by A-2. 
Spacecraft data: as Cosmos 1 7 1 5. 
Mission: M i l itary photo- reconnaissance. 
Orbit: 1 69 x 332 km, 89.54 min. 67. 1 5  deg,  
m a noeuvrabl e. 

The speetacu lar  n ight l a u nc h  of Shutt le 
Columbia  on January 1 2, 1986. 

COSMOS 1 725, 1 986- 5A, 1 6495. 

Launched: 1 1 39, 16 Jan  1986 from 
Plesetsk by C- 1 .  
Spacecraft data: Cyl i n drical body with  
domed ends, enc losed i n  a drum shaped 
so lar a rray with length and diameter both 
about 2 m. The mass is around 700 kg. 
Mission: Navigation satel l ite. 
Orbit: 972 x 1 003 km, 1 04.91 min, 82.94 
de g .  

COSMOS 1 726, 1986-6A, 1 6495.  

Launched: 0723, 17 Jan 1 986 from 
Plesetsk by F-vehicle. 
Spacecraft data: not avai lable.  
Mission: Electro n ic . i nte l l igence 
gatheri ng .  
Orbit: 632 x 663 km, 97.74 m in ,  82.53 deg .  

RADUGA 18, 1 986-7A, 1 6497. 

Launched: 1 020, 17 Jan  1 986 from 
Tyu rata m  by D- 1 - E .  
Spacecraft data: Cyl indrica l  with a p a i r  of 
sol a r  panels at r ight ang les to the body, 
and a n  aerial array at one end. Length 5 m, 
d iameter 2 m, and mass around 2000 kg.  
Mission: To provide round the c lock radio, 
te levision and teleg raph ic communica­
tions wit h i n  the Soviet U n ion through the 
'Orbita' system. 
Orbit: geosynchronous above 25 deg west 
long itude (Statsionar  9 ). 

COSMOS 1 727, 1 986-8A, 1 65 1 0. 

Launched: 1 853, 23 Jan 1986 from 
Plesetsk by C- 1 .  
Spacecraft data: as Cosmos 1 725. 
Mission: Navigation sate l l ite: 
Orbit : 962 x 1 0 1 6  km, 1 04.95 m i n .  82.95 
de g. 

COSMOS 1 728. 1 986-9A. 1 651 2 .  

Launched: 0835, 28 Jan 1986 from 
Tyuratam by A- 2.  
Spacecraft data: as Cosmos 1 7 15 .  
Mission: M i l itary photo-reco n naissance, 
recovered after 14 days. 

-

Orbit: 225 x 273 km, 89.52 m in ,  69 .97 deg.  

UPDATES : 

1 985-1 090, name should  read 'RCA 
SATCOM K2' 
1985- 1 1 2A, Cosmos 1 706 re-entered o r  
was recovered 9 F e b  1 986 after 6 0  days. 
1 985-120A,. Cosmos 1713 was recovered 
22 J a n  1 986 after 26 days. 
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SO VIET SCENE 

Space Stati on ­
Bu i ld-u p Beg i ns 
The new Soviet i nitiative i n  manned spacefl ight 
comes at a time when the United States manned 
programme is stil l  reeling from the crisis following 
the Challenger disaster. 

On M a rch 1 2, the  Soviet space prog ra m m e  bro ke 
with tradit ion a n d  gave its fi rst adva n ced n ot ice of a 
s pace l a u nch i n g  schedu led for the  fo l l owi n g  day. The 
m iss ion was the  fi rst of a ser ies of l a u nch i n g s  to the 
n ew Soviet space stat ion ,  M i r, wh ich  was p laced in  
o rbit  o n  Febru a ry 20. 

The sta rt of m a nned operat ions  at the space stat ion  
i s  to be l ed by vetera n cosmonaut  Leo n i d  Kiz i m  a n d  
space e n d u ra n ce record h o l d e r  Vlad i m i r  Solovyov. 
Lon g -term occu pat ion of the space stat i o n  is  i n d icated 
by the 252 a n d  237 days of space exper ience a l ready 
cred ited to the  cos m o n a uts. The Soviet spacecraft 
i nvolved i n  t h e  1 3  M a rch l a u n c h i n g  was Soyuz T-1 5. 

The n ew space stat ion  h a s  s ix docki n g  ports for 
m a n ned o r  u n ma n ned ca psu l es ferry i n g  to and from 
the E a rt h . lts l a u nc h ,  by a Proton booster, i s  seen a s  the  
fi rst stag e  i n  Soviet p l a n s  to form a new m od u l a r  space 
stat io�=� com p l ex.  S h o rt ly after l a u nch a m a n oeuvre to 
correct the o rbit  was com p l eted . Fou r days l ater Tass 
reported that everyth i n g  was g o i n g  to p l a n  a n d  a ser ies 
of control  tests o n  t h e  structu re a n d  on-board systems 
were be ing  carr ied out .  

The S pace stat ion  is  cu rrently i n  a 352 km by 324 km 
orb it, with a per iod of 9 1 .6 m i n utes and a n  i n cl i n at ion  
of  51 .6  deg rees. 

V lad imir  Sol ovyov Leonid  Kiz im 

Control  of M i r  and the prev ious ly  in o rbit  Sa lyut 7 is 
be i n g  con d u cted by the m iss ion control centre i n  
M oscow with h e l p  fro m track i n g  stat ions i n  t h e  Soviet 
U n i o n  a n d  research  vessels .  

T h e  new stat ion  rep resents a t h i rd g e n e ratio n  
Soviet space l a b o rato ry a n d  it wi l l  m a rk the beg i n n i n g  
o f  a trans it ion from experi m e ntal  resea rch t o  l a rg e  
sca l e  prod u cti o n  act ivit ies i n  outer space.  Experts 
b e l i eve that o n e  of its u ses wi l l  be fo r t h e  p roducti o n  of 
sem i-co n d u cto rs. 

Each  of the space stat ion  m od u l es has pu rpose­
o rientated fu n cti o n s  for u ses ra n g i n g  from 
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tec h n o l og ica l  p rodu ct ion  to b io log ica l  resea rch . 
For the  fi rst t ime i n  a s pace stat ion  occupants wi l l  be 

a b l e  to retreat to the p rivacy of t h e i r  own ca b i n s  which 
each conta i n  a desk,  a rm-cha i r  a n d  s leep i n g  bag . 

The n ew stat ion has  two so lar  a r ray w i n g s  m o u nted 
on the m id d l e  of the veh ic le ,  u n l i ke the p rev ious Salyut 
desi g n  w h ich u sed ar rays o n  th ree s ides.  

VEGA PROBES ENCOU NTER HALLEV 

I n stru m e nts o n boa rd the Vega 1 spacecraft were 
activated and its tracki n g  p latform l ocated Comet 
H a l l ey, d i rect i n g  TV ca m e ras towa rds it fo r the  fi rst 
t i m e  on M a rch  4. 

Veg a  1 was at a d i stance of 1 4  m i l l io n  ki lometres 
from H a l l ey a n d  1 7 1  m i l l i o n  k i lometres from E a rt h .  

F o r  9 0  m i nutes the TV ca m e ras o n  the  tracki ng 
p latform t ra n s m itted p ictu res of  the  comet taken 
t h ro u g h  va r ious  fi lters. 

Two days l ater Vega 1 passed th ro u g h  the gas and 
d u st envelope of  Comet H a l l ey at a d i sta n ce of  some 
9,000 km from the n uc leus .  

For  the  fi rst t ime ever i n stru m e nts recorded l a rg e­
sca l e  i m ages of the  n u c l e u s  together  with 
measurements and a n a lysis of the  chem ical  
com post ion  of t h e  gas and d u st .  

D u r i n g  the  th ree h o u r sess ion  of scientific measu re­
m ents a n d  p h otog ra phy Vega 1 f lew past the n ucleus 
with a re l ative velocity of 80 km per secon d .  M o re than 
500 TV p ictu res were tra n s m itted to E a rth  d u ri n g  the 
encou nter .  

The spacecraft was n ot ser iously damaged and 
acco rd i n g  to post-encou nter te lemetry s i g n a l s  was 
fu nct io n i n g  n o r m a l l y  after fly i n g  t h ro u g h  the g a s  and 
d u st .  

Vega 2, the  secon d  Soviet p robe, e ncou ntered 
H a l l ey on M a rch 9. 

Scientif ic i n stru ments on the  two spacecraft we re 
developed jo i nt ly by the Soviet Un i o n ,  Austr ia ,  
B u l g a ri a ,  H u n g a ry, Germa ny, Po l a n d ,  France and 
Czech os lovak ia .  

ATLAS OF VENUS 

Soviet Scient ists h ave com p i l ed a n  atl as o f  Ven u s  
w h i c h  i n c l u des 2 0  m a ps, each measu r i n g  t h ree sq u a re 
metres. They h ave been d rawn u p  from the data of 
rad a r  prob ing  carr ied out  by the Ven u s  1 5  a n d  Ven u s  
1 6  i nterp l a n eta ry stat ions w h i c h  too k  photog rap h s  of 
the  su rface of the p l a n et every day d u ri n g  a l m ost a 
yeet r, fro m October  1 983 to J u ly 1 984. 

G e o l o g i sts be l ieve th at, j u d g i n g  by p h otog raphs,  
the  su rface of Ven u s  resem b les that of Earth.  M o u nta i n  
ra n g es a n d  va l l eys, volca n i c  peaks a n d  craters a re 
v is i b le .  Scient ists h ave a l so d etected s i g n s  of tecto n i c  
activity l i ke that o n  E a rt h .  

The h i g h est m o u nta i n  o n  Ven u s  is  1 1 . 5 k i l o m etres 
a n d  the p l a net a l so has a l a rg e  m o u nta i n  ra nge 
stretc h i n g  f rom n o rth  to  south  over  severa l h u n d red 
k i l o m etres. Two h u g e  crate rs with a d i a m eter of 1 5-20 
km each a re m a rked o n  the m a ps. Scient ists be l ieve 
that they were caused by the i m pact of celest ia l  o bjects 
onto the  su rface. 
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T h e  French S pace Age ncy ( C N E S )  h a s  awa rded 
M a rcon i  S pace System s  of the UK a contract to 
deve l o p  and s u p p l y  com m u n i catio n s  eq u i p m ent  fo r 
l a u nch o n  t h e  E SA p l atfo rm E u reca - t h e  E u ropean 
retr ieva b l e  carr ier .  Th is  contract covers a m aj o r  
contr i but ion t o  t h e  i nter o rbita l com m u n icat i o n s  
expe r i ment .  

The E u reca p l atfo rm is  due to be l a u n ched from the 
NASA S h utt l e  i n  1 988. l t  i s  p l a n ned to carry out  a s ix  
m o nth  m i ss ion  d u ri n g  wh ich  a uto m at ic  experi m e nts 
wi l l  take p lace in m icrog ravity. E u reca wi l l  t h e n  
ren dezvou s  w i t h  S h utt l e  for recovery a n d  retu rn to  
E a rt h .  

The M a rcon i  com m u n icat ion  eq u i pment  operates a t  
E H F  a n d  b y  u s i n g  a steera b l e  a n te n n a  a n d  tracki n g  
system wi l l  e n a b l e  data to be passed from E u reca t o  a 
geostati o n e ry com m u n icat ions  sate l l ite some 24,000 
m i les  d i stant .  For the fi rst m iss ion E u reca 1 wi l l  
co m m u n icate t h ro u g h  the  ESA sate l l ite O lympus, a lso 
d u e  to be l a u nched i n  1 988. Th is wi l l  const itute t h e  
E u ropean Space Ag ency's fi rst d e m o n stratio n  of 
com m u n i catio n s  betwe e n  two sate l l ites. 

The Med iterra nean coastl i n e  in the region of the N ice R iviera as seen 
by the Frenchflpot sate l l ite after being p laced i nto orbit by a n  Aria ne 
1 l a u ncher on Febru a ry 22. The image has a g rou nd resol ut ion of 10 
metres a n d  streets of  N ice can be seen . 
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The European retrievable payload carrier, Eureca. will encourage com­
mercial space activities. ESA 

SOHO AND CLUSTER 

. ESA's Science Prog ram m e  Com m ittee has g iven 
.. u na n i mous approva l to the Soho and C luster m issions  
which  together form the So lar  Terrestr ia l  Physics 
cornerston e  of ESA's long-term scientific p l a n .  

I n  com i n g  months the Agency wi l l  r�qu est t h e  
scientific com m u n ity t o  p u t  forwa rd proposa l s  for 
experi ments to be carr ied on-board these m issions.  
These p ro posa l s  wi l l  be eva l u ated ear ly next yea r a n d  
the com p l ete m ission wi l l  b e  presented t o  the Science 
Prog ra m m e  Comm ittee before the sta rt of d eta i led 
systems stud ies and  p re-deve lopment work ( P h ase 8)  
i n  1 988. 

With the choice of the Soho a n d  C l u ster m i ss ions,  
work on  the fi rst of the fou r  cornerston es, the So l a r  
Terrestri a l  Physics Prog ram me, wi l l  now get 
u nderway. 

Soho (So lar  a n d  H e l iospheric  Observatory)  is  a 
m u lti-d isc ip l i n a ry miss ion desig ned to i nvest igate, 
us ing  remote sensi ng  tec h n i q u es, the o uter l ayers of 
the S u n ,  to measu re, i n  situ,  the so l a r  wind streams 
a n d  associ ated wave phenomena a n d  to probe the 
i nterio r  structu re of  the S u n  by m o n itor ing the velocity 
a n d  l u m i n osity osci l lations  of the so l a r  surface. 

The C luster m ission has been designed pri m a ri l y  to 
stu dy s m a l l -sca l e  structu res in the Earth's p lasma 
envi ron ment a n d  the associated tu rbu lence. C l u ster 
takes its name from the fact that the m issio n  wi l l  
consist o f  fou r  spacecraft o rbiti n g  i n  d ifferent p l anes i n  

A h e  "Earth's magnetopause, geomagnetic ta i l  a n d  
plasm a  sheet. 

Present p l a n n i n g  foresees the l a u nch of the five 
spacecraft in the 1 993- 1 995 t ime frame.  
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SUCCESS FOR EUROPE� 

O n e  of the fi rst p i ctu res retu rned by G iotto s h o rt ly before m i d n i g ht o n  
M a rch 13  a s  it h o m es i n  o n  t h e  Comet

.
H a l ley n u cleus .  

· 

:rhe contou ri n g  effect is caused by fa lse c o l o u r  p rocessing to h i g h l i g ht 



/HIALLEY PROBE 

a reas  of v a ry i n g  l i ght i ntensity.  The p i ctu res l eft a n d  below show the G i ono 
spacecraft at var ious  stages of test ing  a n d  deve l o p m e nt by Br it ish 
Aerospace. 

The Giotto spacecraft, bui lt by British Aerospace 
on behalf of the European Space Agency, 
performed perfectly during the interception of 
Hal ley's Comet on March 1 3, 1 986. 

The m ission was regarded as a complete success 
by the scientific investigators for whom it was 
designed. All experiments performed as i ntended 
and returned h igh qual ity data. 

Giotto passed within 540 kilometres of the 
comet's nucleus but seconds before the closest 
approach and the end of the mission, Giotto was h it 
by cometary debris which caused it to osci l late and 
prevent further pictures being taken.  

After about 4 0  minutes, Giotto's active damping 
system stabi l ised and enabled operations to 
continue. From this t ime of fu l l  recovery - which 
was wel l  after the mission's planned conclusion -
further data from Giotto was regarded as a bonus 
by Mission Control at the European Space 
Operations Centre in Darmstadt. 

Giotto was damaged by its coll ision with 
particles from the comet and there were many 
penetrations of its protective bumper shield but it is 
believed to remain sou nd.  

The fu l l  implications of this spectacular 
encounter are being investigated, but it is 
u nderstood that there is no damage to the de-spin 
system or degradation of the solar cells. The star 
mapper, which provides data on the spacecraft's 
position in space, was damaged but is sti l l  
fu nctioning.  

The surface of the comet nucleus was m uch 
bigger and darker than predicted by scientists. lt 
measu red 9.3 miles by 2.5 m iles compared to 
estimates made by the Soviet Vega probes of 6.8 by 
4.3 miles. 
e A fu l l  rep o rt of the H a l l ey comet encou nters with 
m o re p ictu res wi l l  appear  in the n ext issue. 
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VIKING IN ORBIT 

Sweden's first scientific satell ite, 
designed to study the Earth's 
magnetosphere, was launched in 
tandem with the French Earth­
resources satellite aboard Europe's 
Ariane launch vehicle from Kourou, · 

French Guiana, on February 22. 
During its eight-month m ission, 

Viking (pictured right) wiir- study 
space plasma phenomena, bel ieved 
to be responsible for the aurora 
boreal is, i n  the Earth's 
magnetoshere. This is of special  
interest to hig her-latitude countries 
because the aurora borealis 
phenomenon, also known as the 
Northern Lights, disturbs radio 
com m u nications and other 
electronics. 

Apart from the scientific m ission 
Viking was from the beginning also 
meant to be a learning project for 
Swedish industry in the field of 
satell ite services. Thus the Swedish 
company Saab Space was awarded 
prime contractorship for the satell ite 
with Boeing Aerospace Company as 
main subcontractor. 

EXOSAT ON WAV BACK 

The E u ropea n X-ray Observatory Sate l l ite, Exosat, 
,�ou l d  re-enter the E a rth 's  atmosphere d u ri n g  May 
u n : ess e n g i neers exten d  its p l a n ned period of 
operatio n  by u s i n g  on-bo a rd hyd razi n e  thrusters to 
modify the orb it .  

When l a u nched in M ay 1 983, Exosat h a d  a p l a n ned 
operatio n a l  l ife of two yea rs and its chosen orbit  m e a nt 
it wou l d  re-enter the atmosphere a p p roxi m ately th ree 
yea rs after l a u n c h .  

O n  Febru a ry 1 9, 1 986 it  com p l eted 1 000 days o f  i n ­
orbit  operatio n  a n d  d u ri n g  t h i s  t ime h a s  m a d e  over 
2000 observat ions  of cos m i c  X-ray sou rces cover i n g  
t h e  com p l ete ra n g e  o f  ce lest ia l  o bjects from t h e  very 
fa m i l i a r  p l a n ets a n d  sta rs we see i n  the n i g ht s ky to 
such m yster ious  o bjects as q uasa rs, neutron sta rs, 
b l ack h o les,  s u pernova rem n a nts, active g a l act ic 
nuclei  and c l u sters of g a l axies .  

The o bservatio n s  h ave been carr ied out  from the 
E u ropea n Space Operat ions Centre ( ESOC) in  
Germany a n d  h a·ve formed a r ich data base t h at wi l l  
p rovide a sou rce of research for m a n y  yea rs to come.  

UL VSSES MUST WAIT 

Pr ior  to the t ra g i c  accident which occu rred o n  
J a n u a ry 28, Ulysses was schedu l ed for l a u nch  b y  t h e  
S pace S h utt l e  o n  M a y  1 5, 1 986. After consu ltat ion with 
the  E SA D i rector G e n e ra l ,  P rofesso r Rei m a r  Lust, 
NASA h as now form a l l y  a n n o u nced that- it h�s  
postponed t h i s  m issi o n .  A new l a u nch date wi l l  be 
decided upon by NASA after a sched u l e  for 
res u m pt ion of S h u tt le  l a u nches h a s  been esta b l ished .  

Ulysses i s  a u n iq u e  m iss ion in  that it wi l l  be the fi rst 
s pacecraft to study the  poles of the S u n  out  of the  
ecl i ptic p l a n e  i n  which  the  p l a n ets-"Ofbit a ro u n d  our  1 

170 

star .  lt  was sched u led for l a u nch on C h a l le n g er, a n d  a 
NASA m iss ion ,  G a l i leo,  a p l a n eta ry m i ss ion to J u p iter, 
was due to be l a u nched by Atl a nt is  five days l ater, on 
M ay 20. 

Beca use of t h e i r  trajectory req u i rements, both 
Ulysses and G a l i leo a re dependent o n  the relative 
posit ion of J u piter a n d  the E a rt h  at the ti m e  of l a u nch ; 
J u p iter m u st be a l most d i rect ly o n  the  opposite s ide of 
the S u n  from the E a rt h . Th is  geometr ic a rra ngement 
occu rs o nce every t h i rteen months.  Therefore, for a 
d i rect l a u nch to J u p iter,  both m iss ions wou l d  be 
de layed at least t h i rteen m o nt h s  u nt i l  another l a u nch 
wi ndow occu rs. The Ulysses spacecraft and its 
scientif ic payload recent ly u nderwent successfu l fi n a l  
testi n g  a t  Ken nedy Space Centre, F l o rida .  l t  wi l l  be 
p laced i n  sto rage in a nt ic i pat ion of a l a u nch which 
cou l d  be between June 22 a n d  J u ly 1 4, 1 987 . 

FRENCHMEN TRAIN FOR MlR 

Fra n ce a n d  the Soviet Un ion  a re fi n a l i s i n g  p l a n s  for 
a l o n g  d u rat ion fl i g ht of a French nati o n a l  o n  the  n ew 
Soviet S pace Stati o n  d u ri n g  the  next two yea rs. 

The m issio n ,  at p resent p l a,_n ned for 1 988, wou l d  l ast 
between s ix a n d  seven weeks a n d  is a fo l low-on to the 
Soyuz T-6 fl i g ht i n  1 982 when J e a n  Lou p  C h ret ien 
v is ited Sa lyut 7.  

_ C N ES,  the  French space agency, wou l d  con d u ct a 
n u m be r  of scientific a n d  b io log ica l  exper iments a n d  is  
expected to offer the use of  a new echo-card iograph 
for gather i n g  data o n  b l ood flow a n d  performance of 
the  hea rt d u ri n g  space fl i g ht .  'The Soviet fl i g ht is  a l so seen as an opportu n ity by 
Fra n ce to experi m e nt with equ i p ment it  u lt i m ately 
p l a n s  to use o n  the Hermes m i n i-sh utt le .  
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�Divers Find Challenger Cabin 
Engineers at NASA have been piecing together 

more clues to the Challenger explosion following the 
discovery of the Shuttle's crew compartment on the 
ocean floor. 

Fi rst i n d ications  that the cab i n  had been l ocated i n  
1 00 feet of water about 2 0  m i les from Cape Canavera l 
cam e  on  M a rch 7 .  _ 

Relatives of the crew were i nformed i m m ed iately 
but it was several  days before a pub l ic  a n n o u ncement 
of the fi n d  was made. 

The search for wreckage has been going o n  si nce 
the explos ion which destroyed Cha l lenger  short ly after 
launch o n  J a n u a ry 28. lt has i nvolved 1 1  s h i ps a n d  two 
smal l  u n m a n ned submari nes operat ing across 350 
spa re m i les of the ocean .  

Mea nwh i le, a s  t h e  Presidentia l  Comm ission 
conti n ues its i n q u i ry, NASA h as set u p  a 
" Headq u a rters Re-p l a n n i n g  Task Force " to study 
a lternatives for the futu re and eva l u ate the ro le  that 
expendab le  boosters cou l d  p lay i n  replac i ng the. 
Sh utt le  as pri m a ry sate l l ite carr iers. 

As wel l  as reviewi ng the req u i rements for a 
rep lacement Orbiter, cu rrently est imated at cost ing 
£200,000 m i l l ion ,  the task force is a lso consider i ng : 

e Produc ing a n ew l a u nch sched u l e  for the 
rem a i n i ng Sh utt le  fleet supp lemented by 
expendab le  launch veh ic les.  

e Bri n g i n g  the Va nden berg l a u nch site " o n  l i n e "  
and  assig n i n g  a Sh utt le  there for severa l weeks 
to a id  the process. 

e Reta i n i ng g ro u n d  com m u n icat ions stat ions 
which were to have been phased out with 
expans ion of the Track ing Data and Re lay 
Sate l l ite System .  A TORS sate l l ite was lost i n  
the Cha l lenger  exp losion .  

President Reg a n  is  a l so expected to  ask  Cong ress 
fo r emergency fu nds to rep lace Cha l lenger  with a new 
O rbiter with i n  the near  future .  

The Space Sh utt le  cou l d  be g ro u n ded for u p  to two 
yea rs wh i l e  eng i neers re-des ign the So l id  Rocket 
Booster 0-ri ngs which were at the root of the 
Cha l lenger  tragedy o n  J a n u a ry 28. 

NASA offic ia ls  and eng i neers from the booster 
m a nufactu rer, Morton Thiokol ,  agree that the 

Wreckage o f  t h e  Sh utt le Cha l lenger bei ng retu rned t o  d ry land b y  a US salvage sh ip .  
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The TORS sate l l ite and its Inerti a l  U pper Stage ready for release on 
f l ight  STS-6. A s imi lar  sate l l ite was lost i n  the Cha l lenger explos ion .  

explosion was triggered by a ruptu re i n  the booster 
cas ing jo int when the sea ls,  which a re adversely 
affected by cold  weather, fa i led .  

The lau nch site temperatu re for m ission 5 1 L was 
on ly 38 deg rees Farenhe it, by fa r the coo lest 
cond it ions eve� for a Sh utt le l a u nch .  The next lowest 
temperatu re recorded at the t ime of a)au nch was some 
1 3  deg rees wa rmer and occu rrerl

/ 
on the p revious 

fl ig ht, m ission 61  C on J a n u a ry 1 2 . 
The Presidentia l  Comm ission set u p  to i nvest igate 

the accident has been to l d  that 1 5  eng i neers from 
Morton Thiokol  ra ised serious concern over the effect 
of such low temperatu res on the Sol id  Rocket Boosters 
(SRBs) ,  pr ior to l a u nch.  They petit ioned the com pany's 
sen ior  representative at Ken nedy Space Center, Al l a n  
McDona ld ,  t o  d isapprove o f  the launch .  

As a resu lt McDona ld  refused to  s ign the m ission 
5 1  L fl ight read iness statement.  I nqu i ry boa rd 
mem bers were to ld that th is  was the on ly  occasion 
d u ring  the S h uttle program m e  such a 
recommendation  not to fly had been made.  

However, these l a u nch object ions were over-ru led 
by Joe Ki l m i nster, Morton Thiokol  vice-president, from 
h i s  base at Th iokol  fac i l it ies near  Salt Lake City. NASA 
personnel  a l so questioned the l ack of data to support a 
postponement. 

D u ring  the i n q u i ry it became apparent that the 
resu lts of var ious d iscussions were not passed on 
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t h r o u g h  the  NASA c h a i n  of com m a n d  for review at the 
h i g hest l eve l s .  Key NASA m a nagers i nvolved in  l a u nch 
dec i s i o n s  we re n ot i nfo rmed of the ser ious fl i g ht safety 
cons id erat i o n s  that were rai sed i n  the  24 h o u rs pr io r  to 
l a u n c h .  

T h e  i n q u i ry boa rd has  a l so re leased a deta i l ed 
acco u nt of what h a ppened after C h a l l enger  l ifted off 
from Pad 39B .  The t i m e l i ne was p a rt of a p resentation 
to the Pres ident i a l  Co m m issi o n  o n  i ts visit to Ken nedy 
Space Center d u r i n g  an ea rly part of the i n q u i ry.  

The accou nt sta rts with the i g n it ion of Cha l l enger's 
m a i n  e n g i nes 6.6 seco n d s  befo re l ift-off. At l au nch the  
SRBs  i g n ited norm a l ly · and the Sh utt le's fi rst 
m ovement off the pad occu rred at 0 .0587 seco nds.  

A puff of b l ack smoke was detected between the 
r ight  hand SRB and the Extern a l  Ta n k  as ear ly as 0.445 
seconds.  Th is  was the  fi rst i n d i cation  that someth ing 
was wro n g .  

B y  2 . 1 47 seconds the b l a c k  smoke extended h a lfway 
across the booster. Ca meras conti nued to detect the 
smoke thro u g h  tower c lear, the ro l l  ma noeuvre,  and as 
l ate at 1 2  or  1 3  secon d s  i nto the fl ig ht. 

The m i ss ion then a p peared to be fu ncti o n i ng 
norm a l l y  u nt i l  58.774 seconds i nto the fl i g ht when 
there was evidence of smoke fro m the side of the r ight 
SRB fo rwa rd at the lowe r Externa l  Ta n k  attach ri n g .  

At t h i s  stage the Shutt le  main  eng i nes had th rott led 
u p  to 1 04 per cent th rust and  the Orbiter was i n  its 
period of maxi m u m n  dyna mic pressu re. A second 
l ater the track ing ca meras detected a wel l -defi ned 
p lume of smoke. 

O n board computers sensed a d ifference in pressu re 
between the rig ht and left SRBs at 60. 1 64 seconds i nto 
the fl i g ht and a fract ion of a second l ater a tracki ng 
ca mera spotted flame coming from the rig ht booster. 

D u ring  the next th ree seconds Cha l lenger's on board 
computers responded to a change i n  the Sh utt le's 
fl ight path by making minor  adj u stments to control 
panels  on the wi ngs and by moving the ma in  engi nes. 

A bright spot near the Orb iter was detected at 66. 1 74 
seconds and  at 66.484 seconds com puters sensed the 
fi rst l oss of pressu re i n  the externa l  fue l  tan k  and 
cameras recorded the merg ing  of  the brig ht spots and 
flame.  

AT 67 .684 seconds the ma in  propu ls ion system i n let 
pressu re rise rate decreased . Sta rt ing at 72 seconds 
vast ly d ifferent press u re in  the two S R Bs caused them 
to sta rt p u l l i n g  away from the Externa l  Ta n k  which was 
a lso conti n u i n g  to l oose pressu re. 

Cha l lenger's computers responded with a series of 
manoeuvres to correct the Sh utt le's cou rse. After 73 
seconds cameras detected a c loud beside the externa l  
tan k  and  a f lash between the tan k  and  the Orbiter 
fo l lowed by an explosion nea r a n  a rea where the rig ht 
booster is attached to the ta nk.  

Main engine n u m ber  one shut down at 73.534 
seconds after the H i g h  Pressure Fuel  Tu rbopump 
beca me too hot, a n d  rockets norma l ly  used for 
manoeuvri ng wh i l e  i n  o rbit beg a n  fi r ing .  

The fi na l  piece of data from Cha l lenger ca me at 
73.605 seconds as the O rbiter was consu med in the 
explosion 

Cameras recorded separat ion of the r ight hand SRB 
nose cap and  d rog u e  chute deployment at 76.425 
seconds and booster destruct ion at 109.604 seconds 
( ri g ht)  and  1 1 0.266 seconds ( left) by g round contro l .  
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NEW ORBITER NEEDED 
NASA faces a l a u nch cr is is  over the com i n g  yea rs 

even if Cong ress ag rees to press ahead with 
construct ion  of a replacement O rbiter fo r C h a l lenger .  

By 1 990 it  i s  p red icted that C h a l l en g e r's  destruct ion 
wi l l  h ave resu lted i n  the  l oss of 24 fl i g hts and without a 
rep l acement that f ig u re is l i ke ly  to i ncrease at the  rate 
of six per yea r thereafter .  

. If  the  S h utt le  is  only g rou nded fo r s ix m o nths the 
nea r-term effect o n  l a u nch sched u les wou l d  be 
m i n i m a l ,  a l thoug h  in the  l o n g e r  term back logged 
l a u nches wou l d  be b u i l d i n g  up .  S h o u l d  t h e  S h utt le  be 
out of act ion  for u p  to two yea rs, a d i st inct poss i b i l ity if  
maj o r  re-desi g n  work is  u nd e rtaken o n  the boosters, 
the s ituatio n  wi l l  worsen cons iderab ly .  

The back log  wou l d  soon r ise  to 30 f l i g hts a n d  with 
m i l ita ry fl i g hts ta k ing  pr io rity NASA miss ions wou l d  
b e  fu rther  de l ayed . The resu lt o f  a ful l two yea r 
s l i ppage wou l d  m e a n  the  postpo nement of 35 
m issions a n d  the Department of Defense wou l d  fi nd  
itself l u m be red with  2 1  h igh  pr io rity payloads.  

The a lternative to S h utt l e  of expe ndab le  l a u nch 
veh ic les (EL Vs) i s  a lso be ing  exa m i ned as  a means of­
re l i evi n g  the l a u nch cr is is  but it wou l d  sti l l  take two 
yea rs fo r the  prod u ct ion  of e i g h t  Delta l a u nch veh ic les 
from the poi nt of i n it i a l  g o  a h e a d .  

Amongthe oth er  E LV o pt ions be i n g  cons idered a re 
to i n c rease the n u m ber  of Tita n 34D-7's ava i l a b l e  
beyon d  the  p resent p l a n  fo r 1 0 . These a re ca p a b l e  of 
l a u n c h i n g  payloads of a si m i l a r  size a n d  s h a pe to those 
put i nto o rbit by the S h utt le .  

Oth e r  o pt ions i n c l u de conti n u ed m o dificatio n  of the 
reti red Tita n 2 I C B M  beyo nd the  p l a n ned 13  a n d  the 
cont i n u ed l a u n c h i n g  of  exist i n g  E LV's l i ke the  At las  
a n d  Tita n 34D. 

Wi l l i a m  G ra h a m ,  NASA's acti ng  a d m i n i strato r, 
be l i eves that a th ree O rbiter f leet reactivated wit h i n  a 
yea r wou l d  ach ieve l a u nch rates of n i n e  d u ri n g  the  fi rst 
1 2  m o nths,  1 4  in the second a n d  up to 1 8  i n  th i rd 1 2  
m o nths .  

lt  seems i ncreasi n g l y  l i ke ly  that any d e l ay i n  the  
constructio n  of  a f ifth O rbiter (which cou l d  take 
approxi m ately th ree and a h a lf yea rs) wou l d  ser ious ly  
i m p i n g e  o n  NASA's S pace Stat ion  p l a ns .  

The Statio n 's assem bly wou l d  req u i re ·1 2 to 1 8  
dedicated S h utt le  fl i g hts a n d  o nce b u i lt,  by 1 994 u nder  
cu rrent p l a ns,  wou l d  need u p  to n ine  fl ig hts a yea r for 
servic i n g .  

YOU NG CRITICAL OF LAU NCHING 

Vetera n astronaut  J o h n  You ng ,  com m a nder  o f  t h e  
fi rst Space S h uttle m iss i o n ,  h a s  c l a i med NASA " r isked 
l ives" to avoi d  fa l l i n g  beh i n d  o n  a c rowded l a u nch 
sched u le .  

In  a stro n g l y  worded memo d ated M a rch  4 You n g ,  
ch ief o f  NASA's astron a ut office, de l ivered a h a rsh 
attack o n  the agency.  

The 1 2  page memo warned : " If the m a n ag ement 
system i s  n ot b i g  enough to sto p  the Sh uttle 
prog ram m e  whenever necessa ry to m a ke fl i g ht safety 
correct ions it wi l l  n ot su rvive a n d  n either wi l l  o u r  th ree 
Space Sh uttles o r  thei r fl i g ht c rews . "  

He spoke of the i ncreasi n g  p ressu re t o  l a u nch NASA 
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h a d  been u nder  fo r m iss i o n  51 L even after  experts h a d  
g iven var ious  wa r n i n g s  a n d  ca l led fo r a 
postponement.  

"We h ave a l ready l a u nched with l ess than certa i n  
fu l l  re l i a b i l i ty a n d  fu l l  red u n d a ncy o f  t h e  system s , "  h e  
stated .  

"We s h o u l d  not a l l ow a ny i ncrease i n  t h e  i n he re nt 
r isk of ope rati ng  the Space S h utt l e  j u st to i ncrease the  
l a u nch rate, reduce operati ng  costs, o r  f ly  u nsafe 
pay l oads. " 

Deta i l i n g  what h e  ter:med a n  " awesom e  l i st "  of 
safety pro b l e m s  t h at th reatened astro n a uts' l ives, 
You n g  c l a i med that N ASA had re leg ated safety to a 
back seat o n  severa l occas ions .  

Astro naut  Dr  S a l l y  R ide ,  a m e m be r  of the  
P res identia l  Co m m iss i o n ,  has  p u b l i ca l ly stated that  
she is  not yet ready to f ly aga in  i n  the  S h utt le .  

I n  response to the  cr it ic ism fro m astron auts NASA 
has reite rated its i ntent ion  not to l a u nch the S h uttle 
aga in  u nti l a l l  safety rel ated i ssues h ave been proper ly  
a d d ressed .  
I n vestigation work i s  conti n u i ng o n  t h e  S R Bs seen h ere stacked i n  
t h e  Vehic le  Assembly B u i ld i ng before mating with t h e  S h u tt l e  for a n  

�r l i er missioQ 
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---Notebook From The Cape---

by G o rd o n  l. H a rr is  

President Reagan's F Y  1 987 budget includes 
$7,641 ,347,000 for NASA, a slight increase over the FY '86 
total of $7,587,203,000. This does not include the cut of 4.3 
per cent directed by a new Balanced Budget and Emergency 
Control Act, another $28 mil l ion slice this year caused by 
termination of the Advanced Com m u n ications Tech nology 
Satell ite, or the impact of the January 28 tragedy which 
reduced the Shuttle fleet to three vehicles. 

There is a new item of $45 mil l ion for "transatmos-pheric 
research and technology" to develop a winged craft 
powered by ramjet, capable of taking off horizontally, 
reaching low orbit, and returning to Earth at wil l -two hours 

·New York to Tokyo, Reagan said. This is considered a l ikely 
successor to the Shuttle. 

* * * 

The cu rrent televi s i o n  co m m entato rs u nfa m i l i a r  with t h e  
U . S .  Space p ro g ra m me's h i st o ry a n d  u nwi l l i n g  to l e a r n  
s o m eth i n g  a bout  i t ,  reacted h yster ica l l y  o n  Febru a ry 1 5  
w h e n  W i l l i a m  Rogers, c h a r i m a n  of the p resident i a l  
co m m iss ion;  asked t h e  a ct i n g  NASA a d m i n i strato r to 
rem ove certa i n  perso n n e l  fro m the i n vesti g ati n g  a ctivity .  

Rogers s a i d  t h at s i nce t h e  J a n u a ry 28 d e c i s i o n  to l a u nch 
" ma y  have been flawed, "  t h ose i nvolved i n  the deci s ion­
making p rocess should  n ot i nvest i g ate t h e m se l ves.  W h i l e  
Rogers d i d  n ot n a m e  i n d iv i d u a l s ,  t h i s  wa s taken to m e a n  t h e  
d i recto rs o f  Kennedy a n d  M a rs h a l !  Space Centers p l u s  the 
p ro g ra m me m a n a g e r  at J o h n s o n  Space Center. 

After the 1 967 Apo l l o  fire the a d m i n istrato r, J a mes Webb, 
appoi nted a boa rd of i n q u i ry which did n ot i nc l u d e  th ose 
a-::t ively i nvolved in the test when the spacecraft bu rned.  

* * * 

Washington news bureaux also reported February 1 5  
that Acting NASA Administrator G raham issued orders 
requiring Shuttle programme m a nagers at the manned 
space flight center to report directly to him. This was 
reminiscent of Webb's action fol lowing the fire 1 9  years ago 
when he gave Boeing a special contract to look into the way 
the agency managed Apollo. lt became infamous in the field 
canters as the Boeing TIE (technical integratio n  effort) 
because other major contractors would not open their 
books to Boeing.  When the effort was finished, Webb 
thought he had a modified system that would keep him fully 
i nformed at the programme management level, instead of 

Venus Radar Mapper. 
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through his field center directors. Men like Wern her von 
Braun, Kurt Debus and Robert Gi lruth did not appreciate the 
impl ications of such an arrangement. 

* * * 

Five u n manned launches are cu rrently scheduled this 
year.  A NOAA GOES-G weather satell ite wil l  be flown on 
Delta, May 1.  A Navy navigation satel l ite wil l  be lau nched by 
Atlas Centaur during the sum mer. Another defence payload 
will be lau nched by Delta August 18. NOAA will sponsor a 
second launch October 9 of GOES-H aboard Delta. Navy wil l  
sanction a second navigation satell ite m ission aboard Atlas 
Centau r  November 6.  

* * * 

The Aerospace Safety Advis o ry Pa n e l  wa rned i n  J a n u a ry 
1 985 that extra p reca ut ions were n ecess a ry beca use of the 
ste p ped-u p ·  pace of S h u tt l e  l a u nches.  "The sta n d a rd set 
d u ri n g  t h e  fi rst 1 5  safe a n d  su ccessfu l m i ss ions is a d m i ra b l e  
a n d  com m e n d a b l e , "  the g ro u p  wrote. " T o  m a i nta i n  o r  
i m p rove o n  those sta n d a rd s  w i l l  req u i re excepti o n a l l y  
perceptive m a n a g e m e nt a n d  d isci p l i ned execut i o n  o f  t h e  
prog ra m m e . "  

T h e  p a n e l  w a s  created i n  1 967 fo l l owi n g  t h e  Apo l l o  1 fi re 
which k i l led Astron a uts V i rg i l  G rissom,  Roger  C h affee a n d  
Edwa rd W h ite. The H a rtford, C o n n ,  Cou ra nt reported 
Febru a ry 8 that S h utt l e  i n spect i o n s  fo r m e rly co n d u cted by 
fu l l  t i m e  i n s pectors a re n ow P.erfo rmed by the workers 
t h e m se l ves.  As m a n y  as 1 8,000 fewer i n s pecti o n s  a re 
routi n e l y  performed o n  S h utt les beca use of c h a n g e d  N ASA 
pol icy. 

* * * 

The Presidentia l  Commission investigating Challenger's 
unexpected end a rrived at the lau nch base February 1 3, for 
closed hearings of witnesses involved in NASA's probe. The 
g roup held a public session in  Washington Februa ry 1 1 ,  
because of press reports that a NASA budget analyst had 
warned, i n  July 1 985, that 0-ring seals on SRBs might lead to 
a catastrophic fai lure: Chairman Wil l iam Rogers, lawyer and 
once Secretary of State, handled the witnesses l ike a 
prosecutor as if to defend the space agency against its 
employee. Richard Cook held his ground and said he was 
leaving NASA for a more desirable job with the Treasury. His 
superior recalled the warning memo, said he talked to his 
su periors about it, and al l  hands were inclined to dismiss it 
because Cook was not a n  engineer. 

Appointed Feburary 3, the com mission also includes Neil 
Armstrong, deputy chairman, now chairman of Computing 
Tech nologies for Aviation, Inc. of Charloettesvi l le, Virgina.  
He is also a member of the National Commission on Space 
and the Apollo veteran who walked on the moon.  

Brig.  Gen. Charles Yeager, retired, broke the sound 
barrier and was the first pi lot to exceed 1 ,600 m iles per hour 
in December 1 953. He is also a member of the National 
Space Com m ission.  Dr. Sally Ride, first U.S.  wom a n  in  
space, flew on STS-7 June 1 8, 1 983. She is a physicist and 
m ission specialist. Dr. Albert Wheelon, another physicist, is 
a vice president of Hug hes Aircraft. Robert Rummel, 
formerly a TWA vice president, heads the firm of Rum mel 
Associates of Mesa, Arizona.  

Dr. Arthur Walker, Jr.  is a Stanford U niversity professor of 
applied physics. Richard Feynman is professor of theoretical 
physics at California Institute 

.
of Tech nology and won a 
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Nobel prize in  1 965. Eugene Covert is aeronautics professor 
at Massachusetts Institute of Tech nology and consultant to 
NASA on rocket engines. Robert B.  Hotz is the retired editor 
of Aviation Week and Space Technology. David C.  Acheson 
is a Washington attorney who was formerly vice president 
of Com m u nications Satel l ite Corp. Maj. Gen. Donald Kutyna 
directs space systems, command control and 
communications for the U.S.  Air Force. 

* * * 

The e n g i neer i n  c h a rge of S R B s  at M a rs h a l !  Space F l i g h t  
Center, Lawrence M u l loy, sa id  that if 0-ri n g s  u sed to s e a l  
booster seg m ents a re fou n d  to h ave ca u sed t h e  m i s h a p  i t  
co u l d  ta ke f r o m  fou r  months to th ree yea rs to develop 
a n other  so lut ion o r  re p l acement.  

* * * 

A� a rt i st's im presison of the G a l i leo probe to J u pite r .  lt has 
now been delayed for at least 12 months. 

The reti red Army. co m m a nder  w h o  m a naged the von 
B ra u n  team when America's space p ro g ra m m e  was i n  its 
i nfa n cy b e l i eves the nation i nvited d isasters by t u r n i n g  over 
too much respon s i bi l ity to ae rospace and a rm a ments 
i n d u str ies.  Major Genera l  J. B ruce Medar is ,  now a pr i est of 
the A n g l ican Cath o l i c  c h u rc h ,  s a i d  the govern ment had l ost 
com petence to i n spect, control q u a l ity a n d  en s u re safety a n d  
rel i a b i l ity a m o n g  thousands o f  s u p p l i e rs l i k e  those wo rk ing 
with NASA. 

The major c h a n g e  in po l i cy occu rred in the ear ly  1 960s 
u nd e r  the Ken n edy a d m i n i strati o n  when the Defence 
Department a b o l ished Army's a£Se n a l  system ,  beco m i n g  
w h o l l y  dependent u po n  private in d u st ry.  That c h a n g e  d i d  
n ot i m me d i ately affect the Medaris-vo n B ra u n  tea m. which 
jo i n ed forces i n  1 955. Medar is  ret i red i n  1 960 after President 
Dwi g h t  E i s e n h ower decided to t u rn von B ra u n  a n d  Co.  over 
to t h e  N ASA set up i n  1 958. 

* * * 

Air Force Lt. Col . Robert Nicholso:-� said the range safety 
officer, an Air Force member, had no discretion when he 
blew off nose covers of Challenger's sol id rocket boosters. 
Both strayed beyond the pre-determined flight path which 
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made their destruction mandatory a lthou g h  at the instant 
neither threatened any popu lated area. 

* * * 

The President i a l  Co m m iss ion i nvest igat i n g  C h a l l e n g e r's  
fi ery end beg a n  hea ri n g s  Febru a ry 6, i n  the N at io n a l  
Aca demy o f  Sciences. NASA witnesses br i efed mem bers o n  
t h e  agency's m a n ned fl i g ht organ isat ion,  S h utt le  des i g n ,  
construct ion a n d  o perat i o n s .  The i nter im i n q u i ry beg u n  by 
Associ ate Ad m i n istrator J esse M oore wi l l  conti n u e  as a n  
a r m  of t h e  co m m i ss i o n .  D r .  Wi l l i a m  G ra h a m ,  a cti n g  
a d m i n istrator, d i d  n o t  a ppoint  the fo r m a l  B o a rd of I n q u i ry 
s u g g ested by M oore i m m ed i ately afte r the d i saster.  
Cong ress may o r  may not fo l l ow the C o m m isison with 
a n other  p ro be.  Reag a n  gave C h a i r m a n  Wi l l i a m  Rogers,  
deputy C h a i rm a n  Nei l  Armstrong and t h e  other 
co m m issioners 1 20 days to co m p l ete the job.  

* * * 

NASA's consistent, even monotonous claim that it wouid 
never risk astronaut l ives - repeated by its political 
supporters including two members of Congress who flew as 
Shuttle passengers, came i nto sharp prominence during the 
Presidential Commission's i nvestigation of Challenger's 
last, short flig ht. 

The New York Times of February 9 quoted internal NASA 
memoranda warning that problems with 0-ring seals 
employed at SRB mating could result in  catastrophe, loss of 
mission, vehicle and crew. One such memo was dated i n  
July 1 985. Seventeen charred 0-rings h a d  been recovered 
with SRB cases after fl ight, suggesting that the plastic 
material was badly damaged by fire and pressure when the 
solid fuel ignited. The comm ission immediately cal led upon 
the agency to produce all such records. 

Whatever the outcome, the agency's record of 55 
man ned flights i n  25 years came to a sudden halt January 28 
with the worst space disaster of all time. 

·� 

* * * 

NASA h a s  ren a m e d  two p l a n eta ry m iss ions which were 
s u p posed to fly in 1 988 a n d  1 990. A miss ion to m a p  Venus,  
p revious ly  ca l l e d  Ven u s  R a d i o  M a pper,  i s  now known a s  
M a g e l l a n .  The M a rs Geoscience/C i i m ato logy O rbiter i s  now 
M a rs O bse rve r .  M a g e l l a n wi l l  map Ve n u s  with a synthet i c  
a pertu re ra d a r  i nstru ment  w i t h  s u b k i l o m etre reso l ut ion .  T h e  
spacecraft wo u l d  orbit  t h e  p l a n et eve ry th ree h o u rs a s  n e a r  
as  250 k i l o m etres f r o m  t h e  s u rface. M a rs O bserver w i l l  m a p  
the p l a n et to d ete rm i n e  g lo b a l  e l e m e n t a l  a n d  m i n e ra logica l  
featu res a n d  wi l l  record t h e  M a rt i a n  c l i m ate. 

* * * 

Dr. Wil l iam G raham, acting administrator, relieved Phil ip 
Culbertson of his duties as NASA general manager February 
16. Culbertson had held the post about two months, 
responsible for day-to-day operations. He will conti nue to 
work on long range planning.  Charles Redmond, agency 
spokesman, said Dr. Graham indicated that g iven the 
conditions that followed the Challenger accident, what he 
called two-tiered management was cumbersom and he felt 
by taking direct control it would be more responsive to 
conditions. That change was fol lowed up February 20, by 
announcement that Jesse Moore, associate administrator i n  
charge f> f  t h e  Shuttle program me, would become chief of 
Johnson Space Center immediately. And former astronaut 
Richard Truly, a Navy rear admiral, returned as Moore's 
replacement. Will iam Rogers, head of the President's 
investigatin g  commission, called l\!loore's job change 
satisfactory because it removed him from control of the 
i nterna l  investigation of Challenger's loss. 

1 75 



Ploughmen to the Search 
Since Frank Drake's pioneering Project Ozma,. ' 

numerous attempts have been undertaken in the 
Search for Extraterestrial Intel l igence (SETI), from 
spur-of-the-moment glances to systematic searches, 
and now a NASA SETI programme has been in itiated 
with the intent of providing a wide-ranging search, yet 
one that is bounded in t ime, ending with the 
completion of a planned series of observations. 

The system atic sea rch sta rted with Dra ke's Project 
Ozma .  Dur ing  M ay, J u n e  a n d  J u ly 1 960, D ra ke 
e m p l oyed a 26 m rad io  te l escope at the N ationa l  Radio 
Astronomy Observato ry to exa m ine  the  nea rby, Sun­
l i ke stars Ta u Ceti and  E psi lon  Eridan i  for s igna ls  of 
i nte l l igent or ig i n .  The search concentrated near  the 2 1  
c m  hyd rogen  l i ne, which i s  favou red i n  SETI lore a s  a 
search freq uency. For a ta b u l a r  recap itu l at ion of SETI 
effo rts see [ 1 ) .  

The new search that i s  now bei ng designed has 
strength i n  five key a rea s :  

1 Area coverage : the whole  sky wi l l  be searched.  

T h e  "SETI Cosmic Haystack" i l l u strates some o f  t h e  properties ofthe 
two p l a n ned sea rches i n  the NASA SETI Prog ra m m e :  the Al l-Sky 
Su rvey and the Ta rgeted S u rvey. The former covers the enti re sky i n  
a broad ra nge o f  m icrowave frequencies. T h e  l atter looks a t  reduced 
ranges for spatia l  and freq uency coverage but i nvestigates ste l l a r  
systems o f  i nterest u s i n g  h igh sensitivity. NASA 

S O L I D  
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2 .  Se lectivity : a l though  t h e  whole sky w i l l  be 
observed, S u n - l i ke sta rs with i n  about 75 l i g ht 
yea rs wi l l  i n dependently be exa m i ned as part of 
a targeted sea rch .  

3 .  Freq u ency ra nge : the sea rch wi l l  cover a very 
l a rge freq uency range,  1 to 1 0  GHz (3 to 30 cm)  
fo r the A l l -Sky Su rvey, 1 to  3 GHz for the  
Ta rgeted Su rvey. 

4. I ntensity : the  enti re sky wi l l  be observed down 
to 1 0"23 watts/m2, with the sel ected port ions of 
g reat interest bei n g  observed to 1 0"27 watts/m2• 

5.  S i g n a l  reso l ut ion and com p l exity : 8 m i l l i on 
freq u ency channe ls  wi l l  be exa m i ned 
s i m u lta neou sly, each one having a bandwidth 
of 1 Hz for the Ta rgeted Su rvey and 32 Hz for the 
A l l -Sky Su rvey. Soph ist icated patte rn­
recog n it ion softwa re wi l l  be ab le  to identify a 
s igna l  that is d rifti ng t h ro u g h  conti g u ous 
chan ne ls  d u e  to sh ift i ntroduced by motion 
between the tra nsm itter and the receiver.  

The NASA SETI prog ra m me, fu nded by the Life 
Sciences Divis ion of NASA's Office of Space Science 
and Appl ications, beg a n  in 1 983 w ith a five-year i n it ia l  
prepa ratory phase. The goa l  of the p rog ram m e  is to  
ca rry out the  d u a l -mode strategy (targeted a n d  Al l ­
Sky)  i n  the 1 0 years from 1 988 a n d  1 998. The n ecessa ry 
instru mentatio n  wi l l  be bu i lt betwee n  1 988 a n d  1 992 ; 
and  the last s ix yea rs wi l l  be occu pied with heavy 
observi n g .  

The p l a n  is t o  u s e  existing rad io  te l escopes. The 
g i a nt Areci bo d ish  a n d  a 64m southern hemisphere 
rad i o  te l escope wou l d  su pport the Ta rgeted S u rvey of 
ind ivi d u a l  ste l l a r  systems, p ri m a ri ly sta rs of spectra l 
cl asses F, G ,  a n d  K (the S u n  is spectra l c lass G ) ,  and  
34m antennae of  J PL's Deep S pace Network wou l d  be  
used for the Al l -Sky Su rvey. 

The Ta rgeted Su rvey wou l d  spend betwee n  1 00 a n d  
1 000 seconds o bserving each sta r, tak ing  a n  
independent spectru m once p e r  second .  The A l l -Sky 
Su rvey req u i res a bout 1 0  h o u rs per day of o bservi ng 
t ime i n  order to com pl ete the prog ra m m e  i n  1 0  years. 
Of th is  time e ight h o u rs wou l d  be spent on the sea rch 
and two h o u rs for set- u p  t ime and re-exam i n at ion of 
poss ib le  detect ions obta i ned d u ri n g  the d ay's search .  

For  the Al l -Sky Su rvey the antenna  beam wi l l  be 
swept back and forth across the sky in a 
boustrophedonic  pattern as i n  p l o u g h i n g ! Consecutive 
sca ns a re to be sepa rated s l i g ht ly l ess than the ha lf­
power beam width of the  rad i o  telescope, to a i d  i n  the 
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detect ion of e n d u ri n g  s igna ls. An i nterest ing  q u estion 
a r ises as to what  power to set as the level (th resho ld )  at  
which a poss ib le  s igna l  is  re-exam i ned.  If that l evel i s  
set too  h i g h ,  the  sensitivity of  the su rvey wou ld  be 
adversely affected . If  that level is set too l ow, the 
system wou l d  be f looded with "detect ions"  (fa lse 
a l a rms)  caused by noise and there wou l d  n ot be 
enou g h  time to re-exa mine  a l l  of them.  Hence, the 
threshold wi l l  be set so that �tat ist ica l ly one can expect 
to have o n ly a bout five fa lse a l a rms per observ ing  
sess ion  to  look at aga i n ;  th is  n u m ber  is  m a nageab le .  

The SETI  Prog ra m Office is l ocated at NASA's Ames 
Resea rch Center. The prog ra m m e  manager  i s  Dr .  
Bern ard O l iver, who has  long been a d rivi ng  force 
beh i n d  the theory a n d  practice of SETI .  The deputy is 
Dr. M ichae l  K le i n of J PL, whose recent book on SETI 
was reviewed in the May 1 985 editi o n  of th is  col u m n .  
The Ta rgeted Su rvey is  t h e  respo ns ib i l ity o f  t h e  Ames 
Research centre, wh i l e  JPL wi l l  conduct the Al l -Sky 
Su rvey. Dr .  Samue l  G u l kis  is the project scientist fo r 
the Al l -Sky S u rvey. 

There a re n u merous facts a n d  stream s  of thought 
that have led to the present NASA SETI prog ra mme,  
but  a few m ajor  i nfl uences can be d isti ngu ished.  After 
the Project Cyc lops study in the early 1 970's, which 
envisaged a n  ar ray of 1 00 a nte n nae o r  more, each of 
1 00m d iameter, SETI  th i n ki n g  tu rned towa rds " d o i n g  i t  
with s i l icon rather  than  concrete and stee l " .  The use of 
existi n g  rad i o  telescopes and the construct ion of 
effic ient spectrum a n a lysers was fe lt to be a better 
approach fo r a n  ear ly sea rch than  the co nstructi o n  of 
l a rge,  new radio-te lescope fac i l it ies.  

This type of t h i n ki n g  was broug ht to the forefront i n  
a series o f  workshops he ld  a t  t h e  Ames Resea rch 
Center in the m i d  1 970s.The resu lti ng  report [2] i s  a 
fu ndamenta l SETI document. I nformal  d iscuss ions at 
J PL among B ruce M u rray, Sam G u l kis, Dick Go ldstei n ,  
B o b  Edelson a n d  others reached t h e  concl us ion  that 
the Laboratory cou l d  best contri bute to SETI by 
app ly ing its expertise to bu i ld  l a rg e  d i g ita l  spectru m 
ana lysers a n d  through  uti l i satio n  of the Deep Space 
Network. Neither type of fac i l ity wou l d  be easi ly 
ava i l a b l e  to private i n d ivid ua ls .  

A maj o r  boost fo r SETI came when the prest ig ious 
Natio n a l  Research Cou nc i l  Astronomy Su rvey 
Com m ittee report (the com m itee was cha i red by Dr.  
Georg e  B .  F ie ld  of the H a rvard-Smithso n i a n  Center fo r  
Astrophysics) reco m m ended a modest l eve l ,  long­
term SETI prog ra m m e  that  wou l d  be  open to  the  
genera l  scientific com m u n ity . 

A secon d  major i m petus for SETI took p l ace i n  1 983 
when the I nternati o n a l  Astronom ical  U n i o n  ( IAU)  
created Comm ission 5 1 , to  add ress the sea rch for 
extraterrestr ia l  l ife. With the fo rmatio n  of th is  body, a 
scientific fo ru m for SETI now existed.  I n  October 1 983, 
the SET/ Science Working Group Report [3] evoked a 
response from NASA, a n d  the cu rrent prog ra m m e  
beca m e  a rea l ity. 

O u r  g ratitude is  extended to Dr. Samue l  G u l kis  fo r 
d iscuss ions o n  the NASA prog ra m m es. 
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Joint Plan for 

Saturn Orbiter 
Cohlet Rendezvous Asteroid Flyby (CRAF) has been 

proposed as the first in a series of Mariner Mark 1 1  
m issions [1 ] and it is  hoped that CRAF wil l  be funded 
as a new project start for Fiscal Year 1 988. Attention 
has already turned to the form of the second Mariner 
Mark 1 1  m ission. Following the Gali leo mission to 
Jupiter the next logical  step would be a similar 
mission to Saturn. 

A Satu rn O rbiterfTita n Probe has been the su bject of 
a recent ESA/NASA assessment stu dy and may be the 
second M a ri n e r  M a rk 11 miss ion .  The proposa l has  
been d u b bed " Cassi n i "  after the lta l i a n -French 
a stronomer G iova n n i  Cassi n i  ( 1 625-1 7 1 2 ) who 
d iscovered fou r  sate l l ites of Satu rn and the m ajor  
d iv is ion  i n  i ts  r ings .  

The basic m i ss ion  scenario  wou l d  beg i n  with a 
Space Sh uttl e/Centa u r  G-pr ime l a u nch i n  May 1 994. 
The mass of th� spacecraft re lative to the l a u nch­
system capab i l it ies prec l udes a d i rect fl ight  to Satu rn,  
so a n  E a rth-g rav:ty ass ist is  p l a n ned (a  so-ca l l ed 
"de lta-VEGA" m a noeuvre, with "de lta-V" re­
present ing  the change in velocity a n d  " EGA" a n  
acro nym fo r " Ea rth G ravity Assist" ,  t h e  sou rce of the 
det la-V) .  The delta-VEGA is  im p lemented by a th ree­
yea r orbit a ro u n d  the S u n  e n d i n g  with a re-encou nter 
with Earth,  fo l lowed by a 4.5 year tr i p to Satu rn .  

Arriv ing  at Satu rn i n  J a n u a ry 2002, the spacecraft 

The proposed ESA/NASA Cass in i  mission wou l d  release a probe 
i nto the atmosphere of Satu rn's la rgest satel l ite Tita n.  An orbiting 
spacecraft wou l d  explore the Satu rnian system for fou r  years, 
perhaps beg i n n i n g  in 2002. ESAINASA · lALT I T UDE 
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wou l d  go i nto orbit about the p la net with some he lp  
from a Tita n g ravity assist .  After com plet ion of the fi rst 
orbit a bout Satu rn,  the Probe wou ld  be dep loyed i nto 
the atmosphere of Tita n at 7 km/s. Probe data col lected 
d u ring  its descent to the su rface of the sate l l ite wou l d  
b e  relayed t o  Earth by the O rbiter. T h e  Orbiter wou l d  
conti n u e  t o  exp lore t h e  Satu rn ian  system for fou r  
years. T h e  Probe wou l d  b e  b u i lt by ESA, t h e  O rbiter by 
NASA. 

Although Saturn has been exp lored to some extent 
by Pioneer 1 1  ( 1 979),  Voyager  1 ( 1 980) ,  and Voyager 2 
( 1 98 1 ) ,  these flyby m issions have left m a ny questions 
u n a nswered .  The ESA/NASA assessment study l i sts 
scientific objectives in five categories : Tita n ,  Satu rn , 
r ings, i cy sate l l ites, and magnetosphere of Satu rn .  

For exa m ple, a scientific objective with respect to 
Tita n is to determ ine the natu re and  com position of the 
su rface of th is  sate l l ite, whose featu res a re obscu red 
by th ick  layers of aerosol .  One model  for the surface 
postu l ates hyd roca rbon oceans,  mostly of ethane,  
punctuated by a so l i d  crust emerg i ng i n  p l aces fro m 
the ocea n .  A th ick l ayer of organ ics, deposited fro m the 
atmosphere over geologica l  periods, m i g ht cover the 
crusta ! u pth rusts. 

The actua l  structu re of the su rface cou ld  be 
invest igated by both O rbiter a n d  Probe with radar  and  
i nfrared measu rements from the former, visua l  a n d  
i nfrared observations from t h e  l atter. Severa l 
additiona l  experi ments can be considered if the Probe 
su rvives its l a n d i n g  on  the su rface and conti nues to 
transmit data to the Orbiter. 

Another o bjective of Cassi n i  ri ng stud ies i s  to 
i nvest igate the i nterre l at ion of rings and sate l l ites, 
inc lud ing  em bedded satel l ites. The Voyager 
observat ions of the r ings revealed a n  incred ib ly  
com plex dyn a m ica l system .  The narrow, " bra ided " ,  F­
ri ng . i s  affected by two shepherd i ng sate l l ites, and 
severa l other  nea rby sate l l ites have been proposed, 
but not observed, to acco u nt for F-ri ng dyna m ics. The 
presence of smal l sate l l ites, o r  moon l ets, has a lso been 
hypothesised, but not confi rmed, with i n  the m a i n  
system o f  r ings.  

The sol id-state imag ing  system of Cassi n i ,  with 
na rrow-ang le  and wide-a n g l e  cameras, wou l d  a l l ow a 
search for em bedded moonlets as wel l  as other  
aspects of  r ing structu re such as corre l at ions of r ing 
morphology with  the e lectromag netic fie ld .  

Tita n is  the  o n ly sate l l ite i n  the Satu rn ian  system 
with enough mass to p rovide effective g ravity assists 
for the O rbiter d u ri n g  its fou r  year tou r. Hence, Tita n 
wou l d  be encou ntered m o re than  30 t imes i n  the tou r :  
as a n  object o f  i nterest i n  itself a n d  as a switch ing  
poi nt, n ot on ly tothe othe r  satel l ites but a l so to desi red 
poi nts i n  the magnetosphere of Satu rn .  

Pri o r  to encou nteri ng  Satu rn,  Cass i n i  wou l d  have · 

two sojou rns i n  the asteroi d  belt which wou l d  present 
exce l lent opportu n ities for encou nters with asteroids.  
The fi rst opportu n ity a rises d u ri n g  the th ree year delta­
VEGA loop.  The l a rge  ( 1 1 4  km radius )  asteroid Themis  
is  a cand idate for flyby i n  Apr i l  1 996. The re l ative 
velocity at encou nter wou l d  be a l ow 6 km/s. The 
secon d  cross ing of the asteroid  belt, in the 4.5 yea r 
d i rect fl ight  to Saturn after the Earth g ravity assist, 
cou l d  featu re a j 6  km/s flyby of asteroid  Vi l jev ( 1 0  km 
rad ius )  i n  J a n u a ry  1 998. 

The structu re of the O rbiter wou l d  be based u po n  
t h e  Voyager-type 1 0  bay, toro ida l  b u s  wh ich provides a 
home for the e lectron ics and a ·su pport for the h igh­
g a i n  a ntenna,  RTG power sou rce, Titan Probe, scan 
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p l atfo rm contai n ing  the remote sensing instru ments, 
t h e  fi e lds  a n d  part ic les instru ment tu rnta b le,  etc. 

O rb iter teleco m m u n icat ions wou l d  use X-band for 
u p l i r k  a n d  down l i n k, a n d  S-ba nd and  ( possi b ly )  K.­
B a n d -fo r down l i n k. The X-ba nd down l i n k  data rate at 
Satu rn wou l d  be somewhat over 1 9  k i lobits per 
seco n d .  

Powe r wou l d  b e  supp l ied b y  rad io isotope 
thermoe lectric generators ( RTG s) with 433 watts at 
l a u n c h ,  decl i n i n g  to 348 watts at the end of the m ission .  

Th e th ree-axis stab l ised spacecraft wou l d  employ a 
m a i n  eng ine  with hyd raz ine b iprope l l a nts whi le  
hyd razi ne  monopropo l l ant is  p lan ned for attitu de 
co ntro l  to m i n i mise conta m i n at ion .  

The d ry m ass of  the O rbiter wo u l d  be under  1 500 kg .  
The ESA Probe desig n featu res two major 

co m ponents : the h i g h-speed dece leration system and 
the descent mod u le .  The dece leration  system is used 
fo r b ra ki ng d u ri n g  the entry phase of the m ission in 
o rder  to achi eve su bsonic speed h i g h  in the 
atmosphere of Tita n so that atmospheric 
measu rements ca n beg i n .  The descent-mod u l e  des ign 
employs a pa rach ute. The tota l mass wou l d  be less 
than 200 kg for the p robe. "  

The G a l i l eo m ission to J u p iter, sched u led for May 
1 986 1 a u nch,  wi l l  fo l l ow-u p  the fi nd ings  of Voyager  and 
Pioneer with an  i ntensive i nvestigation of the g iant 
p lanet. A log ica l next step i n  the exp loration  of the 
outer solar system wou l d  be to send Cass in i  to Satu rn 
to perform a si m i l a r  service. The m i ss ion wou l d  a lso 
conti n u e  the effective a n d  enjoya b le  trad it ion of co­
operatio n  in space which has been g rowi ng between 
Eu rope and the U n ited States in the last few years. 
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Space Station 
Boosts Robotics 

Artificial i ntell igence, robotics, teleoperation, 
expert systems, automation : these disciplines, 
and others, are emerging as the digital computer 
is being upgraded from the role of numerical 
device to that of assistant-to-humans. The 
Automation and Robotics Office at JPL is 
managed by Donna Pivirotto, who describes 
some of the activities in which her organisation 
is currently i nvolved. 

Two basic p rog ram mes a re u nderway. The fi rst 
seeks to deve lop the necessa ry core techno logy a n d  
t h e  second wi l l  app ly that techno logy t o  S pace Stat ion 
rieeds i n  the a rea of robotics. 

The core-techno logy effort is  be ing conducted not 
on ly  at J P L  but a l so at other NASA centres and i n  
u n iversities. Su b-disci p l i nes inc lude : sens ing  a n d  
percept ion (vis ion , touch, force) ;  task p l a n n i n g  a n d  
reason i ng (a rtificia l  i nte l l igence ) ;  operator i nterface 
( m a n-mach ine  i nterface) ;  control execution 
( mechan ica l ) ;  system a rch itectu re a n d  i nteg ratio n .  
T h e  concerted effort b y  NASA resu lts from a 
cong ressiona l  m a ndate to deve lop a p l a n  for 
i ncorporati ng automation a n d  robotics i nto Space 
Statio n  a n d  how to spi n the tech no logy off to industry. 
For Fisca l Year 1 986 the su m of $5 m i l l i o n  has been 
appropr iated out of a tota l a l l ocation  of $205 m i l l ion for 
S pace Stat ion .  
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An exa m p l e  of task p l a n n i n g  a n d  reaso n i n g  is  t h e  
computer p ro g ra m m e  PLAN- IT, u nder  d eve l o p m ent a t  
the  Labo rato ry. l t  b u i l d s  u po n  p rev ious  exper ience 
with the construct ion  of a rtifi c i a l  i n te l l i g ence tools (see 
" Space at J PL " ,  Spaceflight, Apri l 1 985) .  As the n a m e  · 

i nd i cates, t h e  pro g ra m m e  wi l l  p rovide p l a n n i n g  
ca pa b i l ity, a capa b i l ity w h i c h  wi l l  feed i nto su bseq uent  
a p p l icat io n s  i n  robotics.  PLAN-IT a l so s u p p o rts 
system s  a utonomy work n ow in p rog ress at the Ames 
Research center,  an acti o n  w h ic h  is  rec i procated by 
tec h n o l o g i ca l  s u p p o rt from Ames f.o r  t h e  JPL robot ics 
work.  

The G reek root " te l e "  m e a n s  "fa r  off" or " at a 
d ista n ce "  a n d. is u sed i n  c9m po u n ds s u c h  as 
"te levis io n "  and " te l e m etry " .  Th us,  t h e  d i sc i p l i n e  of 
"te l e ro botics" can  correct ly be s u pposed to com b i n e  
t h e  a uton o m y  associated with a robot with h u m a n  
control  from afa r .  The g o a l  i s  to i ntrod u ce te l e ro boti cs 
i nto S pace Statio n  at t h e  a p p ro priate t i m e, ie .  when t h e  
tec h n o l og ica l  m atu rity of t h e  prog ra m me,  as  s h own by 
t h e  d e m o n stratio n s, fits t h e  needs of t h e  E a rth-orbit  
fac i l ity. T h e  fi rst p h ase of S pace Stati o n  i n-o rbit 
asse m b l y  is  sch e d u l e d  fo r 1 992 and the Labo rato ry's 
support of S pace Stati o n  with te le ro botics wi l l  be 
aco m p l ished t h ro u g h  d e m o n st ratio n s  in 1 987, 1 990, 
1 993 a n d  s u bsequent yea rs. 

N atu ra l ly t h e re wi l l  be m uch asse m bly  work i n  
conj u nct i o n  with t h e  esta b l i s h m e nt o f  S pace Statio n ,  
a n d  a pr i m e  c a n d i d ate for te l e robotic tasks i s  t h e re by 
i n d i cate d .  R obots wou l d  h o l d  l i g hts for l a b o u r i n g  
astrol'lauts, h o l d  tools,  o r, i n  m o re adva n ced m o d es, 
s n a p  toget h e r  p ieces of the struct u re .  Robots can a l so 
be tau g ht to focus  t h e i r v is ion  system s  u po n  a 
desi g n ated p a rt o r  pa rticu l a r  h u ma n ,  tracki n g  it as it  
m oves about and supp ly i n g  a p i ctu re to a desi red work 
stat i o n .  One sce n a rio  for asse m bly featu res five peopl e  
outs ide t h e  fac i l i ty, worki ng  a l o n g  with t h e  robots, a n d  
t h ree peop le  i ns ide operat i n g  t h e  te l e ro botics 
systems.  

I n i t ia l ly,  t h e  te le robots wi l l  be des ig ned with 
e m phas is  o n  " te l e " ,  the autonomy of the " robot"  wi l l  
g row a s  m o re a n d  m o re capa b i l it ies a re removed from 
t h e  h u m a n  a n d  tra nsferred to the m a c h i n e . 

Work by t h e  Ames Researach center i n  system s  
a utonomy wi l l  a lso be d i s p l ayed i n  a ser ies of 
d e m onstrat ions .  The fi rst two d e m o n strat ions  a re 
schedu led  for 1 988 a n d  1 992 a n d  wi l l  a d d ress t h e  
automat ion o f  portions o f  m iss ion operatio n s  for t h e  
S h utt l e :  com m u n icat ions ,  stat ion  sched u l i n g ,  fau lt 
d i a g n osis ,  etc. 

W h at is a te leoperated robot in th is  context, a n d  
what fu n ct io n s  cou l d  i t  be expected to perfo r m ? .  l t  wi l l  
h ave two a rms,  v is ion  a n d  n ot b e  eq u i pped with 
superh u m a n  reach  o r  stre n g t h .  T h e  reason fo r t h e  
l atte r  l i m itat ions  i s  t h a t  a S pace Stat ion  req u i re m e nt 
states a l l  work i n  orb i t  m u st be a b l e  to be d o n e  by 
h u m a n s, i n  case of p ro b l e m s  with t h e  a utomated 
system .  

Eventua l ly, t h e  system-autonomy effort cou l d  
tra ns late i nto Space Statio n  s u pport t h roug h  
su pply i n g  autonomous subsystem s  such a s  power 
a n d  l ife s u pport and p rotect i n g  the stat i o n  a n d  crew 
t h ro u g h  a utomatic fau lt p rotect ion  a l g o ri thms.  

The ent i re effort with i n  NASA seem s  to promise a 
h a p py b l e n d  of t h e  t h i n g s  that h u m a n s  d o  best with the 
capa b i l i t ies of smart m a c h i nes, worki n g  together  
towa rds a com m o n  g oa l .  

FUTURE MISSIONS 
James R. French, a member of the 
technical staff i n  the Spacecraft 
Desig n  and Engineering ·Section at 
JPL provides a summary of planned 
and possible future missions. 

Missions firmly in  the schedule 
beyond Gali leo and ESA's Ulysses 
are an i nteresting m ixture orientated 
towards astronomy, planetary 
exploration, and Earth observation. 
Before the Challenger disaster 
additional flights were planned of the 
Shuttle lmaging Radar (SIR), a 
synthetic aperture radar capable of 
high resolution imaging from the 
Space Shuttle. I n  addition TOPEX, a 
free-flying spacecraft, will use radar 
to study variations in  the surface of 
the Earth's oceans to u nderstand 
current flows, bottom profiles and 
other significant characteristics. 

Turning away from Earth, 1988 
will see the launch of Venus radar 
mapping m ission Magellan, plan ned 
to obtain 1 km tesolution mapping of 
90 per cent of the surface of Venus 
using imaging radar techniques. I n  
1990 t h e  Mars Observer w i l l  be 
launched towards a low polar orbit of 
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Mars to conduct a detailed study of 
surface and atmospheric 
constituents and the i nteractions 
between them . This m ission is of 
additional interest because it 
represents the first use of a 
spacecraft designed for Earth orbit to 
investigate another Solar System 
body. A possible later mission in this 
series would be a rendezvous with a 
near-Earth asteroid. 

I n  the field of astronomy, JPL has a 
major role in the Hubble Space 
Telescope, contributing two major 
instruments in  one package which 
wil l  use the telescope optics. The 
Wider Field/Planetary Camera 
comprises the Wide Field Camera for 
survey and mapping and the 
Planetary Camera for very high 
resolution work studying planetary 
surfaces as well as other demanding 
tasks such as looking for the tiny 
wobble i n  the motion of distant stars 
which might indicate the presence of 
planets. 

Missions as yet not approved 
include the Mariner Mk 1 1  series of 
hig hly flexible, adaptable spacecraft 
for a variety of outer Solar System 
missions. The first for this series 

would include rendezvous with a 
short period comet with flyby of one 
or more asteroids enroute. The 
second m ission would be a Saturn 
orbiter carrying a probe to be 
dropped into the dense atmosphere 
of the satel l ite Titan .  

More ambitious missions yet t o  be 
firmly scheduled include a large 
autonomous unmanned rovef 
vehicle for Mars. Scientists would 
also l ike to have sample Martian 
materials returned to Earth for 
analysis and various approaches to 
this goal have been studied. The 
Mars Airplane operated as a 
remotely piloted vehicle was 
discussed as useful adjunct to · a 
manned m ission .  Manufacturing of 
propellants for return to Earth from 
Martian resources would greatly 
reduce transport cost for support of a 
large Mars exploration. Finally, high 
energy, low thrust electric 
propulsion using a nuclear power 
source offers the possibil ity of 
m issions not achievable by any other 
means. An example is a spacecraft 
which could hover above the rings of 
Saturn for close observation. 
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VI NTAGE COM ET 

Among the more wh i msica l or romantic matters 
brought to l ig ht by cu rrent research related to comets 
(notably, of cou rse, that of Edmund Ha l ley) one of 
particu l a r  i nterest in the wine-prod uc ing a reas of 
E u rope, especi a l ly France, is the fi rmly esta bl ished 
be l ief that a visiti ng comet wi l l  g u a ra ntee a g ood 
vi ntage for the yea r of the visit.  This bel ief owes m uch 
to the fact that the passage of the g reat comet of 1 81 1  
( n ot Ha l ley's) ma rked a yea r of q u ite exceptiona l  
vi ntage i n  both q u a l ity and q u antity. So much so that 
there was a popu l a r  song i n  Paris ca ba rets around the 
end of last centu ry which ra n :  

Each morning, after midnight 
The Comet, rising high 
Turned all the grapes to silver 
With soft light from the sky; 
Jealous of the Comet's work 
The Sun gave warm, sweet days 
Painting every laden vine 
With pure gold from his rays. 

Spec i a l  bott les, bea ri ng a mou lded representati o n  
o f  a comet, were produced i n  su bsta ntia l  n u m bers (see 
page 370, September/October 1 985 issue of 
Spaceflight) . Ever si nce, the best r.ham pag n e  vi ntages 
have been bott led with a s i m i l a r  representation on 
the i r  corks and/or the ir  l a bds.  

U nfortunately, rea l ity does not confi rm th is  re l at ion­
sh ip between heavenly visitors a n d  heaven ly vi ntages. 
For exa m ple, the last three returns of H a l l ey's comet 
( 1 759, 1 835 and 1 9 1 0) were fa r from bri l l i a nt either fo r 
champagne or  other  wi nes, whereas there h ave been 
severa l " non-comet" yea rs (the most recent 1 983) 
when weather cond itions si m i l a r  to those of 1 8 1 1 
produced some very fi ne vi ntages indeed. 

COM ET BUCKLE 

This Halley's comet item is a belt buckle on s a l e  in  the 
US and bought recently by Society Fellow Douglas 
Arnold. lt is composed of "solid al loys finished i n  
antique brass" and w a s  created b y  Cal ifornian artist 
Michael West who based the design on the 684AD 
apparition of the comet, published in the Nu remberg 
Chronicle. 

Nonetheless comet em blems have become 
estab l ished as ind icat ing superb cha m pagne, cog nac 
and other  vi ntages, and any reader  of th is n ote who is 
l ucky enoug h to possess such a bott le  m i g ht care to 
dedicate it to the B I S, for use accord i n g  to ancient 
custom at next year's H a l ley celebrati ons .  The em pty 
bott le  cou l d  then be preserved i n  the Society's 
m u seu m .  

H a l l ey's comet photog raphed o n  J a n u a ry 1 0, 1 986 a t  the Max P lanck I n stitute for Astronomy, Heide l berg ,  Germa ny. Disconti n u ities i n  t h e  ta i l  
c a n  be clear ly seen.  MP/ 
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GIOTTO SEES SOLAR FLARE 

The G iotto probe has measu red some d ramatic 
effects caused by a bu rst of solar fl ares. One huge fla re, 
very u n usua l ly  com i n g  up after so l a r  m i n i m u m ,  was 
seen on  Febru a ry 6. By Februa ry 7, the shock wave i n  
t h e  so l a r  wi nd caused by t h e  fla re reached t h e  Earth 
ca us ing d istu rba nces to the magnetic fie ld  which were 
so g reat th.at the au rora was seen over southern 
Eng land  on  the even ing  of February 8 .  

Meanwh i l e  p lasma exper iments on G i otto were 
measu r ing the so lar  wind at a d ifferent part of the So l a r  
System .  At 0236 on  Febru a ry 8 ,  a sudden i ncrease was 
noted in the so lar  wi nd density, temperatu re and  
speed. An event l i ke th is  is known as an  i nterp lanetary 
shock. Further events associated with the fla re were 
seen on the two fol lowi ng  even ings, inc lud ing  a n  
i ncrease i n  t h e  h e l i u m  content o f  t h e  so lar  wi nd, a 
sudden d rop i n  so l a r  wind temperatu re, a n d  other  
bou ndaries between different p lasma reg ions .  At  one 
poi nt the so l a r  wind was trave l l i ng at  the u n usua l ly  
h igh  speed of  900 km/s (over 2 m i l l ion  m i les per hour ) .  
The average speed is o n ly 400 km/s. 

Comparisons to be made over the next few 
months with other spacecraft nearer Earth shou ld  g ive 
i nformation on the shape of th is  sudden and  
temporary protrusion of  the Su n's atmosphere .  

The a i m  of the MSSL- Ied Joh nstone P lasma 
Ana lyser (J PA) exper iment is to investig ate the 
fo rmation  of the comet's ion ta i l .  This is done by 
measu ri ng both the ions from the so l a r  wind which 
s low down and defl ect arou nd the comet and a lso the 
ions from the comet itse lf. 

1 81 

YEAR ee 
DAY 39 

UT(H:M) 

G I O T T O  - JPA 

U PDATE ON BACKDATE 

Although the ea r l iest known recorded observation 
of H a l l ey's comet was made by the Ch i nese i n  240 BC,  
attem pts have been made to determ ine  i ts  long-term 
motion back to 1 404 BC by tak ing acco u nt of 
g ravitationa l  effects of other  p lanets. [ 1 ] .  

Genera l ly, returns of the comet between 3 1 5  BC a n d  
1 40 B C  wou l d  have been h a rd t o  spot. O n l y  two were 
rea l ly favou rab le  ( i n  1 26 BC and 1 40 BC)  with the l atte r  
seeing  the comet pass t h e  E a rth with i n  a d istance of 
j u st 0 .04 Astronom ica l U n its ( 1 AU = E a rth,  S u n  
d istance ) .  

T h e  recent d iscovery o f  t h e  Babyl on ian  tab lets 
record i n g  the 1 64 BC return [2] and  person a l  
recol l ections o f  a Babylon ian  ste l e  [ 3 ]  o f  even ear l ier  
date invite specu l at ion as to whethe r  pre 240 BC 
observat ions of  the comet rea l ly exist. 

Apa rt from d ifficu lt ies both in  i nterpret ing anyth ing  
recorded and  pro longed periods of  c loudy weather, 
the 1 985/6 retu rn has shown how i nconspicuous the 
comet ca n someti mes be, whi le  the 1 9 1 0  retu rn amp ly  
i l l ustrated the  cha nces of  more confusion with the  
appea ra nce of  the  G reat Dayl ight comet a few months 
before H a l l ey. On the other  hand,  H a l l ey's comet ( now ·

� " midd le-aged " )  wou l d  not have l ost so much of its 
gases th ree thousa nd years ago . 
References 
( 1 ]  "The l ong-term motion of H a l ley's comet" by D. K.  V eo mans a n d  
T .  K i a n g .  M onth, N ot, R .A.S.  Vol .  1 97 ( 1 981 ) pp633-646. 
[2] " H a l l ey's comet and Baby lon"  by R .  Stephenson, G. K .  Ya u .  
Spacefl ight, Vol .27 (9- 1 0 ) p.360. 
[3] " From the Secretary's Desk" Spacefl ight Vol . 27 
(9-1  0) p .370. 

C N TS 

The Johnston Plasma Analyser 
(JPA) measures an interplanetary 
shock. The picture shows the 
detection of an i nterplanetary shock 
by the JPA instrument on ESA's Giotto 
spacecraft early in the morning on 
February 8, 1 986. 

In the plot 19 m inutes of data fro m  
t h e  Fast I o n  sensor a r e  shown. The 
solar wind d istribution is measured 
once every 8 seconds. The vertical axis 
is energy/charge and the horizontal 
axis is time. The colours (here shown 
in black-and-white) represent 
n u mbers of counts detected at a 
particular energy, summed over all  
directions. 

Before the shock two distinct peaks 
are visible. These are due to the solar 
wind protons ( hydrogen ions, lower 
peak) and alpha particles (doubly 
charged helium ions, upper peak) 
which travel at almost the same 
speed. At the shock the energy of the 
distribution increases dramatically, 
corresponding to a speed increase 
from 370 to 430 km/s. 

MSSL 
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SPACE 
STA TIONS 
AND 
SPA CE 
MISSIONS 

Let us  fi rst recogn ise that putt ing a payload i nto orbit requ i res a m assive 
propu lsion system .  Space l a u nch veh icles look deceptively sma l le r  o n ' the TV 
screen than i n  rea l l i fe !  The case for opti mis ing  desi g n  cou l d  not be more over­
whel m i n g .  So why do we not see the two S pace su perpowers do ing  the sam e  
Space spectacu la rs i n  t h e  same way, both idea l ly opti m ised? The Space ' race', 
if that is what it is, has s i m i l a rities with the ath l etics track. Com petitors deve lop 
thei r own tactica l approach accord ing  to thei r i nherent strengths, i m med iate o r  
long-term objectives and natu ra l incl i n ations.  

Soviet Space developments h ave been spectacu l a r. The l au nch ing  of the fi rst 
Sputn ik  astou nded the wo r ld as d id  the l a u nch-veh ic le capab i l ity that its size 
and weight i m pl ied .  The event has s i nce been repeated with l a rger  payloads 
·and l a rger  i m p l ied lau nch i n g  capabi l it ies. Automation and remote control  fi rst 
featu red in Soviet l u n a r  exp loration a n d  then in a utom atic docking  in Earth 
orbit. The Soviet approach has centred rou n d  conti nuous evo l ution a ry 
deve lopment of ca refu l ly  selected basic technolog ies such as the two j u st 
mentioned to which may be added thei r system of l a n d  recovery by pa rach ute 
and jet-braki n g .  The evo l ut ionary approach is  com manded by the many 'fi rsts' 
that it ca n c la im particu la r ly i n  the a rea of m a n n ed spacefl ig ht, i ncl u di n g  the 
Space endu rance record . 

The US Space progra m m e  can be cred ited with S pace spectacu l a rs i n  the 
superlative. The Apo l l o  lunar  prog ra m me, which is  n ow a l l  but  relegated to the 
h istory books, i nvo lved a whole ra nge of  new techno log ies for the manned 
exp loration of a n  a i r less Moon .  The U S  u n m a nned p la netary prog ram m e  has  
broken new tech nologica l  g ro u n d  i n  a d ifferent d i rect ion,  whereas m a n ned 
space fl ight has conti n u ed with Shutt le  a n d  O rbiter development and a whole 
range of  new tech nologies, inc lud ing those n eeded for the return of  a winged 
veh icle from orbit to a ru nway on  Eart h .  The U S  Space prog ra m m e  can be seen 
as a broad one i n  which rad ica l  conceptua l  cha nges h ave been accepted l ead i n g  
t o  a g reat va riety o f  new in -space capa b i l ities, spectac u l a rly demonstrated.  

With the a pproach of the 2 1 st centu ry, the major S pace req u i re ment wi l l  be 
for the transportation  to orbit (general ly to a space statio n )  of l a rge  payloads, 
cheaply. Two types of Space transportat ion a re foreseen .  One is  for a n  
u n m a n ned, u nsoph isticated ca rgo-ca rryi ng lau nch vehic le, which m ay be 
reusable ( if the payload m arket is sufficiently l a rge to j ustify the add itiona l  cost 
of reusa b i l ity) .  The Sh utt le  c lea rly does not meet th is  requ i rement bei n g  
m a n ned, soph isticated a n d  ca rry ing t o  orbit o n l y  one q u a rter o f  t h e  payload of 
a Satu rn V. 

The other  type of vehic le wi l l  be for s h utt l ing  men a n d  supp l ies betwee n  
E a rth a n d  orbit.  T h e  Sh utt le  fu lfi l l s  t h i s  ro le ,  b u t  not cheaply. T h e  Sh utt le was 
desig ned for flexi b i l ity in its app l ications and not for cost o pti m isation .  To 
i l l u strate the poi nt, we h ave in the case of conventiona l  a i rcraft, both 
experi menta l a i rcraft and  operation a l  a i rcraft. The Sh utt le  is  the Space 
cou nterpart of the experi menta l a i rcraft, whereas what is  needed is  the Space 
cou nterpart of the operat iona l  a i rcraft. E u rope is  looking at this type of 
requ i rement for a new pu rely E u ropean space-veh ic le  development 
prog ra m me with the proposed Hermes and Hotol projects as possi b le  
contenders. 

With the lau nch i nto orbit of a space station ,  the Soviet S pace prog ra m m e  is 
now due to em bark on  a period of extended manned Space activity. Using 
automatica l ly-docki ng sate l l ites, a l a rge  bui ld u p  can be expected at the Space 
stat ion with the open i n g  u p, over say the next five yea rs of new poss ib i l it ies for 
i nterp lanetary fl ight .  

In the US, a Boa rd of I n q u i ry is  shortly to report o n  the Cha l lenger  d isaster 
and i nformation  is  awaited on  the resu m ption and re-schedu l i n g  of the Sh utt le  
prog ramme.  In  spite of  the setback every effort can be expected to be made to 
catch up on l ost ti me and  keep the Space Stat ion p roject on cou rse. 

In the com i n g  decade, we ca n expect mount ing orbital  activity a n d  h a rdwa re. 
Conspicuous wi l l  be the different techno logical  approaches of East and West 
and  of E u rope (now vyi ng for a n  i ndependent Space stat ion ca pab i l ity ) .  A t ime 
of a rdent tec h n ica l debate and  sou l-search i n g  l i es ahead .  Readers comments 
and  op in ions a re a lways i nterestly received for poss ib le  pub l icatio n  in o u r  
correpondence col u m ns o r  e lsewhere as appropriate. Space Stations a n d  Space 
m issions offer good food for thought.  

============ Comment ============ 
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New Missions Ousted By Technology Love 
S i r, I n  read ing  " Space : the Long-Range Futu re " by 
Jesco von Puttka mer, (Spaceflight 1 985, pages 348-
354 a n d  395-400) ,  I was struck by h i s  q u otatio n  of a 
NASA stu dy that what we rea l ly req u i re for m ajor  
space exp l o ration  efforts are :  a h eavy l ift l a u nch 
vehic le and a low cost means of transport to orbit. The 
reason that I fi n d  th is  stri k ing is  that we had these 
capa b i l it ies 1 5  yea rs ago and  d isca rded them.  

The Satu rn V had a demonstrated capa b i l ity to p lace 
over 1 00,000 kg i.nto l ow orbit and was potentia l ly 
capab le  of a su bstantia l  upgrade.  True, it was not 
reusab le .  H owever, it p robably cou l d  h ave evolved 
towa rd partia l  reusab i l i ty had we e lected to app ly the 
same heroic efforts to it that have gone i nto mak ing  the 
Shuttle S RB's " reusa b le " .  The m a g n ificent Satu rn now 
exists on ly  i n  museums a n d  the memory of those of us 
who he l ped deve lop it. 

As for transport of perso n n e l  and s m a l l e r  cargo, the 
Apo l l o/Satu rn 1 8  com b i nation with a cargo can n ister 
rid i n g  below the Service M o d u l e  cou l d  have del ivered 
severa l persons and some cargo to a S pace Statio n .  An 
u n m a n ned a l l-ca rgo vers ion wou l d  a l so have been 
attractive for sate l l ite l a u nches and other  ca rgo in the 
25,000 to 30,000 kg range .  

A Space Station  com p ris ing two second generation ,  
refu rbishab le  Sky labs d ocked end-to-en d  wou l d  have 
provided more vol u me than  NASA's present concept 
wi l l  ever have. Further we wou l d  by n ow h ave e i g ht to 
ten yea rs of experience with long term operations i n  
space rather t h a n  sti l l  wa iting  fo r t h e  chance t o  beg i n  
such activities i n  perhaps another e ight yea rs. 

To what m a l i g n  i nfl uence can this waste of a 
tremendous capa b i l ity be attri buted? S i m ply to the 
cha racteristic of so m a ny eng i neers and m a nagers :  the 
love of new techno logy. Space p l a n n i ng is  domi nated 
( i n  the US at least)  by the sp inoff m i ndset which 
i m p l icit ly states that space endeavou rs a re not usefu l 
i n  themselves but o n ly for the techno logy they 
generate . Such th ink ing  seems to derive from the 
desperate efforts to justify space exp loratio n  i n  terms 
of fry ing pans and porta b le  rad i os which cha racter ised 
the l ate 60's and the 70's. Thus being a b l e  to g o  to M a rs 
or b u i l d  a Space Stat ion is no  good.  What is good is a 
tech n o l ogy pro g ra m me to deve l o p  a n ew ca pa b i l ity to 
do the sa me th ing  you cou ld  a l ready do .  

This p h i l osophy l e d  to  destruct i o n  of our  h eavy 
l au nch ( a n d  deep space exp l o rat io n ) capa b i l ity i n  o rder  
to  a l l ow a n d  ju stify t h e  S h utt l e .  I d o  n ot a rg u e  t h at t h e  
S h utt le  s h o u l d  n ot h ave b e e n  d eve loped .  l t  offers a 
n u m be r  of u n i q u e  a n d  wo rthwh i le capa b i l it ies a n d ,  
w h i l e  it  wou l d  h ave b e e n  fa r m o re eco n o m i ca l  i f  
des i g ned w i t h  l e s s  po l it i ca l h e l p, i t  i s  sti l l  a re m a rk a b l e  
m a c h i n e .  My a rg u m ent is  t h at, i n  a proper ly r u n  s pace 
p ro g ra m m e ,  we s h o u l d  h ave cont i n u e d  ope rati o n s  
with t h e  c a pa b i l i t ies w e  h a d  w h i l e  deve l o p i n g  t h e  n ew 
veh ic l e  i n  p a ra l l e l .  lt wi l l  be a rg u ed that  we cou ld n ot 
affo rd s u c h  a cou rse but  that  see m s  fa rcica l fo r a nat ion  
t h at cu rre nt ly  spends $1 600 m i l l i on  per  yea r on  
m a rij u a n a .  If  we tru ly  cou l d  not  affo rd it  t h e n  perh a ps 
keep i n g  the  b i rd i n  h a n d  wou l d  h a v e  been m o re 
pro d u ct ive .  

i t  may be fe lt  t h at, even i f  my co m me nts a b ove a re 
t rue ,  t h ey a re p o i nt less beca use what  is d o n e  ca n n ot 
be u nd o n e .  N o  o n e  ca n a rg u e  t h e  i rrevers i b i l ity of t i m e, 
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h owever, the study of h i story is  worthwh i l e  if we can 
lea m from it. The poi nt to be made here is that, s i nce 
Apo l l o, there has been no focus u po n  d o i ng m issions.  
I n stead effort is  tota l ly d i rected towa rds new deve­
lopment. This  is a part of the reason why it wou ld  
req u i re 1 5  years to retu rn to the Moon when it took 
on ly  eight to go there the fi rst t ime.  S i m i larly, any 
m ission to M a rs wi l l  be fa r i n  the futu re because of the 
deve lopment that wi l l  be done whether it i s  rea l ly 
needed or  not. 

L ike Arth u r  C larke, I can th i n k  of no  more 
a p p ropr iate celeb ratio n  of the 500th a n n iversary of the 
voyage of Co l u m bu s  than for a smal l  fleet of 
spaces h i ps to depar1 Earth  en route to M a rs.  Th is is not 
i m poss ib le  even sta rt ing  n ow. B ut, I fea r, it wi l l  remai n  
o n l y  a d ream stifled b y  u nending p l a n n i ng efforts and 
stud ies which  lead  n owhere .  We seem to be lacki ng a n  
lsabe l l a  who wi l l  se l l  h e r  jewels t o  back t h e  expans ion 
of human horizons ;  a n d  we seem to be short of  those 
with the spi rit of Col u m bu s  to take the s h i ps he fou n d  
ava i lab le  and  set forth rather t h a n  p ropose a n ew s h i p­
b u i ld ing  tech no logy prog ram m e  that m i g ht make it 
more comfortab le  to go explor ing in the n ext centu ry. 
We need Col u m bus' k ind of v is ion far m o re than we 
need new tec h n ical  breakthroug hs.  

J .  R .  FRENCH 
Ca l iforn ia ,  USA 

The Saturn V rocket, seen here in J u ly 1969 at the l a u nch of Apol lo  
1..1, demonstrated the capab i l ity of  p lac ing  over 100,QIJO kg into low 
E a rth orbit and was potentia l ly capab le  of  su bsta ntia l  upgrade. 
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Recollections 
Sir, I do not know how many of you r  readers witnessed the 
tragic Chal lenger accident from the Kennedy Space Canter 
on January 28 but I thought I wou ld  send a long some of my 
reco l lections of that day's events. 

Havi ng ear l ier tou red the gargantuan flame trench and  
pad  fixtu res of  the  newly renovated Shutt le l�u nch Com plex 
39B at the Kennedy Space Center, I was anxious to see the 
fi rst l aunch from the second Shutt le l aunch pad. The 
situation was better than I had hoped for - the Orbiter 
Cha l lenger was fu l ly visible from the press site and wou ld  
provide the  best ever view of a Shutt le launch .  With l aunches 
from Pad 39A the presence of the Rotat ing Service Structure 
prevented viewers from seeing the vehic le u nt i l  the tower 
was clea r . 

The ch i l l  F lor ida a i r  had warmed s l ightly dur ing the long  
two h®r unp lanned hold cal led to ensure that ice formation  
at the  pad wou ld  not  damage the frag i le  TPS t i les  dur ing 
l iftoff. The fami l i a r  red g low (from TV) appeared u nder each 
Shutt le main engine at the T-6 second ign ition t ime, and at 
T-0 Chal lenger rose off the pad o n  the dist inctive twin  p i l l a rs 
of f lame from the SABs. A sudden roar  and  the buffeti ng and 
ratt l ing of the nearby press g randstand shattered the eeri e 
s i lence of the l au nch (the pad is nearly five km d i stant after 
a l l ,  a lthough it seemed to be c loser than Pad 39A).  This was 
the voice of the ma in  engines, fo l lowed rap id ly by an even 
louder no ise and further g ra ndstand buffet ing as the SRBs 
made their  contributions known. U n l ike other  l au nches the 
sound seemed to peak very rapidly and then d i m i n ished i n  
i ntensity sooner than expected . Cha l lenger's ro l l  manoeuver 
and aston ish ing accelerat ion were especia l ly  th ri l l i ng on th i s  
day. 

The Shutt le seemed to be heading a l most stra ight up i nto 
the sky, a fa i nt g low vis ib le at the tip of the pure white smoke 
p lume.  Then, suddenly it seemed to me to stop. I was 
fo l lowing the ascent through the viewfinder of my camera, 
hoping to record the booster separat ion which is  perfectly 
vis ib le i n  clear skies.  As the smoke plume was ro l l i ng  and the 
so l id  rocket boosters were veering off craz i ly to form the 
pattern of a 'Y' ,  I l itera l ly  had no idea what was happening .  As 
my finger mechan ical ly snapped pictu res, I thought that " it"  
had fina l ly  happened, a launch accident and an  abort.  But i t  
was too ear ly  for an  abo rt !  As I watched the enormous  
eruption seeming ly fi l l  t he  da rk  b l ue  sky a t  1 1 39 local t ime, a 
muffled ka-boom was heard i n  the d istance. At that moment 
I knew what had happened. The Shutt le Chal lenger was no 
more and the astronauts were dead. Now I know what the 
radio reporter who made the record ing during the crash of 
the d i rig ib le  H indenburg fel t :  I had just seen the modern 
equiva lent with my own unbel ieving eyes. The awfu l empty 
fee l ing and the angu ished faces of the reporters and the 

The scene at  lau nch complex 398 prior  to the 51 L lau nch on January 
28. Joel Powe/1 
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t i n g e ; · � ;;  s m o ke c loud a re someth ing I wi l l  n eve r fo rget.  We 
.... ere w � e ;  ... h e ! p less. 

i t;- ' '" K  Steve Nessbit can be forgiven for h i s  seem i ng l y  
ca i : o Lo s  -:-a ;o r  ma lfunction '  remark from H o u sto n .  Most of 
t h e  re p :: �ers we re out of s ight of the TV mon i to rs at the 
g ra n dsta � :J .  and the l aunch and explosion scenes were not 
re p iayec : !"l a d  to wait u nt i l  I a rrived home l ate that  even ing 
before ! s a ·.·; those heart-rending replays ) .  A few m i n utes 
l a ter  t !" e  S R B  drogue parachute drifted out of the s ky but that 
v.as a . :  : r at was vis iq le of the debris shower or t h e  SRB 
d estr:..; ct . o n .  

I d o " '! i< n ow a bout y o u  b u t  t h e  gr ief and the  p a i n  h a s  
t u r n e d  to s h ock and a nger a s  t h e  i ncred ib le  series o f  events 
l e a c · .., g  to the d isaster u nfo lds. lt  is go ing to be a v e ry l ong  
yea · s :--! a d es o f  the  Apo l lo  204 fi re n i neteen yea rs-a n d-a-day 
a g o • . .  

March Issue 

J O E L  POWELL 
Ca lgary,  Canada 

S : r , My congratu lat ions to the ed ito r of Spsceflight and 
everyo n e  e l s e  i nvo lved with the March issue fo r the  i n -depth 
a n d  th o u g htfu l coverage of the Shutt le  disaster. l t  m ust have 
: nvc :ved  cons iderab le  re-wo rki ng of the issue at very short 
�"' of ce . 

M I RIAM E. MASON 
Red h i l l ,  Su rrey 

S ' r ,  J u st a few l i nes to say how much I enjoyed read ing  the 
M a rch Spaceflight. Severa l of  the a rt ic les I ant ic ipated in  
a d v a n c e  b u t you r  presentation was even better than I had  
e x p ecte d .  Congratu l at ions on a magn ificent magaz ine .  

W. P. DILLON 
Luton ,  Beds. 

Ed. Thank you kindly on behalf of everyone involved 
including the many 815 members who voluntari ly 
provide the written contributions on which Spsceflight 
depends. 

Comet Port Wine 

Sir, I quote from George F. Chambers' "The Story of The 
Comets" .  2nd ed. (see 'Comet Wine' in Spaceflight 1 986, Vo l .  
28, p.88) 1 9 1 0 - " . . .  The comet 1 81 1 o btained i n  Western 
Europe and especia l ly  in G reat Brita in ,  fame of a very on­
astronomical  character. Its year of appearance was a lso the 
year of an u nusual ly celebrated port wine vintage i n  
Portuga l ,  and t h e  "Comet Wine" figured for a l o n g  period of 
years, fi rst of a l l  in the price l ists of wine merchants, and 
afterwards i n  the cel l a r  books of many private houses, and 
fin� l ly i n  the advertisements of  auction sales. The last such 
advertisement which I remember to have seen appeared in 
the Times somewhere i n  the "E ighties" ,  so the wine and the 
label  thereof lasted long . "  

S i r  Arthu r  Conan Doyle a lso appreciated th is  vintage, as 
he reveals i n  h is sto ry "The Stockbroker's Clerk " .  He causes 
Watson to o bserve - " . . .  Then Sherlock Ho lmes cocked h is  
eye at me, lean ing  back o n  the  cushions with a p leased yet 
crit ica l face, l i ke a con noiseur who has just taken h is  fi rst s ip 
of a comet vintage" .  

l t  is  possible that  l itt le  of th is vintage may sti l l  exist. I 
remember seeing,  some years ago, port vintages i n  a 
strongroom i n  the Real Com panh ia  Vin ico la  vinyards, which 
spanned years back to 1 800. I cannot remember  whether a 
comet ViJ'ltage was i ncluded. 

MAX WHOLEY 
Midhurst, Sussex 
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40th ANNIVERSARY 
BIS Honora ry Fel l ow Arth u r  C. C larke, widely 

recogn ised as the "father· of sate l l ite 
com m u nications, has been p resented by B ritish 
Telecom with a n  Orrery clock. The p resentation in Sri  
La nka, where M r. C la rke has l ived for 30 yea rs, was 
made by M r. J o h n  Bake r, Regional  Director for B ritish 
Telconsu lt, part of BTs newly-formed Overseas 
Divisio n .  

T h e  clock is based on a m odel p roduced by G eorge 
Graham i n  the early 1 700s and copied by George 
Rowley, whose patron was the fou rt h  Ea rl of O rrery. lt 
shows the position of the Earth in rel ation to other 
p lanets. 

The ceremony m arked the 40th a n n iversary of the 
publ ication by M r. Cla rke of the pri nciples of 
geostationary sate l l ite com m u n ications a n d  took p lace 
at a n  exhi bition i n  Sri La nka, where the Arth u r C. Clarke 
Centre for Modern Technolog i es is based. 

Presenting the clock Mr.  Baker said : "Teleco m m u n i­
cations a re the i nfrastructu re u pon which the 
economic via b i l ity of nations depends. They turn the 
wheels of com merce and su pport our m ost vita l �ocia l  
services. There a re few people i n  t h e  world today 
whose l ives a re not i nfluenced in some way by sate l l ite 
com m u n ications. By presenti ng this clock, B ritish 
Tel ecom - as one of the world's m ajor providers of 
i nternationa l  sate l l ite com m u n i cations - can i n  a s m a l l  
way p a y  tribute t o  the m a n  who sta rted it a l l . "  

Arth u r  C .  Cla rke ( left) receives a n  Orrery clock from M r .  J o h n  Baker 
of British Telconsult. Telecom Today 
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GIOTTO ENCOUNTER 

Our Executive Secreta ry, Len Carter, represented 
the Society at the E u ropean Space Operations Centre 
( ESOC) at Darmstadt, i n  Germany, on M a rch 1 3  and 1 4  
to witness the encounter of G iotto with the near-
n u cleus of H a l l ey's comet. 

· 

Those attending heard a wel coming address by 
Professor lust, the Di rector-General of ESA, fol l owed 
by a n u m ber of papers on the scientific  objectives of 
the m ission,  the spacecraft itself a n d  its operational  
aspects. Also inc luded was a report on the first Vega 
resu lts from Academician Sagdeev, of the S pace 
Research I n st itute at M oscow. 

The E n cou nter p rog ra m m e  appeared on Eurovision 
TV which inc luded conti nuous statu s  reports from the 
main control room with inputs from the Science 
Centre, the F l ight Dyn a m i cs rooms, etc. 

The closest approach to the n ucleus took p lace at 
two m i n utes past one a . m .  on the m o rn i n g  of M a rch 1 4, 
a fact particu l a rly attractive to o u r  Executive Secreta ry 
s ince it coincided with h i s  b i rthday. 

Retu rn to the h otel was i n  the early h o u rs with 
a n other sti nt fol l owi ng l ater in the day with overviews 
of the encou nter, g iven by Dr. R. Rei n h a rd, the Giotto 
Project Scientist, and p resentations by the 1 1  Principal  
I nvestigators. 

First BIS Gold Medallist 
On April 1 2, 1 961 Major Yuri Gagarin became 

the first man to orbit the Earth. His Vostok 
spacecraft landed safety in a prearranged area in 
the Soviet Union otter completing one orbit of the 
Earth in a flight lasting 1 hour 48 minutes. lt is now 
25 years later and man has walked (and driven ! )  on 
the Moon and pushed the Space endurance record 
to 237 days. Soviet cosmonauts have spent in 
total more than 10 man-years in Space. 

Yet, it was Gagarin's flight that signal led the 
a rrival of a new era of spaceflig:1t and a new era in 
the history of mankind. Appropriately, the Society 
awarded its first Gold Medal to Yuri Gagarin, " in 
recognition of his  achievement of the first manned 
orbital flight round the Earth • .  Duri ng a 
memorable visit to this country in July 1961 , the 
medal was presented to him by the Society's 
President, Dr. W. R. Maxwell  at the Soviet Trade 
and Industry Exhibition at Earls Cou rt, London o n  
J u l y  1 1 , 1 961 . 
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38th International Astronautical Congress 
BRIGHTON, 1 987 

The 38th International Astronautical Congress is 
scheduled to be held in Brighton from October 1 1  to 1 6, 
1 987. The principal venues will be the Brighton 
Conference Centre and the Metropole Hotel. The 
International Astronautical Congress (lAC) is the annual 
conference of the International Astronautical 
Federation (IAF) and its associated organisations, the 
International Academy of Astronautics (IAA) and the 
International Institute of Space Law (IISL). This will be 
the third meeting in the UK of this major world space 
organisation 

The I nternationa l  Astronautica l Cong ress has been 
held every year si nce its i nception, in late summer or 
early autu m n .  The meetings last for a week, d u ring 
which the pr incipal activity is the presentation of an  
extensive programme of  lectu res covering a wide range 
of subjects that relate to the exploration and exploitation 
of space. During the Congress, the Genera l  Assembly of 
the IAF ( its govern ing body) meets in p lenary session to 
conduct its yearly business, with the gu idance of a 
Bureau made up  of its e lected officers. The membersh ip  
of  the IAA and I ISL and the i r  management boards a lso 
meet d u ring the Congress, as do the many committees 
of the three organisations. 

The I nternationa l  Academy of Astronautics and the 
I nternational  Institute of Space Law were fou nded by the 
IAF i n  reso lutions adopted by its Genera l  Assembly �t 
the 1 0th lAC which was held in London i n  September 
1 959. Si nce then these two organ isations have held thei r 
'lWn meetings and lecture sessions at the annua l  
Congresses. 

T h e  lAC does not have a fixed venue, but is held i n  
various cou ntries which have member societies o f  the 
IAF. lt is the accepted practice that a voti ng member­
society invites the Federation to hold a forthcoming 
Congress in  its respective cou ntry. If the invitation is 
accepted, that member-society is charged with the 
responsibi l ities of hosting the Cong ress in  accordance 
with the requ i rements of the IAF Secreta riat, Bureau and 
I nternational  Programme Com mittee. 

Dr. L. R .  Shepherd 

The British I nterplanetary Society, which is one of the 
12 orig ina l  fou nders of the IAF and is its U K  voting­
member, has been charged by the General  Assem bly 
with the task of organis ing the 38th lAC fol lowi ng the 
acceptance of itS i nvitation to the IAF to hold the 1 987 
Congress in Brita in .  Dr. L. R. Shepherd, BIS Vice­
President and Chairman of the Society's I nternational  
Liaison Committee is responsible-for i nternational nego­
tiations and is actively engaged with the · hosting 
a rrangements. 
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The lAC has been held,  so far, i n  2 1  d ifferent cou ntries 
i n  North and South America, E u rope and Asia and has 
g rown enormously i n  scale  over the yea rs. Twenty 
papers were presented in the fi rst lectu re prog ramme at 
the 1 95 1  Congress in London.  The number of papers 
now p resented has risen to a round 500, with authors 
d rawn from a l l  the major space program mes in the 
wor ld .  Over this period, the n u m ber of member societies 
and i nstitutions of the IAF has i ncreased a lmost six-fold 
from the orig ina l  twelve and now come from 35 
cou ntries. Other U K  members of the IAF are the 
Astro nautics and G u ided Fl ig ht Section of the Royal 
Aero na utica l  Society and two recently admitted 
institutiona l  members, the British Aerospace Space and 
Com m u n ications Division and Log ica Ltd. 

BIS Officers for 1986 

Rex Turner. Soc1ety 
President.  

At its m eet ing in Febru a ry, the BIS Cou nci l re­
e lected M r. C .  R .  Tu rner as Pres ident fo r a secon d  one­
yea r term.  Dr.  L.  R .  S hepherd was re-e lected Vice­
Pres ident for a fu rther year. At the same meet ing M r. G .  
W .  C h i l ds took office a s  a new Vice-President, 
succeed ing  M r. M. R. Fry whose th ree-yea r  term of 
office had  expired. Fo l l owi ng  the recent e lections  to 
Cou nci l ( reported in the M a rch issue of Spaceflight) 
M r. C. R .  H u me, M BE,  jo ins  the Cou nci l for the fi rst 
t ime.  

Mr.  G. W. Childs was educated at E l tham Col lege, 
Mottingham,  Kent and George Watsons Boys' Col lege, 
Ed inburg h  before enteri ng Bristol U n iversity to study 
aeronautical  engineering .  On g raduat ing in  1 956 he joined 
the De Havi l l and Ai rcraft Company, Structu res Department 
as a stress engi neer i n  a team carrying out design ,  structura l  
ana lysis and development test ing of the B lue Streak Ba l l ist ic 
M issi le  a i rframe. I n  1 960 he became Section Leader working 
on a irframe structura l  ana lysis of the DH 1 25 business jet .  The 
fo l lowing year he retu rned to space projects as Senior 
Eng ineer, Design  Department of the S pace Division,  BAC 
carrying out desig n  and development of the B lue Streak 
a i rframe as the fi rst stage of the E LDO A launch veh ic le as 
wel l  as on futu re project stud ies for ELDO B and C and h igh  
energy u pper stages. 

I n  1 967-68, B i l l  Ch i lds  advanced from Eng ineer- in-Charge 
Veh icle Design to Deputy Chief designer, Space Division 
assuming  wider responsib i l ities as Assistant and, then, as 
Deputy Departmental Head for satel l ite desig n  and future 
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M r. G .  W. Chi lds 

project studies. Between 1 968 a n d  1 973 he was responsib le 
as Chief Designer for the desig n  a n d  development of a ra nge 
of spacecraft i nc luding ESRO IV,  X4, GTS a n d  OTS ; for 
developments of the E LDO Lau nch Veh icle fi rst stage;  fo r 
adva nced tech nology developments on propu ls ion a n d  for 
futu re project studies for spacecraft, l a u nch v.eh icles a n d  
space tra nsportation systems. I n  1 980, h e  'resumed h i s  
association with space projects as Chief E n g i neer, Space a n d  
Com m u n ications Division,  BAe, b e i n g  responsible for t h e  
desi gn,  development a n d  m a n ufact u re o f  spacecraft, vehic le  
systems a n d  eq u i pment, technology development and 
futu re project studies. H is  present position at BAe, 
Stevenage, is  that of Chief E n g i neer ( Mech a n ical  
E q u i pment) .  

Mr. C. R. (Bob) Hume received h i s  early engi neeri ng tra i n i n g  
i n  t h e  Roya l E lectrica l a n d  Mecha n ical  E n g i n eers. He served 
in the ra n ks and was co m m i ssioned at the age of 23 from 
Warrant Office r. He atten ded h i g h e r  education cou rses a n d  
served i n  a variety o f  posts m a i n ly associ ated with the 
mai ntenance of a nti-a i rcraft eq u i pment. Whi le co m m a n d i n g  
a nti-ai rcraft workshops he produ ced schemes for i m p rovi n g  
t h e  accu racy o f  fire a n d  f o r  th is  w a s  appoi nted a M e m ber of 
the M i l itary Division of the Order of the British E m p i re in the 
New Yea rs' Honours List of 1 95 1 . He went o n  to serve i n  M l 1 0  
and reti red from reg u l a r  service i n  1 957, when h e  joi ned the 
De Havi l la nd Ai rcraft Company as a Senior Tri a l s  E n g i neer. 

Bob devised a system of i nterlocki ng i n struct ions 
su bseq uently ca l led Contractors Sta ndard Procedu res which 
were used for the fi rst l a u nch of the B l ack Knight resea rch 
rocket at Woomera in J u ne 1 958. These were u sed for sett ing 
u p  of the site and rocket a n d  d u ri n g  the Cou ntdown. He then 
tra nsferred to the B l u e  Streak Project and beca me Chief 
Tri a l s  E n g i neer responsib le for the development static 
fi ri ngs of the B l u e  Strea k rocket at Spadeadam d u ri n g  the 
period 1 960-1 963. H e  was appoi nted Deputy Officer i n  
Scientific C h a rge ( DOISC) o n  behalf of the M i n istry of 
Avi at ion,  of the F1 B l u e  Strea k l a u nch at Woomera a n d  spent 
the period from Aug u st 1 ,  1 963 to Decem ber 1 6, 1 963 
prepari n g  the l a u nch site a n d  conducti n g  the fi rst static fi r ing 
with  a development m odel  rocket. Th i s  series of  tests was 
considered by the sen ior  M i n i stry of Avi ation Officer i n  
Scientific Charge t o  h ave strongly  contri buted t o  the smooth 
operati on of the Tri a l s  Tea m in the F 1  tri a l .  Bob conti nued as 
DOISC throughout the F 1  tr ia l  leadi ng to the l a u nch o n  J u ne 
5, 1 964. 

O n ,  retu rning to the U K, Bob led a tea m of engi neers at 
Hawker Siddeley to propose fo r the fi rst ESRO contract for a 
scientific sate l l ite known as ESRO 1 1 .  On wi n n i n g  the contract 
he was appoi nted Project Manager  a n d  Chief E n g i neer. The 
prog ra m m e  sched u l e, sta rt ing o n  December 1 ,  1 964 1ed to a 
l a u nch on a Scout rocket i n  May 1 967 . U nfortu nately, a m a l ­
fu nction occu rred d u ri n g  3 rd stage b u r n  a n d  the 4th stage d i d  
not i g n ite. A s  a resu lt the ESRO 1 1  sate l l ite fa i led t o  orbit as 
p l a n ned.  The back-u p sate l l ite was successfu l ly l a u nched a 
yea r l ater a n d  performed its m i ssion com p l etely. The project 
was a tr ia l  bl azer in ESRO, later to become E SA, a n d  many 
nota ble E u ropean space perso n a l ities i n c l u d i n g  Roy G i bson, 
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Professor Lust, Dr. Edgar Page, George Van Reeth a n d  Ants 
Kutzer were part of the overa l l  m a nagement tea m .  

I n  1 967 B o b  H u m e  moved t o  t h e  RCA Space Center at 
Pri nceton ,  New Jersey and beca me a member of the Vice­
Presidents Staff as M a nager of Progra m m e  M a n agement. 
D u ri n g  the 1 3  yea rs at RCA h e  was associ ated with al l  the 
RCA Space Prog ra m m es i n c l u d i n g  TIROS and DMSP.  Bob 
was particu l a rly i nvolved with space com m u n ications, 
managing the RCA Satcom prog ra m m e  i n  1 973 and 1 974 
which was the fi rst ' th ree-axis com m u n ications sate l l ite 
us ing frequency re-use a n d  which flew on the fi rst Thor Delta 
39 1 4  l a u ncher.  He a l so m a n aged the Anik  B com m u n icat ion 
sate l l ite prog ra mme with duel  frequency usage which had 
not been previously acco m p l ished. 

Ma nagement of the Vik ing La nder com m u n ications 
system a n d  the co lou r camera o n  the Moon were a l so part of 
h i s  responsib i l ities. Vik ing La nder gave the fi rst pictu res of 
the Mars su rface wh i l e  the col o u r  camera gave TV pictu res 
world:wide of the Apo l l o  1 5  m issio n  from the Moon.  

Mr. C. R .  ( B o b )  H u m e  

I n  1 979 Bob retu rned to E u rope a n d  beca me a consu ltant. 
Dur ing the next th ree years he consu lted for various 
compa n i es, a lthough m a i n ly for Matra. W h i l st with M atra he 
acted as Proposa l M a nager for the Satcom I nternatio n a l 's 
Aussat b id .  Aris ing from th is  experience he suggested the 

·� n eed for a new sate l l ite bus which eventu a l l y  beca m e  
E u rostar.  

In Apri l 1 983 he joined Marcon i  S pace Division at 
Portsmouth to manage the S kynet 4 M i l itary 
Com m u n i cations Payl oad a n d  G ro u n d  E q u i pment Project. 
This desi g n  was completed by M a rco n i  who man ufactu red 
85 per cent of the payload equipments at Portsmouth.  S i nce 
December 1 984 a n  engi neeri ng Model and two F l i g ht 
Payloads h ave been completed ready fo r assem bly to the 
sate l l ite bus.  Latterly, Bob has been appoi nted Busi ness 
Operations M a nager at the new M a rconi Space Systems Ltd .  
( M SSL) i n c l u d i n g  Skynet, Olym pus, Meteosat a n d  ERS-1 . 

He has p u b l i shed 1 2  papers a n d  lectu red i n  E u rope, U SA 
and Austra l i a .  I n  h i s  l o n g  experience i n  S pace he has met 
m a ny wel l  known space person a l ities a n d  astron a uts 
together  with appea r i n g  on TV a n d  radio in a l l  th ree 
conti nents. 

SPACEFLIGHT BY AIR MAIL 

With th is  issue of Spaceflight, the Society offers a n  
Ai r  M a i l  de l ivery t o  overseas readers i n  non-E u ropean 
cou ntries. Th is  service is  now poss ib le  fo l lowi ng  the 
i ntroduct ion of new l a be l  addressi ng eq u i pment at the 
Society's Offices. The advantage is considera b le  for 
readers i n  the US,  Canada,  the Far East and  Austra l i a  
w h o  exprience del ivery t imes o f  fou r  t o  s i x  weeks by 
su rface m a i l .  

Requests for Ai r M a i l  de l ive ry need t o  reach the 
Society by the 1 4th of the month to be effective for the 
n e.xt month's issue and  should enclose a rem ittance of 
US$2 .50 (£1 . 50 ster l i n g )  per issue for each remai n i ng 
1 986 issue.  

' 
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LIBRARY REPORT 

Main Ubrary 
Our Society is  conti n u i n g  to m a ke a stron g  and positive 

effort to establ ish itself as a Centre of Learning,  with its 
Library and proposed a rch ives as essentia l  aspects of th is 
work. 

I nterest in t h e  Libra ry's col l ection of books a n d  reports 
continues to g row, as borne out by the i ncreasing n u m be r  of 
members seeki n g  to resea rch some aspect of space activity. 
The early decisi o n  to specia l i se o u r  col lection has p roved of 
g reat benefit. Alth o u g h  a representative col lection of 
popu l a r  works is sti l l  held,  most vol u mes a re specia l ist works 
printed in relatively smal l  n u m bers a n d  n ot thus easi ly  
avai lable elsewhere. This, at the same t ime,  expla ins the 
s low g rowth i n  o u r  co l lection.  We no longer  m erely add 
books but  i nclude o n ly those specifical ly requ i red. 

Our cu rrent Library stock i s  as fol l ows :  

Books 
Reports 

Tota l 

2,600 
4,700 

7,300 

Among recent works presented to us was a book of Tych o 
Brahe from Donald Larson,  one on Space Law from Pau l  
Sowerby, a History of Rockets a n d  Space Travel from Francis 
Fears, an E ncyclopaed i a  of S pace a n d  many i ncidental p u b­
l ications by M ichael Stone and a Biography of John G l e n n  
from Kim perley Baker. There was a l so a book o n  com ets 
from Mike Hendrie wh_i le  two books, d u ly i nscri bed by thei r 
a uthor, a rrived from Henry S. F. Cooper Jr with a n ote 
offeri n g  h e l p  in obtain ing other s i m i l a r  materia l  of i nterest. 
Capta i n  J o h n  London produced a n u m ber of interest i n g  
papers and a n  Apol l o  recording,  whi l e  eve n  back i ssues of 
· spacefl ightw which proved very u seful ,  a rrived with a 
n u m ber of photog raph s  from Phi I Heard. 

Our tha nks go to all these donors both for their generosity 
a nc. goodwi l l .  

Society Records 
O ne of our m a i n  activities, su rprisi ng thought it m i g ht 

seem at first sig ht, is to endeavou r  to col l ect  early Society 
records and to create a n  a rchive of Society activities. 

Littl e  has survived the years but John Maynard produced 
some early magazi n es,  correspondence and simi lar  items 
which threw l ight on the i m mediate post-war years. We stil l  
lack much to do with our ear ly m eeti ngs, i ncluding the two 
London Congresses of the I nternational  Astronautica l  
Federation hel d  i n  1 95 1  and 1 959, b u t  a re sti l l  hopeful that 
such material  wi l l  turn up. 

Rrst Day Covers 
The Society's col lection of Fi rst Day Covers has now 

reached a respectable size, a s  also has its col l ecti o n  of space 

me 1 : : : ons .  M ost of the latte r  a re of relatively recent vi ntage, 
fo r .. xa m p l e  a specimen of the AIAA 50th An n iversary 
m eda : : : o n  ki ndly g iven by Jim Harford. lt seems u n l i ke l y  that 
we sha l l  h ave the good fortu ne to accu m u l ate ear ly comet 
m ed a": : : o ns, though we h ave fou n d  one conte m p o ra ry  with 
Cheseaux's Comet of 1 744 and the g o l d  coi n  issued with i n  a 
year or two of the a ppeara n ce of the Crab Nebula  i n  1 054. 

S pecia l  thanks a re due to Keith Wright and Rex H a l l ,  who 
have co nti nued to supply E u ropea n and Soviet covers 
respectively, a n d  to G isela Grunewa ld,  Chief of the U N  Postal  
Ad m i n i stration,  for a complete set of al l  U N  cove rs relat ing to 
space, as wel l  as to Geoff Perry - among m a ny oth e rs - who 
provided occasional  gifts. 

We have, somewhat i ncic!ental ly, managed to accu m u late 
a co l lection of space stam ps.  One very n i ce a l bu m n  co ntains  
a co m p l ete set of  Apol lo-Soyuz stamps from a l l  over the 
world,  together with the signature of  Aleksey Leo nov and 
Va ! e riy Kobosov, who took part i n  the ASTP joint  fl i g h t  from 
1 s-21 J u ly 1 975. 

Our tha n ks a re due to E ri c  Stevens, representative of a 
n u m be r  of m e m bers who have forwarded space stamps to 
us.  

An:hive 
We h ave identified a n  i n it ia l  target of d u p l i cate copies of 

so me thousands books a n d  repo rts, g rou ped u n der a 
n u m be r  of hea d i ngs, worth hold ing i n  a permanent 
co l l ection for a basic Society arch ives. 

An account of a few of these appea r below: 

( a )  N otwith stan d i n g  that H a l ley's comet p roved a d i sa p­
poi nting o bject to the casual  observer, our  co l l ecti o n  
o f  memora b i l i a  and g e neral books o n  com ets is n ow 
representative a n d  a pproach i n g  80, a l l  of recent 
vi ntage. 

(b) A n ew ventu re l i es in b u i l d i n g  up a col l ection of early 
Pri nts relati n g  to space. Such items usu a l ly sell  at a 
pre m i u m .  lt is somewhat l ate i n  the day to sta rt such 
a col lection b!Jt it i s  essentia l  to do so if our Society i s  
to becom e  a fu l l  repository o f  space learn i ng .  

( c )  W e  h ave sta rted a specia l  col l�ction o f  biogra p h i es 
a n d  of books a n d  l iteratu re written by or relati n g  to 
astronauts, space scientists, space engineers a n d  
pioneers o f  astro n a utiacs. There i s  sti l l  a l o n g  way to 
go in this a rea. 

( d )  The sam e  appl ies to books on ecl i pses of the Su n and 
tra nsits of Mercu ry a n d  Venus m ost of  which a re now 
rega rded as antiques, but there is better news on the 
star maps front. Here, a lthough most early items a re 
denied to us by virtue of cost, we a l ready have a good 
holding of current materia l .  

(e)  The proposed sound a rchives received a boost with 
a collection of Shuttle l a u nchings from Esa 
Anttola inen and a tape recording of the first B l u e  
Streak l a u nching from Professor lan S m ith.  O n e  

Society_ Fellow Douglas Arno
_
ld w a s  among those a t  t h e  memori a l  service i n  th e  U S A  for the seven Chal lenger astronauts a n d  he took 

these Pictures. 0� the left Ne1l Armstrong can � 
_
seen 

_
ta l king to Kar1 Hen ize, Spacelab 2, and Owen Gasrion, the Spacelab and Sh uttle 

veteran. On the n g ht some of the bereaved fam 1 1 les JOin other mourners before the President's a rrival .  
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problem with so u n d  reco rd i n g s  a re that they come i n  
d ifferi n g  s h a pes, sizes a n d  sou n d  tracks, s o  w e  wi l i  
o n e  d a y  h ave the considera b l e  p r o b l e m  o f  p l a c i n g  a l l  
these o n  a sta n d a rd basis .  

(f) We h ave a l s o  been fo rt u n ate in  adding a few m o re 
space m o d e l s  to o u r  L i b ra ry d i s p lay,  with o n e  fro m 
B o b  H u m e  a n d  a n other from President Layto n at 
RCA. A l l  wh o use the L i brary fi n d  t h e m  attractive a n d  
h o p e  to s e e  t h e  co l l ect i o n  e n h a nced . A s  it sta nds,  we 
sti l l  have a n oth e r  20 to fi n d .  

Future Plans 
The L i b r a ry Co m m ittee h a s  ide ntif ied a need to rh a ke o u r  

H O  a s  i nterest i n g  as  possi b l e  t o  m e m bers a n d  v is itors.  
K n owi n g  that this ca n n ot be done i m med i ately, t h ey h ave set 
up a 25 yea r p l a n ,  with act u a l  p rog ress depe n d i n g  o n  
enterprise,  s u p p o rt f F o m  m e m be rs a n d  the ava i l a b i l ity o f  
fi n a n ce.  

CHESEAUX'S COM ET OF 1 744 

C h esea u x ' s  comet m u st h ave bee n a m ost beaut ifu l 
o bj ect. Its rem a rka b l e  fo rm was at its c l ea rest o n  M a rc h  
8 ,  1 774 w h e n  a l l  s i x  d ivergent  branches o f  its ta i l  
extended from t h e  n uc l e u s  i n  l u m i no u s  cu rves.  

T h e  L i b ra ry Co m m ittee h a d  ca u se to re-exa m i n e  t h i s  
str i k i n g  event f r o m  the past o n  t h e  acq u is i t ion o f  a 
G e r m a n  Meda l l i o n ,  issued i n  the  same yea r. Th i s  
M e da l l i o n  s h ows the co m et po ised a bove a tree- l i ned 
l a nd sca pe but,  su rpr is i n g ly,  with o n ly two wel l -defi ned 
ta i l s,  t h o u g h  t h e re is  susp ic ion  of a th i rd ( a  j et )  between 
t h e m .  

T h e  reverse conta i n s  t h e  i nscr i pt i o n  " W e r  hat  des 
Herrn S i n n  e rkan nt? - a B i b l ica l  refe rence to R o m a n s  
C h . 1 1 ,  V .34. Tra n s l ated i nto E n g l i sh  t h i s  reads : " W h o  
knows t h e  m i n d  of the  Lord ? " .  

SPACE STATION EXPLOITATIO N  

Such h a s  been t h e  d e m a n d  t o  p a rt ic i pate i n  t h e  
Society's fo rthcom i n g  sym posi u m  o n  S pace Stat ion  
exp lo itat i o n ,  sched u led fo r M ay 2 1  a n d  22 n ext, t h at 
p ractica l ly a l l  p l aces were taken before the  p rog ra m m e  
h a d  even been form u l ated.  

The m eeti n g ,  the t h i rd i n  a ser ies devoted to stu d ies  
of t h e  Space Stat i o n ,  i s  desig ned to b rea k new g ro u n d .  
The a i m  is  t o  p rovide a ser ies o f  u pdated overvi ews o n  
p rog ress - po l it ica l ,  a d m i n ist rative a n d  tec h n ica l  -
fo l l owed by u pd ated accou nts o n  adva n ces i n  t h e  
tech n o l o gy but  with the  m a i n  t h r u st d evoted t o  
ut i l i sat i o n .  

I n  g e n e ra l  terms, t h e  a i m  is  t o  cons ider  a " user­
fr iend l y "  Space Stat ion  a n d  deve l o p  tech n i q u es of 
h ow t h i s  m i g ht operate in the m o st effective m a n ner .  
At  the  same t i m e ,  ideas a re n eeded fo r n ew users for 
t h e  Space Stat ion ,  some of w h i c h  a re m e re g leams i n  
t h e  ey e  a t  p resent.  T h e  ran g e  of uses i nvolves both 
sci ence and i n d u st ry, freq u e nt ly  o n  an i nternat ional 
basis .  

In  the  cu rrent meet i n g  m ic rog ravity aspects a re 
deve l o ped fu rt h e r, togethe r  with , p a rticu l a r ly,  papers 
exp l o r i n g  b iomedica l  a n d  b ioprocess i n g  a spects. 
B reaki n g  yet fu rther  g ro u n d  is a n other  paper  on h ow 
the  Space Stat ion m i g ht be used for p h a r maceut ica l 
resea rch a n d  m a n ufactu r i n g .  
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What a crew ' Bil l  Mcla ug h l m , voy ager !- l ig ht E: ng meer i ng M a n ager 
( left ) ,  Len Carter,  B I S  Execu tive Secretary, a n d  Don n a  Wolff. deputy 
Voyager Flig h t  Engineering M a n ager, discussing the finer aspects of 
the Voyager spacecraft, while sta nding i n  the Voyager Mission 
S u pport Area at the Jet Propu lsion La boratory The picture was 
ta ken d uring Mr Carter's visit to J P L  for the J a n u ary Voyager 

e n c o u nter with Ura n u s  (see Spaceflight. M a rch 1 986. for report ) .  

PROMOTION 

W e  h ave freq u e nt ly u rged mem bers to m ake k n own 
t h e  Society's a i ms,  activit ies m d  p u b l icatio n s  to 
friends  and co l l ea g u es, whenever they h ave a n  
opport u n ity o f  d o i n g  s o .  Fo r m ost m e m bers, t h i s  i s  a 
m atter of i nd ivi d u a l  conversat ion  but  m a ny oth e r  
o p p o rtu n it ies can a r ise,  as  o u r  postbag testifies.  

For  exa m pl e, Mel S m ith referred to t h e  Society in h i s  
b o o k  "An I l l u st rated H i story o f  t h e  S pace S h utt l e "  
w h i l e  T i m  Fu rn iss d i d  t h e  same i n  h i s  " G u i n n ess Book 

-..of S pace F l i g ht Record s " .  A paper  in  the  Reader's 
Digest for September  1 985 o n  SETI q u oted a comment  
from Dr .  Tony M a rt i n ,  a former  Vice-President of t h e  
Society, wh i l e  Tim Furn iss su rfaced yet a g a i n  i n  Flight 
International of October  1 9 1ast, t h i s  t i m e  reca l l i n g  the  
p ressu res exerted by the  Society ove r t h e  past 25  yea rs 
fo r the  esta b l i s h m e nt of t h e  B r it ish Nati o n a l  Space 
Agency. David H a rdy, too, g ave severa l ment ions to 
the Society in his a rt ic les in Space Voyager, d u ri n g  
w h i c h  h e  referred read e rs t o  both Spaceflight a n d  JBIS. 

TH E PERSEID PROJ ECT 

· M e m bers may be i nterested i n  exerc is i n g  t h e i r  
astro n o m ica l  ta lents i n  su pport of a g o o d  c a u se b y  
associat i ng themse lves w i t h  t h i s  Project. The bas ic  
idea i s  to ra ise fu nds for the  N at i o n a l  Society fo r the 
Prevent ion  of Cruelty to C h i l dren t h ro u g h  sponsored 
m eteor  watch e s  - and m e m be rs do n ot h ave to be 
exper ienced observers to take pa rt !  

The p roject r u n s  from J u ly 2 3  t o  Au g u st 2 0  when the  
Perseids  reg u l a r ly  g ive h igh  rates a n d  outside 
temperatu res a re reason a b l y  good.  Observers a re 
sponsored by friends a n d  relatives for each m eteor 
observed,  and j u st a cou pl e  of h o u rs of observat ion 
spread over  a few eve n i n g s  shou l d  suffice. 
Sponsorsh i p  fo rms and Report s heets can be o bta i ned 
on rece i pt of an SAE from B rit ish M eteor Society, 
( Pe rseid Project) ,  26 Adri a n  Street, Dover, Kent, CT1 7  
9AT. 
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M EETI N G S  DIARY 
All meetings unless otherwise stated are held in the 

Society's Conference Room, 27/2!J South Lambeth 
Road, London SW8 1 SZ. 

9 April 1 986,7-9 pm Lectu re 

AN ENCOUNTER WITH COMET 
HALLEY- dust impacts on-board Giotto 
by Professor  Tony McDo n n e l l  

Explor ing a cometa ry nuc leus a t  t h e  closest d istance ever, 
dust i mpact sensors of the DIDSY experiment on G iotto 
recorded the bombardment by the comet's dust g ra ins of the 
metero id  sh ie ld .  

Admission by ticket on ly. Members should apply i n  good 
Ji rne enclosi ng stam ped addressed envelope. 

14 May 1 986, 7-9 pm Lecture 

ARTISTS IN SPACE 
by David A. H a rdy 

Chesley Boneste l l  i s  without doubt the 'Old Master' of astro­
nomica l  a rt. But there were a rt ists paint ing the landscapes of 
other worlds many years ear l ier - some very accurately. 
David Hardy shows examples of these, and of the many 
space a rtists at work today, and  exp la ins how our  v iew of the 
un iverse has changed s ince the turn of the century.  

Adm ission i s  by ticket on ly. Members shou ld  apply i n  good 
, •me enclosing a stam ped addressed eve lope. 

2 1 -22 May 1 986 Sym posiu m  

SPACE STA TION EXPLOITA TION 
A two-day Sympos ium on the above theme consider ing the 
scientif ic and i ndustr ia l  opportun ities offered by the Space 
Stat ion and free-fly ing p latforms and the problems of 
ma nagement and  bu is i ness p lann ing  to  ensure both 
techn ica l  and economic success. 

Reg istrat ion deta i l s  ava i l able on  request. 

7 J u n e  1 986, 1 0  a m - 5 pm Foru m 

THE SOVIET SPACE PROGRAMME 
Offers of papers a re i nvited .  Members with a spec ia l  i nterest 
in the Soviet space p rog ramme are i nvited to attend .  A reg is­
trat ion fee of £5.00 is payable .  Forms are ava i lab le  from the 
Executive Secreta ry on \equest, enclosing  a stamped 
addressed envelope.  

1 1  June 1 986, 7-9 pm Lecture 

PROSPECTS OF A MANNED MARS 
MISSION BY THE YEAR 2010 
by J. Dan ie ls ,  University of Leicester 

After com p l et i o n  of the S pace Sta t i o n  i n  the m id  1 990's one 
possi b le  g o a l  of the US and  its p a rt n e rs i s  a manned m iss ion 
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to Mars. Th is lecture wi l l  examine the why's, how's and 
prospects of  an  actual  m ission by 201 0. 

Adm ission i s  by t icket only.  Members should apply in good 
t ime enclos ing a stam ped addressed envelope. 

26-28 September 1 986 Conference 

SPACE '86 
FUTURE 

PROFILES OF THE 

A weekend  conference at the Brighton Centre incl ud ing  Civic 
Recepti on and banquet. Programme inc ludes : 
Advancing Frontiers 
Space probes 
Deep Space Astronomy 
The Space Station 
Living in Space 
Deta i l s  fro m :  The Executive Secretry, Brit ish Interplanetary 
Society, 27!29 South Lambeth Road, London SWB 1 SZ. 

1 9  November 1 986 Symposium 

SPACE TRANSPORTA TION 
A one-day sym pos ium on the above theme. Offers of papers 
i nvited. Potent ia l  a uthors shou ld  contact the executive 
Secretary. Reg i stat i o n  deta i l s  ava i lab le  on  request. 

LIBRARY 
The Society L i b ra ry wi l l  be open to mem bers from 5.30 
to 7 p . m .  o n  the fo l l ow i n g  dates : 

9 April 1 986 
14 May 1 986 

1 1  June 1 986 
Whilst every effort will be made to adhere to the published 
programme, the Society cannot be held responsible for any changes 
made necessary for reasons outside its control. 

BIS Staff Vacancies 

The Society has vacancies on its staff for the 
following positions : 

1 .  An audio-typist with opportunit!es arising 
for conference administration. 

2. An experienced word processor operator 
to work on Decmate 11 for publishing work. 
We will cross-train if necessary. 

Members who require further details or who 
may know of someone interested in either of 
these positions should contact the Society's 
office, 27/29 South Lambeth Road, London, 
SW8 1 SZ. Tel : 0 1 -735 3 1 60.  
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Space Manufacturing 5: Engineering with Lunar and 
Asteroidal Materials 

Eds. B.  Faughnan a n d  G .  M a ryniak, AIAA, 1 633 B roadway, 
New York, NY 1 00 1 9, U SA, 268 pp, 1 985, $49.50. 

The 30 papers in this vol u m e  a re g rou ped under space 
manufactu r ing and solar power satel l ites, space 
transportatio n  and mass d rivers, space stations and h a b itats, 
materia ls processing,  biomedical  a n d  socia l  m atters, 
i nternat ional  and economic considerations, ending with a 
poster session.  

The concept of processing lunar and asteroidal  materia ls  
has been a round for q u ite some time but  has i nvariably been 
relegated to the far future. lt is  o n ly recently, with the advent 
of comet pro bes and proposed asteroid sa m p l i ng pro bes, 
that the concept has entered the rea l m  of real ity. In the case 
of the Moon, for exam ple, the reasons a re not fa r to see, for 
the energy costs of l ifting materia ls from the Moon to orbit is 
less than one twentieth that of l ifti ng the same materia ls  
from E a rth to orbit, not cou nti n g  the fortu n ate fact that the 
Moon has vacuu m  envi ron ment. 

In the case of asteroids it may a lso prove feasi b le  to a lter 
their orbits to more conven ient paths. Studies of the 
asteroids, however, a re sti l l  i n  a pr im itive stage.  Altho u g h  
some have been classified accord i n g  t o  t h e i r  proba ble 
compositions, much is  enti rely speculative. The actual  
choice of m i nera ls  to be soug ht, too,  has varied enormously, 
ranging from outsized d iamonds on the one hand to the 
manufacture of prope l l a nts (and/o r water) at the other with, 
i n  between, a search for rarer elements. Al l  th is  u nder l i nes 
that this is  a n  a rea sti l l  conta i n i ng an u n d u ly h i g h  proportion 
of specu lation, so the need for deta i l ed i nvestigation is  acute. 

Although this book goes i nto the far futu re, i n c l u d i n g  
space law, n uclear waste-d isposa l and problems for a new 
civi l i sation,  it does not consciously set out to m a ke the case 
for a return to the Moon in a pol itica l sense. 

Monitoring Earth's Ocean, Land and Atmosphere from 
Space - Sensors, Systems and Applications 

A. Sch napf, AIAA M arket ing Dept. 1 633 Broadway, N ew 
York, NY 1 00 1 9, U SA, 1 985, 830pp, $79. 

Th is is a comprehensive su rvey of the past, present a n d  
proba ble future remote sensing p rojects o f  m a n y  cou ntries. 

Fol lowi ng a n  overview of the problems and opportu n ities 
provided by remote sensing both of the Earth and space, 
several  chapters exa m i n e  the h istory of meteorological  and 
environmenta l sate l l ites over the past 25 years. Upper 
atmosphere sate l l ites a re a l so studied lead i ng,  i n  due cou rse, 
to the La ndsat series. 

Sensing of the oceans occupies a su bstantia l  part of the 
book for this is obviously a n  a rea in which m uch has both 
been done and yet remains to be done. Th is is fol lowed by a 
descri ption of many I nternatio n a l  Remote Sensing 
Prog ra m m es, i ncl u d i n g  Meteosat, E R S 1  a nd the proposed 
Japa nese M a ri ne O bservation Sate l l ite ( M OS- 1 ) schedu led 
fo r l a u nch this year.  

A short section is i ncl uded on remote sensing 
opportu n ities ava i l a b l e  from the Space S h uttle, the vol u m e  
e n d i n g  with a n  a n a lysis o f  futu re N OAA requ i rements, 
spaceborne active laser sensors and m u lt idisci p l i n a ry E a rth 
observations from space p l atforms. 
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Space Shuttle Log 

T. Furniss, Ja ne's Publ ish ing Company L im ited, 238 City 
Road, London,  ECl V 2PU,  1 986, 1 28 pp, £6.95. 

Gontra ry to the view of the general publ ic, Sh uttle fl ig hts 
a re fa r from a l m ost- routi ne m issions. Those i nterested i n  the 
deta i l s  of indiv idual  f l ig hts yet frustrated by the lack of media 
coverage, which l eave many u n s u re of the objectives of 
certa i n  fl ig hts or i g norant even of the names of the crews, 
wi l l  fi nd this book fi l l s  the g a p .  

lt is d 1vided i nto fou r  parts v i z  t h e  Sh uttle-based Space 
Tra nsportation System,  its development and how it works : a 
log of m issi ons so fa r - i n c l u d i n g  a com p l et� cargo m a n ifest : 
a look at futu re m issions : a n d  a biograph ical  g u ide to a l l  who 
h ave f lown or is cu rrently schedu l ed to partici pate i n  S h utt le  
f l ig hts. 

Towards Columbus and the Space Station 

DGLR, Godesberger Al lee 70, 5300 B o n n  2, Germa ny, 1 985, 
380 pp, Special  Price to BIS Mem bers $24. 50. 

This vol u m e  conta i n s  the proceed i n g s  of an I nte rnatio n a l  
Sympos i u m  h e l d  last year org a n i sed b y  t h e  D G L R  and eo­
sponsored by a n u mber  of space org a n i sations, i n c l u d i n g  
the B I S .  

lt is n ot often that t h e  proceed i ngs o f  s u c h  a Sympos i u m  
appears prom ptly afterwa rds but, i n  t h i s  case, the secret l i es 
in the fact that reproduction has taken p lace from the orig i n a l  
m a n u scripts - s o  the price p a i d  is one o f  u neven ness i n  style 
and presentation.  

Even so, th is  is  a m ost topical  vol u m e  which presents a 
good acco u nt of E ucppe's p l a n ned a n d  potential  
i nvolvements i n  the US S pac� Station prog ra m me. Of these, 
Col u m bus represents a majo�(i rst stop a n d  thus u nderl i nes 
the ope n i n g  appeal by Clat,l�e N ico l l ier  to g ive g reater 
attent1on to the need to 'sta rt now to provide more 
opportu n ities for a man ned E u ropea n space presence. 

1 985 World Satellite Almanac 

M. Long, Com m Tek Pu b l i s h i n g  Company, PO Box 53, Boise, 
Idaho 83707, U SA, 1 985, pp . 544, $39.95. 

This vol u m e  is divided i nto two parts. I n  part one, chapters 
one to fou r  i ntroduce basic sate l l ite transm ission and 
reception tech n i ques. The rema i n i n g  fou r  chapters provide 
comprehensive descri ptions of various teleco m m u n icati ons 
systems currently a rou n d  the wo rld,  as wel l  as those p l a n ned 
for the future. 

I n  pa rt two, chapters nine to eleven g ive i ndivid u a l  
descri ptions o f  more than 70 domestic, reg i o n a l  a n d  
i nternatio n a l  sate l l ites positioned i n  geosynchronous orbit, 
descri bed in order of their orbita l assig n ment. 

Each sate l l ite descri ption inc l udes a tech n ical  accou nt of 
the spacecraft and backg rou n d  i nfo rmation on the 
org a n i sation responsible for orbiting the system .  In most 
cases, operational  or p l a n ned sate l l ite services a re {l lso 
descri bed. A reference chart which fo l l ows i n  most cases 
summarises the basic tech nica l  and other  data for each 
satel l ite. 

Chapter twelve consists of no less than 1 5  appendices on 
a variety of related topics, i nc l u d i n g  the S h utt le and Ariane 
deployment schedu les for  1 985-1 987 a n d  d i rectories of 
satel l ite operators, m a n ufactu rers and service 
org a n isations. 

�----------Spe�a/ Offer----------� 
Mem bers of the British I nterp lanetary Society not resident i n  
t h e  US can p u rchase t h e  1 985 World Satel l ite Almanac fo r 
$39.95 inc lusive of a i r  m a i l  de l ivery. Please state Society 
membersh i p  with order to a bove address. 

F�R SALE: �pace items (journals,  books, photos etc) .  Some 
h �stonc and u n 1que.  SAE for l i st to P. Pa rker, 20 Derwent Crescent, 
K 1dsg rove, Stoke-on-Trent, ST7 4PH. 
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,...--------------- Milestones----------------. 

February 

4 Contract for l a u nch by Arianespace of the fifth 
E u ropean teleco m m u n icat ions sate l l ite, ECS-5, 
was s igned .  

5 Brit ish Nationa l  Space Centre a n nou nces £3m in  
cash support fo r p roof-of-concept stu d ies of  the 
Brit ish Aerospace/Ro l l s  Royce Hotol spacep lane .  
Ha lf  of  the cash to  be provided by i n d u stry. 

6 Presidentia l  Comm issio n  beg a n  hear ings at the 
N ationa l  Academy of Sciences i nto the Cha l lenger  
acci dent.  G iven 1 20 days to com p l ete the job.  

7 ESA science prog ra m m e  com m ittee g ives its 
approva l to the Soho a n d  C luster m issions which 
form the  So l a r  Terrestri a l  Physics co rnerstone  to 
ESA's long  term scientific p l a n .  

1 0  NASA a n nou nces forma l  postponement o f  the 
U lysses, G a l i leo and Astro- 1 l a u nches as a resu lt of 
the g ro u n d i n g  of the Sh utt le  fo l lowi n g  the m ission  
5 1  L l a u nch d isaster. 

16 Dr.  Wil l i a m  G raham,  NASA acti ng  a d m i n i strator, 
re l i eved Ph i l i p  Cu l bertson of h is  d uties as NASA 
genera l  manager. 

· ·  

19 EXOSAT completes 1 000 days in o rbit, havi ng 
made over 2000 observat ions of cosm ic X-ray 
sou rces for the E u ropea n Space Agency. 

Comet fever 

D. G ropman,  S imon & Schuster I nc. P.O. Box 1 02448, 68 
Annex, Atlanta, Georg ia 30368, U SA. 1 985, 1 89pp, $7 .95. 

Nosta lg ia  is by no means a th ing of the past, as is  amply 
borne out by this book which concentrates on the return of 
Ha l ley's comet i n  1 9 1 0  and which affords the most usefu l 
comparison with the euphoria surround ing the cu rrent 
apparit ion. 

lt appears that obsession with Ha l ley's comet reached a 
peak i n  the 1 9 1 0  retu rn,  leaving i n  its wake madness, su icide 
and terror, ga l lows humour, comet cockta i l s  and dances ! 

Start led by "scientific" a nnouncements of the day, a 
semi-pan ic  reached a crescendo when the Earth,  reputedly, 
passed through the comet's ta i l .  I n  Constantinople ( now 
lnstanbu l )  tens of thousands of terrified people packed 
services at churches wh i le  " hoards of Londoners roamed the 
streets a l l  n ight"  (sic). In Paris, the e l ite gathered for soi rees 
on hotel rooftops. 

Comets have long enjoyed fame of being  mysterious and 
powerfu l objects but ,  if the current return is  anyth ing  to go 
by, one's impression is  that much of the fu rore has been 
a rtifici a l ly drummed-up by the media, the comet itself being 
very m uch of  a non-event as far as an  ord inary man i n  the 
street is concerned. 

However, i n  spite of al l  that,  Ha l ley's comet is  a most 
absorbi ng object, as a re practica l ly a l l  accou nts about it .  This 
volume is one which is  g reatly to be com manded. lt  
recaptu res the flavour  of the

· 
1 9 1 0  return with its many 

quotations from the media and i l lustrat ions of the 
memorabi l ia  of that t ime. 

1 92 

20 1'4 ASA a n nou nced that J esse Moore, associate 
a d m i n istrator in charge of the Sh utt le program me, 
wo u l d  become ch ief of the Joh nson Space Center. 
Former astro naut R ichard Tru ly, appoi nted as 
M o o re's  replacement.  

20 Sov iet U n ion l au nches a new Space Stat ion i nto 
E a rt h  orbit. Ca l l ed M i ra ,  it boasts six docki ng ports 
a .< d  i n d iv idua l  ca b ins  for crew mem bers. 

22 Ari a n e  gets back i nto busi ness with the l aunch  of 
the  Swedish V ik ing sate l l i te a n d  the French Spot 
sate l l i te .  

25 J a m es Beggs subm itted h is  resig n at ion as NASA 
a d m i n i strator, a position  he he ld  si nce J u ly 1 0, 
1 98 1 . Beggs was named i n  a n  i n d ictment charg i ng 
G e n e ra l  Dynam ics a n d  fou r  cu rrent a n d  former 
executives with i m p roper ac;:count ing o n  a defence 
contract .  

March 

4 Soviet Vega 1 probe tra nsm its TV pictu res of 
Co met H a l l ey fo r 90 m i nutes from a c los ing 
d ista nce of 14  m i l l ion  k i lometres. 

6 Vega 1 a p p roached with i n  9,000 km of the H a l ley 
n uc leus .  

7 Divers beg i n  the g rim task of  recover ing Sh uttle 
Cha l lenger's crew compa rtment fou n d  by sonar 
equ i pment on  the ocea n f loor.  

DO YOU REMEMBER 7 

25 Years Ago . . .  
12 April 1 96 1 .  Yuri Gagarin becomes the first human to  enter 
space. Gagarin, aboard Vostok 1 ,  completes one revolution in 
a flight lasting 1 08 minutes. 

20 Years Ago . . .  
1 6  March 1966. Gemini 8 achieves the first docking in space 

when it links up with an Agena. A faulty thruster ciboard Gemini 
causes the mission to be terminated early, giving a · total flight 
time of just over 1 0 hours. 

1 5  Years Ago . . .  
1 April 1 9 7 1 .  The Canadian-built International Satell ite for 
Ionosphere Studies ( lsis 2) is launched into polar orbit by 
Thor-Delta. The satellite measures electron densities in the 
ionosphere. 

10 Years Ago . • .  

22 March 1 9 76. Scientists are invited by NASA to submit 
proposals for experiments to be flown on the first flight of 
Spacelab, then planned for 1 980. 

5 Years Ago . . .  
12  April 1 98 1 . A mil l ion spectators view the launch of STS- 1 ,  
the first Space Shuttle mission, from Launch Complex 39A at 
the Kennedy Space Center. The crew, John Young and Bob 
Crippen, pt.it Columbia through a series of flight tests during 
the succesful 54 hour mission. 

K.T. WILSON 
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