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110 INTERNATIONAL SPACE REPORT 
The month's comprehensive report of space news from around the world. 

114 ATLANTIS SET FOR GRO LAUNCH 
The deployment of the Gamma Ray Observatory (GRO) and America's first space walk in 
space for more than five years will be the highlights of Atlantis' next mission, STS-37. 
Spaceflightpresents a preview of this exciting mission. 

118 ON THE FLIGHT DECK 
On April 12, 1981, the Space Shuttle Columbia blasted-off on its maiden mission. Ten years 
on we present an interview with NASA's Chief Astronaut. In this article Dan Brandenstein 
speaks to James Hartsfield about his experiences 'On the Flight Deck' of the Space 
Shuttle. 

122 CRACKED HINGES'POSTPONE STS-39 
The Shuttle may be celebrating its. tenth anniversary _but technical problems still beset the 
programme. The launch of Discove_ry on mission ST8-39 has been postponed so cracked 
'hinges' on its external tank doors can be replaced. 

124 YURI GAGARIN'S IMMORTAL DAY 
This month is also the anniversary of Yuri Gagarin's historic space flight. Thirty years ago, 
the Soviet Air Force pilot became the first man to orbit the Earth. Nevil/e Kidgerlooks back 
on man's first venture into space. 

130 FIXING HUBBLE 
Last summer astronomers were stunned by the news that the $2.5 billion Hubble Space 
Telescope had been launched with a flawed mirror. After the initial shock and dismay, 
astronomers and engineers turned their attention to fixing the orbiting observatory. The 
Space Telescope Science Institute has come up with a plan to restore Hubble to full 
capacity when the Space Shuttle visits the obse'rvatory in 1993. 

134 NASP AS AN AMERICAN ORPHAN 
Contrary to the statements from the US Department of Defense that the primary reason it 
does not back the National Aerospace Plane (NASP) programme is because NASP has no 
mission, NASP is, in fact, a technology development programme not in search of a mission 
but one in search of a home. Joan Johnson-Freese and Roger Handberg report. 

138 HELEN SHARMAN SELECTED FOR 
JUNO 
The Juno project has selected Helen Sharman to be the prime astronaut for the first Briton 
in space scheduled for the MlR flight on May 12. Tim Mate, who has trained with Helen in 
Star City since late-1989, will serve as her back-up. 

140 WHAT'S THE FORECAST PART 2 
Norman Longdon concludes his report on the Meteosat weather satellite programme. 

143 SOCIETY NEWS 
The British Interplanetary Society has a new President. 

FRONT COVER: Our front cover this month features the aft of the �pace Shuttle Discovery silhouetted 
against the Earth's horizon. Insert are the crew of STS-1 and Yuri Gagarin This month is 
the 1Oth anniversary of the first Shuttle mission and the 30th of man's first space flight. 
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Space Station Shrinks in Re-design 
NASA Gets Extra Time for Freedom Review 

NASA is not expected to reveal its new design for Space Station Free­
dom until early April after being granted extra time by Congress to 
complete the work. The new-look Space Station will feature smaller 
modules, reduced power and shorter truss sections. In November 
last year the US Congress told NASA to redesign Freedom and to 
expect an annual budget of no more than $2.6 billion for the project. 

The revised Space Station has 8.2-
metre long modu les, half the original 
s ize . T h e  s m al l e r  m o d u l e s  can b e  
lau nched b y  the  Space Shuttle fu l ly  
equipped, un l ike the  o ld  design which 
had to be fitted out once i n  orbit. ESA 
has not yet decided if the. Columbus 
laboratory modu le  wi l l  be h alved in  
s i z e  

T h e  Space Station's truss structure 
will be 90 metres long, Instead of 1 50 
m etres.  The truss would be launched 
in  ful ly assembled sections that can be 
l i nked together  in  orbit. The space 
station wil l  produce 60 kW of electrical 
power, instead of 75 kW and wil l  have 
o n e  s ixth of the data transmiss ion  
capacity of the original design. 

The n ew d e s i g n  wi l l  req u i re 23 
Shuttle missions before it reaches the 
permanent manned capabi l ity stage, 
compared with 34 for the original de­
sign. With the number of Space Sta­
tion dedicated Shuttle fl ights l imited to 
four  per year, the assembly sequence 
could take up to six years. The first 
launch of s pace station h ardware is 
scheduled for 1 995. The space station 
could receive its first crew in the man 
t e n d ed m o d e  i n  D e c e m ber 1 996,  
about seven months later than origi­
nally planned. There wi l l  be just four 
crew members when the Space Sta­
tion is permanently manned early in 
the next century. 

Long Duration 
Mir Mission For 
US Astronaut? 

Amateur Waverider Experiment 
Could Fly on Juno 

According to reports on the US CBS 
television network, an American astro­
nauts will make a long duration stay 
aboard the Soviet Union's Mlr Space 
station as part of a new agreement on 
space cooperation. · 

According to CBS, the project envis­
ages the flight of a Soviet cosmonaut on 
the US Space Shuttle and a four to six 
month mission for ·an American astronaut 
aboard Mir. 

The project c o u l d  be implemented 
with i n  the next 1 2- 1 8 months Jo h n  
Logsdon,  of the US Space Policy Insti­
tute, told CBS. 

NASA spokesman Ed Campion told 
Spacefllght that such an agree m e nt 
would be announced by the White House 
not NASA. 

There have been rumours of a joint us­
Soviet s p a c e  v e n t u re for  s o m e  t i m e .  
Du ring h is  visit to the Joh n s o n  flpace 
Center in December forr.ner Soviet For-. 
e i g n  S e c retary Ed u a r d  S h everdnadze 
h i nt ed that a U S -S oviet agreement  on 
cooperation in  space would be signed at 
the next s u m mit meeting between Presi­
dent Bush and President Gorbachev. The 
m eeti ng was scheduled for earl ier  th is  
year but  postpon ed because of the Gulf 
War and other factors. Reports ind icate 
that the s u m m it may take place in May. 

First Titan 4 from VAFB 
The US Air Force has launched the first TI­
tan 4 booster from Vandenberg Air Force 
Base in California.  The Titan 4 lifted off from 
Space Launch Complex 4E at 04:03 on 
March 8. The payload is believed to be a spy 
satellite destined for polar orbit. Officials 
would only say that the payload is classi­
fied. 

110 

A Progress cargo spacecraft, scheduled for launch on March 19, could be 
carrying a un ique experiment designed by Scottish amateurs from the 
STAAR research organisation. If it fl ies the experiment will be performed 
by British cosmonaut Helen Sharman during the Juno mission. 

T h e  exper i m e n t  e n visages l ow­
speed trials in a microgravity environ­
ment of a waverider - an aerodynamic 
shape proposed for space veh icles as 
long ago as 1 900 by Professor T er-
ance Nonwei ler. 

• 

T h e  con cept h as d rawn i nterest 
from the NASA Jet Propulsion Labora­
tory who are studying use of the con­
cept i n  a proposed solar exploration 
spacecraft which would skip through 
the atmosphere of Venus to close to a 
distance of just 4 mi l l ion k i lometres 
from the Sun. 

T h e  S cotti s h  experi m ents ,  de­
signed by John Bonsor and· Ken Brad­
s haw of ST AAA . research  use scale 
m odels of waverider des igns wh ich 
are to be tested on the Mir  station in 
two d ifferent modes. 

The first test envisages the catapu lt 
launch of two models each of a differ­
ent  des ign,  attached to a tether, at 
various ang les of attack along the  
length of the M i r  base b lock. Th is  
shou ld  provide, in  the  absence of  grav­
ity, an entirely aerodynamic study of 
motion of the models .  

Up  to 40 separate launches of  the 
models would be conducted by Helen 
Sharman over a four hour period .  

I n  the second test the models would 
be tethered to one of the large air duct 
hoses i n  the Mir complex to s imu late 
the flow of air around them.  This would 
be s im i lar to , but hopeful ly more real-

By Neville Kidger 

ist ic than , air flows experienced in 
wind tunnels on the Earth where the 
n e e d  to have r i g id  m o u nts for the 
model and other factors compl icates 
the data from the tests . 

The flow of air, around the models 
would be photographed by Sharman. 
To see this flow the designer wi l l  use 
wool around the exterior of the model 
in preference to smoke. 

The exami nation of the data ob­
tained during the experiments wil l be 
analysed by the designers and school­
c�i ldren - the project has educational 
value too. 

The models were taken to the USSR 
on Munday March 1 1  and are currently 
being evaluated by the Energiya NPO. 

Even if the Juno mission does not 
inct,Mde th is  experiment  on its mani­
fest, ST AAR researcher John Bonsor 
remains hopeful that the experiment 
wi l l  fly to Mir d uring the International 
Space Year, 1 992. 

C h r isto p h e r  Hayes ,  J u n o  Project 
Manager,  says a nu m ber of Britis.h 1 
scientific experiments are being con­
sidered by the Soviets. The individual 
organisat ions are talk ing d i rectly to 
NPO Energ iya, Juno is  s imply provid­
ing advice o n  how to approach t,he 
Soviet authorities he said. 
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Rare Isotope Found On LDEF 
Scientists from several US govern­
ment and university laboratories have 
reported finding the rare atmospheric 
isotope B eryl liam-7 present on the 

I 
surface of NASA's Long Duration Ex­
(.losure Fac i lity (LD E F) .  

The isotope Beryllium-7 is  radioactive 
I and produced naturally by cosmic ray 

I' �eaction s in the Earth's atmosphere . Al­
though very rare, the isotope is detect­
able by modern nuclear instrumentation 
and has been studied in the past as a 
means of trac ing the distribution and 
transport of atmospheric gases in the 
lower. atmospllere, said Dr. Gera ld J. 

1 F i:> hm an of NASA's Marshali Space 
1 Flight Center , Huntsville, Alabama. 

"The finding is thought to be significant 
from at least two d ifferent aspects," said 
Frshman. "First, it is known that the iso­
tope is mainly produced at much lower 
a!trtudes in the atmosphere than where 
tho LDEF was orbiting. The detection and 
measurements show that some, as· yet 
undetermined, process efficient ly car­
ried it to high altitudes. 

"Additional and more detailed meas­
urements of this type may lead to a better 
understanding of the movement of rare 
atmospheric components over the globe 
at high altitudes," he said. 

�·secondly, prior to this finding, there 
was only one atmospheric gas know n  to 
strongly interact with orbiting spacecraft. 
That gas, atomic oxygen, has been found 

I to be very significant, leading to the deg­
radation of various spacecraft surfaces. 
The detection of Beryllium-? on the LDEF 
surface will allow scientists to study in 
greater detail the interaction of gases 
with spacecraft in low Earth orbit," said 
Fish man. 

"A team of scientists found the isotope 
on the LDEF during measurements at the 
Kennedy Space Center shortly after its 
return. At approximately the same time," 
said Fishman, "researchers working with 
removed external spacecraft compo­
nents at the Marshall Space Flig ht Can­
ter and the University of Alabama in 
Huntsville, confirmed the Beryl!ium-7 
presence and showed that it was confined 
to a very thin layer - the surfaces on the 
leading edge of the LDEF." The NASA 
scientist is part of a radiatron group inves­
tigating materials and radiation data re­
turned from LDEF. 

The Long Duration Exposure Facility 
was returned from space by the Space 
Shuttle !Yolumbia in January 1990 after 
nearly six years in Earth orbit. 

LDEF is a 12-sided cylindrical struc­
ture 9 metres long and 3 metres in diame­
ter. The LDEF spacecraft was designed 
to test the performance of spacecraft ma­
terials, components and systems that 
have been exposed to micrometeoroids, 
space d ebris, space vacuum, atomic 
oxygen, solar ultraviolet and space radia­
tion for an extended period of time. 

NASA Contract for Pegasus 
Orbital Sciences Corporation has been 
selected by the NASA to negotiate a con­
tract to provide launch services using its 
Pegasus air-launched booster for the 
Goddard Space Flight Center's Small 
Expendable Launch Vehicle Services 
(SELVS) programme. The total contract, 
consisting of seven firm launches and 
three optional launches, is valued at ap­
proximately $80 million. 

Orbital will conduct the first Pegasus 
launch for SELVS in 1993, with an expected 
launch rate· of two flights per year. The 
launches will support Goddard's Small 
Explorer programme of small, affordable 
scientific satellites for space physics, 
astrophysics and solar exploratory mis­
sions. The S ELVS procurement continues 
NASA's approach of purchasing space 
launch services from the private sector, 
helping to stimulate the American space 
industry. 

"The NASA award is a strategically im­
portant order for Orbital that firmly estab­
lishes Pegasus as the vehicle of choice in 
the small satellite market,'' noted Robert. R. 
Lovell, President of Orbital's Space Sys­
tems Division. 'We are extremely happy 
that NASA has committed to being a critical 
"anchor customer'' for Pegasus. We look 
forward to working with Goddard on its im­
portant Small Explorer scientific pro­
gramme". 

Pegasus is the world's first privately­
developed and operated Earth-to-space 
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-vehicle. lt uses an innovative air-launch ap­
proach to place small satellite payloads 
weighing up to 360 kg into low-Earth orbit. 
Pegasus was developed in a privately-fi­
nanced joint venture between Orbital and 
Hercules Aerospace Company, and made 
its first flight into space in April 1 990. 

Space Station Processing 
Facility Contract Awarded 

NASA's Kennedy Space Center has. 
awarded Metric Constructors of Tampa, 
Florida, a $56,215,000 contract to con­
struct the Space Station Processing Fa­
cility (SSPF). 

Located in the KSC Industrial Area just 
east of the Operations & Checkout Building, 
the 457,000 square foot SSPF will be occu­
pied by about 1,000 NASA and contractor 
employees. 

The SSPF will have over 63,000 square 
feet of dedicated payload processing 
space, which includes a high bay and inter­
mediate bay. A 5,000 square foot airlock will 
be adjacent to the primary processing area. 
Both the airlock and processing area will be 
1 00,000 parts-per-million rated clean 
rooms. 

A visitor viewing window, which will allow 
NASA tour guests to view Space Station 
Freedom preflight operations, has been 
designed into the buildil!9's processing 
area. 

I NEWS IN BRIE!] 
Space Lottery Falls 
Foul of the Law 
The sweepstake to win a flight to the Mir 
space statiotl has run into trouble. Space 
Travel Services of Houston has been forced 
to close its special phone line afier police 
raided the company's headquarten; Ear­
lier, Space Travel Services believed it hc.d 
proved it was not breaking T· ::<>:; laws 
which prohibit lotteries. (See s. ····:ght, 
February 1991 , p.41) 

Second lnmarsat-2 
Launched 
A McDo nnell Douglas Delta 11 has launched 
the second lnmarsat-2 satellite for mobile 
communication s. The expendable launch 
vehrcle blasted off from launch pad 178 at 
Cape Canaveral Air Force Station on March 
8 at 22:59 GMT. Fifty minutes later the sat­
ellite was injected into a geostationary 
transfer orbit. The spacecraft was the sec­
ond of four lnmarsat-2 satellites are burlt by 
British Aerospace. The two remainrng sat­
ellites in the series will be launched by Ari­
ahe later this year. 

Columbia Better Than Ever 
Engineering data has shown that Columbia 
had its lowest ever concentration of hydro­
gen in its aft compartment during the STS-
35 launch in December. ''Columbia was very 
tight," said NASA Associate Administrator 
for Space Flight Dr William Lenior. Attempts 
to launch Columbia during the summer of 
last year were thwarted by elusive liquid 
hydrogen leaks. 

OSC in Japan 
Okura & Go. Ltd of Tokyo is to exclusively 
market 

-
and sell the Pegasus air-launched 

booster and other Orbital Sciences Corpo­
ration launch vehicles in Japan. The Peg­
asus booster made its first successful 
launch in Apri l 1990. The four-stage Taurus 
ground-launched vehicle, derived from 
Pegasus, is due to make its first launch next 
year. 

Titan Pad Work Stopped 
Work to convert the Shuttle complex at 
Vandenberg for Titan 4 launches has been 
stopped, according to reports. The SL� 
launch pad, originally intended for Shuttle 
launches into polar orbit, will stay in moth­
balls until needed for future launch sys­
tems. 

New Shuttle Training Aircraft 
NASA has taken delivery of its fourth 
Shuttle Training Aircraft (STA), designated 
NASA 945. The aircraft, a Grumman 
Gulfstream 11, has been modified to mimic 
the Space Shuttle's flight characteristics. 
Shuttle commanders and pilots spend many 
hours in the STA practising their approach 
and landings at Edwards Air Force Base and 
the Kennedy Space Center. The aircraft will 
become operational in APril. 
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ESA!Soviet Radio Telescope Proposed 
The European Space Agency (ESA) <:�nd 
the Moscow-based Astro Space Centre 
have released an assessment study of 
a mission in which a large radio tele­
scope In Earth orbit would observe 
compact radio s ources In the stellar 
sky with unprecedented clarity. 

Th_e m ission, named IVS, would also 
co-o p e rate with radio t e l e scopes on 
Earth in a progra m m e  of Very Long Base­
lin e I n terferom etry (VLBI). 

The m ission has been proposed for 
consideration as the new ESA medium­
size science i nvestigation as part of the 
Horizon-2000 progra m me.  From its in­
ception the I V S  prog ram m e  was con­
ceived as a joint ESNSoviet m ission but, 
the report states, there is a possibil ity of 
U S  i nvolvem ent. 

The IVS proposal  was s u b m itted to 
ESA on behalf of a large group of Euro­
pean, Soviet, A m erican, Au stralian and 
Japanese radio astro n o m e rs.  

IVS wou ld use a Soviet-made service 
module based upon a Standard Space 
Platform (SSP) currently u nder develop­
ment by t h e  E n e rgiya N P O  for use o n  
geostation ary co m m u n ications satell ite. 

The SSP is a rectang ular structure of 
5.5 x 3.3 x 2 .5 m etres with boom-mou nted 
deployable solar arrays and deployable 
radiators. Power supply is 1 5  kW in the 
standard version but for the IVS mission 
this wou ld be j ust 5- 6 kW. The size of the 
solar arrays and radiators would there­
fore be smaller on IVS than on the stan­
dard bus. 

ESA would provide the payload mod­
ule, the m ain feature of which is the 20-
m etre dia m eter dish of the radio te le­
scope capable of operating with a high 
effic i e n cy at 6 0  G H z .  The t e l e s cope 
would feature a Cassegrain configuration 
with a 2 metre diameter secondary. The 
payload module is mounted on a 2.5 m etre 
diameter machined ring. 

The total estim ated mass of the serv­
ice m o d u le (exc l u d i ng the p ro p u l s i o n  
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perigee 
raisi ng 

CIRCULAR 
PARKING ORBIT 

ESAPAYLOAD 
MODULE 

module) is 7,500 kg of which 3,300 kg is 
structural m ass and 4,200 kg is equ ip­
ment mass. 

The d ry propuls ion module  mass is 
3,500 kg and the mass of the propellant 1s 
1 1 ,500 kg, making a total mass of 1 5,000 
kg for the module. 

With a payload module mass of 4,747 
the total in-orbit mass of the IVS wil l  be 
27,247 kg a n d  t h e  e n d -of- l i fe m ass 
1 5,747 kg. 

The launch of the IVS spacecraft would 
be on an Energiya rocket from Tyuratam 
in about 2001 , if approval .was given in 
Apri l 1 99 1 . 

The operational orbit will be between 
45 to 65 degrees inclination and the peri­
gee will be about 6,000 km. However, the 
apogee will be varied from an initial height 
of 20,000 km to 40,000 km and finally to 

IVS ORBIT INJECTION 

FIRST OPERATIONAL 
ORBIT 

....-INTERMEDIATE 
ORBIT2 

INTERMEDIATE 
ORBIT 1 

ENERGIYA INJECTION 
TRAJECTORY 

apogee raising 
manoeuvres (3) 

SECONDARY MIRROR 
ASSEMBLY 

1 50,000 km to support the VLBI portion of 
the m ission.  

The telescope will, i n  addition to VLBI 
studies of specific sources, be conduct­
ing oxygen spectroscopy with its single 
d ish and observing the Cosmic Micro­
wave Background.  

The m ission i s  expected to last  for 
three years but the assessment study 
says that the design should allow for a six 
year l ifeti me.  

other science projects being submit­
ted for consideration are: 

- I NTEG RAL, an E SNNASA collabora­
tion in which a spacecraft wou ld be dedi­
cated to fine spectroscopy and position­
ing of celestial gam m a-ray sources. 
- STE P, which is described as a m ission 
of "Fundam e ntal P hysics" in which the 
rate of fall of test m asses in an Earth­
orbiting satell ite would be measured in a 
modern version of the experim ent said to 
have been conducted by Galileo when two 
balls were dropped from the leaning tower 
of Pisa. The project would be a joint ESN 
NASA venture. 
- PRISMA, an ESA project in which a 
spacecraft would conduct studies of as­
troseismology and stellar activity moni­
toring to help answer fundamental ques­
t ions about the internal structu res and 
external atmospheres of  stars. 
- M A R S N E T .  This joint ESA/NASA 
study envisages a network of small sci­
ence stations landed on the planet Mars 
to determ ine the internal structure of the 
p lanet, the c h e m ical  a n d  m ineralogical 
make-up of the rocks and the study of 
at m o s p h e r ic c irc u lat ion a n d  weather 
patterns. A further aim is the study of  the 
exobiological conditions existing on the 
p l a n et .  
- O PT, or Orbiting Planetary Telescope. 
This Joint ESA/NASNDARA study is for 
a spacecraft used to examine planetary 
bodies from an Earth orbit of 1 00 x 70000 
km orbit. lt is a project developed from a 
n ational  German p roposal called Plan­
etteleskop. The 1 m etre diameter Rich­
hey-Ch uretien reflecting telescope is, in 
the words of the report, to be to planetary 
science what the I nternational Ultraviolet 
Telescope (IUE) was to u ltra-violet as­
t ro n o m y .  

Nevllle Kidger 
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NASA Agrees to Launch 

Canadian Radarsat 
NASA has agreed to launch Canada's 
Radarsat spacecraft. The launch, will 
take place In June 1994 on a medium 
class expendable launch vehicle. 

The satellite's synthetic aperture radar 
(SAR) will be able to penetrate cloud cover 
and darkness, scanning the Earth in swaths 
varying from 50 to 500 km. 

The SAR will produce high resolution (10 
to 1 00 metre) images of the Earth's surface 
and will be used in the first year-round 
monitoring of conditions along arctic sea 
routes. The SAR will also provide the first 
comprehensive map of the Antarctic con­
tential ice sheet In addition , the SAR's sen· 
sitivity to soil moisture and vegetation will 
provide valuable data useful for crop as­
sessment and forestry. The satellite will 
also be used for surveillance of natural dis­
asters including floods, drought, forest fires 
and other such phenomena. 

In return for providing the launch and 
communications support, NASA, NOAA 
and other US Government agencies will 
have access to the SAR da!a. 

The Radarsat programme is run by the 
Canadian Space Agency. 

Comet Contract for 
Tecnospazio 

The European Space A gency has se­
lected Tecnospazio for the technologi­
cal development of the Sample Acquisi­
tion System of the spacecraft Rosetta for 
the cooperative . ESAINASA mission 
"CNSR/Comet Nucleus Sample Return". 

In the CNSR mission the Rosetta space­
craft will land o a comet, collect soil samples 
and carry them back to earth. 

The SAS of the Rosetta spacecraft will 
operate under extreme temperature condi­
tions and shall have a high degree of auton­
omy. The cometary soil has no well known 
characteristics and it may have a consis­
tency varying from dirty snow to hard rock. 
The SAS shall therefore include an autono­
mous robot, able to recognize the charac­
teristics of the soil and select the appropri­
ate conditions. 
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The Final.Days of Sa/yut-7-

I tie Salyut-7 space station passes over the south coast of the UK in Hampshire (aouv"J· 1 he pho(o­
' graph was taken on the evening of January 14 just over three weeks before the 40-tonne station 

reentered the atmosphere, scattering debris across South America. The photo, by Douglas Arnold. 
shows Salyufs reflection growing fainter as it moves towards the East and the terminator between 

. ni
_
Qht and day. 

The Kosmos 1686 module remained attached to Salyut-7 until its reentry. The Sovit�ts have yet to 
release any clear photographs of the statioP'I. These TV pictures of Salyut-7 (right) docked w�h Kos­
mos 16!16 (left) were orovided bv Oietrich Haeseler 

10 South America large pieces of Salyut-7 and Kosmos 1686 have been found. Fragments 
of the station were found about 20 km from the Argentine capital. A cylindrical piece 3.5 
metres in diameter fell near the city of Chaniar. An eight kilogramme ring with a diameter of 
1.5 metres was found 130 km from the city of Rosario. A 3.2-metre long pipe weighing four 
kilogrammes fell in the Andes mountains near the Chilean City of Puerto Montt. The Soviet 
government has offered to pay compensation for any damage caused by the falling debris. 
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i The five-member crew of STS-37: (left to right) Kenneth Camero'n, Jay Apt, Steven Nagel, Jerry Ross and Unda Godwin. NASA 

tl ntis 
Astronauts to Make First US Spacewalk Since 1985 

The postponement of Discovery's STS-39 miss ion has made way for the 
launch of Atlantis on STS-37 in early April. The. deployment of the Gamma 
Ray Observatory (GRO) and America's first space waik In more than five 
years will be the highlights of Atlantis' five-day mission. During the six­
hour space walk astronauts Jerry Ross and Jay Apt will try out special 'carts' 
that could be used on Space Station Freedom to move along the truss struc­
ture. 

As this article goes to press, Atlantis 
is scheduled for launch at 09:20 EST ·on 
April 4 from pad 398. The mission has a 
·launch window lasting two and a h alf  
h o u rs .  

Discovery's five member crew is led by 
mission com mander Stave Nagel a vet­
eran of two Shuttle m issions, STS 5 1 -G 
and STS 61-A when he flew as pil ot. 
Nagel's pilot for STS-37 is Ken Cameron. 
Selected as an astronaut in 1 984, he will 
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be making his first space flight. As the 
l n trav e h ic u lar crewmem ber ,  Cameron 
will assist Ross and Apt into their space 
suits and help coordinate the space walk 
from the flight deck. He is also the back­
up arm operator. 

The three mission specialists (MS) for 
STS-37 are Linda Godwin ,  J erry Ross 
and Jerome (Jay) Apt. 

Design ated MS1 ,  Linda Godwin will be 
responsible for the operating the Remote 

Manipu lator System (RMS) du ring the 
space walk and GRO deployment. Prior 
to her selection as an astronaut, she 
worked i n  P ayloa d  Operat i o n s  at th e 
Johnson Space Canter. STS-37 will be 
her first m issio n .  

Jerry Ross, MS-2, will be making his 
th ird Shuttle flight on STS-37. He made 
two spacewalks d u ring STS 61-B in late-
1 985 and was a MS for STS-27, a classi­
fied D o D  m is s io n .  D u ring launch and 
reentry Ross wi l l  serve as the 'flight engi­
neer'. He wil l  help Nagel and Cameron 
monitor the arbiter systems from the aft­
centre seat on the flight deck. Ross is 
designated EV-1 for the space walk. He 
will wear red bands on. h is space suit to 
d istingu ish  him from Apt. In addition,  
Ross is responsible for Earth observa­
tions during the m ission and is the flight's 
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medical officer. 

Jay Apt is the crew's expert on GRO. 
Serving as MS3, he is responsible for 
activating the observatory and preparing 
it for deployment. During the space wal'< 

. he will be designated EV2. Before his 
selection as an astronaut in 1985, he 
worked with Linda Godwin in Payload 
Operations at J SC. Prior to that he 
wor1<ed at the Jet Propulsion Laboratory. 
During the mid-70's he W3S involved in the 
Pioneer Venus mission. 

GRO Deployment 
The primary payload for ST5-37 is the 

Gamma Ray Observatory or GRO (pro­
nounced 'grow'). The spacecraft is the 
second in NASA's 'Great Observatory' 
series. As its name suggests, GRO is 
designed to study gamma radiation emis­
sions, a .high frequency band at the far end 
of the electromagnetic spectrum. 

The observatory will carry the most 
sensitive set of instruments ever put in 
space for gamma ray as.tronomy, accord­
ing to Alan Bunner, the GRO Program 
Scientist at NASA Headquarters. The 
observatory should help answer some ofi 
the fundamental questions in astronomy 
and astro-hysics today, he says. 

Weighing in at 17 tonnes, the observa­
tory will be the heaviest civilian space­
craft put in orbit by the Shuttle. lt occu­
pies about two thirds of the payload bay. 

Preparations for the GRO deployment 
will begin on day one. Shortly after the 
crew has been given a 'go' for on-orbit 
operations, Godwin will unberth the robot 
arm and put it through its paces to test the 
various systems. 

"Also as arm operators, it is our first 
time to get a feel of wh&t the arm is really 
like pn space)," Godwin explained. 

Once the checkout is complete, GRO 
will be inspected by the black and white 
television camera at the end of the arm. 
The pictures will be transmitted to the 
ground where experts will look for any 
signs of damage. The arm will then be 
returned to its cradle until its is needed for 
deployment. 

On Flight Day Two, Jay Apt will power­
up the observatory and set up a commu­
nications link between GRO and the 
ground via the orbiter. Controllers at 
Payload Operations Control Canter 

The ST$-37 mission patch featuring AUantis and 
the Gamma Ray Observatory. NASA 
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Jerry Ross and Jay Apt praCtice one of the expe
-
riments they will do in space on STS-37. The crew uses 

an electrically powered version of a cart designed to move astronauts up and down the Space Station 
Freedom Truss. Apt is pulling Ross along to test the carfs ability to carry one person· plus cargo. 

(POCC) at the Goddard �pace Flight 
Canter will then begin a two-hour check­
out of the spacecraft. 

The cabin air pressure will be reduced 
to 1 0.2 psi ·to shorten the astronauts 'pre­
breathe' time before their space walk. 
The three space suits aboard Atlantis will 
also be checked. Ross and Apt have 
trained for an emergency space walk 
during the GRO deployment. If neces­
sary, the astronauts can release GRO 
from the payload bay and deploy the sat­
ellite's appendages manually. 

The observatory will be deployed on 
Flight Day Three. The crew will be woken 
at about 1 day, 17 hours Mission Elapsed 
Time (MET). 

After breakfast, Ross and Apt will put 
on their bio-medical sensors in case a 
space walk is required. 

To keep GRO's solar arrays in the 
shade during their deployment, Atlantis 
will be manoeuvred so the Sun is on the 

NASA 
belly of the orbiter. 

The observatory will be powored up 
and checked out by the POC. If all is well 
Linda Godwin will be given a 'go' to 
grapple the spacecraft with the robot arm. 
Apt will then transfer GRO to internal 
power and release the urnbilicals from the 
orbiter. 

When Mission Control gives the go­
ahead, the astronauts will unlatch the 
observatory and Godwin will carefully lift 
it out of the bay on the end of the RMS. 

"lt is the heaviest (object) that we have 
ever moved with the arm," says Godwin. 
"So we will move it very slowly." 

She will then roll GRO over so the in­
struments point towards the payload bay. 
The observatory will remain in this posi­
tion until its release. 

Commands from the POCC will deploy 
the two solar arrays, one at a time, and 
rotate them to 45 degrees. lt will take 
about four minutes to unlatch the arrays, 

Astronaut Jerry Ross prepares to test a hand-powered version of the CETA experiment. Ross pulls the 
cart along hand-over-hand during the test while fellow crewman Jay Apt holds on to the back. NASA 



about nine and a half m inutes jor de­
ployment and another three m inutes 
to rol ate them.  

Mission Control wil l  be paying par­
t iculm attention to the deployment of 
the arrays to make s u re there are no 
thern1al distortions in the panels ,  said 
Cl iuck Shaw, STS-37 Lead Fl ight Di­
r e c t o r .  

N21gel wi l l  then manoeuvre Atlantis 
to point the spacecraft's solar arrays 
at the Sun .  The observatory wi l l  re­
main in that position for about three 
and a halt hours to re-charge its on 
board batteries . 

During that period the observatory's 
High Gain Ante nna wil l  be deployed for 
com mu nications via the Tracking and 
Data Relay Sate l l ites (TORS).  

W h i l e  the batter ies  c harg e ,  t h e  
P O C G  w i l l  con d u ct a fu l l  syst e m s  
cheGi-<out t o  ensure that they h ave a 
h e a l !  h y  s pacecraft before re l ease . 
About 30 m i n utes prior to deployment ,  
ground controllers wi l l  again rotate the 
solar  arravs and t h e  arbi ter  wi l l  be 
moved to  put the S u n  perpendicu lar to 
the arrays . 

Th•3 com mander wi l l  make sure the 
arbiter i s  i n  a sta b l e  pos i t i o n  a n d  
G o t lw i n  w i l l  re l ease t h e  arm fro m 
G FlO's end effector and m ove it away. 
NaQei w i l l then fire the RCS thrusters 
to move the arbiter down away ·from 
the observatory at about 0. 1 5  m etres 
per second . 

'J n i ike g eostat ionary or p lanetary 
missions,  GRO does not h ave many 
h ard orb ital requ i re m e nts for i ts re­
l e a s e .  

··w(� can deploy i n  any attitude, o n  
a n y  orbit," says S haw. 

The p lan ned re lease t ime occu rs 
during orbit 34 at M ET 2 days , 3 hours ,  
3 5  m i n utes . 

About 22 m i nutes later, Atlantis, wi l l  
perform a 0.6 m/s out of plane separa­
t ion manoeuvre. The arbiter wil l  drift 
for about 1 5  m i n utes before N a q e l  
m akes a 0 . 9  m/s p o s i g rad e ma­
noeuvre to place Atla ntis above and 
b e h i n d  the observatory . Th e Sh utt le  
w i l l  maintain a COI])I11 U n icat ions l i n k  
with GRO so t h e  POCC has two meth­
ods of com manding the observatory, 
e i ther  t h roug h  the  arbi ter  or via t h e  
T D FlS sate l l i tes .  

I f  the observatory's solar arrays or 
antenna fai l  to deploy, Ross and Apt 
wi l l  make a spacewalk to deploy the m  
manual ly .  I f  the spacewalk becomes 
n e c e s s ary,  the o b s e rvatory wi l l  be 
lowered towards the payload bay so 
t ile  astronauts can c l imb aboard . 

S i x-Hour S pacewa l k  Planned 
The spacewa lk  or EVA ( Extrave­

h icu lar Activity) is p lan ned  for Day 
Four of the m ission . 

The airlock wil l  be depressurised at 
M ET 2 days, 22 hours,  1 5  mins  and 
shortly afterwards t h e  astronauts wi l l 
open the h atch and enter the payload 
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bay. The space walk  could begin a l ittle 
early if the ::,rew are ready, said S haw. 

"I can g uarantee you ,  Jay and Jerry 
are real anxious to go EVA," he joked. 

The spacewalk is scheduled to last 
s ix hours but may go on  longer if the 
space s u H s  h ave e n o u g h  co n s u m ­
a b l e s .  

Astronauts' main task wil l  b e  t o  con­
duct the Crew and Equipment Trans­
lation Aid (CETA) experiments. Ross 
and Apt wi l l  try three d ifferent carts­
designed to move spacewalking .astro­
n auts  a l o n g  the  t russ  st ructure  of 
Space Station Freedom .  If an astro­
naut were s imply to move hand-over­
hand along the truss with no special 
equ ipment  it cou ld  cause excessive 
wear and tear in the truss and su it. 
A l so ,  i t  wo u l d  be  d iff i c u l t to  carry 
carg o .  

T h e  C ETA test equipment consists 
of a i 4.6 m etre long rai l mou nted on 
the port side of the Shuttle's payload 
bay. Three different types of carts wi l l  
be attached to a truck that r ides along 
the rai l .  The fi rst is  a s imple manual 
cart which the astronaut moves along 
the track by pul l ing h imself hand-over­
hand. The second cart is a mechani­
cal vers ion.  The astronaut wil l  pump 
u p  and down on a lever that drives a 
gear chain to propel the truck along the 
rai l .  Jerry Ross says the cart is very 
s im i lar to an old rai l road hand car. The 
th ird and most compl icated cart is  an 
electr ical versi9n. The astronaut turns 
two crank handles to drive an electric 
gen erator wh ich w i l l ,  i n  turn ,  d rive 
e lectric motors to move the cart. Al l  
t h r e e  carts have brakes s i m i l ar to 
those on  a bicycle and can be moved 
in reverse.  

The forward section of rai l  on  which 
t he  truck wi l l  ru n wi l l  al ready be in  
p lace. A second 7.3 metre section  wi l l  
be joined to i t  by the astronauts . 

The CETA experiments wi l l take ap­
proximately half the EVA. The manual 
c2 rt w i l l be tested first. Each astronaut 
w i l l  m ake e i g ht runs (up and down)  
along t h e  track, ' reac h i n g  maxi m u m  
speeds o f  about 1 .8 metres per sec­
ond.  They wi l l  evaluate the cart's brak­
ing profi les and determine what is the 
best way to pu l l or push the cart along . 

The astronauts w i l l  next  eval u ate 
ttle mechan ical cart. Each astronaut 
wil l  make six ru ns at nominal and maxi­
m u m  speeds. 

Ross and Apt wi l l  then make four 
runs each on the electrical cart .  

The G ET A equipment was on ly de­
s igned to carry one person but, for the 
tests , the other astronaut  wi l l  r ide 
'piggyback' to s imulate cargo. 

Next,  tethered to a s h uttle ru n n i n g  · 

along the rail ,  the astronauts wi l l  evalu­
ate two types of handrai l ,  with round and 
rectan g ular  hand grips. Each astronaut 
wil l  make two runs along the rai l . 

The astronauts wil l then begin paral le l 
activities with the Mobile Foot Restrai nt 

(MFR) on the end of the RMS and the Crew 
Loads lnstrumented Pa l let (CLIP) .  
. The MFR evaluations wi l l  see how fast 
an astronaut can be moved on the end of 
the RMS. The robot arm wil l  be moved at 
speed of u p  to 0.4 metres per second. 

"That's faster than we have ever done 
with anyone on the arm ," said Linda God­
w i n .  

The length of spacewalks were astro­
nauts need to be repeatedly moved from 
one work place to another could be dras­
tically reduced if the arm was moved 
faster. NASA needs to determ ine exactly 
how fast the astronaut can be moved. 

"If you go too fast the thing could be­
come non-productive because the crew 
member is just tryi ng to hang o n ," said 
Chuck Shaw. 

While Apt is conducting the MFR tests, 
Ross will be using the CLI P experiment, 
a work station mou nted to the side of the 
Shuttle's payload bay. Standing in a in­
stru m e nted foot restraint the as tron aut 
wil l  perform a variety of tasks such as 
undoing a bolt to see how m uch stress is 
placed on the work station.  

Ross wil l then do the M F R  evaluations 
and Apt will u se the CLI P  experi ment. 

The astron auts w i l l  bot h perform an 
individual test on the M F R .  Standing on 
the arm, Apt wi l l  push again st the aft bulk­
head of the payload bay with a force 
measure ment tool to see how m uch force 
is required to make the RMS brakes slip, 
wh i le Ross wi l l  see if an astronaut can 
move the arm manually to guide a payload 
i nto its berth .  Linda Godwin will place the 
arm in  ' l im p' mode for the test by switch­
i n g  off its motors and brakes.  Ross wi l l 
then move the arm to return the MFR to 

, its stowage point. 
Chuck S llaw l ikened the ' i irnp' rnode 

test to a construction worker guiding a 
beam into position as it is lowered by a 
c ra n e .  

I f  time perm its the astronauts wi l l  t ry  to 
cross a rope strung across the m iddle of 
the payload bay. They will also have to 
stop 'in middle of the rope and turn back. 

''VJe do not anticipate that to be a very 
easy task for them ," said Shaw. 

The astronauts will  then stow the CETA 
rail and return to the cabin . 

Jerry Ross wi l l  try out a pair of new 5000 
series gloves dur ing his EVA said Shaw. 

"The 5000s are a sp i n-off from the 8 psi 
space suit develo p m e nt that i s  be ing 
conducted in  concert with the space sta­
t i o n a c t i v i t i e s , "  e x p l a i n e d  S h a w .  " i t  
s h o u l d  give a bit more tactil ity with the 
fin g e rs .  Crews h ave always remarked 
that their hands get tired during extended 
EVAs se this part of a n  effort to make the 
g loves a l itt le l e s s  fat ig u i n g  to crew 
m e mbers . i t  wil l  be interesting to see what 
Jerry's co m ments are on that. He h as 
l iked them so far in tra in ing" 

Sh uttle-M i r  L i n k  
STS-37 w i l l be carry i n g  a vari ety of  

experiments i n  t h e  arbiter's middeck. 
A more powerful version of the Sh uttle 

Amateur , Radio Experi m ent (SAREX) wi l l 
be aboard Atlantis. The equipm ent wil l  be 
sim i lar to that carried on STS-35 in De-
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camber last year but will include the abil­
ity to t ra n s m it and receive t e l ev i s i o n  
i mages. A l l  five STS-37 crew members 
hold amateur radio licences. 

The astronauts will attempt to com m u­
nicate with the cosmonaut aboard the Mir  
space station using SAREX. The first op­
portunity wil l  occu r  at about MET 9 hours, 
24 minutes the second wil l  be three days, 
eight hours later. I f  Atlantis' launch is de- . 
l a yed,  t h e  opportu n ities w i l l  occ u r  o n e  
day later for each 30 minutes o f  delay. On 
STS-35 the crew was unable to com mu­
nicate with Mir because their flight was 
ended early and the cosmonauts were too 
busy during an earlier opportu nity. 

Oth e r  e x p e r i m e n t s  b e i n g  f lown o n  
STS-37 include t h e  BiGserve I nstru men­
tat ion Tech n ology Asr ociates Materials 
Dispe�s i o n  Apparatu s ( B I M DA) , Protei n  
C�ysta l G rowth l i  ( PCG 11) , t h e  Space 
Station Heat P ipe Advanced Radi ator 
Element 1 1  (SHAR E 1 1) and the Radiation 
Monitoring Equipment I l l  (RME I l l) .  

T h e  crew w i l l  a lso test a P a n ason ic  
Super VHS home video recorder to  see i f  
i t  is su itabl e  for use in orbit. Video record­
ers present ly u se d  on t h e  S h u tt l e  o n l y  
take 30 m i n ute tapes. 

"The home [video recorders] are l ight 
years ahead of what we are flying on the 
arbiter," said Shaw. ' 

Oth e r  m o d e l s  w i l l  be tested on the 
Sh uttl e dur ing upco m i ng m iss ions and 
m ay eve n t u a l l y  r e p l a c e  the a r b i t e r' s  
present video recorders. 

Return to Earth 
The astronauts will return to Earth on 

Day Six of the m ission. At M ET 4 days, 23 
hours, 12 m i nutes, during orbit 77, the 
astronauts will perform a 1 2 1  m etres per 
second OMS burn to bring Discovery out 

From left, Lang ley Research Canter's John Gustafson and JSC's Ed Whitsett, Stove Poulcs a l lcJ . J ' " '  
O'Kane inspect the Crew and Equ ipment Translation Aid (CETA) transportation cart that wi ll l l y  at : < : ·d d  
STS-37 The four engineers have headed a team o f  hundreds that have contributed to the p1 0J€C.:t 

of orbit. Landing wil l  occur at M ET 5 days, 
1 2  minutes on dry lake bed ru nway 15 at 
Edwards Air  Force Base i n  Cal iforn ia.  
Landing is plann ed on runway 1 5  to see 
h ow the a rbiter behaves ,  on t h e  h arde r  
l a k e  b e d  s u rface fou nd i n  t h e  northern 
areas of Edwards. 

"We are going to try to land there with 
no braking at all and rol l  along the lake­
bed and m easure the deceleration that 
the vehicle. feels," explained Shaw. 

If weather conditions are u nsuitable for 

NA S 4  

Runway 1 5, Atlantis wi l l  land on one nt tlw 
other ru nways at Edwards and pnrlt> l ! l  a 
carbon brake test . Atlantis is f lyi nq W i l l l 
the n ew carbon brakes for the first t > 1 ne  
on STS-37 and engmeers want t o  see i t  
t h ey perform any d i fferent to those o n  
D i s c o v e ry .  

Readers in the U K  can hear the latest r:ews 
on mission STS-37 by calling the Br. t•sh 

. Interplanetary Society SPAC E LI N E  on 
0898 88 1975. (Calls cost 33p per min cheap 
rate and 44p per min at all other times.) 

Astronaut Jay Apt practices using a mechanical version of the Crew and Equipment Translation Aid, a type of railroad handcart planned as <; spacewalke1 's 
transportation system along the truss of Space Station Freedom .  

· ·  NASA 
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On the Flight Deck 
Dan Brandenste l n ,  NASA's C h i ef 
Astronaut, has served as pilot on 
o n e  S h uttle m i s s i o n · a n d  com­
manded two more, he Is currently 
training for a fourth fl ight In this 
I nterview with James Hartsfle l d ,  
Brandensteln describes flying the 
Shuttle from his unique position on 
the flight deck. 

"I real ly don't think people under­
stand the versati l ity of the sh utt le," 
Brandenstein says. "I don't think they 
understand what it can do and really 
h ow comp l i cated it i s .  As a crew 
member, as a com mander, you be­
come more fami l iar with it with each 
fl ight and the more you understand 
just how elaborate i t  really Is". 

When the si lent clock strikes zero, 
more than 250 NASA television and 
fi l m  cam eras are trai ned on  the  
shutt le .  Commercial  television cam­
eras l ine platforms three miles away, 
and the scenes on which they focus are 
trans m itted aro u n d  t h e  worl d .  Sti l l  

· cameras are planted remotely i n  the 
swamps around the launch pad and 
even more cameras click In  the press 
grandstand . 

At Ignition , the solid rockets go from 
zero to 44 mil l ion horsepower In a split 
second. The main engines produce a 
power equal to that generated by 23 
Hoover Dam s.  

But  al l  the eyes that stuC:y it  as a 
spectacle, both electronic and human ,  
can't see i t  from t h e  perspective o f  that 
single, front left seat. 

"For a certain amount of t ime,  from 
liftoff through the rol l programme,  you 
feel you don't have much contro l  to fall 
back on . The rol l  programme would be 
a very difficult manoeuvre to fly manu­
ally, Beyond that, we practice f lying 
ascents manual ly in  tfie s imulator, and 
I feel very confident that if you had to, 
you could fly it. 

" I 've f lown three t i m e s  on t h e  
· Shuttle,  b u t  I 've probably looked out 
t h e  wi n dow for o n l y  two or t h re e  
glances on ascent. You are really fo­
cused on making  sure the vehicle Is 
operat i ng  proper ly .  You ' re cyc l i n g  
throu gh  t h e  vari o u s  d isp lays a n d  
you're monitoring the trajectory very 
closely to be sure it's doing what it's 
supposed to be doing. In that dynamic 
a region, if it starts to go wrong,  you 
can 't be hesitant." 

Eighty NASA cameras sti l l  focus on 
the sh uttle at 1 50,000 feet, two min­
utes and 1 0  seconds after launch , 
when the solid rockets burn out. From 
the ground, they appear to fal l away 
l ike arrows at the height of their fl ight, 
with a slow grace that camouflages the 
exp los ive c harg es  that p u s h  t h e m  
away. The spacecraft i s  moving more 
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Spectacular Vlew of the Space Shuttle Atlantis blasting off from launch pad 39B. NASA 

By James Hartsfield 
Johnson Space Center, USA 

than four  times the speed of sound.  
"Before my f irst S hutt le  f l ight ,  the 

highest altitude I 'd  been to was proba­
bly a l ittle over 50,000 feet." 

'When the solids go, you felt a dip. l t  
feels l ike you're fal l ing for just a sec­
ond. After SRB sep is past, it gets so 
smooth. I always refer to it l ike a sew­
ing machine.  it j ust kind of purrs ." 

For six and a half m inutes after the 
solids have expired , the main engines 
continue to burn, pul l ing fuel from the 
external tank at a rate that would drain 
an average swimming pool in less than 
n ine seconds.  To those watching, it is 
s i mply streaking toward space,  con­
t in ual ly c l imb ing ,  constantly acce ler-

ating and s lowly disappearing.  But to 
t h o s e  f ly i n g ,  it  is pas s i n g  through 
boundary after boundary, c l imb ing a 
set of safety-net stairs to orbit. 

"You are always busy monitori ng 
systems. You g ive the rniddeck folks a 
play by play of what's happening now 
and what's about to happen, to keep 
them i nformed. Your concentration on 
trying to keep track of options does 
decrease. When you pass the nega­
tive ret4rn cal l ,  you don't have to worry 
about a retu rn-to-launch-site abort .  
But you sti l l  have a variety of  abort 
bou ndaries to go through .  

"Then ,  when you get the press-to­
main engine cutoff (M ECO) cal l ,  your 
transatlantic aborts are gone, so you 
kind of relax on that. But you sti l l  have 
more things ahead. 

'We're comfortable with the whole 
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system as we have it now. As long as 
yo u can overri d e  s o m et h i n g  that 's  
automated if  i t  isn't  doin g  the  right  
th ing ,  and as long as you can do that 
before it puts you in a s ituation that you 
can 't recover fro m ,  then  automat ing 
th ings is better." 

"Anyt ime that you can have more 
· capabil ity by do ing  it automatical ly ,  

that's the th ing to do. G iven enough 
computer power and enough sensors , 
you can automate a lot of th ings.  But 
anyth ing that happens has to fal l with in  
som eth ing  that you 've programmed .  
You gain by  having a man  i n  the  loop i n  
a lot o f  areas , areas where there are 
so many variables,  because he has the 
abil ity to take over if someth ing hap­
pens that fal ls out of what the comput­
ers can handle, Humans are creative. 
They're intuitive and can make deci­
sions. You have to take some trade­
offs . "  

When the ma in  engines cut  off, the 
shuttle is about 70 mi les high and trav­
el l ing around 1 7,400 mi les per hour. 
But the sensations in the front left seat 
say it may as well be s itting stil l .  

'What's real ly strange is  that when 
the engines cut  off,  your  arms just  float 
up.  lt doesn't feel l ike you stopped. The 
G's b u i ld up the most rig ht  before 
M ECO and you're being pushed back, 
but you are not thrown forward i n  your  
straps when the engines shu t  down . 
The acceleration that pushed you i n  
the  seat is gone and you're jus t  f loat­
i n g ." 

Al l that remains to put the shuttle i n  
orbit now is  a sl ight boost, an adjust­
m ent,  without wh ich  the  s pacecraft 
would descend as qu ickly as it rose.  
The orbital manoeuvri n g  system en­
g ines are a f i ne-tun ing  mechan i s m ,  
eas i ng t h e  S h utt l e  i n t o  a free-fa l l  

Remarkable portrait o t  activity o n  the flight deck during the space telescope deployment mission .  taken 
with a 35m m  camera with wide-angle lens and using ambient light Kathy Sullivan (left) and Loren 
Sh river (right) NASA/ Space Informa tion Canada 

arou nd Earth ,  too fast to com e  down,  
too slow to go higher. 

"Re lative to the sensations of as­
cent, the OMS burn is not m uch.  But 
once you've been in  zero-g for a whi le ,  
any burn  i s  very n oticeab le .  You ' re 
more sensitive. The burn is a bit of a 
jolt when it starts and it's just a smooth ,  
g e n t l e  acce l e rat i o n  after  that .  Y o u  
don't real ly see yourself get any h igher 
it is so gradual .  You do a burn on one 
side of the Earth and you don't  really 
see that you're any higher unti l  you're 
half an orbit away." 

''You can't re lax afterward , because 
then you 're i nto post-insert ion. You're 
confi g u ri n g  for on-orbi t  operat ions . 
You're open ing the payload bay doors , 

stowing the seats , gett ing out of your 
su its and adjusting all the systems for 
orbit. it's a very busy t ime and it nor­
mally sets the tone for the miss ion.  You 
want  to get t h r o u g h  t h at a n d  stay 
ahead of the t i m e l i n e ,  because as 
soon as post- insert ion i s  don e ,  you 
start getting i nto the m eat of the mis­
s ion .  You don't want to get behind or 
get caught short. 

" l t  i sn 't real ly u nt i l  t he  pre-s leep 
period on the first day when you can 
r eally k ind of relax and say, "We're al l  
c aught up ;  We got today done". Then 
"OU can eat a slow meal. In fact, for 
i unch on the first day,  we usually just 
:arry a bag of sandwiches we can eat 
)n the run ." 

The view from the shutUe cockpit. The top of the Fixed Service Structure at pad 39A fills the com mande(s 
windows in this photo taken aboard the orbiter Columbia on November 1 981  

B rand e n ste in 's  f i rst f l ight, STS-8 , 
1aunched at night. The shutt le reached 
orbit in darkness. NASA/Space Information Canada 
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'We launched at n ight, we crossed 
the Atlantic at n igh( and, just as we got 
to Africa, we saw the fi rst Sunrise. Of 
all three fl ights , seeing that first sun­
rise is  som ething that's most memo­
rable to this day. In your train ing,  you 

1 get briefed on what th ings are going to 
be l ike but no one ever said how phe­

. nomenal those sunrises were. lt was 
so gorgeous,  it just took my mind away. 

"Sunsets and sunrises happen very 
fast . At Su nrise, you see a s l iver of sky 
turn b lue ,  and then you get this tremen­
dous spectra of colour all along the 
horizon .  The colours are just so vivid 
and so bright that it is really amazing".  

"You have to have what we some­
t imes refer to in the flying business as 
"situat ion awareness" .  You have to 
know what's going on all around you .  
Y o u  have t o  have a big picture o f  all the 
systems  on board. But, then again ,  by 
the t ime we fly, we've been trained by 
so many experts that we also have a 
very intimate knowledge of each par-
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Tile orbiter's Orbitai Maneuvenng :;ysiem engines create a spectacular sight when fired in orbit. 

t icu lar syst e m .  
" I  sleep on t h e  fl ig�t deck. T h e  rest 

of the crew sleep downstairs. I f  some­
thing happens d uring the n ight, you're 
right there ready to respond. If there Is 
an alarm , you can get to it quickly and 
not disturb the whole crew, especially  
i f  it's something that's not very signifi­
cant .  

"I sleep well on orbit, but I don't th ink 
I sleep as soundly as I do back home. 
I be l ieve it 's mai n ly because I d on't 
want to get too sou nd asleep just in  
case there is  an alarm or someth ing.  

"Day-to-day, when you are do ing 
experiments , eating d inner, or doing 
h o u sekeep i n g  c h o r e s ,  you l et t h e  
caution warn ing system do its job. You 
don't mon itor th i ngs  very m u c h .  B u t  
w h e n  y o u  have a spare moment, you 
go and cycle  through the displays." 

Fl ight in  orbit i s  not fl ight, although it 
is called that for lack of a better word . 
Movements of the shuttle in space are 
adj u stments made to a perpetual ly 
fal l i n g  object th roug h  the use  of  38 
primary jets , six small  jets or the two 
large OMS eng ines .  The wings are 
s imply waiting .  Due to the unnatural 
feel of orbital mechanics, f l ight is now 
a precise calcu lation of cause and 
effect more than i t  i s  a h uman feel for 
what wil l  occur and why. The idea of 
any m ove m e nt at a l l  is r e l at ive  to 
where you are looking .  

"Yo u  d o n 't h ave a s e n s at ion  of  
speed such as driving fast down the 
road , because poles aren 't wh izz ing 
past yo u ,  you aren ' t  h eari n g  t h e  
rumble o f  wheels o n  the ground .  it 's 
not even l ike flying an airplane at low 
altitude ,  where you see the terrain 
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NASA 
zipping past, you feel the turbu lence 
and you hear the wind noise. You 're in 
a s i lent  environ ment other  than the 
cockpit noise, and the only sensation 
you h ave i s  when you look out the  
windows and see the  ground tracking 
below you . But to see continents come 
and go,  to take on  the order  o f  1 0 
m inutes to cross the Un ited States, it's 
obvious you 're really h u m ming.  B ut it's 
a d i fferent  sensation of speed.  You 
don 't have the  acce leration . i t's  just 
zero gravity, floating at almost 1 8,000 
mi les an hour." 

'We did some preparatory burns the 
day before we caught up  to the Long 
D u ration Exposure Fac i l ity and ,  with 
those, you don't real ly feel l ike you're 
catch ing up to anyth ing.  They are just 
OMS burns.  B ut the n ight before the 
rendezvous ,  when we went to bed,  
with the Sun  ang le right, we could see 
LDEF, though we didn't really get close 
to it u nt i l  the next day." 

'The reaction c?ntrol system feels 
very tight when you are flying c lose to 
another o bject .  You f ire the pr imary 
jets and the vehic le gets a big thump,  
shakes and it moves. 

''You can control it to with in  inches. 
We did that when we retrieved LDEF 
and we retrieved Spartan on my sec­
ond f l ight. The fl ight control systems 
hold an attitude so wel l .  l t  makes flying 
it so precise.  You can make very spe­
cific movements .  

" it  is a tribute to how wel l  designed i t  
is .  Sti l l ,  you can't always get it pertectly 
stopped re lative to another object, so 
you might just move it so far and let it 
take a very slow drift" . 

To go from zero to almost 1 8 ,000 

,mph i n  eight and a half m inutes is a 
feat, but  the bigger feat is to go from 
. 1 8 ,000 mph to zero and remain intact. 
iThe shutt le poses for its return to air 
and wind and land l ike the travel ler who 
pu l ls  coat col lar t ight and puts ch in  and 
chest i nto a bitter winter breeze : l t  
takes a posture o f  defiance. T o  design­
ers ,  crew and f l ig ht contro l l ers, it is 
cal led a h igh angle of attack - its nose 
is ang led h igh  and its most d u rable 
port io n ,  the t i les u nd erneat h ,  greet 
Earth first in a batt le between air and 
s p e e d .  

"The deorbit burn feels just l ike the 
OMS burn on ascent. But as soon as 
you 're done with it , you p itch around to 
get the nose forward and up.  Then,  as 
you start your fal l toward the atmos­
phere, you do notice that you 're com­
ing down. 1 1  looks l ike you are getting 
closer to the Earth .  But you normally 
go i nto n ight  very q u i ck ly ,  and then 
your  visual cues are gone. 

"Then ,  in  darkness, the first sensa­
tion you get is when you are a bit into 
the atmosphere and the Gs start bui ld-

- ing up .  it sti l l  doesn't feel l ike a descent 
- it feels l ike being in an airplane and 
pu l l i ng  G s .  l t  j u st feels l ike you're 
squishing down in the seat . The only 
rea l  s e n sati o n  of  d escent  is fro m 
watching the alti meter cl ick off. 

"From the sensation,  without instru­
ments, you wouldn't know the differ­
ence between Mach 25 and Mach 1 ". 

The sh utt le 's  e ntry is automated 
from the d eorbit b u rn through  three 
grad u a l ,  swe e p i n g  S-t u r n s ,  o n e  of 
which can take half an ocean to com­
p l et e .  T h e  atm o s p h ere  is t h e  o n l y  
brake i t  has t o  slow i t  from Mach 2 5  to 
200 m i l es an hour .  The frict ion be­
tween air and spacecraft prod uces 
t e m perat u re s  of  al m o st 3 , 000  de­
grees  Fah re n h e i t .  To re lease the  
energy i t  received a t  launch,  i t  creates 
as much of a spectacle on entry.  

"You don't  get used to seeing the 
plasma b u i l d  up. At about 350,000 
feet, you start to see a l ittle p ink out of 
the windows, coming u p  from the bot­
t o m .  

" it  turns into kind of a p ink glow and, 
from that, becomes an orange g low. it 
then becomes a very deep orange, be­
fore it turns practical ly white - it is so 
hot. The p lasma flow is that dense. In  
fact , on the corners of the windows, 
you can see a turbu lent f low with swirls 
in it . l t' s  sort of l ike rain  on the car 
window, but it isn't drops, it's a flow 
patt e r n .  

'The n  a t  about 1 80,000 feet, i t  goes 
in  reverse: the white gets less dense, 
then it goes to orange, then p ink and 
then it's gone.  

"During th is  phase,  you come into 
dayl ight. The Earth is sti l l  dark, and the 
u pper part of the sky is st i l l  dark, and in 
t h o s e  areas y o u  can st i l l  see t h e  
plasma. B u t  where t h e  Sun is rising, 
you can't see it because of the li.ght 
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backgro u n d .  O n  both extrem es ,  you 
have the orange,  p inkish plasma. In  
the  midd le ,  you have a b lue str ipe 
where the Sun is  coming up .  lt  only 
lasts a few seconds". 

''You 've trained to the point where 
you know that if you had to take over, 
you could do it. But you don't even hold 
you r  hand on the st ick al l  the ti m e  
du ring en try . You are just mon itoring 
systems,  cycl ing through displays on 
the scre e n s  and  c h e c k i n g  t h e m  
against your checkl ist cards.  i t's a very 
close analogy to an airplane on autopi­
l o t .  

'When you s e e  t h e  Sun  come back 
up agai n ,  it 's obvious  that you're· m uch 
lower than  you h ad b e e n .  But even 
then , when you break out  of n ight, you 
d o n 't have a sensat ion of going down . 
You st i l l  feel  rnostly just forward veloc­
i t y " .  

A s  t h e  sh u tt le descends a n d  s lows,  
the jets that have kept it stable are 
replaced by the rudder and elevens for 
contro l .  F l ight becomes f l ight again i n  
t h e  trad it ional sense.  

"You can hear the primary jets f ire ,  
and  you can  see  them in  front. But you 
don't hear wind no ise .  

''You don 't notice the change from 
the jets to the aerosu rfaces;  it's very 
s u bt l e " .  

'When w e  g o  subsonic, at about 60,000 
feet or so, we take over manual ly,  f lying it 
around the heading al ig n m ent circle all 
the way to touchdown.  That way, when 
you get to the landing phase, you're in  
tune with  the vehicle.  You 're aware of  its 
respo n s es" .  

"The sh uttle has an autoland capabil­
ity bui lt in, but it h as n ever been tested. 
Early in  the programme,  we looked at a 
possible test of it, b ut the concern is that 
if it errs close to the ground,  there's noth­
ing you can do to take over. Say it made 
an error at 50 feet from touchdow n ,  you've 
got a pilot who had been in  orbit five days, 
done the entire landing on autopilot and 
suddenly had to take control . In an u n pow­
ered veh ic le ,  he'd essent ia l ly  be h e lp­
less. There wouldn't be t ime to m ake a 
proper correct ion .  Try ing to take over 
s u d d e n l y  w i t h o u t  g ett i n g  u se d  to t h e  
vehicle first would b e  difficu lt. T h e  ten­
dency would be to overreact. 

"On first l a n d i n g s ,  al most everyone , 
notices a sort of tim e  compression.  The 
events seem to happen faster than they 
did in  the s imulator or in  the S huttle Train­
ing Aircraft The ST A i s  very accurate in 
d u p licat ing the s h utt le> ,  so your land ing 
feels very much the same ;  you feel l ike 
you've done it b efore. The time com pres­
sion is probably due to anxiety, because 
it doesn't seem to happen the second time 
you land". 

"The shuttle goes through "mach buf­
feti ng" as it goes subsonic. it's a shaking 
kind of l ike a car going down a gravel road, 
due to air transitioning from supersonic 
to subsonic flow over the wings, and it  
lasts about 1 0 to 15 seconds". 

"I've flown 747s and the KC-1 35, which 
are big airplanes. I n  them, you have a 
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. Concrete runway 2 �  looms out o f  STS·G pilot Karol Bobko's forward window during the ·
final approach 

of the arbiter Challenger at fabled Edwards Air Force Base NASA/Space lnformatton Canada 

certa in  lag in t h e  responses.  But  the  
sh uttle fl ies more l ike a fighter than a b ig  
airplane. You know you are  flying a large 
aircraft, but the controls are positive and 
c r i s p " .  

· "You don't get m u c h  o f  a sensation of 
descent u nti l  you drop the nose on final. 
The approach pattern is much different 
than a fighter, carrier approach or  any­
thing else. I n  the sh uttle ,  you h ave no 
power, and most of the t ime you're con­
stantly decelerating.  On the outer gl ide 
slope to the runway, you m ai ntain a con­
stant speed of 290 knots by opening and 
c los ing the speed b rake. You feel the 
speed brake take hold and you feel the 
drag i n  generaf'. 

On its final approach to the runway, the 
s h u t t l e  d e s c e n d s  seven t i m e s  m o re 
steeply than a com mercial airl iner. lt is 
dropping from the sky 20 t imes as fast. 
Less than 2,000 feet above the runway, it 
pul ls up to reduce its angle of descent to 
just sl ig htly less than that of an airl iner. 
Its final m anoeuvre before touchdown is 
a slight flare upward of the nose, to slow 
it even more and al low a gentle easing 
down of the nose landing gear after the 
m ai n  gear has touched Earth. 

"You don't feel the f inal flare . The only 
big difference on touchdown is between 

the lakebed and t h e  concrete ru nway. 
Rollout on the runway is m uch smoother. 
The lakebed is pretty rough.  

"If you br ing it to touchdown right, you 
hardly notice it. it's smoother than a land­
ing i n  a commercial jet.  

'When it was first being designed, they 
said the sh uttle was going to fly every two 
weeks.  60 m i s s i o n s  a year.  That was 
obviously far too optim istic. I f  you could 
simplify the turnaround,  reduce the care 
and feeding,  then that would be a big help. 
But I don't consider today's fl ight rate any 
type of a drawback to the vehicle, simply 
becau se there i s  n ot h i n g  else l i ke the 
sh utt le,  nothing else that can do what it 
can do. 

"lt is being a part of a team that accom­
p l i s h es a miss ion t h at you remember. 
That's the whole t h i n g .  You take it in 
steps. You are proud of your part i n  it; you 
are proud of your crew; you are proud of 
everyone that worked on the flight; and 
you are proud of the whole team that made 
the shuttle perform. When you walk away 
and you're all done, that's what you re­
member and that's what really makes you 
feel good". 

1--------------·-
Additional Photographic research by Joel 
Powell of Space I nformation Canada. 
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Cracked 1Hinges' Postpone STS-39 
Delays Mean One Less Mission In 1 99 1  

S h uttle m i s s i o n  STS-39 has been 
del ayed beca u s e  of cracked 
' h inges'  o n  the orbiter D i scovery. 
The Shuttle has been rolled off the 
l a u n c h  pad a n d  retu rned to t h e  
Orblter Processing Facil ity f o r  re­
p a i r s .  D i s covery ' s  m i s s i o n  h a s  
been postponed u ntil late-Apri l o r  
early-May. T h e  Space Sh uttle Atlan­
tls will be launched In  early April, as 
o rig inal ly  p lanned.  

T h e  cracks were found on t h e  hinge 
m e ch a n i s m s  of D i scovery 's  u m b i l i c a l  
doors w h e r e  propel lant l ines f r o m  t h e  
external tank enter the arbiter. T h e  doors 
are closed after the tank has separated 
to protect the u m bi lical opening from the 
heat of reentry. The arbiter would almost 
certainly be destroyed if the doors fail to 
s e a l .  

Each door has tw o  hinge mechanisms 
that consist of a system of bel l  cranks and 
push rods operated by e lectromagnetic 
actuators. While the Sh uttle is attached 
to the tank, the doors are latched open 
flush against the arbiter's belly. Almost 
i m mediately after ET separation the 50-
inch square doors are com m anded to 
close by the pilot. lt takes approximately 
24 seconds for the doors to shut. Three 
latches on each door e n s u re that the 
doors are ful ly sealed.  Microswitches 
confirm that the doors are closed. 

The closure mechanism is tested in  the 
Orbiter Processing Facil ity (OP F) before 
each mission but the hinge mechanisms 
are not examined.  

"The cracks are up inside the struc­
ture ," said Bob Sieck,  Sh uttle Lau nch 
Director. " l t  is the kind of area that you 
wouldn't go to in  a normal routine inspec­
t i o n . "  

The damaged hinges were not found 
until after Discovery had been moved to 
pad 39A and then only  by chance.  A 
launch pad worker was install ing a 'purge 
curtain' around the u mbil ical door open­
ing when he noticed s o m eth i n g  s u spi­
cious and alerted engineers. 

D eta i l e d  i n s p ect ion reve a l e d  two 
cracks, one on the aft hinge of the right 
hand door, the second on the forward 
hinge of the left hand door. The two-inch 
cracks are located on a lug that supports 
part of the door hinge m echanism. 

NASA faced three options: Discovery 
could be lau nched 'as-is', repairs could 
be made at the pad or the Shuttle could 
be returned to the OPF where the cracked 
lugs could be replaced. 

lt soon became clear that a repair on 
the pad was u n l ikely .  With Discovery 
m ated to the External Tank, access to the 
h i n g e s  is d i ffi c u lt .  A l s o ,  i f  the h i n g e  
mechanism was d ism antled t h e  doors 
would req u i re testi n g  to confirm they 
would close. The doors can only be cycled 
open and closed when the Shuttle is in  a 
horizontal position in the OPF. 
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• Center l ine latch System 
locks D oors in  Open Position. 

• Drive System Opens 

latch 
Mechanism 

• D oors Open and Supported 
at Hinges and Centerl ine  
latches 

• D oors Closing and 
C enterl ine  latches 
Retracted 

• D oors Closed Before 
Entry and RTlS Abort 

S h uttl e m a n a g e rs were l eft with a 
straight choice: fly as-is or roll back. They 
had plenty of t ime to analyse and discuss 
the problem because Discovery could not 
be rolled off the lau nch pad until an OPF 
bay became vacant. 

Meanw h i l e  STS-39 l a u n c h  pre para­
tion s  conti n u e d .  The Ter m i n al Cou nt­
down Demonstration Test was performed 
on February 19 and 20 as a full dress 
rehearsal for launch.  The seven m an 
crew were aboard Discovery for the final 
hours of test, which concluded with a 
s i m u l ated main  engine cut-off at 1 6 :09 
GMT on the 20th. 

While they were at the launch site , the 
astronauts examined the cracked hinges 
and later reviewed the engineering data. 
Afte rward s ,  M i ss i o n  c o m m an d e r  M i ke 
Coats was said to be 'comfortable' to fly 

with the cracks. However, the engineer­
ing com m u n ity was divided. 

S m a l l  fatig u e  cracks had also been 
found on three of the four hinges on Co­
l u m bia.  The cracks were m uch smaller 
than those on Discovery .but a picture was 
beginning to form . 

T h e  fatig u e  cracks were caused by 
ope n i ng and closing the doors during 
ground operations ,  said Dan G ermany, 
m an a g e r  of the S h utt l e  off i ce at t h e  
Johnson Space Center. 

"A s m al l  crack i n itiat ion starts ," he 
expl a i n e d .  "T h e n  with  a n y  parti c u lar  
overload that m ig ht occur ,  that crack 
tends to open up like what we are seeing 
now [on Discovery]." 

During Discovery's lifeti m e  its umbili­
cal door hinges had been cycled between 
70-80 times, Germany said. NASA is now 
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looking at making the hinge lugs stronger 
so they can better cope with the stress. 

'We did not expect to see the 'starter 
cracks' in  this particular mechanism with 
this small number of cycles," said Ches­
ter Vaughan,  Shuttle c h ief engineer  at 
NASA Headquarters. 

However, e n g i n eers were optim istic 
that Discovery could fly as-is.  They be­
lieved that the cracked hinges would work 
normally because the mechanism is not 
under stress when the doors close in zero 
g ravity.  

D u ri n g  tests i n  t h e  OPF, Columbia's 
d oors were s u cc e s s f u l l y  o p e n e d  a n d  
closed with t h e  hinge mechanism modi­
fied to si m ulat e  a total fai l u re of the 
cracked l u g .  Also, r u b b i n g  with i n  the 
cracks o n  Discovery ind icated that the 
doors were cycled after the cracks oc­
c u rr e d .  

"From a n  e n g i neering standpoint w e  
·
feel reasonably comfortable that t h e  doo( 
would do its job in  a zero gravity environ­
ment," Vaughan told a press conference. 

Cause of Overload Main Concern 
However, what was really concerning 

Sh utt le  e n g i n eers and m a n ag ers was 
how the hinges had been overloaded to 
force the small fatigue cracks open. 

As engin eers searched through D is­
covery's records they found an incident 
that NASA Associate A d m i n i strator for 
Space F l ight ,  Or W i l l i a m  Le n i o r ,  d e­
scribes as "highly s:.�spicio u s". Dur ing 
preparat i o n s  for STS-3 9 ,  D i scovery's 
left-hand external tank door was acciden­
tal ly com m a n d ed to close whi le  it was 
latched open . A loud crack was heard but 
workers were not ov"lr-alarmed because 
cracks are freq u ently h eard when the 
doors are closed. 

"Our analysis says that event had the 
potential to overload [the lug] if a fatigue 
crack had already formed," Lenior said. 

In the case of the right-hand door there 
is no clear explanation how the hinge was 
over loaded.  D u ri n g  preparat i o n s  for 
STS-4 1 , the u m bi lical doors were p re­
vented from c l o s i n g  w h e n  a n ut was 
c a u g h t  in t h e  h i n g e  m e c h a n i s m .  But  
NASA does not  bel ieve that that incident 
caused enough force to crack the l u g  
o p e n .  

l t  was this u nknown factor that finally 
led Shuttle managers decide on February 
27 to postpone Discovery's mission. 

"The analysis says [the hinge mecha­
nism] is OK and it wil l  work," said Len ior. 
"But none-th e-less, not knowing what it 
was that broke these, leads us to the con­
clusion that prudence calls for us to roll 
back and fix it." 

· 
Lenior said the decision to roll back 

Discovery proYes that the system set u p  
after t h e  Challenger accident works. 

''This is one of those real challenging 
cases," he said. 'We are safety orien­
tated - whenever we have to err we are 
going to err on the safe side. If think that 
most of us came to the conclusion that we 
were walking right on that fine l ine and 
g iven that we conclude we are walking on 
that f ine l ine we must take a step on the 
safe side." 

However, Lenior went on to say that if 
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there was some critical reason for the 
Shuttle to be launched as soon as pos­
sible he wou ld not have hesitated to fly 
Discovery in its present condition.  

The decision to roll Discovery back to 
its hangar was not u nanimous. lt is re­
ported that as late as February 26, senior 
Shuttle managers voted eight to six in 
favour of proceeding with the mission. 

Discovery was rolled back to the VAB 
on March 7 and was to be returned to the 
OPF on March 1 4. lt will spend two weeks 
in the O P F  whi le  its cracked lugs are 
replaced with lugs take n from the new 
arbiter Endeavour. The arbiter will then 
be rol led back to pad 39A. 

Col u m bia's c racked lugs have been 
removed and returned to the supplier for 
r e p a i r s .  

Cracks Found o n  Atlantis 
lt was thought that Atlantis was free of 

cracks u ntil just prior to its roll over to the 
VAB w h e n  dye p e n etrat ion a n d  
borescope i n spection s  revealed starter 
cracks i n  two hinge lugs. The cracks were 
m u c h  smal ler  than those on Discovery 
a n d  C ol u m bi a .  NASA d e c i d e d  to g o­
ahead with Atl ant is '  m i s s i o n ,  s a i d  
spokesperson Lisa Malone, because the 
cracks would pose "no threat to vehicle 
performance, either on the ground or in 
f l i g ht ."  

the c racked lugs o n  Atlantis wi l l  be 
repaired after the mission. 

Atlantis was moved to the VAB on 
March 8 and attached to its External Tank 
and Solid Rocket Boosters the following 
day. Atlantis arrived at launch pad 39B on 
March 1 5. 

The lau nch remains targeted for the 
end of the first week in April but  there is  
no contingency time left in the schedule 
said NASA spokesman Ed Campion.  A 
firm launch date will be set at the Fl ight 
Readiness Review on March 26 and 27. 

Six Flights In 1 991 
D iscovery's m ission wi l l  be delayed 
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almost two months. 
"Th ere are going to be so me down­

stream e ffects from this ,"  said S h uttle 
director Bob Crippen. "11 is going to im­
pact us with at least the loss of a mission 
this year." 

As this issue of Spacefllght went to 
press NASA managers were sti l l  discuss­
i n g  a rev i s e d  m a n ifest .  A prov i s i o n a l  
schedule for p a rt  o f  1 99 1  reads a s  fol­
l ow s :  

Early April - STS-37, Atlantis with the 
Gamma Ray Observatory. 
Late Aprii/Early May - STS-?CJ ,  Discov­
ery with the IBBS/SPAS and AFP-675. 
Late May - STS-40 ,  Col· • m bia with the 
Spacelab Life Sciences laboratory. 
July/August - STS-43, Atlantis with the 
T racki n g  a n d  Data R e l ay Sat e l l i te 
( T O R S - E ) . 
Mid- S eptember - S T S-4 8 ,  D i scovery 
with the Upper Atmosphere Research 
Satel l ite (UARS) .  

A number of  factors have i nfluenced 
the schedule. First, after STS-40, Colum­
bia is being flown to Rockwell I nterna­
t i o n a l ' s  P a l m d a l e  fac i l ity for m a i nte­
nance and inspection. lt will not be avail­
able again u ntil mid-1 992. Secondly, the 
UARS deployment is being treated as a 
p r i o rity m i s s io n .  S c i e nt i sts want  the 
spacecraft to  study depletion of  the ozone 
layer  over two wi nters .  B e ca u s e  the 
spacecraft has a lifeti m e  of 18 months it 
is essential that the launch takes place 
before this winter. 

Or Lenior noted one advantage of this 
new Shuttle 'shuffle'. 

'We will be launching in near nu meri­
cal order," he told a press conference. 

With mission STS-34 followed by STS-
33, 32, 36, 31 , 41 , 38 & 35, many journal­
i sts h av e  j o k e d  t h at N A SA's S h uttle 
n u m be r i n g  system is d e l i b e rate l y  de­
signed to confuse the press and public. 

Bob Crippen was quick to add that the 
return to near 

·
n u merical order was purely 

'by accident' !  
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Yuri 'Gagarin 's Immortal . Day 
Thi rty years ago, on April 1 2, 1 961 , 
Soviet A i r  F o rc e  p i l ot Y u r l  
Alekseyevlch Gagarln,  r id ing atop 
a p owerful b o oster rocket, I n side 
the Vosto k  spaceship .develo ped by 
C h i ef D e s i g ner Sergei  Pav l o v l c h  
Korolev, ascended i n t o  l o w  Ea rth 
o r b it .  

After a s ingle orbit of  the Earth Ga­
garin landed in a ploughed field. The 
first ever manned space mission and 
a great boost to Soviet science and 
techno logy i n  the eyes of the world 
e n s u red  that Gagar i n e ntered t h e  
ranks o f  t h e  immortals .  

I n  the intervening years many facts , 
once h idden by the  Soviets i n  the i r  
des i re  to keep m uch of the i r  space 
programme secret, have surfaced. At 
first the Soviets ordered Gagarin to l ie 
about the fact that he  had ejected ,  as 
planned,  from the descending space­
craft . The des ign  of the s pacecraft 
itself was not revealed unt i l  1 965. The 
design of the rocket was unveiled in 
1 96 7 .  

Despite many sensational contem­
porary stories  of cosmonauts be ing  
stranded and dy ing  i n  orbit, or return­
ing to Earth in  a mental ly unbalanced 
state and other fates, it is now estab­
l ished that Gagarln's fl ight was the first 
attempt by the Soviets to launch  a 
manned spacecraft . 

One thing that has not altered is the 
perception of a young pilot who risked 
his life to pave the new frontier for hu­
m a n i t y .  

Gagarin ,  b y  a l l  accounts , was a man 
of h u m i l ity who u n derstood his feat 
and was proud of it but remained a real 
hu man being. He was a young hus­
band and father of two gir ls. The So­
viet media made m uch of h is commu­
nist credentials. Countless books and 
f i l m s  have been made wh ich  g lorify 
h im and the achievement of that day in 
1 96 1 . 

T h e  h i story of t h e  Vostok pro­
gramme has been written elsewhere in 
a far more detai led manner than can 
be dealt with here and the reader is 
referred to those texts. Th i rty years 
after the events of April 1 2 , 1 96 1 , 
however, we can tel l  the story of the 
flight of Yuri Gagarin as i t  really hap­
p e n e d .  

Crew Selecti on 
Gagarin was chosen from an in itial 

batch of 20 candidates who began to 
report to their training cam p in March 
1 960. Six were chosen from this group 
to train intensively for the first manned 
fl ight i nto outer space. They were: Yuri 
Gagari n ,  G e r m a n  T i tov , Gregori 
N e l y u bov,  A n d rian N i ko laev,  Pav e !  
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·
Gagarin's VostoK rocket is moved into the vertical position on the launch pad. 

By Neville Kidger 

Popovich and Valeri Bykovski. 
The small  group was chosen after 

the Vostok s imulator had been bui lt on 
the understanding that it would be too 
t ime-consuming to train all the candi­
dates in the group. The s imulator in­
structor was test pi lot Mark Gal le i .  

Gagarin was the first to volunteer to 
try out the spherical Vostok capsule .  
By al l  accounts , Gagarin was the over­
whelming choice of the group of can­
didates to make the fi rst fl ight. In a pol l ,  
on ly t h re e  oth e r  names were s u g­
gested by the cosmonauts as candi­
dates for the first mission. 

Vostok Flight History 
The Vostok spacecraft made sev­

eral f l ig hts before the f i rst man ned 
launch, with a mixture of success and 
fai l u r e .  

T h e  f i rst Vostok spacecraft 
launched on  May 1 5 , 1 960 ,  had no 
thermal coating, no parachute system 
and no ejection seat mechan i s m .  l t  
was l a u n c h e d  to test f l i g h t  contro l  
systems and was not intended for re­
turn to Earth.  However, t he  space­
craft's infrared sensor fai led and the 
spacecraft was oriented with its brak­
ing nozzles downwards.  The braking 
system,  when it was activated ,  fired 
the spacecraft into a higher orbit. 

The second Vostok, launched Au-

gust 1 9, 1 960, landed safely with the 
first l ive specimens flown into space 
and returned to Earth . These were two 
dogs - B elka (who  vomited on the 
fourth orbit) and Strelka, two rats, 28 
mice and a swarm of pomace fl ies. 

The th ird mission, launched on De­
cember 1 ,  1 960,  fai led to return safely 
to Earth w h e n  t h e  b raki n g  syste m 
malfunctioned and the craft burned up 
i n  the  atmosph ere .  The test animal 
aboard became the first to die during 
reentry from a space _ mission. 

Three weeks later a Vostok was in­
volved in a launch fai lure. The descent 
section of the craft was safely sepa­
rated and the  an i mals aboard sur­
v ived . 

The next launch was on March 9, 
1 96 1 . The craft carried a dog, Cher­
nushka, and an anthropometric man­
nequ in  which h e ld cages with rats,  
m i ce and t issue and m icroorganism 
samples attached to i ts chest, stom­
ach and legs .  The f l ight lasted 1 1 5 
m i n u tes . 

Despite the s u ccess of that f l ight 
Korolev ordered one more test of the 
syste m .  

Death of the Youngest Cosmonaut 
J ust two days before that fl ight the 

youngest of the cosmonauts, Valentin 
Bondarenko, was ki l led in an acciden­
tal fire i n  the isolation chamber. Bon­
darenkG was completing the 1 0-day­
long test when a cotton bal l he was 
using to wipe off electrode adhesive, 
soaked in alcohol ,  fell on to an electric 
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stove. The oxygen in the atmosphere · 

caught fire and Bondarenko was en­
gulfed i n  flames.  

His woo l l e n  trai n i n g  s u it ab laz e ,  
Bondarenko tr ied t o  exti ngu i sh  th� 
flames h imself but, by the t ime help 
from outs ide was able to reach him, he 
was badly burned. Bondarenko died in 
hospital later that n ight from extensive 
b u r n s .  

Final Unmanned Mission 
The launch of the final u nmanned 

Vostok, on March 25, 1 96 1 , was wit­
nessed by the six cosmonauts train ing 
for the first manned fl ight The manne­
qu in ,  a dog - Zvezdochka and other 
b iological objects were the  passen­
gers on the fl ight .  

At a M oscow press conferen ce 
three days later Dr .  O leg G azenko 
held aloft the dogs , Chernushka and 
Zvezdochka, for the benefit of the  
Soviet and Fore ign  journal ists gath­
ered in the hall .  In the front row, ig­
nored by the journal ists , sat Gagari n ,  
Titov a n d  other cosmonauts. Gagarin 
m u st h ave p o n d e re d  that t h e  n ext 
press conference in  the hall would be 
his own .  

Vo sto k-1 Pre-Fl i g ht 
The dec is ion to lau nch a manned 

Vostok spacecraft was taken by the 
Soviet govern ment on Apri l 3. Cosmo­
nauts not inc l uded in the group  of six 
were de p loyed to  vari o u s  g ro u n d  
measurement centres throughout the 
U S S R .  

O n  April 5 the group o f  six were flown 
to the cosmodrome.  Also in the fleet of 
three planes were N ikolai Kaman i n ,  
the head o f  the train ing detachment, 
Dr. Evgheni  Karpov, the cosmonaut's 
doctor, other medical men and cam­
eram e n .  

Leav i n g  h i s  fam i ly  b e h i n d  i n  
Moscow, Gagarin l ied to h is wife and 

. :·: .. : ;:. ·: ,:: : :. : ... 
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Gagarin's TV image appears on screens in the flight control centre. 

told her the f l ight was schedu led for 
April 1 4  so that she would not worry too 
much before the actual date. 

On Apri l 7 the cosmonauts tried on 
spacesu its and tested themselves i n  
t h e  actua l  Vostok s pacecraft . T h e  
craft was t o  weigh 4, 725 kg. 

On Apri l 8 a State Com mission ap­
proved Yuri Gagarin as the pri me can­
didate for the fl ight, with German Titov 
as h is  reserve . 

During a later meeting of the Offic ial 
State Commission, Gagarin was m id­
way throug h  a statem ent when  the  
official cameraman ran out  of  fi lm .  He 
had to repeat the  whole  state ment  
again for  the  benefit of the cameras! 

Th-e carrier rocket with Vostok-1 
atop was rol led out· to the launch pad 
on April 1 1  and slowly erected to the 

vert ical . Gagari n and T itov saw the 
rocket on the pad. By 2200 Moscow 
Time, with electrodes on their bod ies, 
the two cosmonauts were asleep. 

A secret medical monitori ng experi­
ment was conducted by biolog ist Vla­
d i m i r  Yazd ovsk i  w h e n  h e  attached  
strai n gauges  to the i r  mattresses to 
mon itor i f  the men tossed and turned. 
However, they had a peaceful  sleep, . 
Koro lev ca l led at the smal l  cottag e 
during the night to check up on the cos­
m o na u t s .  

Final test o f  t h e  carrier rocket on the 
pad began at 0300 MT. Elsewhere, the 
other cosmonauts were at their posts 
s o m e  4 h o u rs before t h e  p lanned  
launch o f  the spacecraft. 

A model of the Vostok spacecraft in which Gagarin made his historic orbtt of the Earth. 

Gagari n and Titov were woken at 
0530 MT. The men  were presented 
with a bunch of early wild flowers by Dr. 
Karpov. The flowers were a gift from 
the woman who l ived in the cottage i n  
which they had slept Breakfast was 
food from a tube. 
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At 0600 MT they were briefly exam­
ined by doctors and sensors were at­
tached to their bodies. The men then 
put on their orange space suits. Titov 
was first to bE:! dressed because the 
doctors did not want Gagarin to over­
heat in the suit because the only power 
source for the  fans was in the bus  

CENTRE PAGES 
Vostok-1 blasts oH from the Baikonur Cosmodrome 
on April 1 2, 1961 carrying the first man into space. 
Yuri Gagarin. 
TOP INSERT: Yuri Gagarin is pictured in his orange 
pressure suit prior to launch. 
CENTRE INSERT: A Vostok capsule is prepared 
for launch. 
LOWER INSERT: A Vostok descent capsule, 
charred by reentry, l ies in a field. 
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A triumphant Khrushchev welcomes Gagarin back to Moscow. 

which would take them to the· launch 
pad . 

Titov sat behind Gagarin i n  the bus 
whi le the other cosmonauts told jokes. 

On arrival at the launch pad Gagarin 
del ivered a brief report to the Chair­
man of the State Commission . .  After 
final embraces Gagarin strode up the 
steps of the launch gantry to the l ift. He 
turned and waved to the crowd below. 
lt was a 2-3 minute ride to the apex of 
the rocket in the l ift .  

With a f i lm crew also i n  the crowded 
gantry Gagarin was aided i nto the seat 
of Vostok by an engineer and observed 
by Aleksei lvanov, the senior designer 
of the Vostok craft. Gagarin switched 
on the radio system at 071 0 MT, mo­
ments after be ing fastened into the 
spacecraft. I n  the two hours before the 
lau nch Gagarin spoke with Korolev, 
Kaman i n ,  future cos m onauts Pop­
ovich and Leonov and various f l ight 
control lers. The tape of this two hours 
is preserved .  
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I n  conversations the g rou nd  was 
referred to as "Zarya" (Dawn) and Ga­
garin by his call-sign "Cedar". 

During this period the hatch of the 
spacecraft was opened again for en­
gineers to check a warning indicator 
which had not registered the closing of 
the hatch .  This required the engineers 
to unscrew the 30 nuts which secured 
the hatch.  lvanov later admitted that 
when Korolev rad ioed to reveal the 
lack of ind ication from the sensor his 
"blood froze". 

After final checks on the hermeticity 
of the seal , lvanov and h is three engi­
neers left the Vostok just 30 minutes 
before the launch was scheduled. 

Gagarin req uested that music be 
piped to h im during the final hour of the 
countdown and reported sl ight vibra­
tions from the lowering of the scaffold­
ing around the rocket. 

Ten minutes before launch Gagarin 
reported that his helmet was closed. 

Korolev, i n  the central control bun-

; -
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ker, used a rad io to commun icate with 
Gagarin .  There was a red telephone 
which he cou ld  use to order the auto­
matic ejection of the cosmonaut from 
the  rocket. On ly  Koro lev ,  Sem enov 
and Voskrenski had the code word for 
that emergency activity. 

T h ree m i n utes before l a u n c h ,  Ga­
garin's pulse reached 1 09 beats a minute. 
He reported to Korolev that he was in  a 
good mood and ready for the launch. 

Flight of Vostok-1 
At 0907 (al l  t i m e s  are Moscow 

Time) the Vostok rocket lifted off from the 
pad. The tape recorded Gagarin saying 
"Off we go," as the ascent began . Within 
seconds he reported that there was only 
a sl ight noise in the cabin and that every­
thing was proceeding normally. 

In the next minutes he reported that 
vibrations and g-loads were normal. He 
felt the cessation of thrust from the first 
stage, the four l iquid-propellant strap-on 
boosters, and t h e i r  separation .  T h ree 
mi nutes after launch the !airing covering 
the spacecraft separated.  Gagarin re­
ported seeing the Earth clearly through 
the porthole of the spacecraft. He could 
see rivers and the folds of the terrai n. 

091 2 .  The central core of the carrier 
rocket had ceased to provide thrust and 
was discarded. Gagarin radioed that he 
felt the ign ition of the third stage. During 
the powered leg of the fl i g ht his pulse 
reached 1 50 beats per m inute. During the 
ascent  G ag a r i n  r e p o rted h e avy c loud 
cover  over  the E a rth ' s  su rface but he 
could see mountai ns and forests intermit­
t e n t l y .  

During t h e  ascent there was a tempo­
rary break i n  t h e  co m m u n i cat ion l i n e  
w h i c h  c a u s e d  c o n ce r n  i n  t h e  control  
c e n t r e .  

Kon stanti n Feoktistov later recalled 
that "such breaks considerably shorten a 
de s ig n e r' s l ife". 

092 1 . Gagari n  reported that staging 
had take n place and that he was now 
weightless. He said that he felt f ine and 
cheerful but complained,  however, that 
the i nternal TV l ight was too bright for him 
to see much.  But he did report that he 
could not see any stars out of the wi ndow. 
The sunl ight was also very harsh.  

The orbit of Vostok ranged from 1 8 1  km 
to 327 km with a period of 89.34 minutes 
and an inclination of 64.95 degrees. 

Gagarin's attem pts to write down his 
observations i n  a notebook fell victim to 
the new state of weight lessness.  After 
jotting down an observation he let go of 
the penci l  which , althoug h  su pposedly 
secu red by a l e n gth of strin g ,  floated 
away and was lost - the string had come 
undone. He had to record his observa­
tions on tape . from then on. 

0926. Gagari n  reported that he was 
experi encing no u n pleasant effect� of 
w e i g ht l e s s n e s s .  D e sp i t e  a c l ockwise 
rotation of  the craft he was able to report 
that the flight contin ued "marvel lously". 

0947. Gagarin transmitted a report on , ·  
the condition of the spacecraft. Two min.­
utes later he reported that he was in the 
Earth's shadow. On Earth Boris Volynov, 
a future cosmonaut, was confused at the I 

SPACEFLIGHT, Vol .  33, Apri1 1 991 



new term "in the shadow of the Earth". 
0957. As the spacecraft flew over the 

A m e ri c a n  cont i n e n t  G a g a r i n  t h o u g h t  
about h i s  contemporaries i n  t h e  Ameri­
can astronaut corps. The Mercury Seven,  
a long with the rest  of the worl d ,  were 
unaware of the flight of the Soviet cosmo­
naut .  

0958.  Moscow R a d i o  reported t h at 
Gagarin was in orbit. 

1 006. Gagarin reported that he could 
now see the Earth's horizon . H e  said it 
was a "very beautifu r' rainbow from the 
top of the Earth downwards. By now he 
said that he could see stars through the 
porth o l e .  

1 009: 1 5 . T h e  spacecraft passed i n to 
sunl ight again. Gagarin watched the Sun 
rise through his porthole and reported the 
operation of the solar orientation system . 
He said that it was possible to orient the 
c r aft. 

1 01 8. Gagarin gave a status report on 
the pressures of the fuel tanks. 

- I  

1 024. Gagarin gave a report on pres­
sures a n d  t e m p e ratures.  T h e  internal  
temperature of Vostok was 20 degrees C. 
humidity 65.  Retro-fire was one minute 
away. 

Gagarin used aii ejection seat simi lar to this to leave his capsule. 

• 

1 025. The retro rocket system.  fired and 
Vostok was brought down from orbit. The 
descent cabin,  in which Gagari n was lain, 
separated from the i n stru m ent s ection 
and the descent cabin was enveloped in  
a plasma sheath . On Earth , Korolev and 

his team awaited the news lhat signals 
had been received from the descending 
c raft.  

Finally, the signals were received and 
the celebrations began. 

At an altitude of 7 km and a speed of 220 

Gagarin is pictured here during training with Vladimir  Komarov. Gagarin was the Komarov's back-up 
for the il l-fated Soyuz 1 mission. After an apparently normal lift-off on April 23, 1 967, the Soyuz space­
craft malfunctioned and Komarov 'lost his l ife when he attempted an emergency reentry. A year later 

. Gagarin himself was killed in an air �rash. The ashes of both men were place in the Kreml in waiL 
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metres per second t h e  parachute opened 
pushing Gagarin into his seat. The hatch 
of the cabin was explosively jettisoned 
shortly afterwards and two seconds later 
Gagarin was blasted clear of the descent 
cabin in his ejectable seat. 

The seat fell away from the cosmonaut 
fo u r  k i l o m etres above the E arth and 
Gagarin continued his descent under his 
own parachute and emergency l ife sup­
port system .  The main parachute system 
of the descent module opened at the same 
altitude_ The cabin cam e  to rest a few 
dozen m etres from a deep ravine. 

1 055. Yuri  Gagarin landed in  a field 
some 26 km south-west of the town of 
Engels in  the Saratov Region, not far from 
the vi l lage of S m e l ovka. In h is  orange 
flight suit he approached a woman and · 

l ittle girl with a calf. The cosmonaut was 
asked if he came from space and Gagarin 
replied "As a matter of fact, I have". 

On that day a wooden post with a plaque 
was erected on the spot where Yuri  Ga­
garin had landed. 1t said s imply: 

" D o  not R e m ove ! 1 2 . 04 . 1 96 1 , 1 0 :55 
Moscow T i m e". 

Altho u g h  it was l ater replaced by a 
smal l  ston e  obel isk t h i s  h i storic post 

. served to tel l  the world that a new era had 
· begun.  One man had flown into the Cos­

m o s  a n d  ret u r n e d .  W h i l st m a n  has 
reached the Moon and wi l l  reach distant 

' planets on future days there wil l  never 
again be another day like April 1 2 ,  1 961 . 
On that day h u m an ity left the cradle in 
which it  was born. 
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Ambitious Repair 
Planned for 1993 
Shuttle Mission 

In  June 1 990, NASA announced that 
the Hubble Space Telescope (HST) 
could n ot be focused pro perly be­
cau se its 2.4 metre pri mary mirror 
had b e e n  m a n ufactu red t o  t h e  
wrong shape. After their i n itial dis­
may, a stro n o m ers a n d  e n g i n eers 
turned thei r attenti o n s  to fixing the 
orbiti ng observatory. I n  August the 
D i recto r o f  the S pa c e  T e l e s c o p e  
Science I n stitute (STScl) ,  Or R i c­
cardo G i a c c o n i ,  f o r m e d  t h e  H ST · 

Strategy Panel to identify ways of 
restoring the telesco pe's capabi li­
t i e s .  The p a n e l ' s  re p o rt recom­
mends a fi x that ca n be accom­
pl ished during the scheduled 1 993 
Sh uttle visit to Hu bble. The plan is.  
am bitious but if s uccessfu l the tele­
scope's fo ur scientific i n struments 
wi l l  perform as ori g inal ly planned. 
Spaceflight was briefed o n  the rec­
o m m e n dati o n s  by R o bert B rown 
the panel's eo-Chairman. 

Astronom ers and e n g i neers real­
ized that there was a proble m  with the 
images of the HST shortly after it was 
launched in April 1 990. The q ual ity of 
the images fai led to improve despite 
attempts to adju st the alignment of the 
optics. NASA concluded i n  June that 
t h e  HST pr i m ary m i rror had b e e n  
manufactured with the wrong shape.  
Compared with the desired prof i le ,  the 

The expected H S T  appearance star i mage. 
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' 
in f993 the Space Shuttle will return to the Hubble Space Telescope and atie m pt an a mbitious repa1r 
of the observatory's faulty optics. NASA/Smithsonian lnstitution/Lockheed Corporation 

edge of the mirror surface is too low by 
0.002 mm. NASA convened an inves­
tigatory board in  July 1 990 under Dr 
Lew Alien ,  which reported in Novem­
ber 1 990 how the error probably oc­
curred. In  late 1 980 or early 1 98 1 , a 
technician had improperly assembled 
a measuring device used to figu re the 
pr imary m i rror .  Tho u g h  tests at the  
tim e  indicated a problem the  warning 
was not heeded and the  HST was 
asse m bled  and  lau n c h e d  with t h e  
flawed m i rror. 

The d eform ity of the HST m i rror 

An actual HST star image. 

causes  s p h er ica l  aberrat ion  in the 
images. This means l ight  rays come to 
a focus at d ifferent distances depend­
ing  on the  rad i u s  at wh ich  the rays 
strike the m irror. Light from the edge 
of the pri mary mirror comes to a focus 
about 38 mm beyond where the inner­
most rays converge.  The centre of a 
star image seen by the telescope in 
visible i ight was expected to have a 
core rad ius of 0 . 1 arcsec containing 
about 70 per cent of the l ight. However, 
with spherical aberration only 1 5  per 
cent of the l ight fal ls with in  the core , 
the  re mai nder is spread about in a 
complex halo of radius 3 arcsec. 

Despite the problem,  the telescope 
is acco m p l i s h i ng good s c i e n c e  b ut 
many crucial investigations - including 
many of the orig i nal justifications for 
HST - are on hold unti l  the problem is 
s o l v e d .  

Engineers now bel ieve they under­
stand the optical problem well enough 
to des ign a h igh·ly effective optical 
cprrect io n .  

Soon after the spherical aberration 
was d i scovere d ,  NASA a n n o u n ced 
that the new instru ments be ing devel­
oped cou l d  be fitted with corrective 
optics to coml)ensate for the problem. 
The first of those instruments wou ld be 
the Wide F ie ld/P lanetary Camera 2 
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(WF/PC-2) ,  schedu led for launch i n  
1 993, followed in  1 996 b y  a n  i nfrared 
i nstru m e n t  cal l e d  N I C M O S  and  a 
spectro m eter cal led STIS .  Unfortu­
nately,  the  E u ropean Space Agency 
does not have the funds  to b u i ld  a 
modified Faint Object Camera, one of 
the telescope's most i mportant instru­
m e n t s .  

I n  August the STScl  formed t h e  HST 
Strategy Panel to review the various 
options for ful ly recovering the capa­
bi l ity of the telescope in the shortest 
poss ib le  ti m e .  

The 1 7- m e m b e r  P an e l  rev iewed 
almost 30 proposals for  the Hubble fix. 
The pan el  l ooked at each option to 
determ ine the risk to the observatory, 
the feasi b i l ity of manufacture and if 
spacewalk ing astronauts cou ld  per­
form the repair in orbit. 

The STAR d u m m y  axial 
instru m ent box 
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"We looked d e p I o y 
at s o m e  so lu- those  op-
t i o n s  t h at had t ics i n  front 
astro nauts d o i n g  o f  t h e  axial i n-
t h i ng s  l i ke g o i n g  stru m e nts . "  
down inside the  tube The con-

. of the telescope, bolting cept is  to adapt the 
things to the front of the tele- �":":"'---�1i[fi"::i;:· ex ist i ng  S pace Te le-
scope a n d  a l l  k i n d s  of c razy scope Axial  R e place m e nt 
th ings," said Robert Brown. (STAR),  a d u m my axial  i n stru ment 

COSTAR 
After examining al l the options the 

Panel made a u nanimous recom men­
dation to NASA late last year. Robert 
Brown expla ined:  

"Our  idea was to bui ld a box that 
looks jus t  l i ke a rep lacem ent i nstru­
ment but i ts only function would be to 
carry ind ividual corrective optics up to 
the telescope ahd then on com mand 

that wou ld have been instal led in  the 
telescope had one of the science in­
stru ments not been ready for launch. 
Known as COST AA (Correct ive Op­
tics STAR) , the box wou ld be modified 
to c�rry corrective optics for th�ee of 
the four  axial i nstru ments. 

The pian has one drawback. To in­
stal l COST AA one of the exist ing axial 
i nstru ments m ust be removed . 

'We al l  agreed that if one had to be 
taken ou t  to acco m modate th is  fix , 
then it should be the H ig h  Speed Pho­
tom ete r (H S P) , " B rown to ld  
Spaceflight. " i t  carri es  less  of the  
scientific burden than the  other  three 
[i nstruments] and it is a very s imp le in­
stru ment  and was the l east expen­
s i v e . "  

Once COSTAR has b e e n  insta l led i n  
t h e  t e l e s c o p e , a foot- l o n g  opt ica l  
trench wou ld  be ext e n d ed above t h e  
ax ia l  i n st r u m e nts . T h e n ,  c o r r e ct i v e  
optics wou ld  b e  rotated i n to posit ion 
over the  apertures of the three re main­
i n g  a x i a l  i ns t ru m e n t s ,  n a m e l y  t h e  
Faint Object Camera (F OC) ,  t h e  Faint 
Object Spectrograph · ( FOS) and the  
H igh Resolut ion Spectrograph (H AS).  

The HST Strategy Panel  presented 
its recom m endat ions to NASA in N o-
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The Space Shuttle rendezvous with the Hubble Space Telescope in  orbit The solar arrays and other 
appendages will be stowed before it is placed in the payload bay. Lockheed 

also the problem with the telescope's 
solar arrays. Temperature changes 
cause the arrays to f lex when the tele­
scope crosses the term inator between 
n ig ht and day. These osci l lations are 
passed on to the telescope affecting 

• 0 I ' ; � .. 
e e 

its po int ing accu racy. The Panel is  
reco m mend ing  that So lar  Arrays be 
replaced d ur ing the 1 993 servic ing 
m is s io n .  

The Panel has also suggested im­
prov e m e nts  to  e n hance  the tele­
scope's  po int ing performance i n  the 
coarse track mode. The n ecessary 
m easures can be taken on the ground. 

"Th is is someth ing that we can start 
working on now and we gave a strong 
reco m m e n dation  that we shou ld do 
so," said Brown.  "lt i s  basically a plan 
to improve one element of the coarse 
track performance to be able to lock on 
fai nter gu ide stars with nearly as good 
pointing as we g et out of f ine lock." 

Brown said it was very important to 
be able to acqu ire fai nt stars for gu id­
ance because many of the most inter­
esting astronom ical targets are at h igh 
galactic latitudes where there are very 
few g u ide stars . 

"The only stars that are there are 
fai nt ones," he explained.  "You have 
got to be able to lock on to faint gu ide 
stars and the problem i n  the pri mary 
mi rror has made it so that the gu idance 
system is not as sensitive as it was 
expected to be." 

Th ree S pacewalks Planned 
A record breaki ng three spacewalks 

are p lanned for the 1 993 serv ic ing 
m iss ion .  D u ri n g  t h e  fi rst EVA (Extra 
Vehicu lar Activity) the two astronauts , 
designated EV-1 a�d EV-2 , wi l l  begin 
by replacing a Rate Sensor U n it (RSU) 
that fai led late last year. 

The WF/PC i nstrum ent wi l l  be re­
moved by EV-2 standing on the Ma- 1 
n ipu lator Foot Restraint (M FR) at the ' 
end of the S hutt le 's robot arm . Next, 
the te l escope wi l l  be  rotated on  its 
s u pport s t r u ct u r e  a n d  both  crew 

vember last year and received a fa­
vourable react io n ,  s ays Brow n .  The 
space agency conducted a rapid one 
month study of the concept to, as they 
out i t ,  'check there were no boulders in  the road' .  A second study was con­
ducted by Ball Aerospace. 

"[Those stud ies) said there was no 
definite impediment to it [and] a green 
l ight was given to proceed with the next 
level in design,"  Brown said. 

The new generabon WF/PC instrument wil l  be fitted with corrective optics and installed in the telescope 
in 1 993 N A ,<:.A I. I PI  

NASA estimates that COST AR wil l  
cost in the region of $20-30 mi l l ion .  
The space agency has not yet made 
the  f inal  decis ion to go-ahead with 
COSTA R .  

W F/PC-2 
The COST AR concept wou ld  n ot 

help the Wide Field/Planetary Camera 
(WF/PC} so the HST Strategy Panel 
recom mends NASA proceed with its 
existing plan to install corrective op­
tics in the new WF/PC-2 instrument. 

The panel  also recommends  that 
NASA fix the pointing capabi l ity of the 
t e l e s c o p e .  

" l t  does not make any sense t o  re­
pair all the optics and restore the ba­
s ic  opt ical performance of t h e  te le­
scope if  we do not g et the po int ing  
problems fixed," said Brown.  

Some of these poi nt i n g  prob lems  
are related to the  m i rror bu t  there i s  
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members wi l l  remove the HSP instru­
m e nt .  I m m ed iate ly  afterward s t h e  
astronauts wi l l  i n stal l  t h e  COSTAR 
box i n  i ts p lace. Whi le the astronauts 
stow t h e  HSP the  te lescope wi l l  be 
rotated 90 degrees so the empty WF/ 
PC compartment  once agai n faces 
forward . V ideo cameras wi l l  be set  up 
looking thro u g h  the  com part m e nt to 
record the deployment of the COST AR 
optical bench . In the event of a mal­
function it may be possib le for the EVA 
crew to i ntervene to extend the bench 
m a n u a l l y .  

O n c e  COSTAR i s  successfu l ly  i n  
place t h e  astronauts wi l l  remove WF/ 
PC-2 from its launch  conta iner  and 
install it i n  the telescope. 

The second  EVA i s  ded icated to 
replacement of the two solar panels 
with new arrays that wi l l  not osci l late 
when the telescope crosses from night 
to day. 

Each solar array is instal led on  the 
HST by means of a Marman (or man­
acle) clamp and three sets of ganged 
e l ectri ca l  co n n e ctors . A porta b l e  
grapple fixture wil l  be instal lecj on the 
array so i t  can be removed by the 
Remote Man ipu lator System (RMS) 
arm . The e lectrical connectors are 
broken and the loose cables secured. 
Then the Marman clamp is opened and 
both EVA crew members gu ide it i nto 
the RMS end effector, pre-positioned 
a few i nches away. The RMS is used to 
move the array to a temporary stow­
age location .  The new solar array is 
then removed from the so lar array 
carrier  us i ng  th e same operatio n s ,  
wi th  t h e  R M S  p os i ti o n i n g  i t  a few 
inches away from the open Marman 
clamp and latches on the telescope. 
The reverse actions are used to i nstal l  
i t .  

S u bs e q u e nt ly  th e  H S T  wo u l d  b e  
rotated o n e  h u ndred a n d  e ig hty de­
grees , and the process completed on 
the second so lar  array. This replace­
ment of the awkwardly s ized arrays is 
made easier by the RMS. but it can be 
done without one,  albeit more slowly . 
There should be ample t ime during the 
s ix-hour EVA, especial ly if the RMS is 
ful ly fu nctional ,  to replace the arrays . .  
I f  s u ff i c i e n t  t i m e  re m ai n s ,  re p lace­
ment  of  one or both of the two Engi­
neering and Science Tape Recorders 
could be completed . These u nits are 
located i n  Syst e rr  S u pport M o d u l e  
equipment bays and are installed us­
ing four  bolts engaging keyhole slots 
and three electrical con nectors . 

If necessary , the th ird EVA would 
first clean u p  any "left-overs" fro m  the 
fi rst two spacewalks. Also it may be 
necessary to perform some i nternal • 

modifications to the FOG .  The com­
plexity of this task is bel ieved to be · 

comparab le  to that of replac i n g  the  
Coronagraph-Polari m eter Main  E l ec­
tronics Box on the Solar Max sate l l ite 
s u ccessfu l l y  acco m pl i s h ed on m is-
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·One o f  the telescope's solar arrays i s  removed b y  the Shuttle's robot arm . a.4e 
sion STS 4 1 -C .  

On completion of  th is  work the HST 
wil l  be grappled by the RMS for deploy­
ment.  Once the u mbi l icals and latches 
b etwee n  the HST and t h e  serv ice  
structure have b e e n  re l eased , t h e  
observatory would be manoeuvred to 
t h e  appendage deploy posit ion  and 
the  solar arrays and H igh  Gain An­
tenna deployed. During this operation 
the EVA astronauts wi l l  remain i n  the 
payload bay in  case manual i nterven­
tion is  required .  Once the appendages 
have been successfu l ly deployed they 
can return to the crew cabin and the 
telescope wi l l  be released to continue  
i t s  m iss ion .  · 

Form e r  astronaut Bruce  M c Can­
d less  s e rv e d  o n  t h e  H S T  Strategy  
Pan e l .  McCand less  worked  o n  t h e  
tele�cope project for a lmost a decade.  
He advised the pane l  on  what could 
and could not be done by a space 
walki ng  astronaut .  

"Bruce gave us  a lot of confidence 
that we could do al l  the th ings that n eed 

to be done on  that servicing mission," 
said Robert Brown . "The beauty of it is 
that each of the operations is  some­
th ing that the astronauts have always 
planned and practised to do." 

Robert Brown is confident that the 
repair wi l l  work. 

"Th e  beauty of  t h i s  so lut ion com­
pared with the  oth er ones is that it 
compart m e ntal ises the risk," he ex­
plained. "Each of the four  optical cor­
rections is i ndependent. If [COST AR] 
did not provide any benefit [it] could 
always be retracted . 

"Also it does not i nteract at al l  with 
WF/PC-2 . So in the worse case say it 
went in and did not do anyth ing,  you are 
no worse off than you were . 

" If  NASA moves ahead with this they 
have the option on the fi rst revis it to the 
te:escope i n  1 993 to recover al l  the 
capab i l i t ies that were degraded by 
s p h e rica l  aberrat i o n .  T h e n  we  are 
back on  track and we can pick up the 
rest of the 1 5  year program m e  at that 
p o i n t . "  

These artist's i mpresssions demonstrate how the astronauts wil l  replacE' various Hubble components 
dur !nrl the servicinQ missions L o c k h e e d  



NASP As An American Orphan: 
Bureaucratic Politics and the Development of Hypersonic Flight 

C. ontrary to the statements from the r 
u s  Department of Defe n s e  (000) 
that the primary reason it does n ot 
back the National  Aeros pace Plane 
(NASP) p ro g ra m m e  Is beca u s e  
NASP h a s  n o  mission, NASP I s ,  I n  
fact, a tec h n o l o g y  deve l o p m e n t  
programme n o t  I n  search of a mis­
sion but one I n  search of a h o me. 
S i n ce NASP's i ncepti o n  a s  a pro­
g ramm e to develo p the tec h n o l o­
g i e s  n e c e s s a ry for h y pe rs o n i c  
f l ight, a maj o r  stumbl ing b lock has 
been its fai l u re to acquire a compat­
ible bureaucrati c sponsor. Neither 
the m i l ita ry services n o r  the Na­
t ional  Aero na utics and Space Ad­
m i n i strat ion (NASA) h ave who le­
heartedly adopted NASP as a prior­
ity programme, given what they see 
as other more pressing needs. 

NASP Backgro u n d  
Origi nal ly a smal l ,  (approximately 

$5 mil l ion per year) applied research 
and deve lopm e nt programme man­
aged by the Defense Advanced Re­
search Projects Age n cy (DA P RA) ,  
NAS P began to  run i nto troub le  i n  
1 988. I n  1 986 overall responsibi l i ty for 
the program me had been transferred ,  
earl ier  t h a n  orig i nal ly planned ,  from 
DAPRA to the Air Force , to become a 
joint programme with NASA on an ap­
proximately 80-20 split of funding and 
with a Joint Programme Office (JPO) 
estab l ished at Wrig ht-Patterson Air  
Force bas e in O h i o .  A l thou g h  the 
transfer had ostensibly been made to 
ensure more orderly, programme de­
velopment, many felt that the transfer 
had actually been done to slow down 
t h e  work w h i c h  had been accom­
plished by  the enthusiastic, to  some an 
over-zealous ,  programme director at 
DAPRA, Robert Wil l iams. lt is through 
such bureaucratic manoeuvres that 
p rogra m m e s  opposed for vari o u s  
reasons can be severely constrained 
and even destroyed.  

I n  1 986 President Ronald Reagan 
chose to include the programme in  h is 
annual State of the Un ion address. In 
that speech,  the sti l l  young technology 
development  program m e  was trans­
formed into the "Orient Express," an 
airplane which would transport people 
from Tokyo to New York in  less than 
two hours. This approach immediately 
placed the programme u nder i ntense 
scrutiny as one Which would have to 
yield s izable publ ic benefits if it was to 
j u st ify t h e  larg e i n crease i n  pro­
gram me funding n ecessary to tal<e the 
p rogra m m e  fro m basic researc h  
through development and into opera-
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l ion . To many,  the programme then 
appeared as one desig ned more to· 
produce yet another r ich man's toy 
rather than a h igh technology pro­
gramme which would yield NASP-de­
rived vehicles (NDVs) , the most imme­
diate and essential purpose of which 
would be to provide on-demand ac­
cess to space,  for therein lay NASP's 
real importance and justification .  

Currently, the Un ited States is to­
tal ly  d e p e n d e nt on t h e  s h utt l e  for 
manned access to space.  Th is  was 
one of the problems of the US space 
programme cited in the recently re­
leased Augustine Commission Report 
on the Future of the US Space pro­
gram m e .  S o m e  spec i f ic  p ro b l e m s  
which stem from relying on t h e  shuttle 
are d iscussed later but even including · 

expendable launch vehic les (ELVs) , 
t h e  c u rrent  cost-per-po u n d -to-orb i t  
figure is estimated to be over $4000. 
At that price it is no wonder that the 
"commercial i sation of space ," touted 
in t h e  early 1 980s ,  has b e e n  
downplayed o f  late, i f  not forgotten i n  
a l l  b ut t h e  com m u n icat ions sate l l ite 
field , which has been well established 
since the 1 960s . 

By contrast, NAS P  wou ld provide 
cheap, re l iab le ,  and easy access to 
space , as wel l as technologies that 
would not only add to an overal l de­
fence tech nology base but he lp  to 
maintain US leadersh ip  in tech nolo­
gies critical to the aerospace industry,  
s h ow i m portant b e n ef its to  a w ide  

spectrum o f  high tech industries and 
p r ovid e  revo lu t ion ary methods of 
transportat ion ;  civi l ian , m i l itary and 
space-oriented.  Possessors of such 
technologies, it is argued,  wil l lead the 
way i nto the next century. Those who 
do not will be left behind .  

Since 1 988, NASP has had to fight 
for its ex ist e n c e .  Ori g i n al ly ,  most 
scepticism centred on the difficu lties 
posed by the advanced technologies 
req u i red .  M ore recent ly ,  however, 
after many of the most difficu lt tech­
nologies had been proven feasib le ,  
NASP has been a victim of bureau­
crat i c  po l i t i cs .  A l tho u g h  s ign if icant 
factions in  both NASA and DOD sup­
port NASP,  the official DOD position 
since 1 989 has become increasingly 
hosti le .  Shortly after coming into of­
f ice,  Secretary of D efense Richard 
C h e n ey can ce l led  t h e  NAS P  pro­
gram me and although this was later 
revoked by President Bush ,  on the 
advice of the National Space Counci l ,  
the decision as to whether or not to 
bu i ld  an X-30 prototype,  which was 
orig inal ly to be made i n  1 990 if the 
requ isite technolog ical readiness had 
been demonstrated , was deferred to 
1 993. Programme stretchouts of this 
type are typical of long-term , risky 
high-tech projects and almost inevita­
bly result in the same politicians who 
instigate and agree to the delays later 
coming back to q uestion programme 
managers why the programme has 
cost more than original ly projected .  

The reasons why neither NASA nor 
DOD suppor) NASP provides a classic 
study in bureaucratic politics. Pol itical 
sc i e n ti sts h ave l o n g  estab l i shed  
(Grah am A l l ison ' s  1 97 1  study Es­
sence of Decision being a seminal 
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work) that bureaucrac ies o perate 
with i n  fair ly fixed parameters .  Each 
organisation does certain things wel l ;  
therefore , solutions  to problems get 
defi ned i n  terms of those preferred 
solutions. I f  the problem crosses the 
boundaries of several agencies, each 

. deals with the problem in the context 
of its particular interests and al:)illties. 
The broader perspective has to be 
furnished by some outsider, usually a 
superior such as the President. The 
"Orient Express" s peech alone was 
insuffic ient to guarantee programme 
support and longevity since the neces­
sary fol low-up d i d  n ot occur, The  
Adminstration had other, more imme­
diate po l i t ical  d i ff i c u lt i es ,  po l i t ical  
program m e  pr iorit i es  (such as t h e  
Strategic  Defense I n it iative) and t h e  
typical e nd-of-ad m i n i strat ion  s l ow­
down that occurs as t ime runs out. 

The rationa les  b e h i n d  t h e  argu­
ments used by NASA and DOD/the Air 
Force are both iron ic and frightening 
in the clear refusal to look beyond an 
immediate · budget year or evaluate the 
impact of the i r  dec is ions  for later  
years . Short-term cons iderat ions  
driven by  the  budget crisis have come 
to dominate decis ion makers to the 
point that important choices that may 
foreclose the future are made haphaz­
ard ly .  

The Shuttle, The Name o f  the 
Game for NASA 

NASA has ,  by and large, staked its 
bureaucratic future on the shuttle ,  a 
gamble that has largely consumed its 
fiscal resources and the energies of its 
management team. As a resu lt ,  NASA 
has l ittle interest or motivation in spon­
soring a potential rival lau nch system . 
The  m ost  touted s u ccessor pro­
gram mes from NASA's perspective 
are, effectively, l i near extensions of 
the shuttle: specifically the Advanced 
Manned  Lau n c h  Syst e m , (AM LS) , 
once known as Sh utt le  1 1 ,  and the 
u n m a n n e d  cargo vers i o n  of t h e  
shuttle ,  Shuttle-C. Yet with the Bush 
Ad m i n i st rat ion  pr i or it i es  c learly fa­
vouring the S pace Stat ion and the 
Space Exploration I nitiative (SEI) ,  the 
chances of NASA receiving funds to 
deve lop these  s u ccessor veh ic les  
seems remote. The i ron ic  aspect i s  
that, without new launch vehicles, the 
viabi l ity of these o!her i nitiatives is in  
serious quest ion due to lack of l ift 
capacity of the present shuttle fleet.  

The political realities of ·he shuttle 
prog ra m m e  h av e  ove rb u rd e n e d  
NASA to the  po i n t  that oth e r  pro­
gram mes have b e e n  sacr if i ced to 
s u pport its cont i n uat io n .  l t  takes 
twelve thousand  peop le  to l a u n c h  
each s hutt le .  Pol it ical ly ,  that trans­
lates into twelve thousand jobs , which 
constitutes the single largest com mit­
ted constituency that NASA has, and 
one that cannot be ignored even when 
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that number is viewed from the per­
spective of the  result ing extrem ely 
h igh economic cost per  lau n ch ,  ap­
proximately $4700 per pound to orbit. 

NASA has optimistically projected a 
min imum of twelve shuttle launches a 
year for the foreseeable future but 
has ,  i n  fact, averaged four  a year over 
the  course of the programme.  That 
average includes the hiatus caused by 

NASA has optimistically 
projected a minimum of 

twelve shuttle launches a 
year for the foreseeable 
future but has, in fact, 

averaged four a year over 
the co_urse of the 

programme. 

the  Chal lenger tragedy. Bu i ld i ng  the  
Space Station Freedom ,  even scaled 
down but on schedule, wi l l  consume all 
available shuttle fl ights, leaving virtu­
ally no excess l ift capacity for other 
needs .  Nor  d o  NASA's proj ecti ons  
envision or, at least, publicly contem­
plate the operational loss of another 
s h u tt l e  wh ich , based o n  stat i st ical  
averages, is  a h igh probabil ity evert i n  
the opinion of  some analysts . 

For these reasons, NASA is not i n­
terested in pursuing the development 
of a hyperso n ic tec h n o logy w h i c h ,  
potentiC!IIy, could alleviate t h e  bottle­
neck posed by the shuttle in its pres­
ent operational  environm ent.  NASA, 
l i ke  many oth e r  organ i satio n s ,  ap­
pears to have fal len i nto a pattern in  
which a current technology dominates 
its v is ion al most to the  excl us ion of 
other alternatives. An indication of the 
exten t  of t h e  pro b l e m  co m es fro m 
physicist James van Alien,  quoted as 
saying of NASA Admin istrator Admiral 
Richard Truly that "he hardly notices 
what else is going on in  the agency 
besides the shuttle" [1 ] .  Learning how 
to develop and successfu l ly  operate 
NASP would involve an entirely differ­
e n t  set of orga n i sat iona l  ref lexes . 
Despite its ongoing problems, NASA 
is comfortable ,  even in its discomfort, 
with the shuttle .  Change disrupts well 
· settled routines and pol icy decisiors 
allocating resources and responsibi l i­
ties with in  the agency, so it is best to 
let sleeping dogs l ie .  Such an attitude 
is a major factor why external groups 
ar-e. beg i n n i ng to m ove away fro m 
NASA toward other launch options :  
NASA is seen as lacking the  necessary 
flexibil ity to adapt to its new environ­
m e n t .  

T h e  hypersonic, in  t h e  eyes o f  NAS.A 
and the Air Force, also suffers from the 
"not-i nve nted-h ere" syndrome ,  refer­
r i ng  to t h e  p re m i s e  that the  p ro-

gram m e  was n ot. conceptual ised or 
originated in-house. This is a defin ite 
strike against  any programme,  and 
especial ly for one orig inated i n  one 
agency and then  transferred to an­
other. Thus ,  for reasons specif ic to 
NASA, NAS P does  n ot fit i n to the  
age n cy's fu tu re i n  a n y  m ea n i n gfu l  
way. Th is  neg lect , ben ign  or oth er­
wise,  contrasts to several potential 
civi l ian rivals in the space launcher 
business s uch as those of the Japa­
nese, Germans and French who ani) 
aggressively pursuing the hypersonic 
option .  Therefore,  in the American 
context, the hyperson ic is likely to be 
developed successfu l ly on ly if backed 
by the  Department  of Defense and,  
more specifical ly ,  th e U n ited States 
Air Force. 

Is NASP a Plane? Air Force 
Res i sta n c e  

By 1 985 Robert Cooper, then  direc­
tor of DAP RA,  and Robert Wi l l iams 
had won over the then White House 
science advisor George Keyworth,  re­
gard ing  the potential of hypersonic 
f l ight.  Both real ised that th is would not 
be enough and that OAPRA did not 
have the resources to go it alone. 

Cooper told Wil l iams he would have 
to bu i ld  a coal it ion of su pporters at 
NASA and at Defense - NASA had an 
ongoing role in aeronautical research 
and Defense had a big budget and an 
air force. 

The key to winning Defense was 
winning over the Air Force, since a 
space pla n e  would logically fall 
under its domain [2]. 

Orig i nal l y ,  u n d e r  Gasper 
Weinberger, support was strong both 
with in the Air Force and the 000, cul­
m i n ati n g  with t h e  u n fortu nate ly  
worded annou ncement o f  the  National 
Aerospace Plane project by President 
R eagan .  Th i ngs began to go astray 
when ,  i nternal ly ,  it became evident 
that NASP was going to requ ire a sig­
nificant commitment in the Air Force 
budget and when the attitudes of top 
A i r  Force a n d  O O D  off ic ia ls  were 
swayed by alternative arguments. 

Now, Air Force interest in  the NASP 
programme appears uneven at best. 
This is partial ly a function of the "not 
invented here" syndrome and partially 
a function of a reducing budget. One 
project which seems to be usurping Air 
Force i nterest  in NAS P i s  the Ad­
vanced Tactical F ighter (ATF) . Fu l l  
scale development of ATF is expected 
to y ie ld approx imately $ 1 3 b i l l ion i n  
contractor awards ,  com pared to the 
$3 . 3  b i l l i o n  est i m ated cost for  the  
NASP tech nology development  pro­
gram me. lt is estimated that $2 bi l l ion 
annually over ten years would be suf­
ficient funds for an operational fleet of 
six N OVs; compared to the $4 bi l l ion 
spent an nually to keep the shutt le fleet 
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of three operational .  
A l th o u g h  t h e  u n certa i nty of  t h e  

NASP t i m etab le  a n d  X-30 d eve lop­
ment  costs seems to bother  the  Air  
Force and DOD, i t  apparently does not 
bother them i n  relat ion to the ATF, a 
m o r e  trad i t io n a l  p r o g ra m m e .  A i r  
Force G e n era l  R o b e rt H e rr e s  was 
quoted as say i n g ,  in  re lat ion  to the 
A T F :  

I 've a lways won dere d {ab o u t) 
people in our bureaucracy that lay 
out sch edules for research, devel­
opm e n t, tes t a n d  e valua tio n 
activities . . .  We 're about to go o u t  
a n d  do s o m e thing we 've n e ver 
done before, yet  we 're s upposed to 
know exactly when we're going to 
b e  finished with each phase and 
what it 's going to cost. {3] 

But then ,  aga i n ,  ATF i s  an i n -house Air  
Fo rce project .  

The dynamics of normal A i r  Force 
progra m m e  d eve lopment  have also 
pbyed a role  in the  Air  Force's u n even 
response to NAS P .  From B i l ly 1\il itchel l  
through the present, the Air  Force has 
focused m uch of i ts attention  on some 
version of  the man n ed bomber. 

On the  oth er hand ,  t he  Air Force has 
long des ired to break NASA's lock on 
manned space fl ight. Air Force efforts 
d ate  back to i ts  p ro p o s e d  M a n - i n ­
Space-Soonest (M I S S) program m e  i n  
1 958 and  the Dyna-Soar programm e  
(based on Dr. E u g e n e  Sanger's work 
in wart i m e  G er m a n y ,  w h i c h  n ow 
serves as the fou ndat ion for German 
hypers o n i c  efforts ) .  Dyna-Soar was 
actual ly funded at low-levels between 
1 957-59.  NASP would provide the Air 
Force with access to th is  long sought 
after pr ize, as it is currently configured 
with a cockpit seating  two people s ide­
by- s id e .  

I n  NASP's favou r  i s  the fact that it 
provides an ongo ing role for the Air 
Force.  As a service that grew o ut of an 
o lder  estab l i s h ed m i l itary o rgan isa­
t ion , the Air  Force is sens itive to poten­
t ial claimants to its rol e .  I f  for no other 
reason  t h a n  ear l i e r  h i s tor ica l  ex­
amp les ,  the  A i r  Force is extrem ely  
consc io u s  o f  t h e  dangers of  be i ng  
def ined as obsolete. The Air  Force i s  
not present ly badly off bu t  t he  leading 
edge of technological s u periority is  a 
tenuous advantage easi ly lost. Th is  is  
a fact that keeps the Air Force very 
s e n s i t ive  to p o s s i b l e  t e c h no log ica l  
short-fal l s ,  i n cl u d i ng the hyperson ic  
are n a .  

T h e  publ ic  resu lts o f  th is  internal Air 
Force d i l emma h ave been confus ing  
at  best. Fi rst was the statement about 
NAS P made by General Lawrence A. 
Skance, com m ander of the Air Force 
Systems Com mand ,  that: 

We are talking about the speed re­
sponse of an ICBM and the flexibil­
ity and re callability of a bomb er, 
packaged together in a plane that 

can s cramble, get into orbit, and 
change orbit so that  th e Sovie ts 
ca n 't g e t  a rea ding acc ura te 
enough to shoot at it.[4] 

Then there have been more recent, 
and repeated, statements by Defense 
Secretary Cheney and Air Force Sec­
retary David Rice, supported and en­
couraged by the DOD Off ice of  Pro­
gram me Analysis and Evaluat ion Di­
rector David C h u ,  that the Air  Force 
has no m iss ion for NAS P - state ments 
support ing the cancel lat ion of the  pro­
g ra m m e .  

Another  factor i n  the  hyperson i c  
e q u at ion  i s  t hat dec is ions  are b e i n g  
m a d e  i n  t h e  context o f  massive up-

In NASP 's favour is 
the fact that it provides 

an ongoing role for 
the Air Force. 

heavals in i nternat ional pol i t ics which 
are creat ing real u ncertai nty concern­
ing al l  d efence spend i n g .  Age nc ies  
such as the Air  Force strugg le  to pro­
tect what cr i t ical  assets t h ey have,  
with long-term fu ture projects oft e n  
deferred a s  part o f  that fight ,  on  t h e  op­
e rat ive  ass u m pt i o n  t h at t h e  e n ti re 
i s s u e  can be readdressed  at some 
future date , an assu m pt ion wh ich  may 
be erroneous  i f  techno logy d eve lop­
m ent moves fast enough and s uccess­
fu l  development occurs e lsewhere. 

The U nited States has assumed that 
NASP tech nology is too val uab l e  to 
share with others . Accord ing  to aero­
space i n d u stry ana lyst  Wol fg a n g  
D e m i s c h ,  

"space planes repre s e n t  cutting­
e dge technology, which th e US 
would be reluctant to share. If (the 
Japanese) put up some money and 
get all our advanced technology in 
return, that wo uld not be a good 
deal". {5] 

But the reverse m ust be ass u m ed to 
be also true. Whether it is an al ly or a 
potential rival , the successfu l  hyper­
s o n i c  d eve loper  w i l l  be u n l i k e l y  to  
prov ide ass istance except at  a h i g h  
pr ice , e i ther  pol i t ica l ly or  econo m i­
cal ly.  And there are other cou ntries not 
only forg ing ahead, but looking to do 
so i n  some i nterest i n g  co l laborative 
ventures .  Brit ish Aerospace and t h e  
Soviet  M i n fstry of Aviat ion  I n d u stry 
are u ndertaking a study to assess the 
feas ib i l ity of  la�nch ing a rocket-engi­
ned vers ion of the Brit ish  entry i n  the  
hypersonic sweepstakes ,  t h e  HOTOL 
(Horizontal Takeoff and Land ing Ve­
h ic l e ) , f ro m t h e  Antonov  A n -2 2 5  
heavy- l i ft transport ,  t o  create a low­
cost  sate l l i te  launch  syste·m . Japan 
has been reviewing hypersonic tech-

n ology progress with the · Eu ropean 
Space Agency (ESA) for several years 
with an eye toward s  eventual collabo­
rat i o n :  

Tota l ly  dropp ing out of t h e  hyper­
son ic  b u s i n e s s  m ay n ot be a v iable 
option ,  g iven that the  val u e  placed on 
the  technology that i s  bei ng  deve loped 
in conj u nct ion wi th t h e  NAS P .  A lso ,  
b e caus e , re l uctant as so m e  people  
are to ad m it i t ,  at som e point  t h e  U n ited 
States wil l clearly be in need of a suc­
c e s s o r  to t h e  s h u tt l e .  S l ow i n g t h e  
p ro g ram m e  to  a c rawl wou l d  be  far 
more pol it ical ly typical and palatabl e .  
M eanwh i l e ,  however ,  c o m p et itors i n  
t h e  hype rso n ic deve lopment  process 
are movi n g  forward i n  a s te ad y b u t  
t horou g h  fas h ion . 

Potentia l  U s e s  of Hypers o n i c  
Te c h n o l o g y' 

Since part of t h e  i s s u e  is whether  
s uffi c i e nt ly i m portant hyperson ic  m is­
s ions exist for the  Air Force o r  Navy , 
w e  w i l l  b r i e f ly s u m m a ri s e  p o t e n t i a l  
m iss ions that h ave b e e n  ide ntif ied i n  
oth e r  foru m s .  

Accord ing  t o  a 1 988 study from t h e  
G e n e ra l  Acco u n t i n g  Off ice (GAO) a 
hyperson i c  c r u i s e  a i r p l a n e w i t h  s u s ­
tained  cru i se  capab i l i ty betw e e n  Mach 
5 and 1 4  could have s ign if icant appli­
catio

"
ns ,  inc lud ing a 

(a )  hyperson i c  a i rp lane  to carry out 
i n te rd ict ion , reco n n aissance ,  s u r­
ve i l l ance ,  a n d  prec is ion  target i ng  
and weapons g u idance m i ss ions ;  

(b)  hypers o n i c  bom ber for strateg ic  
bomb ing  operations ;  and 

(c) hypersonic transport for strategic 
a i r l i ft m iss ions .  
Accord ing  to  NASP programme of­
f i c i a l s ,  an aeros pac e  p l a n e  d e­
ployed at just six bases around the 
world (on the east and west coasts 
of the U n ited States, in Alaska, on 
Guam,  and on the  Brit ish posses­
s ions of Diego Garcia in the I n dian 
Ocean and Ascension Is land i n  the 
South  At lant ic  Ocean)  cou ld  de­
p loy anywhere i n  the world in  45 
m i nutes or less and be with i n  no 
m ore than a 4 ,000-nautical m i le  
range of a recovery base .  Th is  
capabi l ity is  not possible with cur­
rent  ai rcraft . 

( d )  A s i n g l e-stag e-to-orb i t  space 
lau nch veh ic le  cou ld  a lso have im­
portant Air Force and Navy m ission 
appl ications such as 

. ( i )  h i g h  alt itu d e  recon naissance 
( i i )  d eployi n g ,  s e rv i c i ng ,  repair i ng  

a n d  • retr i ev i n g  c o m m •J n ica­
t ions ,  survei l lance,  navigation , 
warn i n g ,  a n d  weath er  sate l ­
l i tes  i n  low earth orbit . 

A more recent study has been car­
ried out by a National Research Coun­
ci l  (N RC) c o m m itte e o n  a contract 
between the Air Force and the National 
Academy of Sciences entit led Hyper-
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sonic Technology for Military Applica­
tion. Six poi nts were raised i n  the 
section reviewing  findings and recom­
m e n datio n s :  

( 1 ) Hyperson ic  a ircraft tec h n o logy,  
in association  with air-breath ing 
propu l s io n ,  offers potent ia l ly  
large  i n creases in  s p e e d ,  
he ight and ran g e  o f  m i l itary 
a ircraft and  m ay enable  or  
exten d  i mportan t  Air  Force 
m is s io n s .  

(2) Operat ional hyperson ic  air­
craft w i l l  n e ce ssar i l y  have 
very large turn ing rad i i ,  and 
usefu l  m iss ions  t herefore re­
q u i re g loba l  or n e ar-g loba l  
ran g e .  

( 3 )  C ryo g e n i c  f u e l s  are necessary .  
Stu d i es of h y p e rs o n i c  a i rc raft 
m is s i o n s  s h o u l d  t h e refore i n ­
c l u d e  a carefu l  exam i nat ion of 
t h e  base s u p po rt req u i r e m e n t s  
which they i mply. 

( 4 )  The s implest class of hyperson ic  
cruise vehicle would f ly  up  to  Mach 
number 8. 

(5) The m ost att ractive potent ia l  A i r  
Force m iss ions  i nvolve · f l ight  to 
orb i ta l  or n e a r-orb i ta l  s p e e d s  
above t h e  sensible atmosphere. I n  
contrast to ba l l ist ic m iss i les  and  
satel l ites. They also offer flexible 
reca l l ,  . en ro u te red i rect ion  a n d  
return t o  base .  

(6 )  Sustained hypersonic f l ight in the 
atmosphere between the two ex­
tremes of (4) and (5) present ma­
jor techn ical difficult ies. Problems 
of surface heati ng ,  thrust,  vehicle 
stabi l ity and control ,  i nfrared sig­
n ature,  ai m i n g ,  and weapon re­
lease could m ake any potential 
m i l itary advantage in this speed 
range u n l i ke ly .  

The above p o i n t s  are � m p ortant  
because they i l lustrate the potentiali­
ties and the prob l e m s  of  t h e  NASP 
option ,  whereas the earl ier GAO re­
port is more focused on potentia l .  At 
some po int ,  the space m iss ion  wi l l  
have to  be clearly de l ineated in terms 
outs ide of the a m b it of Earth-based 
strategic m issi les.  NASA may be the 
log ica l  cho ice and the Air  Force, or 
some n ew organ isat ion ,  m ay be  in­
v o l ve d .  

T h e  comm erc ia l  aspects o f  N DVs 
need also be  cons idered .  J PO as­
s u m es a fleet of six veh ic les ,  each 
capable of 25,000 lb to low Earth orbit 
(LEO) avai lable by 2004 at a cost per 
pou nd to orbit of not m ore than $300.  
Such N DVs w o u l d  b e  capab le  of 
launching 75% of payloads presently 
l isted in the National M ission Model .  
The remainder could be l ifted by an 
occas ional  sh utt le  lau n c h ,' o r  more 
preferably by a heavy l i ft vehic le such 
as the Adva n c e d  lau n c h  System 
(ALS). These heavy l ift vehicles would 
be used as little as possib le but  could 
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also f i l l  in  t h e  event of a n  N DV fleet 
standdown due  to un foreseen prob­
l e m s .  

C o n c l u s i o n s  
T h e  po l i t ics  assoc iated w i t h  t h e  

hypersonic program me are both i nter­
national and domestic i n  scope. 

In this article we have looked primar­
i ly at the US domestic scene,  where 
the hypersonic is regarded as an ex­
pens ive research and deve lopment  
program me in  a fiscal environ ment be­
com i n g  i ncreasi ng ly  austere in o ut­
look. Because of the bleakness of th is 
f iscal p icture,  t he  NAS P program me 
m ust obtain the  backing o f  a strong bu­
reaucrati c  actor. That is  c learly the 
mi l itary (especially the Air Force) un­
less NASA dramatical ly changes i ts 
v iew of the shuttle ,  a programme that 
n ow domi nates the agency's qudget 
and th ink ing .  

At a October  1 99 0  i nte rnat i o n al 
h y p e rso n ic confere n c e  i n  Or lan d o ,  
Flor ida, NASA Deputy Ad m i n i st rator 
J .R .  Thompson said :  

I b e lie ve s o m e  de riva tive o f  th e 
National Aerospace Plane will be our 
primary people carrier to space and 
will follow the Space Shuttle to trans­
port men and wom e n  to space s ta­
tions, to repair satellites, and to ren­
dezvous with other spacecraft for lu­
nar scientific outpost expeditions. [6] 

Although this statement may be i nter­
preted as a welcome s ign of increas­
ing NASA support , the 1 99 1  NASA 
budget figures sti l l  show a cut in  NAS P  
funding from t h e  amou nt o f  $1 1 9  mi l ­
l ion req uested , to $75 m i l l i on .  The 
shuttle budget, on the other hand, is  
maintained at a level  where $1 25 m i l­
l ion was mere ly the affordab le amount 
cut fro111 i ts production and operations 
p rogra m m e .  

T h at NASP's conti n ued ex istence 
may depend on  the support of the mi l i­
tary i s  e s p e c i a l l y  i ro n ic s i n c e  the  
U n ited States in the space field has 

c lung to the dream of the peaceful  use 
of space for sc ience and commerce. 

NASA's existence is a product of 
that d ream although ,  at times and 
due to budget exigencies,  NASA 
has sought m i l itary con nections, 
s o m et i m es to  i ts  d etr i m e nt .  
Despite t h e  dream o f  space a s  a 
c iv i l ian  and  peacefu l fro nt ie r ,  
the other driving dream has been 

ready man n�d access to space , 
a dream p laced i n  jeopardy due to 

t h e  s h ut t l e ' s  p rob l e m s .  Former  
. . NASA Adm i n istrator Thomas Paine 
;·· has, for example ,  pub l icly criticised 

\- the space station effort, in part be-
cause of what he termed as unreal-, 
istic dependence on r egular shuttle 

f l ights . To achieve the goal of a ready 
manned access to space , the mi l itary 
may be asked to enter space in ways 
u n fo r e s e e n  for a g e n e rat i o n .  T h i s  
cou ld b e  a return t o  the period JUst 
before the estab l i s h m e n t  of N A SA 
when the  d o m i nant  d o m estic space 
players were with in  the m i l itary alone. 
C o ntro l  over t h e  hyperso n i c  pro­
gram m e  could make th at a real possi­
bi l ity if the Air Force conti nues i n  the 
leadersh ip  role to develop the NASP 
system .  Fai lure to develop the hyper­
sonic would be a step backward for the 
U n ited States. That is  now a real pos­
sibi lity, as the programme languishes 
between slow-go and no-go. Contrary 
to American myt h ,  orphans do not 
usual ly do wel l .  Right now the hyper­
sonic is an orphan with al l  which that 
portends for the future. 

References ------------ 1 
1 . Peter B. de Selding, 'Van Alien $600 Bil l ion 

for Human Mars Missions,"  Space News 5-
1 1  November 1 990, p.3 .  

2 .  T.A. Heppenheimer, "1 he Hypersonic World 
of Robert Williams", Air & Space, Feb ruary/ 
March 1 988,  P.54. 

3 .  Barbara Amouyal,  "A T F  Contractors Musc!e 
Air Force for More Money" ,  Delense News, 
1 1  December 1 989, p 42 

4 Stephen W. Korthals-Atlas, "Wil l  the Aero­
space P l a n e  Work?" Technology Review. 
Ja nuary 1 98 7 ,  p . 43 

5 T A  Heppenheimer ,  "How Much Hype is 1n  
Japanese Hyperson ic", Air & Space, Au·  
g ust/S e pte m b e r  1 989 ,  p 60 

6 ,  I K .  Brown,  "NASA Pursues Space P lane 
Tech nology" ,  Florida Today, 30 Octo beo  
1 990,  p 4A 

About the Authors ---------­

Jean Johnson-Freese is an Associate Pro­
fessor of Political Science and Director of 
the Center for Space Policy and Law at the 
University of Central Florida. Prior publ ica­
tions have focused primari ly on interna­
tional cooperation and compet ition i n  
space, and domestic space pol icy decision­
m a k i n g .  

Roger Handberg i s  a Professor o f  Political 
Science and Assoc iate Dean of G raduate 
Studies at the U niversity of Central Florida. 
H e  has pub l ished extensively on science 
policy and the American political procesf:. 

1 37 



[•�iJllmmJ a .. :- ; :: <; ,,• ! p ·  : _ : •  .,� - '( :, I 

He/en Sharman Selected for Juno 
The Juno project has announced that Helen Sharrnan is to become 
Briton's first astronaut, with Tim Mace serving as her back-up. The Brit­
ish astronaut and two Soviet cosmonauts will be launched on the Soyuz 
TM-12 mission, currently scheduled for blast-off on May 12. The British 
astronaut will spend six days aboard the Mir space station performing a 
series of experiments for the Soviet NPO Energiya design bureau. A 
British scientific programme· has been abandoned because of a lack of 
sponsorship. 

The crew selection was announced 
at a press conference on  February 22, 
by J u n o  M ed i ca l  D i rector A i r-Vice 
Marshal Peter Howard . He  sa id  the 
decision was based on  a number of 
factors inc lud ing ,  i nd ividual capabil i­
ties, medical fitness , - crew compatibi l­
ity, language , technical expertise and 
communications skil ls. The Juno team 
travelled to Star City to hear presenta­
tions from Vladimir  Shatalov and Al­
exei Leonov about each astronauts' 
progress. The Soviets d id  not recom­
mend which astronaut should fly be-

cau s e  both T im and  He len  had 
reached the same h igh standard. In  
previous international flights i t  had al­
ways been c lear which astro n aut  
shou ld f ly ,  Air-Vice Marshal Howard 
told Spacefllght 

On their return to Star City, Helen 
began training with prime crew mem­
bers Anatoli Artsebarski and Sergei 
Krikalev, while Tim jo ined Aleksand r  
Volkov a n d  Aleksandr Kaleri on the 
back-up crew. 

"They are both great crews," said 
Helen :  " lt  is obvious right away that 

Helen Sharman is pictured in weightlessness during training on a parabolic aircr:� flight. 
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they all get 
on together." 

The final d ecision 
which crew fl ies wil l  not 
b e  made u nt i l  t he  State 
Comm ission meets 24 hours , 
before the launch. The astronauts also 
have further medical evaluations to go 
through before they are declared fit to 
f l y .  

T h e  two Brit ish astronauts began 
train ing for Juno in  November 1 989. 
The first three months in  Star City was 
spent learning Russian . After passing 
their language exams they began to 
attend lectures g iven entirely in  Rus­
s ian . 

'We started with flight bal l istics and 
astrodynamics , which is pretty heavy 
stuff if you've just learnt Russian ," Tim 
tol d  Spacefllght 

During the lectures the astronauts 
are expected to make their own notes 
in Russian. There are no manuals or 
text books for any of the subjects. 

Tim and Helen started work on the 
Soyuz spacecraft in July 1 990. 

'We looked at the systems, how they 
are control led and tlie fl ight dynamics 
of the craft itself," Tim explained. 

After August the astronauts began 
t h e i r  lesson s  about t h e  M i r  Space 
Stat i o n .  

Just after Christmas, Tim a n d  Helen 
started train ing with the Soviet cosmo­
nauts assigned to the mission.  They 
both took turns train ing with the prime 
and back-up crews. 

'We do most . of our work with them 
in the Soyuz d escent modu le ," said 
Tim, "about one session per week for 
each of us." 

The jo in t  trai n i n g  sessions 
amounted to about s ix hours per week 
b u t  H e l e n  expects they w i l l  spend 

. more t ime together as the m ission 
approac h e s .  

1 T h e  British astronaut wil l b e  respon­
sible for operating some controls in the 
Soyuz capsule, as Tim Mace explains: 

"You cou ldn 't just sit there as a 
passenger because you block off the 
commander's access to certain sys­
tems. So you have to play an active 
part ."  

The tasks wi l l  i nclude operating a 
valve that routes waste water in the 
atmosph ere to tan ks in e i ther  the 
descent capsu le  or  orbital module.  
The British astronaut wi l l  also be re­
sponsib le for the radio systems, at­
mosphere contro ls  for the su its,  the 
navigation computer, a manual over­
lrid

_
e for the cabin oxygen supply and 
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Tim and Helen pose with a model of the Soyuz rocket after the announcement of the crew selection. 

the television system .  
"The television system is particu­

larly useful when we are docking," 
Helen told Spacefllght. "There are 
two lenses, a wide angle and a narrow 
angled lens and you have to switch 
between  them." 

There are also two pneumatic sup­
ply valves directly in front of the com­
mander that are just out of his reach 
when he is strapped in but it is quite 
easy for the British astronaut 

Tim and Helen have a good knowl­
edge of their spacecraft but do not feel 
capable of flying it by themselves. 

"lt is a knowledge of what's going on 
rather  then  a worki n g  knowledge,"  
said Helen.  

The astronauts have already begun  
train ing with the  twenty Soviet experi­
ments to be conducted aboard M lr.  
Some of the experiments are already 
on the station,  others wil l  be carried on 
the Progress and some with the astro­
naut in the Soyuz. As we went to press 
the launch of the P rogress-M? was 
scheduled for March 1 9. 

Helen Sharman, 27, was a research 
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technologist at Mars Confectionery i n  
S l o u g h ,  B u ck inghamsh i re ,  b efore 
being selected for astronaut train ing.  
She left Sheffield University with a BSc 
in Chemistry in 1 984 and joined GEC 
as an engineer working on the materi­
als llsed in the manufacture of cathode ·  
ray tubes. 

Her work with Mars i nvolved re­
searching the chemical and physical 
properties of chocolate, recipe devel­
opment  and research into new raw 
materials. Helen enjoys cycl ing,  run­
n ing ,  bad m i nton ,  squash ,  swi m ming  
and  playing the  piano and  saxophone. 

Tim Mace, 35, is a Major in  the Army 
Air Corps. During his career, he has 
served with NATO forces in Europe ,  
and a lso  worked in  Central America 
where he was involved in jungle sup- , 
port flying.  He has a BSc in Aeronauti­
cal Engineering and, as a graduate of 
the Mil itary Flying School ,  is an ad­
vanced Instructor of hel icopter pi lots. 
His pursuits include freefall parachut­
ing: he won the 1 989 British Freefall 
Parachuti ng championships .  

Both Tim and Heien are members of 

) U N  (J 

the British I n terplanetary Society. 
"I am delighted that the first Briton 

in space will be a BIS member, "  said 
Tony Lawton, President of the Soci­

ety. "/ hope Tim and He/en will be the 
first of many British astronauts ."  

Tim and Helen confirmed that 
they have applied to join the ESA 
astronaut program m e .  

M eanwh i l e  t h e  M oscow 
Narodny Bank has signed i ts first 
m erchandis i ng  deal with Zeon ,  
one of  the project's former spon-

sors. The company is planning a 
'Juno Watch '  to commemorate the 

fl ight of Britain's fi rst astronaut 
As this issue went to press there was 

no word on the exc lus ive television 
rights to the Juno m ission . The high 
cost of the Gulf War coverage has left 
TV com pan ies  with l i tt l e  funds  to 
spare. Talks are currently underway 
with three television companies, said 
Christopher  Hayes,  the  Juno project 
manager .  

Negotiations with potential spon­
sors are continu ing .  

T i m  Mace hits the water during splashdown train­
ing as he jumps backwards off a mock-up of the 
Soyuz capsule.  
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What's the !Forecast? Part 2 
The laconic voice announcing that 
the apogee boost m otor had fired · 
and I njected MOP-2 Into Its geosta­
tionary orb!t was only the surface 
calm response to the deep anxieties 
which affect a l l  who have a stake In 
a sate l l ite l a u n c h  a n d  o perati o n .  
T h i s  Is  never m o re s o  than when 
there are 'customers' for whom the 
satel l ite represents busi ness o n  an 
I nternatio n a l  scale. 

MOP-2 with its design lifetim e  of five 
years, will beg in  its service l ife after a 
com mission i ng  per iod. E U M ETSAT,  
representi ng 16  nations,  wi l l  then  have 
MOP-1 and MOP-2 avai lable for op­
erational service to the national mete­
oro log ica l  off i ces  of its m e m be r  
states .  E SA's responsib i l i t ies with i n  
the Meteosat Operational Programm e  
include, i n  addition t o  t h e  construction 
of the _ spacecraft , o rbital operations  
on  behalf o f  EUM ETSAT. 

The main object of the Operational 
Programme is to acquire i mages of the 
Earth and, together with a set of mete­
orological products extracted from the 
image  data,  to de l iver these to t h e  
custom e r  i n  accordance  wi th  an  
agreed schedu le .  

To s u cceed t h e  o pe rati ona l  p ro­
gramme m ust provid e  its customers 
with t imely availabil ity of derived prod­
ucts. Those products m ust not on ly be 
of the  h ig h est qual ity but the pro­
g ram m e  m u st take accou nt of t h e  
customers wishes for new products . 

So often the q uestion arises, "Yes, 
but what wil l  be the product of a par­
t icu lar n ew sate l l it e  syst e m ?" T h e  
truthful an swer m a n y  t i m e s  is  "We 
don't know u nt i l  i t  i s  up there", and 
many t imes the doubt i ng  Thomases 
amongst potential users are the first to 
come forward with demands for new 
data or new ways of presenting the 
data, once the operational phase has 
b eg u n .  

Success depends i n  large part o n  
t h e  performance o f  t h e  g ro u n d  seg­
m ent, which cal ls for research i nto 
ways and means whi le keeping a 24 
hour service going. That service is not 
on ly i n  the  v is ib le band.  There are 
three channels transmitti ng  s imu lta­
neous ly  to t h e  grou n d  stat io n ,  t h e  
other two being t h e  thermal i nfrared 
and the water vapour bands. 

Earth- i m a g i n g  bas i c  d ata i s  p ro­
vided by the mu ltispectral radiometer, 
the principal payload of the satel l ite. 
This operates i n  three spectral bands 
viz: 
- 0.5 - 0.9 j.Jm 
- 5.7 - 7.� j.Jm 

- 1 0.5 - 1 2.5 j.Jm 

1 40  

- visible band 
- infrared water vapour 

absorption band 
- thermal infrared (win­

dow) band. 
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By Norman Longdon 
ESTEC, The Netherlands 

The infrared and water vapour im­
ages are composed of 2500 l ines of 
2500 picture elements whi le the vis­
ible image has 5000 l ines of 5000 pic­
ture elements. The spacial resolution 
is approximately 5 km for infrared and 
water vapour and 2.5 km for visible 
i m a g e s .  

T h e  visible channel measures solar 
rad iat ion re41ected from the Earth 's  
surface from the oceans,  land masses 
and the clouds� which appear, respec­
tively, dark grey, l ight grey and white 
in the images.  The thermal i nfrared 
channe l  m easures thermal radiat ion 
emitted from the surfaces. The darker 
areas in these images are the warm 
zones - land, oceans and low clouds -
the white areas are cold regions of h igh 
c louds .  The water  vapour  c h a n n el 
measures the thermal radiation emit­
ted by the  midd le  t roposphere and 
mainly absorbed by water vapour. The 
troposphere is the lower layer of the 
Earth's atmosphere r is ing from sea 
level to altitudes of between about 8 
km at th

.
e poles and 1 8  km at the equa­

tor. The dark areas in the water vapour 
images represent regions of relatively 
low hum idity; the brighter areas ind i­
cate regions of high humidity. 

The Ground Segment 
The fou r  main components of the 

ground segment have rather lengthy 
titles but provide an excel lent service. 
The Data Acqu isition ,  Telecom mand 
and Tracking Station (DA TTS) is sited 
in open country at Odenwald,  about 40 
k i l o m etres from Darm stadt in Ger-

TH�RfJIOCUNE 
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many. I n  Darmstadt itself, with in the 
European Space Operat ions Centre, 
are t h e  oth e r  t h re e  e l e m ents :  the  
M eteosat Ground  Com puter Syste m 
(MGCS).  The  M eteosat Operations 
Control Centre (MOCC) and the Mete­
oro log ical I n format ion  Ext ract ion  
C e ntre (M I EC) . 

The names i noicate the dual role 
played by ESOC. lt is carrying out its 
trad i t iona l  tasks of c o ntro l l i n g  the 
spacecraft and i ts  payload but ,  at the 
same time,  it has the responsibi l ity for 
collecting,  processing and redistribut­
ing the data to the users via the satel­
lite itself or through surface l inks. 

The large 1 5  m parabolic DATTS an­
tenna at Odenwald receives the data, 
which are, then , in an unprocessed or 
' raw' state. The data are spl i t  into 
separate components and , after pre­
cise t iming details have been added, 
are t ra n s m itte d ,  wit h i n  seconds of 
receipt, via surface l inks, to ESOC. 

The MGCS now takes over as the 
images arrive through the 'front end 
p rocessors ' .  The raw data are now 
analysed and transformed into a more 
usable form . The radiometer has been 
scann i n g  the Earth in an East-West 
d irection , in steps from North to South 
and each l ine of the processed data, 
taki n g  0 .6 seco n d s  to acco m p l i sh , 
corresponds to one of the 2500 steps 
which the radiometer took during a half 
hour cycle of activities for the three 
c h an n e l s .  

The raw data are stored o n  magnetic 
tapes : the processed data are passed 
from the front end processors to the 
mainfram e computer and stored on 
magnetic disks ready for further proc­
e s s i n g .  

T h e  work now approaches the final 
product which will go out to the mete-
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orolog ists , as the M I EC staff start the 
extraction of the 'products' from the 
data. The products routi nely avai lable 
through M I EC activities i nclude: 

(a)  cloud motion winds 
(b) sea s urface temperatures 
(c) cloud top height maps 
(d) upper tropospheric humidity values 
(e )  cloud analysis 
(f)  basic climatological data set 
(g )  precipitation i ndex 

The first five of these p rod ucts are 
quality controlled by a meteorologist be­
fore the results are coded and distributed. 

Data D iss emination 
The data m ust now flow to the users 

with all possible speed, to allow national 
meteorological offices to prepare their  
forecasts. The satellite agai n shows its 
versatility by the role it plays in distribut­
ing the processed data. The image data 
passes along the route from the ground 
computer system in  ESOC, through the 
ground station to the satel l ite and then on 
to the user stations. 

User stations can be quite simple af­
fa irs with the capacity to receive a n a­
logue data. The more complex Pri mary 
Data User Statio n s  receive digital d ata 
desi g n ed for u s ers n e e d i n g  p re­
processed data in  a form su itable for fur­
ther, o n-the-spot, com puter processi ng.  

The satellite has even more to  offer. 
There are telecom m u n ications channels 
desig :� ed for the col lection of environ­
mental data from auto m atic and semi­
automatic data c o l l e ct i o n  p latfo r m s  
(DCP) , which m ay be located anywhere 
with i n  t h e  s at e l l it e ' s  cove rag e area.  
These include not on ly  fixed DCPs but 
ships and aircraft p ass ing thro u g h  the 
zone, which add to the scarce data avail­
able from the large ocean areas. 

A further service is provided, thanks to 
the F r e n c h  M eteoro log i c a l  S e rv i c e  

, g round station a t  L a n n i o n  i n  Brittany.  
Data from the U n ited States' weather 

MOP Explvded 
V Iew 
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satell ite covering the Western part of the 
Atla ntic is  rec.:;ived by the station and 
then processed so that i t  is compatible 
w ith the Meteosat O p e ratio n a l  P ro­
gramme system .  This is then beamed to 
the 'duty' MOP satell ite and from there 
down to user stations. 

1t is now clear that the images seen on 
weather forecasts represent only a tip of 
the iceberg of the i mages and data con­
stantly being derived fro m ,  processed i n  
a n d  d i s s e m i n ated f r o m  t h e  Meteosat 
Operational P rog ram m e .  Forecasts are 
the outcome of the most thorough analy­
sis relentlessly being updated in the m e­
teorological offices around the world. 

The n umber of parameters which m u st 
be built i nto any analysis of climate and 
weather can be i l lustrated in broad terms 
by the graphic representation o n  th is  
page of  some of  the elements to be taken 
i nto accou nt. 

Natural Disasters 
Resolution of the i mages does not al­

low detai led scrutiny of natural d isasters 
but it is  possible to track certain events 
and, from the data, to infer and predict 
outcomes - at least in broad terms. 

Hurricanes are a good example of what 
can be achieved. A hurricane, i .e. a tropi­
cal storm with sustained wind speeds in 
excess of 64 knots and with those close 
to the central core often far higher, can be 
readily observed in MOP images. They 
can be tracked on a half-hourly basis from 
i mage to i mage, facilitating forecasts of 
their progress. Their characteristic cloud 
patterns i n  the imagery enable the mete-

' 

orologists to estimate their violence and 
destructive potential.  

Those area prone to such storms - the 
Eastern s eaboard of the U n ited States 
and the Caribbean, the Arabian Sea and 
the southwest I ndian Ocean , can be g iven 
ear ly  warn i n g  of t h o s e  sto r m s  w h i c h  
begin their l ife cycle within  t h e  Meteosat 
z o n e .  

Potential areas of widespread floodinp _ 

Ariane V42 blasts-off on March 2 with the MOP· 
2 satel l ite aboard . Aria n espace 

from causes such as local stoms in moun­
tainous regions and fo l lowing thaws i n  
snow covered areas c a n  b e  identified. 
. MOP also plays a part in drawi ng atten­
tion to droughts. Long absences of rain­
beari n g  clouds over areas of marg ina l  
agricu ltural activity can be monitored and 
\"arnings given of possible drought and 
famine. The infrared i mage can be used 
to corroborate evidence, for the diurnal 
rate of temperature change recorded can 
be linked to soil moisture. 

lt is not only satellite systems such as 
M eteosat w h i c h  req u i re c o n s i derabl e 
advance planning for future generations: 
This applies also to the ground sector. 

Studies of potential satell ite and pay­
load design h ave been u nder way for 
some years. In J u ne 1 99 0  the EUM ET­
SAT Council decided to adopt a spin-sta­
bilised satell ite concept for the Meteosat 
Second Gen eration ,  with i n stru menta­
tion included for visible and infrared im­
aging, high resolution visible imaging and 
monitori n g  of atmospheric i n stabi l ity . 

The g round sector is also constantly 
under review, not only to be able to proc­
ess and use the new i magery foreseen to 
the best advantage but also to make use 
of the latest tech nological i n novations 
such as a rt if ic ial  intel l ige nce for main­
!ai n i n g  and,  wh ere possib le,  i m proving 
on the excellence of the service given to 

· th e  m eteorological  com m u n ity. 
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The BlS Video L'ollection 
The British Interplanetary Society is proud to offer 

a stu n n i n g  record of man's exp loration of space brought to you r home by 
The 815 Video Collection. Th ree new cassette� in th is exciti ng col lection a re now avai lable. 

The Return to F l ight 
O n  S e rtc m b e r  29,  1 988 Discovery blasted-off from the Ke nnody Space 
Corner 1t was tlw f i rst S h utt le l a u n c h  smce the C h al lenger accident .  

Th 1s  video dep1cts t h e  h igh l ig hts of the STS-26 fo u r-day m ission Du n n g  
the  fl ight .  the five-m a n  crew deployed a T racki ng a n d  Data Relay 
Satel l ite a n d  porfornv�d a series of m 1crog rav ity exper iments. lt co n­
c l udes wrth t h e  s u ccessful  l and ing at E dwartis A 1 r  Force Base i n  Cali­
lorn :a on October 3. 
T ;  : ,,re 1 s  no comentary on STS-26 Mission H i g h l i g hts,  apart fro m the 
a�l ron au ts ' trans m i S S I O n s  and occassional  an n o u n c e m e nt s  from the 
Nt'. s r, P u b l i c  Aftal rf, Officer T h e  tape r s  acco mpanied by a F R E E  rn is­
SiOil  g u 1 d e .  

Running Ti m e  5 7  minutes 

��AllfE� � LE �  
Accident I nvestigation 

On Jan uary 28, 1 986, the Space Shuttle Challenger exploded 73 seconds after blast­
off from the Kennedy Space Canter. All seven STS 5 1 -L crew members died. 

This video, prepared by the Photo and TV Support Team of the 5 1 -L Data and Design 
Analysis Task Force, documents task force activities and f indings. lt also provides a 
concise, technical explanation of the cause of the Challenger accident. 

Hunning Time 29 minutes 

A COLLECTION OF "THE MOVIES" 
LA, Earth , Mars and M i ra nda 

plus 

city. ' Earth - The Movie' begins with an imation of the entire planet as it is rotating 
in space. lt continues with a point-of-view movement down to the surface and 
past the continents. "Mars - The Movie' features point-of-view movement around 
one geologic area on the planet. A s imulated excursion over the Uranian moon, 
Miranda, is showcased on 'Miranda - The Movie'. 

VOYAGER 2 NEPTUNE ENCOUNTER Running Time: 1 7.5 mins 

Created by the Jet P ropu lsion Laboratory. th is video, features 
four short productions which use satel l ite/space probe images 
and supercomputer graphi!: animation . I n  'LA. - The Movie' 
the Los Angeles area is seen from space, then the view moves 
downward to provide a point-of-view tour around the animated 

At the start of this tape is an additional feature, 'Voyager 2 Neptune Encounter'. 
Containing 1 7  individual segments, this production i l lustrates the various 
aspects of Voyager's encou nter with Neptune. The segm ents progress from 
computer animation of the Voyager mission to actual photographs of Neptune 
and Triton. 

Running Time: 29 mins 

Also avai lable: STS-32 Video Highlights. STS-3 1 Video Highlights, 
The Eagle Has Landed: The Fl ight of Apollo 1 1  and STS 4 1 -C Video Highlights 

Tapes are VHS PAL format only. Please check your equipment is compatible. Allow 28 days for delivery in the UK & six weeks overseas 

Please send m e  the following cassette(s): PleaS$ Tick 0 A Collection  of 'The Movies' 
D STS-26 Mission Highl ights £15 (US$30) D Space Shuttle Challenger: Accident I nvestigation 
D ST5-31 M ission High l ights £1 5 (US$30) D The Eagle has Landed: The Fl ight of Apollo 1 1  
0 STS-32 M ission Highlights £1 5 (US$30) 0 STS 41 -C Video Highlights 

Postage & Packing per cassette: £1 (US$2) in the UK. £1 .75 (US$3.50) surface mail overseas. £3.75 (US$7.50) airmail. 

I enclose a cheque/PO/International Money Order payable to the British Interplanetary Society totalling £ .. . . . . . . . . . . . . . . . . . . . . . .  . 
Name: 

Address: 

£15 (US$30) 
£1 1 (US$22) 
£1 1 (US$22) 
£1 5 (US$30) 

Send to: The British Interplanetary Society, '0/29 South Lambeth Road, London SW8 1 SZ, England Tel: 071-735 3180 

( 142 ) 



I 

New Society- Officers 
The new Society President is Mr A.T. Lawton who has taken 
Office fol lowing completion of the Term of Office by Mr G.W. 
Chi lds . 

A.T. Lawton. 

I n  accept i ng  Off ice ,  M r  
:A.T. Lawton praised the work 
:undertaken .by his predeces­
sor, which had seen the Soci­
ety i ntrodu c e  a m u ch­
improved Spacefllght, a sigJ 
nificant advance in the pres­
entation of JBIS and the ful­
fi lment of the Society's plan to 
enlarge its premises. 

The work which lay ahead 
was st i l l  cons id erab le  but  
bright with promise. Wo.rk on  
the renovation and restruc­
turing of both the Library and 
Conference Room were al-

. ready substantial ly in han d ,  
--�----. along with many anc i l lary 

projects. The way was be­
coming clear for i n itial studies 
to begin on the final develop­
ment phase i .e .  the creation 
of Counc i l  and Comm ittee 
room s  by the complete re­
structuring of the top floor of 
our  exist i ng  pre m ises and  
adding a further storey to  our 
Exten s io n .  

I l'fC. Pcrkinscn. 

All this work would lead to 
a substantial ly stronger base 
from which the Society could 
operate .  Assoc iated with 
these were arrangements to 
ansure that the Society's 60th 
An n iversary Ce l ebrat ions  
would be as  rewarding as  pos­
sible, that its newly-proposed 
Archival Collection should be 
well housed and that, with all 
the construction work behind 
us ,  the Society would enter a 
new p hase of strengthen ing 
its Publ ications and Member 
s e rv ic e s .  

T h e  two new vice-Presi­
dents ,  e lected at the same 
meeting ,  were Or R.C.

" 
Park-

1 - i nson and Mr C .R .  Turner. r , Bob Parkinson is already 
C . R .  Turner.  well known to members of the 

Society by virtue of h is work 
on HOTOL and his contributions to concepts of lunar and 
planetary colon isation. Mr Turner, who earlier completed 
his own term of Office as President, was formerly Tech nical 
Secretary of EUROSPACE.  
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HQ Renovation - An Update 
Our two i l lustrations this month give a good idea of how work 
is progressing on the renovation both of our Conference 
Room and Space Library. 

A new ceil ing has been instal led in the .Conference Room 
and paintwork completed in  a soft pastel shade,  the new 
arches looking particularly attractive. An early opportun ity 
for members to view the way the work is s haping up took 
p lace on March 6th for those atten d i n g  the talk by Mr 
Hingley. However, although there are sti l l  many small jobs 
to be completed ,  the work is now in its final stages and should 
be completed with in  the next month . 

The panel l ing of the Library has now also been completed 
and some attempt made to re-erect the bookshelves and 
reduce the piles of books which fi l l  the floor. A sl ight further 
delay is expected before this work can be completed as the 
shelving not only needs to be rearranged but also requires 
a number of changes to fit the n ew layout. This poses prob­
lems simi lar to those of a jig-saw pll'Zzle but, with the help of 
members of the Library Comm ittee ,  a re-erecting ,  re-sort­
ing and general cleaning-up programm e  is well i n  hand.  

The opportunity wil l  be taken to create a m uch better 
presentation of books , with room for expansion in many key 
areas. To accomplish th is ,  books of a general nature which 
h itherto found a place on our shelves wil l  be withdrawn and 
d isposed of. M e mbers i nterested in acqu ir ing withdrawn 
Library books have only to write to our Office for a l ist of those 
available, enclosing a foolscap reply-paid envelope. Prices 
are very reasonable and any surplus will be u sed by the 
Library Committee to acqu ire works which would n ot other-
wise be available to us.  

· 

A new Librarian's Office has been instal led as part of the 
first floor extension, thus providing much-needed working 
space for the very first t ime. Storage shelving needed for 
this is' currently on order but is not likely to be avai lable for 
several months yet.  In the meantime,  the office is being used 
to provide "elbow room" in  the marathon task of re-sorting 
all the books and reports once more .  

Whi le  we are awaiting the construction and instal lation of 
the new stairs, together with a re-plastering of the walls and 
all the mess that entai ls ,  work is moving to the rear of the 
bui ld ing where re-painting has to be done before the scaf­
folding is removed. The courtyard wil l  then be made up and 
re-surfaced ready for use. 

All this work is expected to b� completed by the early 

The Conference Room ready for use in time for the March 6 meeting 
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li�rary oooks are re-shelved by M r  Eric Waine. Much work sti l l  re mains to
' 

be done in the Ubrary before it can be opened for use. 
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JB I S  Journal of the 
British Interplanetary Society 

The April 1991 issue of the Journal of the British 
Inter!}lanetary Society is now available and con­
tains the following papers: 

TERRAFORMING 

Terrafonning: Plate Tectonics and Long-Term 
Habitability 

Establishment and Stabilization of Earthlike 
Conditions on Venus 

Terraforming Venus Quickly 

Supramundane Planets 

Terrafonning, as Part of a Strategy for 
Interstellar Colonisation 

Copies of JBIS, priced at £12.00 (US$24.00) to non-members, 
£4.00 (US$8.00) to members, post included, can be obtained 

from the address below. Back issues are also available. 

The British Interplanetary Society 
27!29 South Lambeth Road 

London SW8 lSZ, 
England. 

Sum mer, approximately one year ahead of schedu le .  A gap 
is then expected in  the proceedings whi le the various Local 
Government and other perm issions are sought and proc­
essed ,  before the f ina l  phase is tack led ,  t h i s  i nvo lv ing 
adding a fu rther  storey to our existi ng Extension and the 
complete rearrangement of  the en larged top f loor of  our 
bu i ld ing to provide very attractive fac i l it ies for Cou nci l  and 
C o m m ittee meeti n g s .  

Gifts to the Society 
The Society is de l ighted with the valuable support given by 
members from t ime to t ime in the form of bequests. These 
are a substantial aid to its developm ent programme and to 
its role of promoting space develop m ents more effectively. 

These arrangements can be made qu ite  easily by a s imple 
Clause in  e i ther a Wi l l  or Codici l read ing :-

"/ give, devise and bequeath to the British Interplanetary 
Socie ty Limited of 2 7/29 South Lamb e th Road, London, 
S WB 1 SZ, the sum of £ . . .  (followed by th e amount in words) 
free of all duties. " 

Following a change i n  the Law, effective from October 
1 990, it is also now possib le to make a s ing le  (i . e .  one-off) 
g i ft to the Society which can be charged against bus i ness 
profits an d  i s  a l lowab le  for Tax p u rposes .  The prev ious 
requirement was for  a Deed of  Covenant which had to run 
for a number of years and which took no account  of any 
changes which m ight face a bus iness from year to year. 

Those wishing to support the Society in either of the above 
•ways but needing further i nformation shou ld write to the 
Execut ive Secretary . 

SOVIET COSMONAUTICS : 
Questions and Answers 

An official Soviet . 
p u b l i cati o n ,  

produced b y  the 
Novostl Press Agency 
and ed ited by the late 

Valentln G l u s h ko ,  
desi gner o f  the 

Energ la booster 
e n g i n e s .  

The book covers most aspects of Soviet cosmonautlcs, 
Including:  early Soviet space flights, Soviet launch ve­
hicle s ( Including Energ la), Soviet space stations, So­
viet e xploration of the moon and other planets, Soviet 
cosmonauts and the future of Soviet space flight. 

Available from The British Interplanetary Society, 
27129 South Lambeth Road, London SW8 1 SZ, 

priced £2.50 (US$5.00) indusive of surfaCG mail delivery. 
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-= SOCIETY MEETINGS DIAR Y 
S YMPOSIA 

1 June 1991 10 am - 4.30 pm 

SO VIET ASTRONAUT/CS 
This programme wi l l  i nc lude the fo l­
lowing topics: N ew Developments i n  
Soviet Cos monaut ics ,  Cosmonaut  
Teams ,  Soviet Programmes i n  H is­
toric perspective. 

Venue: The Conference Room, The 
British I nterplan etary Society, 27/29 
South Lambeth Road , London SW8 
1 SZ.  

Offers of Papers: Authors wish ing to 
present papers should contact the Ex­
ecutive Secretary . 

Regis tra tion:  Form s are avai lab le  
from the  Executive Secretary. Please 
enclose a sae. 

LECTURES 
3 April 1991 7 pm - 8.30 pm 
A REVIEW OF PROPOSALS FOR 
HOTOL-TYPE SPACEPLANES 
A/an Bond 

The requirements on space transpor­
tation from the Earth to LEO for the 
early decades of the 2 1 st Century wi l l  
be assessed and the spaceplane pro­
posals being offered to meet them wil l  
be reviewed. Particular attention wi l l  
be focu ssed on the tech nology and 
economic aspects of these proposals 
and the author's opinions as to their 
success I n  address ing the im portant 
issues wil l be offered. 

Venue: The Conference Room,  British 
I nterplanetary Society, 27/29 South 
Lambeth Road, London SW8 1 SZ. 

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

1 May 1991 7 pm - 8.30 pm 

HABITABLE PLANETS AND 
THE ECOSPHERE 
M.J. Fogg 

Previous estimates of the abundance 
of habitable planets in  the Galaxy indi­
cate that t h ey are re lat ive ly  rare . 
However, modern research concern­
ing the terrestrial carbonate-s i l icate 
cycle now suggests that the habitable 
zone  (t he  ecosp h e re)  abo ut  m a i n  
sequence stars may be wider than 
previously thought. This lecture pres­
ents the results of a computer model 
which shows that the abu ndance of 
p lanets pote nt ia l ly  bear i n g  l i f e ,  a l­
though not necessari ly Earth l ike plan­
ets, may be si_gn ificantly greater than 
indicated by past models . 

Venue: The Conference Room ,  Brit­
i sh  I nterp lanetary Soc iety ,  2 7/29 
South Lam beth R oad , London SW8 

1 SZ .  

Admission is b y  ticket only. Members 
should apply in good time enclosing a 
s a  e .  

5 June 1991 7 pm - 8.30 pm 

THE HISTORY OF 
WES TCO TT 

J. Harlow 

Many Fellows of the Society have con­
tributed to work at the Westcott site , 
which has been known u nder a variety 
of names for nearly 50 years now. I ts 
h istory wil l  be presented from its i n itial 
use as a war-time airfield to the end of 
its operation under the jurisdiction of 
the Ministry of Defence on 31 March 
1 984. The beginnings and evolution of 
activit ies associated with both Sol id 
Propel lant  rocket motors and Liqu id  
Propellant engines wil l be  discussed 
along with other interesting technolo­
g i e s .  

Venue: The Conference Room, British 
I nterplanetary Society ,  27/29 South 
Lambeth Road, London SW8 1 SZ. 

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

3 July 1991 7 pm - 8.30 pm 

INTELSA T, THE GLOBAL 
SA TELLITE COMMUNICA TIONS 
SYSTEM: PAST, PRESENT AND 
FUTURE 
P. T. Thompson 

The I nternational Sate l l ite Te lecom­
m u n i cat ions  O rgan isat ion , • I N­
TE LSAT,  has been in existence for 
over 25 years and has prov ided a 
h igh ly  successfu l  g lobal com m u n ica­
t ions network. The man ner  i n  which 
th is  has been achieved and its future 
plans wi l l  be outl ined. 

The performance of the seven •genera­
tions of satel l ites used by the organi­
sation wil l be covered as wil l  the evo­
lution of the international services that 
use th is  technology. From the early 
days of having one sate l l ite to the 
current situation with over 800 major 
earth stations operating to 1 3  satel­
l ites this evol ution provides com plex 
plann ing challenges, where the traffic 
demands double every 4-5 years . 

A s l ide based talk wi l l  be the main 
· method of conveying this material but 

in  addition two short video tapes of the 
ma["lufacture and test ing of the IN­
TELSAT V & VI satel l ites wi l l  be shown.  

Venue: The Conference Room,  British 
I nterplanetary Soc iety , 27/29 South 
Lambeth Road , London SW8 1 SZ. 

Admission is by ticket only. Members 
should apply in good tim e enclosing a 
s a  e .  

INTERNATIONA L 
CONFERENCES 
27 - 30 August 1991 Note Change of Date 
POWER FROM SPACE 191 
The path to making power from space 
available to mankind is long and diffi­
cult but for that very reason it is neces­
sary to begin now. This meeting,  or­
ganised by the Societe des Electri­
c ians et des Electron ic iens and the 
IAF, and eo-sponsored by the Society, 
will address the major issues of power 
from space. 

Ven ue :  Eco le  S u peri e u re d ' E i ec­
tricite , Paris·, France . 

Regis tra tio n :  Form s are avai lab le 
from the Executive Secretary. Please 
enclose a sae. 

5-12 October 1 991 

42nd IAF CONGRESS 
To be held in  Montreal ,  Canada, hosted 
by the Canadian Aeronautics and Space 
Institute . 

The theme wil l  be "The Next Century -
Prospects for Space".  

Members of the Society wish ing to pres­
ent papers may obtain procedural details 
for the submission of Abstracts from the 
IAF, 3-5 Rue Mario-N ikis, 7501 5 Paris, 
France. 

The 43rd IA F Congress will be held in 
Washington, DC ovor tho porlod 1!8 AIJ= 
gust to 9 September 1 992 and w/11 be 
combined with the 29th Plenary Meeting 
of COSPAR. 

The meeting will be hosted by the A/AA 
and held under the auspices of the NAS 
and NASA. 

2 - 4 October 1992 
SPACE '92 
INTERNA TIONAL SPACE 
PROJECTS 
The Society's bienn ial two day meet­
ing wi l l  be h eld at the  Wh ite Rock 
Theatre , Hastings 2-4 October 1 992 . 
With the  t h e m e  of " I nte rnati onal  
Space Projects" .  

Offers of papers are invited. Please 
contact the Executive Secretary. 

LIBRA RY 
IMPORTANT NOTICE 
Work on the HQ Exte ns ion  req u i res 
c losure  o f  the L i b ra ry u n t i l  f u r t he r  
n ot ice . 
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