


The BIS Video Collection -----.. 
The BIS Video Collection is proud to present two new video cassettes. Our latest titles include coverage 

of the Space Shuttle on the STS-49 mission and the Apollo 10 mission. 
All videos are extracted from original footage. 

NEW 
TITLES 

Apollo 8: Go For TLI 
This Saturn V flight was man's first journey around the Moon and 
forerunner of the Apollo lunar-landing flights. The three-man crew 
(Borman, Lovell and Anders) set course forthe Moon, passed behind 
it and transferred to a lunar orbit, circling the Moon ten times in 20 
hours. Their many still photographs and much cine film helped to 
decide on landing sites for later missions. The final TV transmission 
took place while 97,000 miles from Earth. 22 mins 

Apollo 9: Three to Make Ready 
Building on the successful flight of Apollo 8, a lunar module was tested 
in space, as was the life support system of the space suit. Two of the 
three-man crew (McDivitt, Scott and Schweickart), transferred to the 
Lunar Module, moved 100 miles away from the Command Module and 
then returned to rendezvous with it. The two men then transferred back 
to the Command Module and the Lunar Module was jettisoned. 

17 mins 

Apollo l 0: To Sort out the Unknowns 
STS-49 Mission Highlights Lift-off to a trans-lunar orbit by Stafford, Young and Cernon, with views 

of Earth and system checks en route. There was loss of communica­
tions signal while passing behind the Moon as the craft transferred to 
lunar orbit. Signal acquisition returned when the spacecraft reap­
peared, with TV pictures showing the Lunar Excursion Module (LEM) 
undocked from the Command Module and descending to within 50,000 
feet of the lunar surface. Direct communications between Control and 
LEM failed so access was made via the CM. LEM subsequently 
rendezvoused with the CM, the crew transferred again and LEM was 
jettisoned. 26 mins 

The details of this flight by the Shuttle Endeavour, 7-16 May, 1992, are well 
covered, e.g. the preliminaries of suiting-up, the White Room, entry o orbiter, 
removal of gantry, count-down, engines start, lift-off, and detailed operations 
during the flight. A principal aim was to retrieve the Intelsat VI satellite which 
had previously failed to reach synchronous orbit. Though more difficult than 
expected, it was achieved and sent on its way. A second aim was to practice 
basic space station assembly work by Extra-Vehicular Activity (EVA). This 
was also very successful. The video concludes with an interesting press 
interview with the crew. 1hr 50 mins 

Please send me the following cassette(s): Please Tick 0 Gemini Ill & Gemini IV 
D Proud Conquest: Gemini VII and VI £11 (US$22) D Gemini VIII: ''This is Houston, Flight" 
D Gemini X Quick Look & Gemini XI £11 (US$22) D Gemini XII Mission 
D The Gemini Collection (5 videos) £45 (US$90) D The World Was There 
D Time of Apollo £11 (US$22) D Skylab: The First 40 Days 
D Skylab: The Second Manned Mission £15 (US$30) D Mission of Apollo Soyuz 
D Apollo 8: Go For TU £11 (US$22) D Apollo 9: Three to Make Ready 
D Apollo 10: To Sort out the Unknowns £11 (US$22) D The Eagle has Landed: The Flight of Apollo 11 
D Apollo 12: Pinpoint for Science £11 (US$22) 0 Apollo 13: "Houston ... We've got a problem" 
D Apollo 14: Mission to Frau Mauro £11 (US$22) D Apollo 15: In the Mountains of the Moon 
D Apollo 16: Nothing So Hidden £11 (US$22) D Apollo 17: On the Shoulders of Giants 
D The Apollo Collection (Apollo 11 - 17) £60 (US$120) D STS-37 Video Highlights 
D STS-49 Mission Highlights £18.50 (US$37)0 STS-49 Post-Flight Crew Press Conference 
DA Collection of 'The Movies' £15 (US$30) D The Space Shuttle: Remarkable Flying Machine 
D STS-26 Mission Highlights £15 (US$30) D Space Shuttle Challenger: Accident Investigation 

For a full list of BIS video cassettes please send a SAE to the address below. 
Postage & Packing per cassette: £1.25 in the UK. £2.50 (US$5) surface mail overseas. £3.75 (US$7.50) airmail. 
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Send to: The British Interplanetary Society, 27/29 South Lambeth Road, London SW81SZ, England Tel: 071-735 3160 

Tapes are VHS PAL format only. They are NOT compatible with US NTSC system. Please check your equipment Is compatible before ordering. 

Allow 28 days for delivery in the UK & six weeks overseas. 
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Spaceplanes - Back to 
The Question of Money Seems Likely To Delay 

An aeroplane Is a powered, heavier than air vehicle which takes off from a 
runway and uses aerodynamic llft to keep It airborne. Its destination ls 
another or the same runway. For the purposes of this article a spaceplane 
Is a vehicle which takes off and lands llke an ordinary aircraft but Is also 
able to enter space. 

Many are famlllar with recent spaceplane programmes such as the UK's 
HOTOL, Germany's SANGER and the USA's NASP (National Aero­
spaceplane). Each Is a different concept to launch a winged reusable or­
biter Into space. All are still In the early stages of research and It Is unlikely 
that we shall see any prototypes until the next century. 

These spaceplane projects have been spurred by the need to reduce the 
cost of reaching a low Earth orbit. Their backers argue that, despite high 
capital expenditure on research and development, such reusable systems 
would eventually cut the cost of putting a payload Into orbit by a significant 
factor. One can, however, go back to the pioneering days of space technol­
ogy research to see that this aerodynamic approach Is nothing new. 

BY DOUG MILLARD 
Science Museum, London 

Oberth's Legacy 
One of the greatest influences on 

the early rocket engineers was Her­
mann Oberth. His 1923 book "The 
Rocket into Interplanetary Space" 
explained with mathematics and text 
how space flight could be attained via 
the development of ballist ic based 
rockets. History has born out his ex­
pendable launcher philosophy but this 
may be due to political expedient 
(Peenemunde, Sputnik, Kennedy and 
so on) rather than scientific logic. 

There were other engineers who 
acknowledged Oberth's vision but 
disagreed with his ballistic based 
methods. Max Valier, an Austrian sci­
ence writer, put forward the idea of 
progressively converting a Junkers G-
23 aircraft into a spaceship. A compa­
triot, Franz von Hoefft, outlined plans 
for a seaplane with an orbital third 

Max Valier's idea for cconverting a Junkers G-
23 into a stratospheric plane and thence to a 
spaceship . 
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( 1) 2 rocket motors added. 
(2 ) 4 rocket motors added wing shortened. 
(3) 6 rocket meters added wing shortened 

pressurised cabin. 
(4) vertically launched spaceship. 

(1) A 
(2) ... 

=~~ 
.. 

(3) 

(4) ®" 
Based on a lecture given at the British Interplane­
tary Society en October 7, 1992. 

stage. However, it was Eugen Sanger, 
another Austrian, who analysed the 
aerodynamic route to space most 
systematically and went on to become 
one of the century's greatest propo­
nents of space flight. His philosophy 
ran: stratosphere plane - spacecraft -
spacestation - interplanetary space­
ship - interstellar spaceship. 

Sanger's Silverbird of 1933. 

Sanger's Sllverblrds 
In 1933, whilst working at the Tech­

nische Hochschule in Vienna, Sanger 
published his design for a high altitude 
rocket plane. it was to have petrol and 
liquid oxygen propellants and reach 
velocities of about 10,000 km per hour 
and altitudes of between 60-70 km. 

Towards the end of the 1930s 
Sanger issued another design which, 
in order to save weight, would be 
launched from a rocket driven sled 
accelerating to 1,800 km per hour. It is 
interesting to note that HOTOL is 
designed for launch from a trolley for 
the same reason. 

Sanger referred to his craft as "Sil­
verbi rd", though colleagues nick­
named it "Flatiron" in deference to its 

Boeing 

domed body and flat bo 1 

With the onset of Wo ' ar 11, 
Sanger was required to a .a;.:> · -s craft 
for use by the German •:a y. Thus, 
the "Racketenbomber" was rn, a 
100 tonne high altitude rocke, plane 
which would be launched •• a sled 
driven by two A4 rocke e g es . Its 
llquid,propellant engine wi evelop 
100 tonnes of thrust an ru:: ·e·1e a 
maximum velocity of just .0 29,000 
km per hour. The vehicle peak 
at an altitude of 300 km, ai er ~· tlich it 
would descend and skip aemdy ami­
cally off the top layers of t e atmos­
phere rather like a stone sJU ming 
across the surface of a lak.e. ·s skip 
flight trajectory would enab e he craft 
to omit the Earth and releas.e s four 
tonne bomb over New York. 

However, this project was cancelled 
in 1942 and Sanger saw the war out 
working on ramjet engines for fi ghter 
aircraft. It would be many years before 
he could return to his ''S ilverbtrd s". 

Peenemiinde's Wings 
Sanger worked for the air fo rce. At 

PeenemOnde, on the Baltic coast, the 
German Army's ballistics programme 
was proceeding apace under th e ae­
gis of General Dornberger and the 
young von Braun. As well as honing the 
A4 missile. Dornberger's eng ineers 
also investigated winged rockets as a 
means of extending miss ile strike 
range. 

The A4b was built and launched 
twice. On the first occasion it exploded 
almost immediately but on the second 
it became the first winged vehicle to 
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the Future 
Space/one Development 
exceed the speed of sound. The Ger­
mans had even more ambitious plans 
with a piloted "A" variant which, like 
Sanger's Racketenbomber, would 
have been capable of bombing North 
America. 

Post-War 
If the thinking done in Europe during 

the 1930s represents a preliminary 
stage in spaceplane research, then 
he next phase probably occurred in 

the United States at the end of World 
War II. 

Plans had been laid by the US Air 
Force in 1944 to tackle the sound bar­
rier. This was broken in 1947 when 
Captain Yeager flew the X-1 research 
aircraft to Mach 1.06. The triumph was 
an overture for a succession of X­
plan e variants which nudged the 
speed and altitude records upwards. 

The next target was clearly to fly to 
the edge of space. 

Calls were put out by the NACA (Na­
tional Advisory Committee for Aero­
nautics) for vehicle designs. One· of 
the proposals that came back in 1953 
was the Drake-Carmen composite 
vehicle from NACA's own High Speed 
Flight Station. The upper stage of this 
TSTO (Two-Stage-To-Orbit) concept 
would separate at altitude and then 
boost to orbit before descending on a 
gliding flight path. 

Many other designs were poured 
over but the craft which eventually 
received a go-ahead in 1955 was the 
X-15. This first flew in 1959 and went 
on to become the most successful high 
speed and altitude research aircraft 
ever built. 

The X-15 flew to the edge of space. 
indeed, the plane exceeded the 

The NACA's Drake-Carmen TSTO Spaceplane. 
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threshold ·of 80.5 km (50 miles) on ten 
occasions and earned the pilots their 
astronaut wings. Everything augured 
well for the final target, that of devel­
oping a true orbital spaceplane. 

Into Orbit? 
During the early and mid-1950s the 

USAF had examined a range of orbital 
strike and reconnaissance craft con­
cepts. BOMI (Bomber-Missile), de­
vised by Walter Dornberger (late of 
Peenemunde), System 11 SP and 
Brass Bell were all conceived at the 
Bell Aircraft Corporation. ROSO was 
a winged orbital rocket bomber project 
under investigation in USAF research 
facilities. HYWARDS was to be a re­
search aircraft aimed at validating the 
preceding systems. 

Finally, in 1957 and, interestingly, 
just one week after Sputnik 1 had been 
launched by the Soviet Union, the 
USAF drew the various programmes 
together and announced the initiation 
of DYNA-SOAR (Dynamic-Soaring). 
This evolved into a small piloted delta­
winged orbiter launched on a modified 

Oornberger and Bell's Berni. 

Titan booster. With an expendable 
booster system, however, it was 
clearly not a true spaceplane and 
merely represented another techno­
logical step towards total reusability. 

USAF personnel were still ponder­
ing total reusability, however, in the 
shape of Aerospaceplane, a SSTO 
(Single-Stage-To-Orbit) vehicle that 
would be, 

" ... of tremendous big winged design ... 
propelled from the ground horizontally by 
turbojets. The craft would carry liquid 
hydrogen and would scoop oxygen from the 
upper atmosphere which would be Hquified. 
With fuel thus obtained ... the vehicle would 
be ready to penetrate space and then to 
return to the atmosphere for landing at an 
airfield." 

Space Daily July 18, 1962, p.75 

(3) 

( 1 ) A-4b Winged Rocket 

(2) - (4) Piloted "A" Variant 

(2) 

(4) 

This project would have been virtu­
ally impossible to achieve in the early 
1960s and it was no surprise when it 
was cancelled in 1963. DYNA-SOAR, 
by this time labelled X-20, was also 
shelved In the same year. US re­
sources were being funnelled into the 
Apollo and Gemini programmes and 
the aerodynamic way into space 
seemed well and truly eclipsed by the 
tried and tested ballistic systems. 

Europe 
In Germany, however, Eugen 

Sanger was lobbying hard for Europe 
to develop a form of spaceplane, the 
Aerospace transporter. He worked 
with the Junkers company on a TSTO 
design as a precursor to an SSTO 
vehicle. Messerschmitt-Boikow­
Blohm (MBB) were also looking at a 
TSTO spaceplane. 

MBB TSTO concept of the 1960's. 
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INTO ORBIT WITH REUSABLE SPACECRAFT 
Work was going on In other European countries as well. In 

France, the Dassault company, In association with the 
French space agency CNES, proposed a small "Space Taxi" 
orbiter which would be launched at altitude from an aircraft. 

e:::-=--

--- --· - --... 

Dassault/CNES TSTO Concept incorporating ventrally slung "Space Taxi". 

Research was also carried out in Britain where a variety 
of partially and wholly reusable winged launchers were 
investigated during the 1960s. The 'best-remembered is the 
British Aircraft Company's Three-Stage-To-Orbit MUS­
T ARD (Multi-Unit Space Transport and Recovery Device) 
which, while totally reusable, was launched vertically. This 
system was of particular interest to the Americans who, by 
the end of the 1960s, were once again thinking seriously 
about a totally reusable spaceplane. 

Reusable Shuttle 
The US vehicle would form part of a Space Transporta­

tion System to supply and maintain an orbiting spacesta­
tion with a view to further interplanetary missions e.g. to 
Mars. This mirrored Sanger's philosophy from the 1920s 
and 1930s. 

The AACB (Aeronautics and Astronautics Coordinating 
Board) had reported In 1966 with a suggested development 
timeline from partially to totally reusable launcher systems. 
In 1969, NASA invited US aerospace concerns to produce 
initial designs for a Shuttle. 

NASA's Langley Research Centre proposed a TSTO ar­
rangement based on the HL-10 Lifting Body design. Both 
stages would employ airbreathing propulsion systems 
which draw oxygen from the atmosphere. 

Another design which attracted a great deal of attention 
came from Max Faget of the Manned Spaceflight Center, 
Houston. This TSTO system comprised a huge winged first 
stage from which an orbiter, alreaqy resembling the even-

I 

/ • 
~ 

TSTO Shuttle based on Langley's HL-IO lifting body. 

tual Shuttle, would be launched. 
The second round of designs revealed some impressive 

looking TSTO vehicles from North America Rod\well and 
McDonnell Douglas. Total reusabiltty was sti the aim and it 
began to look as though the earlier visions of µ·o eers might 
at last be realised. Then the limiting actor oi money ap­
peared. 

Manned Space Flight Center's TSTO Shuttle from 'ax Fags!. 

Partiallyffotally Reusable Vehicles Reviewed by the British Aircraft Company: (1) Horizontal Take Off, Partially Reusable; (2) orirorrtal -a:-te Oii, Reua­
sable; (3) Vertical Take Off, Reusable; (4) Vertical Take Off, Reusable (MUSTARD); (5) Alternative configuration for "MUSTAH!Y'. 

(1) (2) (4) 
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1:85 model of Sanger with HORUS. 

Partially Reusable 
In 1971 the US Office of Management and Budget ex­

pressed its unwillingness to support NASA above its fiscal 
limit for the year of $3.2 billion. Any technological reserva­
tions with the latest round of Shuttle designs were amplified 
by this problem of insufficient funding and NASA eventually 
settled for a partially reusable Space Transportation Sys­
tem. The Shuttle, as we know it, was therefore conceived 
and ten years later Columbia was launched on its maiden 
flight. The wait for a true spaceplane continued. 

Second round McDonnell Douglas TSTO concept. 

HOTOL 
In 1982 the British Interplanetary Society held a Space 

Transportation symposium. Amongst those attending were 
Alan Bond of the United Kingdom Atomic Energy Authority 
laboratories at Culham and Bob Parkinson of British Aero­
space. They subsequently realised that the symposium had 
triggered complementary thoughts. Parkinson had drafted 
a SSTO horizontal take off vehicle while Bond had outlined 
an innovative hybrid airbreathing rocket engine which would 
propel it. 

This spaceplane concept was known, at first, as SWAL­
LOW but, more by accident than design, it eventually ac­
quired the acronym HOTOL for (HOrizontal Take Off and 
Landing. 

HOTOL was conceived as an unpiloted space plane ca­
pable of putting an 8-tonne satellite in a 300 km orbit. Proof 
of Concept studies were successful but progress was ham­
pered by Insufficient funding and a security classification 
which effectively prohibited alternative backing from over­
seas. 

The original HOTOL Is now in obeyance while an interim 

Blb/lography 
1 . ''The Silverbird Story: A Memoir'', Irene Sanger-Bradt, 4th IAA 

History Symposium, pp.195-228. 
2. 'Winged Rocketry", Major James C. Sparks, Dodd, Meade & Co. 

1968. 
3. "The Path to Space Shuttle: The Evolution of Lifting Reentry Tech­

nology", R.P. Hallion, JBIS, 36, 12, pp.523-542. 
4. ''The Hypersonic Revolution" V2, R.P. Hallion, Aeronautical Sys­

tems Division, Wright Patterson Air Force Base 1987. 
5. ''The X-Planes'', Jay Miller, Aerofax Inc. 1988. 
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scheme is investigated. British Aerospace and the Russian 
Central Institute of Aerohydrodynamlc research have been 
looking at a TSTO system in which a modified HOTOL is to 
be launched from an Antonov 225 aircraft. INTERIM HOTOL 
would use conventional rocket motors rather than the hy­
brid RB545 of the original. 

Alan Bond is not connected with INTERIM HOTOL and Is 
in the process of putting together his own consortium to 
support development of SKYLON, a new SSTO vehicle em­
ploying an improved hybrid alrbreathing rocket engine. 

Other Studies 
The HOTOL public announcement at the 1984 Farnbor­

ough Air Show caused quite a stir and It was not long before 
other countries were following suit with their own spaceplane 
concepts. Some were new and other were dusted down and 
updated versions of earlier research programm~s. 

MBB unveiled their appropriately named SANGER, a 
TSTO spaceplane which would use turbo-ramjets on the first 
stage and rocket motors on the piloted orbiter. An alterna­
tive unmanned second stage was later abandoned. 

Dassault resurrected their TSTO scheme from the 1960s 
as STAR-H. Following separation from the reusable first 
stage the second would use an expendable booster to 
achieve orbit. This would not therefore be a truly reusable 
spaceplane. Spaceplane research was also announced in 
the Soviet Union (which had been investigating an Antonov 
TSTO system before INTERIM HOTOL surfaced), Japan 
and India. 

NASP 
In his 1986 State of the Union Address, President Reagan 

referred to a new "Orient' Express" which could cut the jour­
ney time from New York to Sydney to a couple of hours. He 
was talking of the National Aerospaceplane (NASP), a SSTO 
concept which, in reality, was still years away from a demon­
strator vehicle, let alone a passenger-carrying space liner. 

NASP was the most ambitious of the 1980s spaceplane 
projects. With a sizeable military function It had to follow 
particularly demanding flight profiles and this called for 
highly advanced propulsion, thermodynamic and control 
systems. It swallowed up huge amounts of research funding 
and, with the ever present financial constraints, there was 
no guarantee that Congress would even allocate sufficient 
money to build an X-30 demonstrator vehicle. 

The Future 
It is the question of money which once again seems likely 

to delay spaceplane development around the world. Many 
engineers will argue that vast sums do not have to be thrown 
at spaceplane research. David Ashford, for example, has 
devised an incremental approach to spaceplane design 
which makes maximum use of existing technologies. 

Nevertheless, any long-term project requires consider­
able financial backing and the spaceplane proponents have, 
as always, to compete with many other causes. Perhaps, as 
we wait again, we must simply draw on the confidence of 
Eugen Sanger who said in 1925, "Nevertheless, my Silver­
birds will fly''. 
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VISITS 

Paris Visit Science 0 la Carte! 
Brian Harvey writes about a science museum In Paris 
that Is well worth a day's visit. For space enthusiasts 
there Is much to Interest them. 

BY BRIAN HARVEY 
Dublin 

Most museum-going space enthusiasts think in terms of 
the lavish displays of the Smithsonian museum in Washing­
ton DC or the VDNK In Moscow. An Impressive, though more 
modestly-sized space exhibition Is now relatively close at 
hand In the futuristic Cite des Sciences et de l'lndustrie (City 
of Science and Industry) In Paris, France. 

Cite des Sciences is built on 
the site of the old Paris abattoirs 
to the north-east of the city. It is 
a large complex of glass-and­
steel 40 m-tall 30,000 m2 sci­
ence museums, full of lifts, 
walkways, ramps, bridges and 
platforms. Cite des Sciences is 
about hands-on science: the 
format is learning through 
doing, seeing, touching and 
hearing. Visitors explore such 
diverse subjects as mathemat­
ics, optics, sound, robots, the 
world of microbes, computers 
and time. 

daily; and a French navy 1957 
submarine, the Argonaut, 
which one can walk through ac­
companied by a headset com­
mentary. The geode generally 
shows educational pro­
grammes, last summer's spe­
cial being Blue planet, a spec­
tacular and beautiful tour of the 
Earth through the eyes of the 
NASA space shuttle's IMAX­
camera. 

Two floors of the main sci­
ence block are devoted to the 
space exhibition which is domi­
nated, as one might expect, by 
France's national space pro­
gramme and its cooperative 
ventures with other countries. 
There are excellent models of 
Ariane, Salyut 7, Freedom and 

Outside the main science 
building are two special attrac­
tions: the geode, a round cin­
ema-roof 1000 m2 projection 
building with several shows 
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BIS Visit 

British Telecom 
London Teleport 

Isle of Dogs 

The Society is pleased to announce that, as part of its 
60th Anniversary Celebrations, a visit for Society 
Members - especially those interested 1n Space 
Communicatons - will be made 1o BT London Teleport 
at the Isle of Dogs, London, on 31 March 1993 from 
10:15 am to 2 pm. 

London Teleport ls on the North Bank of the Thames, 
adjacent to the Woolw1ch Ferry Ter:mlnal and 300 yards 
from North Woolwich Station -0n the Central Line 

The visit will in.elude: 

+ A PRESENTATION ON THE FACIUTIES 

+ A TOUR OF THE COMPLEX WHICH WILL INCLUDE 

AN OPPORTUNITY TO VIEW A RANGE OF DIFFERENT TYPES OF 

ANTENNAE AND ASSOCIATED EARTH STATION EQUIPMENT 

+ COMPUMENTARY BUFFET LI.NCH 

AND .REFRESHMENTS WILL BE PROl/IDED 

+ DISCUSSION SESSION TO FOLLOW AFTER LUNCH 

Registration fonns and 1ocatlon maps are available 
from: 

The British Interplanetary Society 
27/29 South Lambeth .Road, London SW8 1SZ 

Modernistic figure-of-8 water foundation, geode In background. 

Mir; and a lifesize exhibit of 
Spacelab with model astro­
nauts at work on a typical mis­
sion. There are several audio­
visual displays of the history of 
space exploration (notably 
even-handed in their treatment 
of Russia and America); there 
is a series of models of current 
scientific missions; and there 
are a number of rocket motors 
on display, the most striking 
being the HM-7 used on Ariane. 
For astronomers, there is a 
planetarium. 

BIS Visit 

Photo supplied by author 

Although the Russian-
French Antares manned mis­
sion had only just ended, a 
week later the Cite was already 
showing edited takeoff-to­
touchdown mission highlights 
on continuous-tape video, 
amply supported by a press 
dossier on the mission. 

Cite des Sciences ts worth a 
full day's outing, and as they 
say, it is suitable for chi ldren 
and adults of all ages. Some 
children might even consider .it 
a rival to Eurodisney. 

Royal Aiccraft 
Establishment/Defence 

Research Agency 

The Society ls pleased to announce that, as part of its 
6oth Anniversary Celebrations, a visit for Society 
Members to the Royal Aircraft Establishment/Defence 
Research Agency at Farnborough, Hants has been 
arranged for 21 May _ 1993. 

The visit will include a tour of facilities concerned with: 

+ REMOTE SENSING IMAGERY PRODUCrroN 
(OPnCAL & RADAR) 

• RADAR SYSTEMS RESEARCH 

+ POWER SYSTEMS TECHNOLOGY 

+ ELECTRIC PROPULSION 

+ CHEMICAL PROPULSION 

+ SMALL SATEWTE PROGRAMME (STRV-1A AND ta) 

+ MEASUREMENTS OF SPACE RADIATION ENl/IRONMENT 

• SPACE TEST FAC/LJTIES 

+ COMPUMENTARY LUNCH AND REFRESHMENTS WILL BE PROVIDED 

Registration 'fonns and location maps are available 
from! 

The British Interplanetary Society 
27/29 So.uth Lambeth .Road, London SW8 1SZ 
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With the opening up of the former Soviet Union many opportunities to col­
laborate on major space projects now exist. One of the most exciting Is the 
CIS's aerospaceplane project called MAKS, which offers a promising route 
to low cost flexible transportation Into low Earth orbit So the history and 
technical details of the project are of Interest. 

BY MARK HEMPSELL and BOB PARKINSON 
BIS Council Members 

MAKS Orbiter 

At the Paris Air Show In 1989 the Soviet Union publlcly 
displayed their massive An-225 carrier aircraft - the largest 
aeroplane in the world - carrying the Buran Space Shuttle 
on its back. Billed as a "heavy lift'' aircraft it was capable of 
transporting the Buran Shuttle and components of the En­
ergia launch system, or of carrying large and heavy pay­
loads (chemical processing plants and even entire ships 
were mentioned) to remote sites by air. When a delegation 
from British Aerospace were shown around it, the first sight 
that greeted them as they entered the enormous hold was a 
poster showing the An-225 carrying HOTOL. 

The An-225 design team had always seen one of its roles 
as a carrier for Single Stage To Orbit (SSTO) launch sys­
tems. Since its carrying capacity of about 275 tonnes 
matched the mass of the airbreathing HOTOL to within 5 
tonnes, the Soviets were interested in discussing whether 
their aircraft could be used to replace the launch trolley; 
widely considered to be HOTOL's Achilles heel. The result 
of these discussions were joint studies between British 
Aerospace and the Soviet aerospace Industry into the po­
tential of the An-225 in the HOTOL concept. 

Over the next three years a proposal called the Interim 
HOTOL evolved. This was a pure rocket version of HOTOL 
which, like the original airbreathing version, would be fully 
reusable and carry a payload of about 7 tonnes into orbit. It 
was called the Interim HOTOL because it was never in­
tended to be a development Instead of the alrbreathlng 
system. Rather it was seen as a way of still significantly 
improving launch costs by the year 2000 (the original goal 
of the project) despite the delays in starting the develop­
ment of the airbreathlng engine which meant it could no 
longer be ready in time to meet this target. The airbreathing 
system, which has always been seen as the best long term 
approach, could then be Introduced later, bringing launch 
costs down still further. 

Very early during the joint work with the Russian and 
Ukrainian engineers British Aerospace were introduced to 
the NPO Molnija design bureau in Moscow - who were re­
sponsible for the design of the Buran orbiter. NPO Molnija 
had their own project for utilising the huge lifting capacity of 

Artist's impression of INTERIM HOTOL launch from Antonov 225. BAe 
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Antonov 225 at 1990 Farnborough Airshow. D. Millard 

the An-225 as the basis for a reusable launch system, which 
they called MAKS (Mnogotselevaya Aviatsionno Kosmich­
eskaya Sistema or Multi-Purpose Aerospace System). 
MAKS was in an advanced state of design and although it 
did not meet all the HOTOL requirements it has been seen 
as an alternative route to low cost, on demand access to 
space. 

More recently other European countries have started to 
take an Interest In the MAKS concept. With serious prob­
lems In the Hermes programme, the Council of Ministers 
have proposed "greater and deeper co-operation with 
Russia to arrive at a crewed space transportation system." 
Thus MAKS has become a serious contender as a collabo­
rative replacement for Hermes. 

An-225 
The An-225 aircraft Is a development by the Antonov 

design bureau which is located in Kiev in the Ukraine. It is an 
enlargement of the earlier transport aircraft - the An-124 
"Russian" which was a Soviet equivalent of the American C-
5A "Galaxy" military transport. The An-124 is actually about 
5% bigger than the C-5A (making it the previous record 
holder as the world's largest aircraft) but looks very similar 
- a four engined, high wing, roll-on roll-off transport - and it 
had a very similar mission. An-124s are currently doing 
sterling work supporting emergency airlifts In various of the 
world's trouble spots. 

At the moment there is only one An-225. It was con­
structed from a production An-124 by adding a new centre 
section to the wing, carrying two extra Lotarev D-18 en­
gines, modifying the tail to a split fin arrangement, and 
adding a new centre section to the fuselage which takes the 
additional undercarriage to carry the massive 50% increase 
in size over Its "smaller" brother! The way in which the An-
225 Is a modified An-124 is very clearly shown on the flight 
deck, where Instruments for the engines are arranged In 
banks of four, with the extra dials for the extra engines added 
where space permits. With six throttle control levers in a row 
between the pilots seats, one feels a big pair of hands are 
needed to fly it. 

The Antonov Bureau christened the An-225 "Mriya", 
which is Ukrainian for dream. It was, they said, big enough 
to carry anybody's dream. The name is very definitely 
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Ukrainian - the Russian alphabet does 
not even have a letter "i". 

Although there is currently only one 
experimental An-225, it Is clear that 
further aircraft can easlly be con­
structed using components from the 

1- ----- --- - --36300--------------

1 

35700 An-124 production line. Its potential is 
enormous. Not only does It have the 
capability to carry up to 275 tonnes, It 
has an impressive 10,000 km range to 
carry an unfueled MAKS or HOTOL to 
remote launch sites. As one example of 
its flexibility, when the HOTOL team 
wanted to design for operations out of 
the "hot and wet" launch site at Kourou 
and it appeared the take off accelera­
tion would be too low. The Antonov 

------ fromAn-225nose ------

- - - - - 14350 --- - -

designers rapidly came up with a 
scheme for an eight engined version, MAKS Orbiter and External Tank 
by simply podding the inboard engines 
in pairs - the wing was already strong 
enough for the extra forces involved. 

The An-225's suitability as a SSTO 
carrier is not just because it can carry a large payload. The 
detailed design Is also intended for the role. It has suitable 
hardpoints on Its back and provisions for many of the other 
systems needed for this task. This was partly to enable it to 
be a carrier aircraft for the Buran space shuttle, but also 
because it had been designed from the start as a launch 
platform for MAKS. This brings us to the history of the MAKS 
project 

History 
In 1982 the US Air Force had a proposal for an air launched 

Space Sortie System. This was a small reusable vehicle 
intended to be operated in much the same way as a military 
aircraft, and to perform "rapid access" missions to low Earth 
orbit with minimal payloads. The orbiter vehicle was to be 
carried aloft by a modified Boeing 747-200, and used a drop 
tank (with about two thirds of the propellant) and a winged 
reusable orbiter which carried the remainder of the propel­
lants, engines, crew and payload. The Space Sortie Sys­
tem used "off the shelf' engines In the form of nine RL-10s 
as used on the Centaur stage. In !=iddition a further seven 
RL-1 Os were installed in the tail of the 747 to augment the 
thrust and provide a high flight path angle for separation. 

The Space Sortie System was seen as a way of providing 
an "on demand" small launch capability, operating out of 

Prepared by British Aerospace Space & Communications Ltd 

conventional military airfields and capable of being 
launched into a variety of orbits at short notice. In theory 
the Sortie vehicle could have flown over any point on the 
Earth's surface within 90 minutes of take off. The winged 
orbiter would then have sufficient cross-range to land at a 
predetermined Air Force base within the USA. Unfortu­
nately the carrying capability of the Boeing 747 restricted 
the system payload to about 3 tonnes into a 28.5 degree orbit 
and less than a tonne into a polar orbit (were the real mili­
tary interest lay). With such a limited capability the idea died 
before it could be turned into hardware, like so many prom­
ising concepts before and since. 

About the same time as the USAF was looking at the Space 
Sortie System, NPO MolAija started looking at a similar 
system based on the An-124. This was the birth of the MAKS 
project. Like the American study they found the concept 
technically viable, but the carrying capability of the An-124 
restricted possible payloads to the point where they were 
too small to be of interest. In 1985 the study moved to con­
sidering launching from the new An-225 and the Council of 
Chief Designers approved development of the An-225 with 
one of the defined requirements being to carry MAKS. A little 
later work also started on a new engine for MAKS, the 
RD701, which Is discussed later. 

Vehicle 

!MAKS Orbiter I 

The current MAKS configuration has 
a 20m long winged orbiter and a single 
drop tank containing all the ascent 
propellant in an arrangement similar to 
the USA Space Shuttle. At separation 
from the An-225 the MAKS stack (or­
biter plus tank) is 36.3 m long and 
weighs 275 tonnes of which 27 tonnes 
is the orbiter, 11 tonnes is the dry ex­
ternal tank, and the remaining 237 
tonnes is propellant. 
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Forward 
Equipment Bay 

Nosewheel 

External Tank 
Disconnect Valves 

The drop tank is a major difference to 
the Interim HOTOL concept. It has a 
maximum diameter of 6.4 m and Is 
largely manufactured from aluminium/ 
lithium alloy. The forward hydrogen 
tank Is separated from the oxygen tank 
by an Insulated "common bulkhead" in 
a similar arrangement to that used on 
the USA Centaur and Saturn 5. The 
kerosine tank Is In the rear of the elon­
gated tear drop shape. Because the 
propellants are stored externally from 
the orbiter it is much smaller than the 
Interim HOTOL (see table). A conse-
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MAKS-T 
Unmanned - Expendable 

MAKS 
Orbiter 

An-225 Carrier Aircraft 

Propellant 
Drop Tank 

NPO Molnlja as "conventional" and 
uses the experience gained on the 
Buran shuttle. Their estimated payload 
Is 8.5 tonnes for the manned version 
into a 200 km 51° orbit and 9.5 tonnes 
for the unmanned version. These esti­
mates may be a little optimistic, but It is 
clear that there is considerable com­
monality In a number of key technology 
areas with the ESA work on Hermes, 
and a joint CIS/ESA programme would 
have some confidence in achieving 
very competitive payload masses. 

Engine 
While originally a conventional oxy­

gen/hydrogen vehicle the MAKS de­
signers discovered that the perform­
ance of the vehicle would be very sig­

Prepared by British Aerospace Space & Communications Ltd 
nificantly Improved by using a tripropel­
lant system. As a consequence a new 
engine development was started with 

quence of this Is that the payload bay is much smaller than 
in the HOTOL concepts. It Is 6.8 meter long and tapers from 
3.0 m at the rear to 2.6 meters at the nose. 

The NPO Molnija design team led by Chief Designer Gleb 
Lozino-Lozinsky plan three versions of MAKS. The manned 
version which would be used for crew transfer and other 
missions requiring manned Intervention. The manned ve­
hicle has a small cabin which carries a crew of two but it would 
be possible to add a passenger cabin in the payload bay to 
increase the crew size. The accommodation is much smaller 
than Shuttle, Buran, or even Hermes and is not intended to 
turn the orbiter into a mini-space station with long orbital 
flights. MAKS Is seen as solely a transport system for pay­
load and crew delivery and the maximum mission is only 5 
days. 

The unmanned version for delivery of cargo follows 
closely the HOTOL unmanned philosophy. However 
whereas HOTOL's approach was to add crew to a primarily 
unmanned system, the MAKS' approach has been to take 
the crew out of a manned system. This unmanned version 
would remove the crew cabin allowing the payload bay to be 
extended to 8.75 m and adding over a tonne to the payload 
mass. 

A third totally expendable version of MAKS is also under­
study called MAKS-T. In some respects this concept Is 
reminiscent of the Shuttle-C proposals In that most of the 
systems are common with the reusable MAKS, but in this 
case all the hardware is thrown awa.y. Although the cost per 
launch rises dramatically, the MAKS-T could place 16 ton­
nes into orbit, which is close to the performance of Ariane 5 
and Titan Ill. 

The technology used in the MAKS orbiter is described by 

RD-701 Performance 

Vacuum Thrust (kN) 
Vacuum Specific Impulse (N sec/kg) 
Launch* Specific Impulse (N sec/kg) 
Flow rates LOX (kg/s) 

LH2 (kg/s) 
Kerosine (kg/s) 

Expansion Ratio (Extension down) 
(Extension up) 

Chamber Pressure (bar) 

* 10 km altitude - Nozzle extension up 
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MODE 1 

2 x 2000 
4071 
3885 

2 x 388.4 
2 x 29.5 
2 x 73.7 

170 
70 
300 

the unique feature of being able to burn 
three propellants together in the same combustion cham­
ber. The engine is designated the RD-701 and has been 
under active development by the NPO Energomash, under 
its general director Boris Katorgin, since 1988. The MAKS 
orbiter has one of these engines mounted in the rear engine 
bay. 

RD701 tripropellant rocket engine mock-up. 

Energomash is based In a Moscow suburb called Khimky 
and produces the RD-170 a four chambered oxygen-ker­
oslne engine used on the Energia boosters and the RD-171 

derivative used on the Zenlt launch sys­
tem. The experience gained on the 
engines was exploited as a basis for the 
RD-701. 

MODE 2 

2 x 785 
4532 

2 x 148.5 
2 x 24.7 

170 

150 

The RD-701 Is a twin chambered en­
gine (i.e. It has two separate nozzles) 
capable of operating as an oxygen-hy­
drogen-kerosln e engine (Mode 1) for 
high thrust, or a pure oxygen-hydrogen 
engine (Mode 2) for high performance 
measured by specific Impulse. As with 
all modern CIS rocket engines the RD-
701 uses a "closed cycle" In which ex­
haust from the pump turbines is fed Into 
the main chamber for increased effi­
ciency. Each chamber has two pumps 
feeding it, one pump supplies both the 
keroslne and liquid oxygen and the 
other the liquid hydrogen. 
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Another Interesting feature of the .RD-701 Is Its use of a 

deployable nozzle extension which Is lowered into place 
when the engine is in near vacuum to increase the perform­
ance. This increases the engine length from 3.8m to 5.4 m 
and gives an exit diameter of 2.4 m. When in place and op­
erating in the oxygen-hydrogen mode the RD-701 has a 
specific impulse of 4532 N sec/kg; some 100 N sec/kg higher 
than the US Space Shuttle main engines. 

As with the US Space Shuttle the engine is fed from the 
external tank, via fast acting couplings on the undersurface 
of the orbiter, through Into the rear of the payload bay into 
the engine's feed pumps. Also like the US Space Shuttle the 
orbiter has integral orbital manouvering engines for orbit 
injection, rendezvous, and reentry manoeuvres. 

Mission 
The launch process starts with the MAKS Orbiter being 

integrated to the external tank. The payload is then installed 
within the payload bay and the complete Orbiter/tank as- · 
sembly is then lifted onto the back of the An-225. The pro­
pellants are loaded into the external tank just before take 
off. 

At the end of the runway the whole assembly weighs 620 
tonnes. After a conventional aircraft take off, the An-225 
carries MAKS to an altitude of between 9 km and 1 O km with 
an airspeed of Mach 0.8 (240 m/s). Up to one hour can elapse 
between take off and the launch of the MAKS orbiter.. In this 
time the An-225 can travel up to 750 km from the airfield. 
This gives wider range in flexibility in launch time and incli­
nation than a fixed launch site. 

The separation manoeuvre is a delicate one. The MAKS 
vehicle must perform a pull up to separate it from the An-
225, and light the rocket engine without damaging the car­
rier aircraft. As with the Interim HOTOL it is likely that the 
An-225 will perform a powered dive manoeuvre with a pull 
up, at the moment of separation. Although by way of con­
trast the US Space Sortie System proposed another ap-
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proach of climb and "push over'' to separate. 
At ignition the engines must provide maximum thrust 

driving the MAKS vehicle, which Is heavy with fuel, into an 
ascent trajectory out of the atmosphere. So the RD-701 is 
in its tripropellant mode. When the pressure has dropped to 
close to vacuum the nozzle extension is lowered to Increase 
the expansion ratio and hence Improve the engine perform­
ance. 

When all the kerosine has been used the engine switches 
to liquid hydrogen and oxygen mode and is working at 
maximum performance. In this mode the engine thrust is 
reduced by more than half. This Is acceptable as the sys­
tem is now considerably lighter than at launch due to the 
propellant that has been burnt. 

Like the Shuttle, MAKS discards the external tank before 
reaching orbital velocity, leaving it to destructively reenter 
the Earth's atmosphere and burn up. The MAKS orbiter then 
uses the smaller orbital manouvering propulsion system to 
reach Its final orbit, which can be between 200 km and 800 
km altitude. After performing the mission MAKS would 
perform a deorbit burn, reenter the atmosphere, and then, 
like the Shuttle, it would glide down to a runway landing at 
the launch site. 

For a typical "transport and maintenance" mission to a 
space station such as Mir, MAKS would carry a rendezvous 
system, a "Mating Module", and a pressurized cargo com­
partment. The Mating Module would be mounted in the 
payload bay immediately behind the crew compartment. In 
addition to connecting the crew cabin and cargo compart­
ment, it would carry an expanding adapter tunnel with the 
docking interface on it. This would be the connection to the 
space station. The Mating Module has an internal volume of 
3 m3 and the cargo compartment a volume of 20 m3• If addi­
tional crew were required the pressurised cargo compart­
ment would be replaced by a passenger module. MAKS 
could also carry a manipulator similar to the Shuttle Cana­
darm or the Hermes HERA system. 

Other mission for MAKS could included satellite deploy­
ment, conducting non deployable experiments, reconnais­
sance (military and civil) and satellite repair or recovery. 

Programme 
Since 1982 NPO Molnija have made considerable prog­

ress on the concept. The An-:225 has flown and proven its 
performance. The RD-701 is 25% of the way throug.h its de­
velopment, and engineering mock ups have been made (see 
figure). MAKS structural models for strength and interface 
evaluation and a cockpit mock up for human interaction 
analysis have also been constructed. 

Overall there has been considerable progress on MAKS 
development and NPO Molnija believe th at a properly 
funded programme could achieve a first flight in 1997 with 
the system operational by 1999. This would meet the origi­
nal Intention o.f the HOTOL programme to get a reusable 
launch system with low cost on demand access to space in 
operation before the end of the century. 

The NPO Molnija estimate the development costs at 
around 3.5 billion ESA accounting units (au). British Aero­
space using West ·European costings estimated 6.2 billion 
au for the total programme. This difference is interesting in 
that it highlights the lower costs in the CIS. This is partly the 
lower labour costs, but is also a measure of the more effi­
cient project management methods used. A joint ESA/CIS 
programme would probably cost somewhere between these 
two estimates, although it is to be hoped that ESA nations 
can absorb .some of the cost effective project methods of 
the CIS approach, ,rather than inflict its expensive methods 
on to the GIS. 

The Future? 
There are now two proposals (Interim HOTOL and MAKS) 

based on the An-225 that would meet the HOTOL project 
objective to achieve low cost on demand delivery into orbit 
be.fore the year 2000. So which is the best way forward? 
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Artist's impression of the MAKS system in operation. 

Interim HOTOL would have the better cost performance. 
Its payload mass is very similar to MAKS, but the payload 
bay is larger and compatible with other launch systems such 
as the Shuttle and Ariane. It would also have lower opera­
tional costs due to simpler ground handling and its total re­
usability. British Aerospace estimate each Interim HOTOL 
flight will cost 10.3 million au. 

MAKS launches will be more expensive; British Aero­
space estimate 12.8 million au per launch. MAKS advan­
tage Is the lower development cost which is between 3 - 4.5 
billion au to complete the project, compared with the British 
Aerospace estimate of 6.8 billion au for the Interim HOTOL. 
This lower development cost is in part due to its less ambi­
tious technology and also the very large investment the CIS 
has already made in the vehicle. 

The question of best approach then centres on whether 

Comparison of MAKS, Interim HOTOL and Hermes. 

MAKS 
Orbiter 

Interim 
HOTOL 

Length (m) 
Wing span (m) 

(tor:ines) 

19.3 
12.5 
18.4 

8.5## 
Launch mass (less payload) 
Payload mass (tonnes) 
Payload bay diameter (m) 
Payload bay length (m) 
Crew 

3 to 2.6 
6.8 

# Includes expendable Resource Module 
## Unmanned version 9.5 tonnes 

2** 

36.5 
21.6 
31.5 

7 
4.6 
7 
ot 

the lower operational costs of the Interim HOTOL can repay 
the higher development costs. This depends on how long 
the system is expected to be In operation and to answer that 
question requires planning of when the advance alrbreath­
Ing launch system Is to be operational. 

However It is not only the HOTOL team that are likely to 
be interested. MAKS is also very similar in overall perform­
ance to the early Hermes (1985 vintage) when It had an 
external payload bay and was Intended for a real Infrastruc­
ture role. The technologies required by MAKS are also very 
similar to Hermes. So MAKS may prove a more practical and 
cheaper route to realising the Hermes goals. Given MAKS 
could go some way to meeting both British and continental 
European Infrastructure objectives it makes an interesting 
candidate for CIS-ESA cooperation. 

It Is clear MAKS represents a unique opportunity for 
Western European nations to recover the 
lost momentum of their Infrastructure 
programmes. While it does not com­

Hermes 

18.6# 
9.0 

21.4# 
3 

None* 
None* 

3 

pletely satisfy either the British "eco­
nomic capablllty" thinking typified by 
HOTOL, or the French "prestige and 
technology'' thinking typified by Hermes, 
it is a workable compromise between the 
two. Thanks to the efforts the CIS have 
already made, It can be put In place 
quickly and comparatively cheaply. 

However to start a joint ESA/CIS proj­
ect and to carry It through to a successful 
conclusion, avoiding the problems af­
flicting Hermes and Columbus, will take 
a much clearer vision of the purpose of 
space within Europe and better manage-

* Hermes payload is carried within the pressurised 
Module 

cabin and Resource ment within the western European space 

** Unmanned versions and passenger carrying versions 
t 4 to 6 people would be carried in the manned version 
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also under study 
industry. Without such a new start the 
promise of MAKS will almost certainty 
never be realised. 

83 



-sTS-50 -----------------------------. 

'On Console' for 14-Day Mission 
Huntsville Operations 

Control Center in Action 
As 'an assistant to the Mission Scientist, Dale M. Kornfeld 
worked at the Mission Scientist console position In the Pay­
load Control Room M-203 at Marshall Spacelab Mission Op­
erations Control during the 14-day STs-50 United States 
Microgravity Laboretory-1 (USML-1) shuttle mission. He 
writes for Spaceflight about the Impressive team support 
organisation at the NASA Marshall Space Flight Center In 
Huntsville that swings Into action during each shuttle 
Spacelab mission. 

BY DALE M. KORNFELD 
Alabama. USA 

Huntsville Spacelab Mission Operations Control Center. From Left: Ann 
Bathew (DMC), James Downey, Dale Kornfeld (Assistant MSCI) and Don 
Frazier (MSCI). 

The Payload Control Room M-203 is 
called the "front room" because the 
main cadre team leaders are located 
there and the NASA Public Affairs 
Office TV cameras broadcast views of 
us sitting at these consoles. There are 
several other payload support "back 
rooms" at MSFC, where the rest of the 
team members sit at their consoles 
(but no TV cameras), plus the Science 
Operations Area rooms where all the 
Principal investigator teams man their 
consoles. 

Personnel Organisation 

The Mission SClentist (MSCI) is 
leader of the Pl (Principal Investiga­
tor) science experiment teams. For 
USML-1 it was . Dr Don Frazier. The 
MSCI manages all science-related 
activities during all phases of the 
shuttle mission, approves all science 
inputs to the flight timeline, directs all 
science meetings and mediates any Pl 
conflicts concerning science and on­
board resource requirements. He re­
ports directly to the Marshall Payload 
Operations Director. The POD is chief 
of all payload cadre at Marshall and is 
the bOunterpart of the Flight Director 
at Houston. 

STS-50 USML-1 Mission Payload Operations. 

Our Mission Scientist Team moni­
tored on the console every step of 
every experiment as It was being con­
ducted by the crew. We worked with all 
the Principal Investigator Teams to 
help resolve experiment anomalies 
and interfaced between them and the 
other MSFC cadre when necessary to 
reschedule activities. 

An Alternate Payload Specialist sat 
nearby and worked with us on each 
shift. The APS Is a trained alternate 
crewmember who would have flown If 
a primary crewmember had had to 
drop out. He assisted the Mission Sci­
entist team, Pl teams and other cadre 
on crew science and hardware proce­
dures and overall Spacelab opera" 
tions. 

Dozens of additional support people 
are involved at MSFC, without which 
we could never have a successful 
shuttle Spacelab mission. All the Pl 
and cadre teams are located at 
Marshall and are Involved strictly with 
the Spacelab module and science 
experiments whereas the function of 
those at Houston Is to monitor and 
control the Shuttle Itself after launch 
from Kennedy Space Center. 

The 14-day USML-1 flight was the 
longest Shuttle mission to date and we 
can now say that It was the most per­
fect shuttle science mission ever 
flown. The Mission Scientist and two 
Assistants manned our consoles dur­
ing each shift for 15 straight days. We 
had our "call-to-stations" and went on 
console two days before launch but 
were released early on the last day, 
after all science operations had been 
completed and when the landing was 
postponed a day due to rain at Ed­
wards AFB. The seven member astro­
naut crew divided into two 12-hour 
shifts, Red and Blue, In order to work 
around the clock during the whole 
mission. I worked mostly the Red Shift. 

The entire Huntsville and Houston 
mission cadres and the flight crew 
trained as a group during a long series 
of sims which began in December 
1991. Sims are one or two-day mission 

simulation exercises on the consoles, 
with the crew working in the Huntsville 
Payload Crew Training Complex 
(PCTC) Spacelab simulator. The mis­
sion went a lot smoother and easier 
than any of the sims, since during each 
sim all sorts of awful things are pro­
grammed to happen to the hardware, 
shuttle, or experiments, In order to 
train the crew and all of us to respond 
to malfunctions. It became apparent 
soon after launch that this was not just 
another sim, because everything was 
actually working great. The launch 
phase and all Spacelab module and 
experiment activations proceeded 
perfectly and our job was not very 
hard. The only minor hardware glitch 
was when a microswitch failed on the 
new carbon dioxide air scrubber sys­
tem but the crew quickly fixed it and it 
ran perfectly for the rest of the mission. 

Working this mission as a cadre 
member was quite a change from my 
usual laboratory research and now 
that it Is over I can look back and say it 
was a lot of fun. However, during train­
ing (with all those awful slms) and while 
the mission was underway, it was a 
pretty Intense experience. 

Just about everything planned dur­
ing .the entire mission was accom­
plished and some extra experiments 
and activities were performed beyond 
what was scheduled. 

Cadre Teams Located at MSFC 

Operations Controller Team: com­
posed of the Operations Controller, 
Crew Interface Coordinator, Payload 
Systems Engineer, Crew Procedures 
Engineer, Mass-memory Unit Man­
ager and PAYioad COMmunications 
Manager; · 
Payload Activity Planning Team: 
composed of the Payload Activity 
Planner, TimeLine Engineers, OR­
BITal analysis Engineer, and Payload 
Replanning Engineer; 
Data Management Team: composed 
of the Data Management Coordinator, 
Data REPlanner, Data Flow Analyst 
and TV OPerationS. 
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...------------------- STS-53.MISSION REPORT, 
SPACE SHUTTLE: STS-53 

Last Mission with 
Classified Payload 

Landing Diverted to 
Edwards AFB 

Together with a classlfled Department of Defense pri­
mary payload, Space Shuttle Discovery also carried two 
secondary payloads and a number of mlddeck science 
experiments. The secondary payloads Included studies 
of Shuttle glow phenomena, cryogenic heat pipe devel­
opment and detection of simulated orbital debris. Mid­
deck experiments studied the potential to produce phar­
maceutical mlcrocapsules for medicine and physiologi­
cal studies. 

BY ROELOF L. SCHUILING 
At the Kennedy Space Center 

Although this mission was Discovery's fifteenth flight, the 
orbiter had not been In space since January 22, 1992 when 
it returned from mission STS-42. Since then 78 major modi­
fications have been carried out on It, the most significant 
being the addition of a parachute drag for landing, and the 
capability for redundant nose wheel steering. The orbiter 
also underwent a number of Inspections. 

In late July the three main engines were Installed on Dis­
covery with main engine 2024 In the number 1, or centre, 
position with engines 2012 and 2017 In positions 2 and 3. 

Also in late July and August the unclassified secondary 
payloads GCP (Glow and Cryogenic Heat Pipe) and ODER­
ACS (Orbital Debris Radar Calibration Spheres) were In­
stalled. Discovery's primary payload was a Department of 
Defense payload which was Installed at the launch pad. 

On November 3, Discov­
ery was transported to the 
Vehicle Assembly Building, 
where it was rotated to a 
vertical position and mated 
with the External Tank and 
two Solid Rocket Boosters. 
On November 8, the com­
pleted Shuttle vehicle was 
rolled out of the Vehicle 
Assembly Building and out to 
Launch Pad 39A. 

While at the launch pad 
Discovery underwent a 
simulated countdown, re­
ceived Its primary payload 
on November 19, and loaded 
hypergollc propellants for its 
manoeuvring system and 
reaction control system 
engines. 

On November 30 the 
launch countdown was 
picked up 3 hours early to 
give extra time for fuel cell 
cryogenic reactant opera­
tions. The countdown pro­
ceeded without major Im­
pact until an extended hold at 
T-9 minutes on December 2. 

The launch had been 

scheduled for 6:59 am that 
morning; however, cold 
weather delayed the launch 
until 8:24 am. Temperature 
overnight had dipped to 47 
degrees and a coat of Ice and 
frost had accumulated 
around the cryogenic pro­
pellant areas of the External 
Tank. 

W.lth sunrise scheduled to 
occur at 6:58 am, mission 
managers elected to con­
tinue with the countdown 
and then to extend the built­
In hold at T-9 minutes. The 
hold was extended for an 
hour and twenty-five min­
utes during which period the 
Kennedy Space Center's Ice 
Evaluation Team went to the 
launch pad to monitor the Ice 
buildup on the tank. The Ice 
Evaluation Team monitors 
the Shuttles on each launch 
to insure that no hazard from 
ice buildup is present. The 
concern of the launch team 
is that should an ice buildup 
be shaken loose at launch, 
some ice debris could hit the 
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The Space Shuttle Discovery soars Into a cloud-studded sky from the Ken­
nedy Space Center's Launch Complex 39A on December 2, 1992 at 8:24 am. 
It carried a crew of five, a classified Department of Defense primary payload, 
two secondary payloads and a varied complement of mlddeQk science ex­
periments. Cold weather delayed the launch by 2 hours 25 minutes. 

NASA 
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STS-53 MISSION REPORT 

Pilot Robert D. Cabana (front, left) and Com­
mander David M. Walker (front, right) lead the 
way from the Operations and Checkout Building, 
enroute to the Space Shuttle Discovery at 
Launch Pad 39A. Behind them are Mission Spe­
cialists Michael "Rich" Clifford (left), Guion S. 
Bluford, Jr, and James S. Voss. The crew is all­
military: Cabana, holding the "Beat Army" ban­
ner, is in the Marine Corps; Clifford and Voss are 
Army . NASA 

Shuttle's thermal protection tiles and 
damage them. As the Sun came up and 
warmed the area, the Ice Evaluation 
Team reported that the frosty coating 
was melting. After about an hour, they 
determined that no further concern 
existed and the team returned to the 
Launch Control Center. 

The countdown picked up and pro­
ceeded flawlessly to the liftoff point 
and Discovery began its ascent north­
ward to a 57 degree inclination orbit. 
The Solid Rocket Boosters cutoff on 
schedule at 2 minutes 4 seconds into 
the mission and the main engines 
cutoff at 8 minutes and 42 seconds into 
the flight. Following the burn of its 
orbital manoeuvring engines, Discov­
ery was placed in a circular orbit at an 
inclination of 57 degrees and height of 
200 nautical miles with all systems 
operating normally. 

Flight Day One 
Following its successful liftoff at 

8:24 am (all times KSC time) Discov­
ery performed a circularising manoeu­
vring system engine firing to place it in 
a 200 nautical mile orbit. At approxi­
mately 10:00 am the orbiter's payload 
bay doors were opened and the crew 
was given a "go for orbital operations". 
Discovery's first business involved 
the classified Department of Defense 
payload which was deployed at 2:18 
pm with all activities proceeding as 
planned. Mission commentary, televi­
sion and Space Shuttle-ground com­
munications were then resumed. 

The crew activated several secon­
dary experiments, including the Cos-

mic Radiation Effects and Activation 
Monitor (CREAM) and the Radiation 
Monitoring Equipment (RME), which 
made complementary measurements 
of the radiation in the crew cabin. The 
crew also began medical tests which 
are performed on many Shuttle flights 
to study the effects of weightlessness. 
These involved photography of the 
retina and measurement of pressures 
within the eye. 

Discovery's crew activated the Glow 
Experiment/Cryogenic Heatpipe 
(GCP) payload which is a Hitchhiker 
programme payload from the God­
dard Space Flight Center where their 
experimental data were received after 
being removed from the Shuttle's 
downlink data stream at Mission Con­
trol. 

Flight Day Two 
The morning was spent working with 

several experiments and making 
Earth observations from the 57-de­
gree Inclination orbit. The crew acti­
vated the hand-held Earth-oriented 
Real-time Cooperative User-friendly 
Location-targeting and Environ­
mental Systems (HERCULES) experi­
ments, a modified camera system 
designed to enable an astronaut to 
precisely determine the latitude and 
longitude of terrestrial features as 
they are being photographed from 
orbit. This was the first HERCULES 
flight. Sites observed Included Eleuth­
era Island in the Bahamas, Minch Pen­
insula in Denmark and Galveston Is­
land, Texas. 

The Battlefield Laser Acquisition 
Sensor test (BLAST) uses a laser 
receiver to detect laser energy from 
ground-based locations to provide 
data for the development of sensor 
technology for laser communications. 
BLAST was activated but the two 
opportunities on this day were unsuc­
cessful due to ground site problems. 

The Fluid Acquisition and Resupply 
Experiment (FARE) was used to inves­
tigate the physics of fluid transfer in 
microgravity. Such information is 
needed to plan operations involving 

STS-53 Crewmembers 

Commander of the five man crew was 
David M. Walker who served in the 
same capacity on Mission STS-30 in 
May of 1989. Walker was also the 
pilot on STS-51A, his first space 
flight, in November of 1984. The pilot 
was Robert D. Cabana who was also 
the pilot of the STS-41 mission in 
October of 1990. Mission specialist 
1 was Guion S. Bluford Jr who was a 
veteran of STS-8, STS-61A and STS-
39; during which he accumulated 
over 500 hours of space flight. James 
S. Voss was mission specialist 2 and 
had flown on STS-44 in November of 
1991. Michael R. Clifford, mission 
specialist 3, was making his first 
flight. 

fluid replenishment on long-term 
space missions such as the Space 
Station and the Extended Duration 
Orbiter flights. 

Later in the day the crew performed 
two manoeuvring system engine 
burns to reduce altitude from 200 to 
175 nautical miles. The reduction was 
in preparation for the release of a se­
ries of metal spheres planned for the 
following day. 

Fllght Day Three 
The crew had planned to release six 

spheres from the Orbital Debris Radar 
Calibration Spheres (ODERACS) 
experiment on this day. The spheres 
were in two sets of three wi.th one set 
of aluminium a 1nd one of stainless 
steel. Each set comprised a two, four, 
and six-inch diameter sphere. The 
purpose of the experiment was to 
provide known targets for the calibra­
tion of ground-based radars used to 
study orbital debris. The release had 
been planned for 6:22 am. However, 
about ten minutes before the planned 
release the crew reported they were 
not getting good signals through the 
deployment system electronics. The 
system was rechecked and the crew 
attempted to use a second input loca­
tion to the ODERACS electronics but 
the expected response lrom the ex­
periment was not received. The 20-
minute deployment window was 
passed without success and the ex­
periment attempt was terminated as 
ground controllers began an analysis 
to determine the probable cause of the 
problem. The next deployment oppor­
tunity would not come until Flight Day 
Five. Later in the day the crew used a 
test kit from the standard Shuttle tool 
kit equipment to verify connections in 
the cabin. 

Flight Day Four 
The crew continued work with the 

secondary payload experiments dur­
ing the day. Later in the day, after 
considerable analysis, ground con­
trollers passed the word to the crew 
that the decision had been made not 
to attempt any further ODERACS 
deployment activity. Their analysis 
indicated that the most lfike ly problem 
was a dead battery within the payload 
bay-mounted experiment. Th e deci­
sion was based on the review of manu­
facturing, ground processing and in­
flight data; however it would be impos­
sible to verify that conc lusion until 
after the mission had landed. 

Flight Day Five 
The Discovery's crew continued a 

variety of scientific and engineering 
studies on their fifth day in space and 
also took time out to hold an in-flight 
press conference with reporters on 
the ground at NASA Centers. 

Landing weather predictions of 
possible marginal conditions 
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...-------------------- STS-53 MISSION REPORT 

At Launch Pad 39A, the white room closeout crew helps STS-53 Mission specialist James S. Voss (left), Michael "Rich" Clifford and 
Pilot Robert D. Cabana prepare to enter the cockpit of the Space Shuttle Discovery, awaiting liftoff at 6:59 am, EST. NASA 

prompted a request from Mission 
Control that the crew power-down 
non-critical equipment to save elec­
tricity. This would add to the Discov­
ery's power margins in the event tbat 
the flight might have to be extended 
beyond its current reserves. The 
amount of electricity available aboard 
a Space shuttle is related to the usage 
of cryogenic hydrogen and oxygen in 
the electricity-producing fuel cells. 
Reducing the power usage prolongs 
the reserve of those reactants. 

Flight Day Six 
It was a busy day for the crew as Guy 

Bluford, Jim Voss and Rich Clifford 
performed secondary payload experi­
ment operations Including HERCU­
LES and BLAST data takes, visual 
function tests, and an experiment 
designed to produce pharmaceutical 
microcapsules in space. The micro-. 
capsules contained ampicillin and 
would later be compared with ground­
produced amplcillin mlcrocapsules for 
comparison. 

The day's activities included a Flight 
Control System checkout to verify the 
mechanical and hydraulic systems 
which are required for the shuttle's 
landing. This checkout also verified 
displays and sensors used by the crew 
during landing. In addition the crew 
performed a test of the Reaction Con­
trol System with a thruster firing test. 
Checking out orbiter systems in prepa­
ration for landing is usually performed 
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on the day prior to landing; however on 
STS-53 it was moved up one day to 
provide uninterrupted data gathering 
for the GCP glow experiment on the 
day before landing. Due to the launch 
time, the day, and the high inclination 
orbit parameters, Discovery had not 
spent the time in darkness required for 
the final day's test until December 8. 

Following these operations, an or­
bital manoeuvring system burn was 
performed to lower Discovery's orbit 
and set up an additional possible land­
ing opportunity for the KSC runway 
due to the predicted marginal weather 
conditions at the planned landing time. 

Fl/ght Day Seven 
Much of the crew's activity Involved 

studies of the Glow effect in a night 
environment. Onboard thrusters were 
fired and data were also taken during 
fuel cell purge and overboard water 
dumps to determine the effects of 
these activities on the fluorescent ef­
fect created as the Shuttle encounters 
atomic oxygen in orbit. 

The secondary payload activities 
were completed and the equipment 
stowed for landing. FARE completed 
its eighth and final run. HERCULES 
was stowed after having taken more 
than 200 photographs, eight times as 
many as planned. BLAST had com­
pleted 20 attempts to send laser Infor­
mation to orbit; however poor weather 
and ground equipment problems al­
lowed only two receptions by the 

Shuttle equipment and further analy­
sis will be done on the system. 

Other experiments involving radia­
tion studies, analysis of tissue loss, 
studies of cloud fields from orbit ad 
visual function test equipment were 
stowed in preparation for landing. 

Before going to sleep, the crew per­
formed a small two foot-per-second 
thruster jet burn to avoid a piece of 
space debris. 

Fllght Day Eight 
After final preparations for the 

planned Kennedy Space Center Land­
ing were completed the mission was 
diverted from KSC due to cloud cover. 
The STS-53 mission ended with touch­
ing down on the Edwards Air Force 
base, California after 7 days, 7 hours, 
19 minutes and 19 seconds of space 
flight. Discovery's main gear touched 
down on runway 22 at 3:43:17 pm 
Florida time on December 9, 1992 
(local California time was 12:43:17 
pm). Nose gear touchdown was at 
3:44:04 and wheel stop at 3:45 pm. 

The crew departure from the orbiter 
was delayed due to a leak In one of the 
arbiter's nose thrusters. Ground per­
sonnel performed extensive checks to 
insure that no danger to the crew was 
present before the hatch was opened 
and the crew left the orbiter an hour 
and a half later than planned. Later 
that day the Discovery began prepa­
rations for its return to florida aboard 
the Shuttle's 7 47 ferrying aircraft. 
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Launch 
Rep_ort 

Shuttle: Prelude to Space 
Station Work in 7 993 

With the launch of the first element of Space Station Freedom just three years away, NASA will continue to use the 
Space Shuttle fleet In 1993 for research associated with Space Station assembly and operations. 

The space station programme Is on schedule to complete Its first Critical Design Review (CDR) In June. The CDR 
marks a commitment on the part of the space station programme managers to proceed from the design stage to the 
fabrication and acquisition of flight hardware and software. The CDR Includes the review of thousands of engi­
neering drawings and other design documents by NASA and contractor personnel. 

Beglnning with the first Shuttle flight 
in January (see p.96 for a report on 
STS-54) and ending with the eighth 
mission in December, astronauts will 
conduct spacewalks, materials and 
life sciences research and small-scale 
experiments to prepare for long-dura­
tion stays in space aboard Freedom. 
Spacewalks will be conducted on at 
least three flights in 1993 to prepare 
astronauts for station assembly and 
maintenance. These will help to pre­
dict the length of specific tasks and 
investigate the use of handrails and 
foot restraints while manoeuvring 
equipment similar to that being de­
signed for Freedom. 

Columbia {STS-55) 
The first Spacelab module flight of 

1993 is a German-sponsored mission of 
9 days duration to continue studies in 
materials and life sciences research to 
further technology development for use 
in the space station era. (See opposite). 

Discovery (STS-56) 
Included on this flight is ODERACS or 

Orbital Debris and Radar Calibration 
Spheres. This experiment will help cali­
brate ground-based instruments used to 
track orbital debris. Three pairs of pre­
cisely-machined metal spheres of differ­
ent diameters will be released from a 
canister in the payload bay and will be 
tracked by ground radar to calibrate them 
more accurately. This will allow a better 
determination of the life expectancy of 
space debris, assisting in the develop­
ment of Freedom's protective shield. 
ODERACS was flown on STS-53 in De­
cember 1992, but a loss of battery power 

CLASSIFIED ADS 
SATELLITE NEWS: Free sample from 
Geoffrey Falworth, 15 Whitefield Road, 
Penwortham, Preston PR1 OXJ. 

FOR SALE: 23 complete volumes of 
Spacefllght, from 1968 (Vol. 10) to 1990 
(Vol. 32). Offers please, to: B.N. 
Roberts, 73 Priors Way, Maidenhead, 
Berkshire SL6 2EN. 

CLASSIFIED ADS may be placed by 
Society members at the rate of 53p per 
word inc. VAT (non-members £1.06 per 
word inc. VAT). All classified 
advertisments must be pre-paid. 
Cheques and postal orders should be 
payable to the British Interplanetary 
Society. 

inside the canister prevented release of 
the spheres. (See p. 86). 

Endeavour (STS-57) 
An experiment, which first flew on the 

STS-54 mission in January, will be flown 
as a full experiment on this mission to 
grow larger, high fidelity tissue cells for 
clinical research. STS-57 will carry can­
cer cells to be grown in the chamber and 
brought back for study. On the ground, 
cells tend to lose their neutral buoyancy 
or ability to remain suspended in the nu­
tritional fluids inside the chamber. In 
space, however, the cells can grow larger 
without floating toward the chamber 
walls. On the Shuttle, the experiment will 
serve as the "foundation experiment" for 
the development of bioreactor technol­
ogy on the space station. Growing cells 
to full maturity may take several months, 
which only can be done on long-duration 
flights aboard the station. 

Spacehab, which has its first flight, will 
carry a space station flight experiment 
called the Environmental Control and Life 
Support Systems Flight Experiment, 
containing two critical components of 
Freedom's environmental control sys­
tem. This mission is being considered for 
another spacewalk to continue profi­
ciency training for space station assem­
bly and maintenance. 

Discovery (STS-51) 
The crew of STS-51 will expose various 

materials to the space environment to 
determine which are best for use in future 
spacecraft design, including the space 
station, to ensure long-term survivability 
in space. Freedom is designed for a mini­
mum 30-year life. 

This flight is being considered for an­
other spacewalk to continue proficiency 
training for space station assembly and 
maintenance. Current plans call for EVAs 
to occur on either this mission or on STS-
57 in April, or both. 

Columbia (STS-58) 
This Life Sciences m1ss1on (SLS-2) is 

the second devoted exclusively to under­
standing how the human body reacts and 
adapts itself to the space flight environ­
ment and is of particular interest since 
plans call for astronauts to live aboard 
Freedom for periods of 90 days or more. 
It will continue the medical evaluations of 
SLS-1. which flew for 9 days in June 1991. 

This will be the second "extended du­
ration" Shuttle mission. STS-50 in June 
1992 lasted 14 days and is the longest 
shuttle mission to date. SLS-2 will con-

A Foothold In Space 

Lockheed, the principal subcontractor on the 
Space Station Freedom program, has developed 
an articulating portable ioot restraint to aJd astro­
nauts while working outside Space station Free­
dom. Lockheed Engineering & Sciences Com­
pany (LESC) designed the device for NASA to be 
attached at various points along the orbiting 
structure to aid astronauts who will assemble and 
maintain Space Station Freedom durmg extrave­
hicular activity. The restraint can also be used 
with a portable work platform. 

Eric Schulzinger!Lockheed 

tinue the process of certifying the Shuttle 
to conduct longer duration flights docked 
to Freedom. 

Discovery (STS-60) 
This second Spacehab flight will carry 

_ a large complement of secondary experi­
ments in the additional middeck locker 
space. The module is attached to the 
arbiter's airlock and more than doubles 
the space to conduct secondary materi­
als and life sciences investigations as 
precursor experiments to those that will 
fly on Freedom. 

A Russian cosmonaut will be among 
the crew member aboard Discovery for 
STS-60 (see Spaceflight, December 
1992, p.382). A series of medical evalu­
ations will further investigate the adapta­
tion of the human body to space flight as 
well as readaptation to the Earth environ­
ment. 

Endeavour (STS-61) 
The final mission of 1993 highlights the 

first servicing mission to the Hubble 
Space Telescope (HST). The work 
scheduled, as well as spacewalks in­
volved will provide further data for the 
space station era. 
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Long-Stay Mir Missions to 
Continue in 1993 

The Russian manned flight programme of 1993 got underway with the launch of 
cosmonauts Gennady Manakov and Alexander Poleshchuk In Soyuz TM-16 and 
Its docking with the Mir space station In late January. The docking procedure 
provided a test for a manned docking system that may be used In a Joint mission 
with the US planned for 1995. 

The future of the Russian space pro­
gramme is however in doubt due to fund­
ing problems, but it is hoped to keep Mir 
in orbit beyond its originally intended 
lifespan until at least 1996. Manakov and 
Poleshchuk are expected to return to 
Earth in the Soyuz TM-16 landing capsule 
on about 14 July. 

Cosmonauts Anatoly Solovyov and 
Sergei Avdeyev, who had been aboard 
Mir since 29 July 1992, returned safely to 
Earth on 1 February in the Soyuz TM-15 
landing capsule touching down on the 
steppes of Kazakhstan. 

The next manned flight to Mir will be the 

fourth Russian-French flight with French­
man Jean-Pierre Haignere (back-up 
Claudie Andre-Deshaye) spending 20 
days at Mir before returning to Earth in the 
Soyuz TM-17 landing capsule. This mis­
sion was originally planned for 1994 but 
was brought forward to 1 July 1993 in the 
absence of other contenders for cosmo­
naut-research flights. The accompany­
ing cosmonauts, who are expected to be 
Tsibliyev and Kaleri, will return to Earth 
in January 1994. 

For the end of 1993 a main Mir mission 
is planned with a physician to spend a 
year and a half in space. 

India Set to Launch New Space Vehicle 
A four-stage Indian rocket, the Polar Satellite Launch Vehicle, will place a one­
ton remote-sensing satellite In orbit on Its first launch In March from Srlharlkota, 
India's main launch pad, which Is close to the city of Madras. 

The PSLV, which incorporates ad­
vanced liquid propulsion technology, is a 
successor to the Augmented Satellite 
Launch Vehicle, successfully launched 
in May 1992 after several abortive efforts. 
The PSLV is one of two powerful rockets 
that India is developing. The other is the 
Geostationary Launch Vehicle, whose 
planned development by 1996 will give 
India an undisputed intercontinental bal-

listic missile capability. According to the 
Indian government, the development of 
the PSLV and GSLV will make India self­
reliant in space technology and enable it 
to compete in the multibillion-dollar inter­
national space market. India has the most 
advanced space programme in the Third 
World. In 1980, it surprised the interna­
tional community by placing a satellite in 
orbit. 

ESA Launch Diary for 7 993 
Ariane Programme and Space Shuttle 

Involvement 
March 

STS-55/Spacelab D2: Second German 
Spacelab mission with heavy ESA in­
volvement. Launch delayed until early 
March. 

STS-56/Atlas 2: Follow-up of Atlas-1 mis­
sion for atmospheric applications and 
science. Launch scheduled for late 
March but may be delayed. 

April 
Ariane V57: Launch of Astra 1 C telecom­
munications satellite with Arsene as 
secondary passenger. 

STS-57/Eureca: Retrieval mission of 
ESA's Eureca platform. 

May 
Ariane V58: Launch of Hispasat 18 and 
lnsat 2B telecommunications satellites. 

June 
Ariane 5 M1: First firing test of solid rocket 
booster with flight structure in Kourou. 

September 
Ariane V59: Launch of Spot 3 and Stella 
for France. 
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October 
Ariane V60: Launch of Intelsat Vll-F1 
telecommunications satellite. 

Ariane 5 M2: Second firing test of the 
Ariane 5 solid rocket booster with flight 
structure in Kourou. 

November 
Ariane V61/MOP-3: Launch of ESA's 
meteorological satellite Meteosat MOP-
3 and the Mexican telecommunications 
satellite Solidaridad 1. 

Maser 6 and Texus 31 sounding rocket 
launch with major ESA payload participa­
tion. 

December 
STS-61/HST servicing: Repair m1ss1on 
of Hubble Space Telescope with ESA 
astronaut Claude Nicollier on his second 
shuttle flight. 
Ariane V62: launch of DirecTV1 and Tha­
icom telecommunications satellites. 

Dates of launches are very dependent 
on many factors such as readiness of 
spacecraft and/ or launcher system and 
may remain unknown for quite some time. 

LAUNCH REPORT 

STS-55 -
ESA 's Space/ab in 

Launch Delay 
Europe and ESA look forward to being 
once more In the forefront of manned 
space flight with the launch of the 
second German Spacelab mission (D-
2). The original February launch has, 
however, been put off until at least the 
second week of March to allow Inspec­
tion of all 22 pumps of Columbia's 
engines following a mix-up Involving 
the use of old Instead of new metal 
clips to hold the pumps' seals In place. 

Columbia carries in its cargo bay the 
ESA developed Spacelab on a 9-day mis­
sion to conduct fundamental research. A 
crew of seven astronauts, five from NASA 
and two payload specialists from DLR -
the German Aerospace Research Estab­
lishment - have the task of carrying out 
some 90 experiments, 32 of which have 
been funded and developed under ESA 
responsibility for scientists from univer­
sity and research institutes spread all 
over Europe. 

Spacelab, as a manned orbiting labo­
ratory, has already flown six times. The 
year 1993 marks the 10th anniversary of 
the first flight in November 1983 (STS-9/ 
Spacelab 1 ). 

As was the case for the Spacelab D-1 
mission in 1985, DLR has been entrusted 
by the German Federal Ministry for Re­
search and Technology (BMFT) with the 
project management, the training of the 
scientific astronauts and the operation of 
the payload. DLR's dedicated space 
operations control centre for D-2 is lo­
cated in Oberpfatfenhofen, near Munich. 

Pegasus Launch 
At 9:32 am EDT on 9 February, a Pegasus 
rocket launched from a B-52 aircraft at 
43,000 feet altitude and some 80 miles off 
Florida's east coast carried a Brazilian 
environmental sciences satellite into 
Earth orbit. 

From an altitude of about 550 miles, the 
satellite, built and owned by Brazil, is to 
be used to collect environmental data 
from ground sensors in the Amazon River 
Basin and surrounding rain forests and 
replace the need for arduous ground trips 
into remote regions. 

Delta Launch 
A Delta II rocket blasted off at 9:55 pm on 
2 February from Cape Canaveral Air 
Force Station to launch the 18th of a se­
ries of navigation satellites. The $65 mil­
lion Navstar Global Positioning System 
satellite is capable of locating receiver­
equipped military personnel within 50 
feet and measuring their speed to within 
a fraction of a mile per hour and giving 
time to within a microsecond. US military 
forces relied heavily on Navstar satellite 
during the Gulf War. Civilians using the 
satellites can determine their positions 
within 325 feet. The Air Force eventually 
wants 24 Navstars in orbit 12,500 miles 
high . 
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The First Reusable SSTO SJ 
For the Exploitation of Space and Expansion of Humankin 

In August 1991, the Strategic Defense Initiative Office 
(SDIO) awarded a $58.9 mllllon, Phase II SSTO Technol­
ogy Demonstration contract to the McDonnell Douglas 
Space Systems Company (MDSSC). The contract calls 
for MDSSC to design an Single-Stage-to-Orbit (SSTO), 
totally reusable spacecraft that can carry SDIO's rela­
tively large numbers of small payloads (under 20,000 
lbs). Current launch vehicles cost over $10,000 per 
pound-to-orbit; SDIO's goal Is to cut that to less than 
$1,000 per pound. The award follows a competitive 
Phase I definition and risk-reduction study, begun In 
December 1990 by MDSSC, General Dynamics, Boeing 
and Rockwell. 

Background 
MDSSC's winning answer is the Delta Clipper, a vertical 

take-off and landing (VTOL) design. For the Phase II con­
tract, MDSSC will construct a 1/3 scale flying prototype, the 
DC-X, that, although not capable of orbit, will demonstrate 
the design's launch, manoeuvring, hovering and landing ca­
pabilities. If Phase II Is successful, then during Phase Ill of 
the SSTO project, to last from 1993 through 1996, MDSSC 
will design, construct and test the DC-Y, a full-scale, orbit­
capable prototype. Finally, during Phase IV, MDSSC will 
design - for first launch sometime during 1999 - the produc­
tion version of the Delta Clipper (designated, not acciden­
tally, the DC-1). 

It should be noted that, for the time being, Phases Ill and 
IV are contingent upon additional funding from sources 
outside the SDIO, such as NASA or the Air Force, or even 
private investment. Unfortunately, SDIO's budget is not 
capable of funding the DC-Y or the DC-1 unaided. 

To provide the wide range of expertise necessary, 
MDSSC has formed a wide-ranging team of aerospace 
companies. MDSSC (Itself a subsidiary of McDonnell 
Douglas) Is performing systems engineering and project 
management, Aerojet GenCorp and Pratt & Whitney are de­
veloping the engines; Messerschmltt-Blkow-Blohm Is de­
signing the landing gear and providing general reusable 
systems and VTOL experience; Martin Marietta is provid­
ing experience in cryogenic ground operations and NASP­
derived technology; two other McDonnell Douglas subsidi­
aries, Douglas Aircraft Corporation and McDonnell Aircraft 
(MCAIR}, are providing commercial and high-performance 
military aircraft technology; and a large group of other sub­
contractors are bringing expertise In various space sys­
tems. 

Technical Character/st/cs 
The full scale Delta Clipper will stand 127 feet high and be 

30 feet wide at base, weigh approximately 80,000 pounds 
empty, carry 20,000 pounds of cargo and burn 94p,ooo 
pounds of liquid hydrogen and oxygen through a ring of 
engines In Its base. The 1/3 scale DC-X will use four modi­
fied Pratt & Whitney RL-10A-4 bell-nozzle engines. MDSSC 
has not decided upon the exact configuration for the DC-Y 
yet; either multiple bell-nozzled engines (10 or 12) or a 
variation on the Rocketdyne-developed "aerospike" engine 
may be used. 
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Unlike conventional rocket engines, which have bell­
shaped nozzles in which the gases from the combustion 
chamber expand, the aerosplke engine features a toroidal 
combustion chamber, with a ring of exhaust ports running 
around the base of the spacecraft. The chambers' exhaust 
gases expand against a large central cone, or plug, which 
is made of high-temperature materials and regeneratively 
cooled by the cryogenic fuel. In general, the nozzle of a 

... J 

Artist's impression of the Delta Clipper Single-Stage-to-Orbit spacecraft on the laun 

rocket engine must be optimised for a particular altitude of 
operation. Initial design work on the aerospike engine indi-
cated that, unlike fixed-bell nozzle rocket engines, it would 
automatically adjust itself for altitude. In addition, since an 
aerospike engine makes up the entire base of the vehicle, 
the plug can double as a heat shield for reentry. However, 
the Clipper does not require this capablllty and recent stud-
ies indicate that the aerosplke may not be as efficient at 
higher altitudes as orlglnally thought. Both the aerospike 
engine and conventional bell-nozzled engines are being 
Integrated for the DC-Y and the DC-1. 

In a dramatic departure from earlier SSTO designs, which 
reentered the atmosphere tail-first In a manner similar to an 
Apollo capsule, the Delta Clipper reenters nose-first at a 
high angle of attack. Its shape Is, in fact, a supersonic lifting 
body/flying wing capable of 1,600 miles of cross-range ma­
noeuvring during reentry. Four extendable control surfaces 
around the base, together with manoeuvring thrusters, 
provide control in the atmosphere. Once the craft has 
reached approximately 20,000 feet and 180 knots, the 
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acecraft 
into the Solar System 
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engines ignite and idle and the nose is pulled up so that the 
craft is vertical with its base downward. The engines are then 
throttled up and the craft hovers, descends, extends the 
landing gear and lands. A landing pad less than 300 feet in 
diameter is ail that is required. 

Although the National Aerospace Plane program (NASP), 
will not construct the hypersonic X-30 for several years yet, 
the Delta Clipper may truly be called the first NASP deriva­
tive. It draws heavily upon NASP for advanced composite 
materials for its structure and fuel tanks, new thermal shield­
ing materials and thermal and aerodynamic computer slmu­
latlon software. The structural truss of the Clipper is graph­
ite/epoxy; the skin Is graphite/epoxy and aluminium In a 
honeycomb sandwich; and carbon-carbon and carbon-sili­
con carbide insulation shield the Clipper from the heat of 
reentry. The landing gear Is made from titanium-silicon 
carbide composite; the liquid hydrogen. (LH) tank Is graph­
ite/epoxy and the liquid oxygen (LOX) tank is made from a 
new aluminium-copper-lithium alloy. 

Ail current rocket launchers are derived from 1960s era 
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ICBM designs, and man-rating procedures are merely ways 
of producing man-rated ammunition. Rocket designers are 
conservative by nature and the high cost of both the vehicles 
and their payloads causes them to refine the same basic 
concepts continuously to finer and finer degrees, taking few 
risks with radically new ways of doing things. This has re­
sulted In a situation very much like trying to pull a semi-trailer 
with a racecar. Like a racecar, ICBM-based rockets are 
designed to get maximum performance from minimum 
equipment. Technology is pushed to the very brink to wring 
out that last ounce of thrust. However, it is an engineering 
truism that when one gets near the theoretical limits of a 
system, every additional 10 percent increase in perform­
ance doubles the systems cost and halves its reliability. 

This high-performance design philosophy has several 
side effects that, in tum, drive launch costs even higher. 
First, the premium placed on vehicle mass means that there 
Is no room for redundant control systems. There is no spare 
engine thrust and there Is little capacity for rugged, reslllent 
construction. Adding in the fact that the vehlcle is meant to 
be a one-shot, disposable system, with no capability to 
safely recover from an aborted launch, the following hold 
true: 

0 launches are generally delayed (at substantial cost) if 
there is any hint of a possible problem with the vehicle; 

O launches are delayed if there is any possiblllty of bad 
weather; 

0 any failure in a rocket during a flight almost certainly 
results in the vehicle's (and cargo's) destruction, either 
through the fallure itself or by range-control when the 
rocket threatens to leave the flight path. 

Not only do these factors drive up cost directly but the high 
risk means that launch-Insurance premiums are astronomi­
cal. 

Secondly, the complexity of current launch vehicles and 
their heavy requirement for service means that many per­
sonnel are required to launch and maintain them. The Space 
Shuttle, for Instance, requires over 40,000 people to main­
tain It, support Its operation, and tum It around between 
missions. To paraphrase an Individual Interviewed for this 
article: adding hardware to a project Increases Its cost line­
arly; adding people increases costs exponentially. The 
greater the number of people involved, the greater the In­
frastructure that must be devoted to supporting them, the 
greater the chances for errors, and the larger (and slower) 
the bureaucracy required. 

Since the raison d'etre for the entire SSTO effort is low 
launch costs, the Delta Clipper is designed from the start to 
be a true, long distance cargo haulier. In fact, the Clipper Is 
intended to operate in the same manner as a modern com­
mercial aircraft. Like an airliner, its design is centred on flexi­
bility, a long service life· and the troika of safety, reliability 
and ruggedness. 

Delta Clipper Is capable of carrying either passengers or 
cargo. In an Interesting twist, the Delta Clipper's cargo is 
carried not in the nose of the craft (a traditional location), 
but in two bays in the centre, with LH and u:1x tanks above 
and below. Each bay contains a mission module that may, 
in turn, contain either crew or cargo. The Clipper may fly un­
manned with two cargo modules, say for a routine satellite 
launch or space station resupply mission. If a manned 
mission is required, one module would contain a crew/ 
control cabin; the other may then contain either cargo, a 
pressurised working module, or a remote manipulator arm 
similar to the one used in the Shuttle. Externally, the mod­
ules are Identical, having standardised connections to the 
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Clipper for power, cooling and the con­
trol interface. A customer can take as 
long as it likes to fit a cargo into a 
module and then launch it on the next 
available Clipper. 

Adding to this flexibility is the fact 
that since the Clipper does not drop 
stages after launch and because of its 
inherent reliability, it need not be 
launched only from coastal sites. 
Since the craft ascends vertically for 
the first part of the launch, like any 
rocket, noise pollution is kept to a mini­
mum and the launch sites could be 
incorporated into existing airports. It 
also, Incidentally, means that no car­
rier vehicle is necessary to move a 
Clipper from one launch site to an­
other: the craft merely does a suborbi­
tal hop. 

Reusability and a long service life 
are, of course, a major feature. It is 
important to note, however, that this 
extends beyond the basic structure of 
the craft to all the components and 
subsystems. The Space Shuttle is 
reusable but its engines and many 
other onboard systems must be serv­
iced or replaced between launches. In 
contrast, MDSSC is specifying a 20 
year lifetime for the structure of the 
Clipper and a minimum of 200 
launches between major overhauls on 
the engines, figures comparable to a 
modern jet airliner. All of the electrical 
and hydraulic systems are also de­
signed for long, maintenance-free 
service. 

"Air/Iner" Approach 
Long component service lives are 

made possible by the Clipper's 4:1 dry­
weight to payload ratio, almost 2.5 
times that of the Space Shuttle. Low­
ering the spacecraft's mass to such a 
low level, for a given payload size, 
enables the designers to use simpler 
and more reliable, albeit heavier, 
engines and other essential compo­
nents. It also enables them to use 
more engines in the base of the craft. 
This last means that each engine may 
be run at a greatly reduced power level 
during flight. The normal operating 
level for the Clipper's engines is to be 
90% of rated power; the engines would 
go to 100% of full rated power during 

Schedule for the development of the Delta Clipper. 

DC-X 

' ' ' 

an emergency abort situation (two 
engines out), could safely be driven to 
110% for limited periods and red line 
(damage to the engine is probable) at 
115%. In contrast, the Space Shuttle's 
main engines, which must be com­
pletely overhauled and tested be­
tween flights, routinely operate at 
105% of rated performance. 

A long service life pays back for two 
reasons. First the cost of constructing 
a launch vehicle can be amortised over 
many launches. It also means that 
every Delta Clipper, and every compo­
nent, may be flight tested before its 
first cargo-carrying launch. It is never 
necessary to fly a critical mission with 
unproven hardware. 

As part of its "airliner" approach to 
space operations, MDSSC is currently 
working with the Federal Aviation Ad­
ministration to develop a set of criteria 
for fleet-certifying the Delta Clipper In 
almost exactly the same way that air­
liners are certified. This certification 
requires a vehicle designed to operate 
within a specific set of margins with 
respect to thermal and mechanical 
loads, and to incorporate aerody­
namic controls capable of handling the 
entire span of normal and some abnor­
mal flight conditions. It also covers all 
the craft's maintenance and support 
Infrastructure, both equipment and 
procedures. 

Like an airliner, the Clipper is being 
designed so that it can either continue 
with flight or safely abort and land 
under a wide variety of conditions. 
During takeoff, it will be able to achieve 
orbit if any two engines fail, and will be 
able to safely land on half of them. It 
will be capable of landing in any flat 
area after hovering to burn off fuel if 
an emergency landing is necessary. It 
is being designed for all-weather ca­
pability and will be able to land under 
the 43 knot sharp-edged wind gust 
conditions required by the FAA for 
commercial aircraft. The end result is 
maximum confidence that the craft is 
both safe and reliable under all rated 
conditions. Not only can the Clipper 
operate under conditions that shut 
down current launch vehicles (e.g. the 
frequent delays in Space Shuttle 
launches due to inclement weather at 
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the emergency landing sites), but it will 
yield significant reductions in insur­
ance premiums, both for the carrier 
and for the customers. 

The airline-style operating ap­
proach also extends to the launch 
support facilities. The Delta Clipper 
does not require a complex launch 
facility or gantry. The launch pad con­
sists of flame ducts and support pylons 
(to save weight, the landing gear is not 
designed to support a fully-fuelled 
vehicle). The cryogenic fuel-handling 
equipment is built into the pad and the 
entire refuelling operation made as 
automatic as possible. No special ve­
hicles or facilities will be required to 
service the Clipper or to load the cargo 
modules. Everything can be done on 
the pad with ordinary scissor-jack 
trucks of the kind now used in airports. 

Even more importantly, the Delta 
Clipper's airl iner approach to rocket 
design reduces launch costs by reduc­
ing the number of people required to 
support the system. It will require less 
than 600 people per craft, including 
administrative personnel - a number 
comparab le with that requ ired by 
commercial aircraft. The rugged, re­
dundant design of the structure, en­
gines and control systems means that 
very little servicing will be required 
between launches. Most servicing will 
be accomplished during routine main­
tenance operations. In addition, the 
Clipper is designed for maintainabil­
ity, so that service that is required can 
be performed ,easi ly and quickly. En­
gines can easily be pulled out for serv­
icing, and all li ne-replaceable-units 
(primarily avionics) that need most 
maintenance are easily accessed via 
the cargo bays. The fleet certification 
procedure helps to ensure thai com­
ponents will not fail beiween sched­
uled overhauls (as long as normal 
flight margins are not exceeded). As a 
result, it is pred icted that the Delta 
Clipper can be turned around between 
landing and launch in less than a week, 
possibly even within a day. 

From a Long History of Ideas 
The craft is the end result of over 

thirty years of designs and dreams. Its 
roots began in the late 1950s with the 
Douglas Aircraft Reusable Interplane­
tary Transport Approach (RITA), a 
nuclear SSTO rocket which used en­
gines similar to the recently an­
nounced Timberwind nuclear rocket. 
RITA was based, in turn, on work done 
by Douglas Aircraft for a nuclear­
powered bomber for the US Air Force 
earlier in the decade. Chief design en­
gineer for the Douglas Miss iles and 
Space Department and in charge of 
the RITA work, was Maxwell Hunter. 

In 1969, Douglas Aircraft aero­
.space engineer Philip Bono proposed 
a series of SSTO designs [1 ], based 
upon the Rocketdyne "aerosp ike" 
engine design. Bono had joined 
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A typical Delta Clipper mission sequence. 

Hunter's organisation in 1960 - too late 
for the RITA work, but just in time to 
become Involved in a Douglas rocket 
effort started as a response to Sput­
nik. Utilising the earlier RITA work; 
NASA and the US Air Force work on lift­
ing bodies, particularly the Boeing 
Dyna-Soar (never built) and the X-
24A; and basic Saturn rocket technol­
ogy, Bon o's designs progressed from 
the Saturn Application Single - Stage -
To - Orbit (SASSTO), which consisted 
of a Gemini crew capsule on top of a 
45 foot fuel/aerospike engine module, 
to the /thacus, a monstrous 200 foot 
tall intercontinental passenger/cargo 
carrier that could haul 1,200 passen­
gers 7,500 miles in slightly over 1/2 
hour. Of greatest interest, and bearing 
the greatest resemblance to the Delta 
Clipper, is the Hyperion - a bullet 
shaped SSTO capable of carrying 
8, 100 pounds into low-Earth orbit. 
This design carried the cargo in a nose 
fairing on top of the fuel tanks ahd, 
using the capability of the aerospike 
engine to serve as a heat shield, reen­
tered the atmosphere tail-first and 
then hovered to a vertical landing. 

Although Bono's ideas never came 
to direct fruition, they were picked up 
by a private aerospace consulting 
engineer, Gary Hudson - founder of 
Pacific American Launch Systems, 
Inc., an aerospace consulting com­
pany. In 1972 Hudson proposed the 
Phoenix, a 53 foot Hyperion-style 
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SSTO capable of hauling 5 tons into 
LEO. Up until 1991, Mr Hudson at­
tempted, with some success, to obtain 
private venture capital to construct 
and operate Phoenix as a private 
launch service, totally independent of 
government financing and run In the 
same manner as an airline. Unfortu­
nately, several occurrences in the 
space industry, including the destruc­
tion of the Space Shuttle Challenger 
and the DARPA (Defense Advanced 
Research Projects Agency) decision 
to contract with another launch com­
pany, Orbital Science, caused his 
backers to pull out. During the SDIO 
SSTO effort, Mr Hudson consulted 
with Rockwell and Boeing in their 
Phase I proposals. 

In 1965, Maxwell Hunter left the Na­
tional Space Council staff, which he 
had joined after leaving Douglas in 
1961, for Lockheed. Immediately after 
his arrival he began work on the 
Starclipper, a direct SSTO descen­
dant of RITA. One of the most impor­
tant results of this work was his appli­
cation of ATA (Air Transport Associa­
tion) cost-effectiveness formulae to 
the operation of RITA and Starclipper. 
These formulae; an aeronautics in­
dustry standard set, are usually used 
to estimate the operating costs of 
proposed transport aircraft for civilian 
use. The results showed that it was 
possible to build a launch system that 
could operate for costs comparable to 
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those of commercial aviation; results 
that would subsequently be crucial to 
Hudson's Phoenix and the Delta Clip­
per. 

Among other accomplishments 
during his stay at Lockheed, Hunter 
directed both the programme that 
developed the thermal protection tiles 
for the Space Shuttle and the early 
phases of the Hubble Space Tele­
scope. It is interesting to note that the 
highly successful Shuttle tile material 
was originally proposed and devel­
oped for the Starclipper effort, to re­
place the one-time-use ablative insu­
lation used for the Mercury, Gemini 
and Apollo capsules. 

During the early 1980s Hunter di­
rected Lockheed's 'X-Rocket' study. 
Based upon Gary Hudson's Phoenix, 
the 'X' was a 60 ft high Hyperion/Phoe­
nix style SSTO that featured the basic 
blunt cone shape and reentry/hover­
to-landing mission profile of Its prede­
cessors. It Is a direct ancestor of the 
DC-X, featuring a nose-first atmos­
pheric reentry and multiple bell­
nozzled engines in a plug-cluster con­
figuration, similar to the aerospike, but 
with discrete engines arranged in a 
ring, Instead of a continuous toroidal 
combustion chamber. Most impor­
tantly, it featured the Phoenix concept 
of a drastic reduction in the "standing 
army" (Hunter's term): the number of 
people necessary to maintain and 
support the craft between launches. 
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Typical on-orbit activitles of the Delta Clipper craft. 

Although Lockheed cancelled the 
'X-Rocket' program, Hunter - after 
retiring in 1985 - kept the idea alive. He 
renamed it the "SSX" (Space Ship 
experimental), and promoted the 
concept both in collaboration with 
Gary Hudson and by himself. In 1988, 
Hudson and Hunter briefed and sold 
the Phoenlx/SSX SSTO concept to the 
Citizen's Advisory Council on National 
Space Policy and to US Army General 
(retired) Daniel 0 . Graham of High 
Frontier, an organisation that pro­
motes the large scale development of 
space - Including the Strategic De­
fense I nitlative. 

In 1989, Hunter and High Frontier 
Presented the Phoenix/SSX SSTO 
concept to the National Space Coun­
cil, chaired by Vice President Dan 
Quayle. Then , the Air Force (through 
The Aerospace Corporation, a Califor­
nia based consulting firm) reviewed 
the concept, releasing a generally 
favourable report in July 1989. The 
SDIO SSTO Phase I study contracts 
followed a year and a half later. 

Looking to the Future 
Like its predecessors, the Douglas 

Aircraft Corp. DC-2 and DC-3 of the 
1940s, the Delta Clipper promises to 
transform an industry. By taking ad­
vantage of the latest technology, yet 
insisting that this technology be 
proven and by insisting that the reduc­
tion of operational costs be a major 
design criteria, McDonnell Douglas 
stands a good chance of accomplish­
ing its goal of creating a spacecraft 
that can be operated as efficiently as 
a commercial airliner. 

Current launch systems are expen­
sive and, by the standards of every 
other transportation industry, unreli­
able. In a classic Catch-22 lock, no 
truly new rocket designs have been 
tried (including the Shuttle) because 
the launch market is so small, while 
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many potential customers and private 
investors are scared away from space 
because of the high costs involved in 
getting into orbit. Launch facilities are 
built and operated by national govern­
ments, for national agendas, and the 
support services necessary for 
launching a spacecraft are generally 
provided either by a government 
agency or by a government contrac­
tor. There is no Independent, non­
government infrastructure, such as 
the abundance of private industries 
that support commercial aviation. 

The Delta Clipper promises to bring 
the cost of access to space down to the 
point where private enterprise can 
own and operate spacecraft. The re­
usability and long design life will allow 
an operator to amortise the cost of the 
craft over many launches, reducing 
the cost per launch. 

Additional savings may be realised 
through its low required maintenance, 
non-complex ground facilities and the 
lower number of people required for 
operation. Finally, the craft's reliabil­
ity and safety should greatly lower the 
cost of launch insurance - a major 
contributor to launch costs. Together, 
all these factors should work together 
to drive down launch cost to the point 
where a truly commercial launch in­
dustry, along the lines of the modern 
airline Industry, Is feasible. 

As for any new Industry, once the 
cost reaches a certain point new uses 
for It will be found and the whole proc­
ess will begin to snowball. Once 
launch costs drop to the point where 
industry can afford to experiment with 
Null-G and high-vacuum processes on 
a routine basis, space stations can be 
built along the lines of modern Indus­
trial laboratories, either by the Indus­
tries themselves, or by separate serv­
ice companies serving many custom­
ers. Once space stations become 
economically feasible for industrial 
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purposes, satellite builders can con­
struct their 'birds' for in-orbit assem­
bly and repai r - thus drastically 
reducing their costs. 

This last step would trigger a need 
for In-orbit 'tugs' and other vehicles 
designed purely for in-space use. We 
now reach the poin where service and 
supply companies spring up to service 
the requirements of the space indus­
try and the historical demand/cost 
snowball cycle begins. The current 
high cost of the technologies required 
for space travel (such as advanced 
composites and radiation-resistant 
electronics) is due, in large part, to the 
limited markets for them. A larger 
market for a technology means that 
mass-production techniques can be 
applied and that specialty companies 
can be formed to produce them, typi­
cally at very high efficiencies. The 
reduced cost th en increases the num­
ber of potential uses for the technol­
ogy, making an even larger market and 
inspiring even more methods and 
techniques for manufacturing the 
technology and meeting demand - and 
even more applications. 

As a result of this whole process, the 
cost of space travel should drop, within 
twenty or th irty years, to the point 
where such developments as lunar 
colonies and Solar Power Satellites 
become economically feasible. Just 
as trading between continents was 
made possible by the development of 
the large cargo vessel, and modern 
urban society was made possible by 
the automobile and telephone, so the 
Delta Clipper should, ultimately, make 
possible the exploitation of space and 
the expansion of humankind into the 
Solar System. 

Reference 
1 . Bono, Philip and Gatland, Kenneth, 

"Frontiers of Space", Macmillan Pub­
lishing Co., Inc., New York; 1976. 

SPACEFLIGHT, Vol. 35, March 1993 



...------------------------SOCIETY NEWS 
Society 
News 

Developments in X-Ray 
Astronomy 

The meeting at the Society's HQ on 6 January featured 
a most Interesting talk by Professor Ken Pounds of Le­
icester University describing the "Development of X­
ray Astronomy In the UK". 

Professor Pounds recalled that X-ray astronomy began 
just over 30 years ago when a small detector was launched 
by a sounding rocket from White Sands Proving Ground. its 
(unsuccessful) objective was to study X-ray emission from 
the surface of the Moon, not accomplished until 29 June 
1990 when the historic ROSAT picture was taken of the 
Moon in X-rays. 

X-ray astronomy has proved to be a highly productive 
area of study. The last 20 years has seen an escalating 
number of discoveries, a tendency which will probably 
continue until the turn of the century. 

Three areas of fundamental importance which are cur­
rently dominating astronomical research are:-

1 . The Early Universe, Dark Matter and the Origin of Gal­
axies. 

2 . The Physics of Stellar Collapse e.g. the collapse of stars, 
novae and black holes. 

3. The formation of stars and planets and the origin of life. 

The first two are being addressed by observations in the 
X-ray band. ROSAT, visible as a naked-eye object of mag­
nitude 3 or 4 which goes over the UK 3 or 4 times daily, was 
used to illustrate the problems in the design of X-ray tele­
scopes, while Tycho Brahe's nova of 1572 and Abell 2256 
were used to illustrate some of the scientific results 
achieved. It was pointed out that the number of satellites 
orbiting or projected, which are concerned with the study of 
the Universe in the optical, ultraviolet, millimetre and infra­
red wavelengths, is quite substantial. There is COSE (mm), 
Hipparcos (optical), IUE (UV), Hubble (optical) and Rosat 
(X-ray). The status of those currently listed by ESA alone 
for the next decade Illustrates the point also, viz the Infra­
red Space Observatory (ISO), the Solar-Terrestrial Sci­
ence projects (Soho and Cluster), Cassini/Huygens and 
XMM. Additional examples are Astro D, a Japanese X-ray 
mission scheduled for 1993, and SIRT-F, the US infra-red 
'Great Observatory' scheduled for the turn of the century. 

OBITUARY Patrick Girton 
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Themes for 1993-1994 issues of JBIS 
A major JBIS Innovative publishing project Is underway 
which will feature many new aspects of space flight through­
out 1993-1994, the Society's 6oth Anniversary year. 

Details of those now listed for 1993 are as follows:-

Jan New Space Concepts (Pt IV) 
Feb Science Systems in Space 
Mar General Issue on Space Medicine and Space Astronomy 
Apr Advances in Space Technology 
May Pioneering Rocketry & Spaceflight (Pt II) 
Jun Marcol in Space (Pt II) 
Jul Terraforming 
Aug Space Science: Developments in X-Ray Astronomy 
Sep Report on the Extreme Ultraviolet Explorer Misson 
Oct The Impact of Space on Social Culture 
Nov Nanotechnology (Pt II) 
Dec Turin Conference on Space Missions and Astrodynamics 

The list embraces the past history of space flight, some 
of its most important current projects, future developments 
in space propulsion, nanotechnology and the Impact of 
these topics on human culture. 

1994 will see the appearance of Part Ill of Exobiology, an 
outstanding series of fundamental studies which examine 
the biological development of life together with two educa­
tional issues, viz - Support of the University Community for 
Space Science and Technology and Space Educaton in the 
90s and Beyond. Two Journals will examine further the 
incredible developments in computer technology applied to 
space flight, in which the UK plays a leading role, while 
several other issues will expand our knowledge base on 
space history. 

* * * 

Society 
60th Anniversary Tie 

To celebrate its 60th anniversary, The British 
Interplanetary Society is pleased to offer a limited 

edition commemorative tie. This navy blue and 
white satin tie features the Society's comet logo and 

the anniversary years, 1933-1993. 

Priced £9.50 
(US$19) Inc P&P 

Add £1.50 (US$3) 
for Airmail delivery 

Please send cheque/PO/International Money Order to: 

The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW81SZ, England 

Please allow 28 days for delivery, 4-6 weeks overseas. 

We are extremely sorry to record the death of Patrick Girton, 
a long-standing and active member of the Library Working 
Group. During the war years Pat was in Air Sea Rescue, a 
part of Coastal Command. Pilots would call on him after they 
had returned to base to say "Thanks for getting us back home". 
Pat joined the Society as a Member in January 1959, subse­
quently transferring to the former grade of Associate Fellow 
in 1975 and to full Fellowship some years later. 

Besides his other activities for the Society, Pafs exper­
tise as a technical company representative was always freely 
available to the Society. He was always cheerful and suppor­
tive of the Society's work and will be sadly missed by all his 
colleagues. 
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STS-54 MISSION REPORT 

The STS-54 flight crew enjoys breakfast In the Operations and Checkout Building prior to suiting up and heading to Launch Pad 398. From left are Mission 
Specialist Gregory J. Harbaugh; Pilot Donald R. McMonagle; Mission Commander John H. Casper; and Mission Speciallsts Mario Runco Jr. and Susan J. 
Helms. NASA 

First Training EVA for Space Station Assembly 
The Space ShutUe Endeavour was launched on Shuttle Mission STS-54 from the Kennedy Space Center's 
Launch Complex 398 at 8:59 am on Wednesday January 13, 1993. This was the third mission for the Endeavour 
orbiter and it was KSC's first launch of 1993. 

The primary objective of STS-54 
was the deployment of the fifth Track­
ing and Data Relay Satellite (TDRS-F) 
to reach orbit. TORS satellites now on­
orbit provide data transmission and 
relay services not only to NASA Space 
Shuttles but also to the constellation 
of scientific satellites circling the 
Earth. The STS-54 TDRS-F was dellv-

In the Vertical Processing Facility, workers are 
installing an Inertial Upper Stage (IUS) booster 
in a test cell. The IUS is used to push the Track­
ing and Data Relay Satellite into geosynchro­
nous orbit following deployment from the Space 
Shuttle. NASA 

BY ROELOF L. SCHUILING 
At the Kennedy Space Center 

ered to the Kennedy Space Center In 
September for prelaunch processing 
and mating with the Inertial Upper 
Stage booster (IUS). The IUS was also 
delivered to KSC In September of 
1992. The TDRS-F was produced by 
TRW in Redondo Beach, California for 
NASA's Goddard Space Flight Center, 
and the IUS-13 was produced by the 
Boeing Aerospace Company In Se­
attle, Washington for the US Air Force 
who manage the IUS program. 

In the orbiter's payload bay were two 
Diffuse X-Ray Spectrometers (DXS) 
instruments, designed to determine 
the wavelength and Intensity of the 
strongest X-ray lines emitted by stel­
lar gases. The gases are released 
when stars, at the end of their life 
cycles, explode and create superno­
vas that release hot plasmas. 

Endeavour's preparations for STS-
54 began with Its landing following the 
STS-47 mission. Endeavour was 
rolled into the KSC's Orbiter Process­
ing Facility's Work Bay One on Sep­
tember 21, 1992 and remained In the 
OPF until November 23 as It under­
went preparations for this mission 
which Included the Installation of the 
two Diffuse X-Ray Spectrometer In­
struments on opposite sides of the for­
ward payload bay. Endeavour was 
mated to its External Tank and Solid 
Rocket Boosters in the KSC Vehicle 

Assembly Building on November 23 
and . underwent checks to verify the 
Interfaces be:tvo/een the orbiter and the 
other Shuttle components. On De­
cember 3,. after waiting for the STS-
53 launch of Discovery from the adja­
cent Launch Complex 39A pad on the 
previous day, the STS-54 shuttle was 
moved to Launch Complex 398. The 
TDRS-F satell ite had arrived at the 
launch pad o ovember 10 and was 
Installed In th e orbfter's payload bay 
on December 4. 

The afternoon o January 1 O saw the 
arrival of the STS-54 light crew from 
Johnson Space Center. The count­
down clock for the STS-54 mission 
started at 1.:0 0 pm on January 10 at the 
T-43 hour mark. A the T-27 hour point, 
the countdown entered its first built-in­
hold of four hours d ring which the 
launch crews compteted final prepara­
tions for loading the iue! cell reactants. 

The countdown entered a built-in­
hold at 5:00 am on January 12 at the T-
11 hour point. Wh ile other bui lt-In­
holds are usually of standard lengths, 
the T-1 1 hour hold - sometimes called 
the ''long hold" - may vary from mission 
to mission as it is timed to bring the final 
minute count at the T-0 point to the 
correct minute count at the desired 
launch time. For STS-54 this built-in­
hold was planned for 12 hours and 32 
minutes which, with the two 10 minute 
holds in the final hour, would bring the 
count to T-0 at 52 minutes after the 
hour - the planned launch time. After 
the T-11 hour hold preparations con-
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tlnued on schedule. 
After breakfast the crew received 

briefing on worldwide weather condi­
tions from Mission Control In Houston 
and left for the launch pad aboard their 
"transfer van" at about T -3 hours, ar­
riving at the ''white room" at the end of 
the access arm about 6:00 am. 

At T-1 hours the crew-and the launch 
team received another weather brief­
ing and the weather looked good for 
the launch. The countdown was not 
without concerns however. Launch 
crews dealt with a backup heater fail­
ure on the air-conditioning system, 
helium signature traces In the Exter­
nal Tank interstage area and an over­
filled drinking water tank. A further 
issue was an upper wind condition that 
was slightly over limits for a ''worst­
case" scenario involving the loads on 
several wing struts If the orbiter were 
to experience an engine failure pre­
cisely as It was at the Mach 1.5 point In 
its ascent. Analysis of the projected 
loads and flight conditions continued 
during the final period of the count­
down. 

The final ten minute built-In hold at 
the T-9 minute point was extended 
approximately seven minutes In order 
to complete a thorough review of the 
upper wind loads condition. It was 
necessary to Insure that all shuttle 
management and operations person­
nel understood the reasoning involved 
before resuming the count for the final 
nine minutes. 

TRW technicians are seen inspecting TDRS-6 
before it was shipped to Cape Canaveral to begin 
launch preparations. TRW 
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As the STS-54 countdown resumed, 
the Ground Launch Sequencer began 
computerised final countdown activi­
ties. At T-31 seconds the Endeavour's 
Internal computers got the "go" to start 
their own terminal countdown se­
quence. At approximately T-6.6 sec­
onds the main engines started and at 
T-0 the Solid Rocket Boosters Ignited 
and simultaneously the booster 
rocket's explosive bolts fired to sepa­
rate the STS-54 Shuttle from Launch 
Complex 39B. 

The ascent Into orbit followed the 
planned timellne with Solid Rocket 
Booster cutoff and separation at 2 
minutes 5 seconds Into the flight and 
main engine cutoff at 8 minutes 37 
seconds mission elapsed time. Exter­
nal Tank separation came 12 seconds 
later. 

During Its ascent, Endeavour shut 
down one of the three Auxiliary Power 
Units early as temperatures In the 
cooling oil system were above normal. 
This constituted no hazard as the 
other two units were operating well 
and the units are not used on-orbit. 
After the launch Shuttle Operations 
Director Brewster Shaw Indicated that 
the most likely cause was an Ice 
buildup in the cooling system and that 
this would provide no concern as the 
ice would melt or sublimate away In 
space prior to the unit's next use on 
landing. 

At 39 minutes 55 seconds Into the 
mission Endeavour performed an 
Orbital Manoeuvring System burn of 
about 2 minutes 24 seconds to circu­
larise the orbit at approximately 160 by 
162 nautical miles with a 28.45 degree 
angle of incllnatlon. STS-54 was ready 
to begin its mission. 

Flight Day One 
The deployment of the IUS/TDRS 

combination was the first major activ­
ity of STS-54. At 3:12 pm (all times are 
based on KSC's timezone) Mario 
Runco activated the deployment 
mechanism and the communications 
satellite and Its booster were eased 
away from the payload bay by a set of 
powerful springs. Mission com­
mander John Casper then moved the 
Endeavour away from the spacecraft 
before firing the orblter's manoeuvr­
ing engines to move to a safe distance 
before the IUS engine was fired. 

Control of the IUS was taken over by 
the US Air Force Space Control Facil­
ity in Sunnyvale, California. The first 
stage of the IUS engine burn came 
shortly after 4:12 pm and lasted about 
151 seconds. TDRS-IUS separation 
occurred shortly after 10:00 pm. IUS 
controllers reported all engine firings 
were normal and the TORS spacecraft 
was In geosynchronous orbit. 

The Diffuse X-ray Spectrometer 
(DXS) Instruments in the payload bay 
were activated and began taking sci­
ence data on orbit 7 but on orbit 1 O the 

The Space Shuttle Endeavour gets NASA's 1993 
launch schedule off to a rousing start with a flaw­
less liftoff at 8:59:30 am, EST, January 13, from 
Launch Pad 398. NASA 

starboard Instrument experienced 
problems with high radiation counts 
and high voltage and the Instrument's 
systems automatically shut down to 
protect the detectors. Consequently 
In place of DXS operations the crew 
performed tests to evaluate the effec­
tiveness of the Shuttle's star trackers 
to help In the alignment of the onboard 
navigation system by pinpointing spe­
cific stars through the upper layers of 
the Earth's atmosphere. 

Flight Day Two 
The science data timellne was re­

sumed on orbit 19 although radiation 
counts were still higher than expected. 
The DXS Instruments then continued 
to operate throughout the mission. 

Susan Helms worked with the Com­
mercial Generic Bloprocesslng Appa­
ratus (CGBA) which collects Informa­
tion on various blomaterlals In 28 In­
vestigations. Operations began with 
the Physiological and Anatomical 
Rodent Experiment (PARE) and the 
Chromosome and Plant Cell Division 
In Space Experiment (CHROMEX) as 
well . 

Flight Day Three 
The crew took time out for an orbital 

press Interview with radio station 
WOR In New York. They were asked 
about the new Waste Containment 
System which was making Its first 
flight on STS-54 and was performing 
well . 

Other activities during the day In­
cluded using the Solid Surface Com­
bustion Experiment (SSCE) to burn a 
small piece of Plexiglas to determine 
combustion characteristics In micro­
gravity. This experiment has flown on 
a number of other Shuttle missions 
and Is planned to fly on several more. 
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- STS-54 MISSION REPORT 
The crew also activated an experi­

ment which was designed to examine 
fluid and nutrient flow through a rotat­
ing chamber. This device will be flown 
on a later Shuttle mission carrying 
cancer cells. In ground laboratories 
these cells tend to move out of the 
nutrient and impact the chamber 
walls, but in space the cells remain 
suspended in the fluid allowing full 
development without disturbance. 

The atmospheric pressure In the 
cabin was lowered to 10.2 psi in order 
to reduce the level of nitrogen in the 
bloodstreams of Marlo Runco and 
Greg Harbaugh in preparation for their 
spacewalks scheduled for Flight Day 
Five. 

Crew members took part in a series 
of physics experiments with students 
from schools in New York, Ohio, Michi­
gan and Oregon. The experiments 
were televised and the crew answered 
questions from the students. 

Flight Day Four 
Mario Runco and Greg Harbaugh 

checked out the EVA spacesuits which 
they planned to wear for the spacewalk 
scheduled for the following day and 
reported that the suits were in good 
condition. 

The astronauts took photographs to 
add to the collection of Earth surface 
photographs which have been re­
turned since the early 1960s. The 
photos are catalogued by the Earth 
Observation Project at the Johnson 
Space Center, which provides a liai­
son to various ongoing scientific re­
search efforts around the world, and 
enables Shuttle crews to record fea­
tures of interest to scientists. (See 
Spaceflight, January 1993, pp.27-30 
for details). 

TORS ground controllers reported 
that TDRS-6 (after achieving orbit 
TDRS-F was redesignated TDRS-6) 
was being moved to its checkout posi­
tion southeast of Hawaii at a rate of 2.9 
degrees of longitude per day. Follow­
ing successful checkout, the TDRS-6 
would be moved to its position of 62°W. 
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Flight Day Five 
The EVA scheduled for Flight Day 

five was the first in a planned series of 
spacewalks to be performed during 
the remaining three years leading up 
to the on-orbit assembly of the Space 
Station in 1996. 

Mario Runco and Greg Harbaugh 
left the Endeavour's payload bay air­
lock hatch at about 5:50 am, about 40 
minutes behind the planned schedule 
as the donning of their spacesuits and 
preparation of the gear had taken 
somewhat longer than planned. They 
performed a variety of tasks designed 
to define the differences between 
spacewalks on-orbit and simulations 
in training on the ground. The two 
climbed back into Endeavour's airlock 
at 10:11 am. 

Crewmembers 

The five-member crew included four vet­
eran astronauts who had each flown once 
before. John H. Casper, 48, Col. USAF 
was commander of Endeavour's third 
flight and had flown as pilot on Atlantis' 
STS-36 mission in February 1990 and 
was selected by NASA in May 1984. 
The pilot for STS-54 was Donald R. 
McMonagle, 38, Col., USAF who had 
flown as mission specialist aboard the 8-
day April 1991 STS-39 flight of Discov­
ery. He was selected by NASA in June 
1987. 
Mission Specialist-1 was Gregory J. Har­
baugh, 35, a civilian who went to work, at 
NASA in Houston following his gradu­
ation from college in 1978. He was se­
lected as an astronaut in June 1987 and 
later flew on STS-39 also. 
Mission Specialist-2 was Mario Runco, 
Jr, 39, Lt. Cdr., USN. A former New Jer­
sey State Police trooper, Runco too was 
selected as an astronaut by NASA in June 
1987 and served as mission specialist on 
STS-44 in November 1991. 
Mission Specialist-3 was Susan J. 
Helms, 33, Major, USAF. She was se­
lected as an astronaut in January 1990. 
STS-54 was her first space flight. 

Due to the late start the spacewalk 
was slightly shorter than planned; 
however, the majority of the planned 
tasks were accomplished. Flight con­
trollers chose to end the spacewalk at 
the previously planned time despite 
the late start in order to allow work with 
the DXS instruments to continue. One 
of the mission rules governing this, 
and the upcoming spacewalks In the 
series, makes the EVA activity lower 
in priority than the experiment opera­
tions, and prohibits an EVA from im­
pacting major experimental activities. 

The DXS instruments, after under­
going heating and flushing of their P-
1 O gas (a mixture of argon and meth­
ane), were providing good science 
data. The DXS team and the Houston 
Mission Control Center personnel 
worked together to reschedule mis­
sion time to provide the DXS instru­
ments with additional observing time. 
Because there had been periods dur­
ing the mission when DXS had not 
been planned to operate, controllers 
were able to provide up to 15 additional 
orbital opportunities for DXS observa­
tions. By this time the DXS science 
team was reporting high quality data 
that was as good as that anticipated 
before the flight. The port instrument 

appeared to be yielding data with 
greater than anticipated efficiency. 
This was felt to be due to the instru­
ment's electron rejection magnets 
doing a better job In screening out 
electron contamination from the 
Earth's radiation belts than had been 
expected. 

Flight Day Six 
On their final full day In space the 

crew shut down one of Endeavour's 
electricity-producing fuel cells. This 
was a step in certifying the orbiters for 
long duration periods while docked to 
the Space Station later this decade. 
Shutting down the fuel cells will be a 
routine occurrence in the Space Sta­
tion operational era since the electric­
ity for the Shuttle orbiter can be pro­
vided by the station without using up 
the arbiter's fuel cell reactant supply. 
The operation went as planned with 
the number 2 fuel cell being shut down 
during the period when the orbiter was 
undergoing its checks and tests for the 
landing during much of the day. Both 
shutdown and restart went well. 

Reaction jet firings and systems 
tests as well as CGBA deactivation 
and stowage operations took up much 
of the day. Preparations for landing 
envisioned two possible landing op­
portunities for Endeavour at the Ken­
nedy Space Center; one at 7:02 am on 
orbit 95 and one at 8:38 on orbit 96. 

Flight Day Seven 
Due to a shallow ground fog on the 

KSC runway, flight controllers chose 
to take the second of KSC's landing 
opportunities on the morning of Janu­
ary 19. About an hour before the land­
ing Endeavour fired its manoeuvring 
engines to slow its speed and begin its 
descent. Re-entry and approach went 
well. The orbiter passed high over the 
Kennedy Space Center in the morning 
sunlight and began a sweeping right 
turn that took it out over the Cape 
Canaveral Air Force Station and the 
Atlantic Ocean before curving back to 
line up with KSC's runway 33. Touch­
down came at 8:38:17 am approxi­
mately 1,500 feet from the runway's 
threshold. The orbiter rolled approxi­
mately 8,700 feet before stopping. 

By 2:00 pm Endeavour was back in 
the Orbiter Processing Facility's work 
bay one for deservicing and for the 
preparations which will lead to its next 
mission: STS-57. 

TORS Spacecraft Launch and Operational Status 

Spacecraft 

TDRS-1 
TDRS-2 
TDRS-3 
TDRS-4 
TDRS-5 

Mission 

STS-6 
STS-51 L 
STS-26 
STS-29 
STS-43 

Apr 5, 1983 
Jan 1986 
Sep 29, 1988 
Mar 13, 1989 
Aug 2, 1991 

Functional 
Status 

Partial 

Partial 
Full 
Full 

Longitude 
before/after 

TDRS-F launch 

171°W/85°E 

62°W/171°W 
41°W/41°W 
17 4°W/17 4°W 
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~-----------------------SATELLITE DIGEST 

SATELLITE DIGEST-250 
.satellite Digest Is our regular llstlng of world space 
launches. Jt Is based upon a more detalled monthly 
satellite listing published by the Molnlya Space 
Consultancy prepared by Phillip S. Clark. 

Spacecraft Int' I Launch Launch Mass Orbital lnclln. Period Perigee Apogee Notes 
Deslg. Site Vehicle kg Epoch deg min km km 

Superblrd A1 1992-084A Dec 1.95 Kourou Ariane 42P 2,780 Dec 12.34 0.09 1,436.09 35,759 35,814 

Molnlya-3 43 1992-085A Dec 2.08 Plesetsk Molniya 1,750? Dec 14.47 62.83 717.77 416 39,939 2 

• STS-53 1992-086A Dec 2.57 KSC Discovery 87,565 Dec 3.85 57.00 91.01 318 331 3 

DOD-1 1992-0868 Dec 2.57 10,530 Dec 3 57 91.9 .370 370 

Cosmos 2223 1992-087A Dec 9.48 Tyuratam Soyuz 7,000 ? Dec 1·0.21 64.66 89.85 241 293 4 

Cosmos 2224 1992-088A Dec 17.53 Tyuratam Proton-4 2,200 ? Dec 17.51 2 .30 1,448.43 35,877 .36, 179 5 

Navstar 17 1992-089A Dec 18.94 ER Delta-2 1,667 Dec 31.32 54.75 717.98 20,040 20,325 6 

Optus-B 2 1992-090A Dec 21.47 Xi Chang CZ-2E 7,650? Dec 21.79 28.13 97 .14 208 1,036 7 

Cosmos 2225 1992-091A Dec 22.50 Tyuratam Soyuz 6,500? Dec 23.61 64.91 89 .73 214 309 8 

Cosmos 2226 1992-092A Dec 22.53 Plesetsk Tsyklon-3 1,000? Dec 23.23 73.63 116.03 1,479 1,526 9 

Cosmos 2227 1992-093A Dec 25.25 Tyuratam Zenit-2 9,000? Dec 26.30 71.02 101.96 849 854 10 

Cosmos 2228 1992-094A Dec 25.84 Plesetsk Tsyklon-3 2,000 .? Dec 26.17 82.53 97.75 633 669 11 

Cosmos 2229 1992-095A Dec 29.56 Plesetsk Soyuz 6,000 ? Dec 29.86 62.81 90.45 218 37,5 12 

NOTES 

Superbird is a Japanese satellite, operated by Space Commu­
nications Corporation, Tokyo and used for domestic commu­
nications in Ku- and Ka- bands. Satellite body is a box 3.4 
metres high, 2.4 metres x 2.2 metres with a solar panel span 
of 20.3 metres after deployment. Mass given above is at 
launch: on station the mass is 1,665 kg and at the end of its 
operating life the mass s.hould have dropped to 1,255 kg. 
Deployed over 158°E. Actual launch time was 22.48 GMT. 

2 Communications satellite, co-planar with Molniya-3 34. Shape 
is cylindrical body, 1.6 metres diameter, 3.6 metres long with 
six vanes of solar panels deployed to give a windmill appear­
ance. 

3 First flight of shuttle orbiter Discovery after refurbishment. 
Crew comprised D M Walker (commander), R D Cabana (pi­
lot), G S Bluford (mission specialist, MS~1), J S Voss (MS-2) 
and M R Clifford (MS-3). Orbiter has a body diameter of 5.5 
metres, body length 37 metres and wingspan 23.8 metres: 
mass given above is that projected for landing. Launch was at 
13.24 GMT and landing at Edwards Air Force Base was 20.44 
GMT. Primary payload was DOD-1, the final primary Depart­
ment of Defense classified payload to be carried into orbit by 
the space shuttle. Mass quoted above includes support equip­
ment which remained in the shuttle orbiter's payload bay. 
USSPACECOM has not released orbital data for DOD-1 and 
that quoted above is taken from the Rockwell International 
STS-53 Press Information publication. Landed December 
9.86. 

4 Payload is fifth generation photoreconnaissance satellite, ex­
pected to remain in orbit for seven months or more. Design 
details unknown, but probably cylindrical (diameter 2.3 
metres, length 7 metres ?) with a spherical rEH3ntry capsule. 
Similar Cosmos 2183 (1992~18A), launched 1992 April 8, still 
operating as Cosmos 2223 began its mission. 

5 Cosmos 2224 is fourth satellite .in the Prognoz remote sens­
ing series, previous satellites having been Cosmos 1940, 
Cosmos 2133 and Cosmos 2209. The latter two satellites are 
currently operating over 336°.E. No description of this class of 
satellite is available. As of 1993 .January 4 the satellite was still 
drifting in an orbit close to the one listed above. 

6 Eighth flight of Block 2A Navstar satellite. Satellite is a cylin­
der plus four vanes: approximate dimensions 2.4 metres long, 
1.8 metres diameter and a span of 5.3 metres. Mass quoted 
above includes propellant: dry mass is 844 kg. Actual launch 
time was 22.28 GMT. 

7 Optus-B 2 is an Australian communications satellite, previ­
ously known as AUSSAT-B 2: launched by Chinese as a com­
mercial venture. Satellite is a Hughes HS-601 model. Central 
body of satellite a box 2.3 metres on each side with a solar panel 
span of 22 metres (if they are deployed). Dry mass of satellite 
1,272 kg: propellant mass approximately 1,700 kg. Satellite 
should have been deployed close to 160.°E. The above mass 
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assumes that the complete satellite reached orbit, although it 
is clear from debris found under the ascent path that at least 
part of the satellite was destroyed during the ascent. Although 
delivered to the correct orbit, the third stage failed to fire, 
probably because of the damage which it and the satellite 
sustained during the journey to orbit. Actual time time was 
11.20 GMT. 

8 Fourth generation photoreconnaissance satellite belonging to 
either the topographic/mapping sub-group (lifetime about 45 
days) or a new special sub-group first flown in 1989 (lifetime 
about 60 days). Details ·Of the satellite design are unknown. 

9 Geodetic satellite in the GEO-IK series. Design apparently 
based upon the Tsikada-class navigation satellites. Cylinder, 
approximately 2 metres diameter and 2.1 metres long plus 
gravity-stabilising boom plus ten vanes of additional solar 
panels deployed. 

1 0 Second successful launch of .Zenit-2 booster in five weeks af­
ter three successive failures. Satellite is believed to be an 
ELINT payload, details of which are unknown. Orbital plane is 
900 away from Cosmos 2219, launched ·1992 November 17, 
and is identical with the orbital plane intended for the failed 
launches in 1990 October and 1991 August. Zenit second 
stage disintegrated soon after satellite deployment - the first 
disintegration of a Zenit rocket body in orbit. 

11 Cosmos 2228 believed to be a small Worldwide .ELINT satel­
lite, the appearance of which is unknown. Co-planar with Cos­
mos 2058. 

12 Tenth Bion biological satellite to be launched. Carried two 
monkeys, plants and insects: payload ·included ESA's Biobox 
experiment. Spacecraft design based upon the original Vos­
tok cratt sphere cylinder with a diameter of 2.4 metres and a 
length of 5.9 metres. Descended on 1993 January 10. Orbital 
data of spacecraft at time .o.f -recovery still awaited as this Table 
is closed for publication: similarly, the decay notice for the 
Soyuz third stage had not been issued through to 1993 Janu­
ary 5. 

ADDITIONS AND UP-DATES 

1978-024D Molniya fourth stage from Molniya-1 39 launch de­
cayed from orbit 1992 Dec 11. 

1980-002 F Molniya fourth stage from Molniya-1 .46 launch de­
cayed from orbit 1992 Dec 4.. 

1987-040A Gorizont 14 .has been rediscovered by USSPACE­
COM after being lost in June-July 1992. It is now drift­
ing in the following orbit - 1992 Nov 22.68, 5.87°, 
1,474.55 minutes, 36,406 km, 36,667 km, 249". 

1991-072A Cosmos 2164 decayed from orbit 1992 Dec 12. 
1992-054B CZ-2E second stage from Optus-B 1 launch decayed 

from .orbit 1992 Dec 12. 
1992-ll81 B Molniya third stage from the Cosmos 2222 laumch de­

cayed from orbit 1992 Dec 28. 
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I nte rnatio nal 
SP_ace Rep_ort 

Launch Failure 'Not 
Rocket Carrier' 

BEIJING - An investigation into 
the launch failure of a US-built 
Australian satellite on 21 Decem­
ber 1992 has found that the Chi­
nese carrier rocket operated nor­
mally and was not to blame. The 
satellite, manufactured by 
Hughes Aircraft Company and 
owned by the Australian-based 
firm Optus Communications, was 
launched aboard a long March 2-
E rocket from China's Xichang 
Space Centre in southwest Si­
chuan Province. 

The rocket appeared to place 
the Optus B-2 satellite in orbit but 
a small explosion had occurred 
and the satellite broke up. The 
report said the explosion oc­
curred in the satellite vehicle it­
self about 45 seconds into the 
launch. It did not speculate on a 
cause, but said the outcome indi­
cated "the performance of the 
Chinese rocket is very reliable". 
Chinese officials had worked 
feverishly since the incident to 
pin the blame on something other 
than their rocket, fearing a major 
embarrassment to the country's 
fledgling commercial space pro­
gramme. 

Launch Failure was 
'Faulty Engine' 

CAPE CANAVERAL - A faulty en­
gine valve caused the Atlas 
launch failure of August 1992 and 
most likely also caused the first 
failure in April 1991, according to 
General Dynamics Corporation. 
After the second failure in August 
1992, General Dynamics put the 
launcher on hold. In financial 
terms the combined losses 
topped $250 million. 

In both cases, the rockets be­
gan to tumble and had to be blown 
up six to eight minutes after liftoff 
from Cape Canaveral, with the 
loss of their communications sat­
e !lites. 

With the problem now identi­
fied, General Dynamics Space 
Systems said Atlas flights will 
resume in March. The valve in 
one of the upper-stage Centaur 
rocket engines failed to close 
before liftoff, allowing air into that 
engine during ascent. The air 
then ·solidified in the liquid hydro­
gen fuel pump, preventing the 
engine turbine from rotating. Ex­
tra valves are being added to 
Centaur engines, which are built 
by Pratt and Whitney, as a safe­
guard. 

JBIS 

100 

The March 1993 Issue of the Journal of the British 
Interplanetary Society Is now avallable and 

contains the followlng papers: 

General Issue 
Microgravity Space Astronomy 

A Review of Muscle Atrophy in Microgravity and 
During Prolonged Bed Rest • Predicting Skeletal 
Adaptation in Altered Gravity Environments • 
The Effects of Prolonged Weightlessness and 

Reduced Gravity Environments on Human 
SuNival • A New Theory of the Aurora • Cassin! 

Radio and Plasma Wave Investigation: Data 
Compression and Scientific Applications 

Coples of JBIS, priced at £15.00 (US$30.00) to 
non-members, £5.00 (US$10.00) to members, post 

Included, can be obtained from the address 
below. Back Issues are also avallable. 

The British Interplanetary Society 
27 /29 South Lambeth Road, London SW8 152, England. 

Tracking Cars from 
Space 

LONDON - Researchers at the Ford Motor Company Dunton 
Engineering Centre are working on a low-cost device that will tell 
you exactly where your car Is after It has been stolen. Or If you 
are on the hard shoulder of the motorway with a mechanical 
breakdown and there Is no phone In sight you Just push a button 
and the emergency services are on their way. 

The company believes the sys- car, its registration number and 
tern could be ready for use in five its position within five yards 
years and tests are currently (metres). In case of breakdown, 
underway with a prototype ve- the message could also include 
hicle in Essex, southern Eng- details from the vehicle's diag­
land. The system combines mo- nostic system about the faults. 
bile telecommunications tech- Within seconds of sending the 
nology with the Global Position- message, the driver will see the 
ing System (GPS) of satellites set expected arrival time of the serv-
up by the US military. ices on his dashboard. 

In operation, a driver would use In case of car theft, the police 
a control on the dashboard to se- could contact the base station 
feet from a choice of services with a vehicle identification num­
such as breakdown, police, am- ber and the owner's personal 
bulance or fire which are dis- identification number. The base 
played on small displays. At the station can then track down the 
push of a button, a message is vehicle and, if the stolen car is 
transmitted to a base station de- moving, police can be constantly 
tailing the make and model of the up:lated about its position. 

Air Breathing 
Rocket 

All INDIA RADIO reports that 
the Indian Space Research Or­
ganization has achieved a signifi­
cant breakthrough by success­
fully test-firing an Air Breathing 
Rocket ABR-200. According to 
Dr Manoranjan Rao of the Vikram 
Sarabhai Space Centre, the 
rocket will be able to carry a much 
higher payload when the technol­
ogy becomes operational. 

'Marsokhod' Test 
MCDONNELL DOUGLAS is con­
ducting a series of tests to evalu­
ate a Russian-built six-wheeled 
prototype planetary rover. A 
Russian team which oper~ted 
two unmanned "Lunakhod" rov­
ers on the Moon's surface in the 
1970s is now preparing a ''Mar­
sokhod' vehicle for the upcoming 
Russian Mars '96 mission. The 
Russian team consisting of rep­
resentatives from the Russian 
Academy of Science's Space Re­
search Institute (IKI), the 
Babakin Centre (the primary sup­
plier of interplanetary spacecraft 
for the former Soviet Union) and 
the Mobile Vehicle Engineering 
Institute (VNllTransmash) 
brought a prototype rover to the 
United States for testing in Hunt­
ington Beach. McDonnell 
Douglas Aerospace is looking to 
develop closer ties with leading 
space organisations of the for­
mer Soviet Union. While the up­
coming efforts will focus on rov­
ers, McDonnell Douglas Aero­
space intends to investigate 
other possible areas of Mure col­
laboration. 

A New Ariane 5 
Contract 

AVICA EQUIPMENT, Heme! 
Hempstead, which is the UK's 
onty company contributing to the 
Ariane 5 space programme, has 
won a new contract to manufac­
ture components for the EPS 
propulsion system. The agree­
mern with MBB Space Transpor­
talioo Systems & Propulsion divi­
sio11 is for high pertonnance gim­
baJs joints. The iritial develop­
ment contract is for 00 units. 

Avica, a division of Meggitt 
Aerospace, part of Meggitt pie, 
has already been awarded a four 
year, multi-million pound con­
tract by the French company 
Societe Europeenne de Propul­
sion (SEP) o manufacture fuel 
and oo gas dl.Jciing for Ariane 5. 
Avica. has been involved in all the 
Ariane p ogrammes and has 
been on .Ariane 5 since 1'986. 

Space Radars 
Study 

GEC Ferranti Defence Systems, 
Mi!::oo Keynes UK, which will form 
part of GEC-Marconi Avionics, 
has won a £250,000 study con­
tract from the UK Defence Re­
search Agency at Malvern to in­
vestigate arch itectures for 
space-based radars. 

The company will l:e the prime 
ocntractor, working with Maira 
Marconi and the GEC Marconi 
Research Centre at Great Bad­
dow. Responsibility for the con­
tract at Milton Keynes will fall to 
the Advanced Technology Labo­
ratory and the Special Projects 
Department. 
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UK Firm to Build ESA 
Satellite Spectrometer 
CHISLEHURST, Kent. Slra, the UK Instrumentation technology 
and space hardware company, has been awarded a contract by 
ESA for tile third phase of MERIS (the MEdlum Resolution Imag­
ing Spectrometer project), which Is the world's first remotely­
programmable Imaging spectrometer designed to be operated 
on an Earth-orbiting satellite. The award follows detailed design 
and prototyping work by Slra as part of an International team 
headed by Aerospatlale, reporting to ESA's prime contractor, 
Dornier Systems. 

MERIS will be central to ESA's 
first Polar Earth Observation 
Mission (POEM 1), which will 
monitor the environment on a 
global scale providing complete 
coverage of the Earth every three 
days. 

The spectrometer is program­
mable in flight from the ground, 
allowing it to undertake a general 
monitoring role or focus on a par­
ticular environmental concern 
when it arises. It differs from ear­
lier instruments, such as SPOT, 
LANDSAT and CZCS, in that pre­
selection of spectral bands is not 
necessary. 

Scheduled for launch on the 
European Polar Platform (EN­
VISAT) in 1998, MERIS will im­
age the Earth in the visible and 
near-infrared wavebands with a 

ground resolution of 250m and a 
spectral resolution of 1.25nm. 

This combination of spatial and 
spectral ranges makes MERIS 
ideal for detailed water quality 
and land measurements, such as 
plankton content of sea-water, 
depth and bottom-type classifi­
cation, monitoring of extended 
pollution areas and synoptical 
monitoring of vegetation. There 
is also interest in deriving atmos­
pheric data from the output of 
MERIS. 

The final construction phase of 
the MERIS project will take the 
spectrometer through structural, 
engineering and qualification 
models to the final flight model 
stage. Flight models and spares 
have been timetabled for delivery 
in mid-1996. 

New Structure for Ariane 4 
BRITISH AEROSPACE SPACE SYSTEMS, Stevenage, UK has 
delivered to Arlanespace the first protofllght Mini SPELDA. 
SPELDA (Structure Porteuse Externe Lancement Double Ariane) 
Is the French acronym for "Structure for double launch capabil­
ity on Ariane 4". 

SPELDA is an integral part of 
the external structure of the 
launch vehicle and provides the 
largest internal usable volume at 
minimum mass. It was initially de­
veloped under an ESA contract 
between 1982 and 1986 with the 
initial production of six being de­
livered between 1985 and 1989. 
Between 1986 and 1989 the 
SPELDA Improved Programme 
(SIP) led to significant improve­
ments to the design and produc­
tion methods. In 1987 Arianes­
pace and British Aerospace 
Space Systems signed a Memo­
randum of Understanding for the 
production of 20 SPELDAs. Brit­
ish Aerospace is currently work-

ing on the final batch and looks 
forward to further orders. 

The original and subsequent 
SIP programmes covered the 
development of Short and Long 
SPELDAs. During 1990, Arianes­
pace saw an opportunity to add a 
Mini version to the programme to 
significantly enhance the flexibil­
ity of Ariane 4. British Aerospace 
was selected to develop Mini 
SPELDA in January 1991. 

The first flight using the Mini 
SPELDA, Ariane 4 Flight V58, is 
scheduled to take place in May 
when the new structure will house 
the lnsat 28 satellite inside and 
support the Hispasat 1 B satellite 
on top. 

Propulsion Module Tests 
MCDONNELL-DOUGLAS. Dur­
ing the space shuttle's second 
space station assembly flight, 
two propulsion modules will be 
positioned on Freedom. Two 
more will be added following man­
tended capability, and an addi­
tional pair prior to permanent 
manned capability. 

Early modules will have 13 
thrusters, located at both ends 
and on the top of each module. On 
later modules the number of 

thrusters will be scaled down to 
nine. The thrusters can be fired 
independently, allowing precise 
positioning of the station. 

Static firing test of propulsion 
development units has now be­
gun at NASA's White Sands Test 
Facility in New Mexico with units 
having 1 0 small thrusters, each 
with an operational range of 9 to 
25 pounds thrust, and three large 
thrusters with 20 to 55 pounds 
thrust. 
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Eureca Retrieval 
ESA, Paris - Within five months of 
its launch on 31 July 1992, more 
than three quarters of the 
planned experiments on-board 
Eureca had been successfully 
completed and the remainder 
should be completed by mid-Feb­
ruary 1993. 

The satisfactory progress of 
the mission proves the underly­
ing concept of operating a com­
plex space research facility by 
means of satellite autonomy and 
on-board operations that are pre­
programmed and controlled dur­
ing scattered daily control centre 
contact times totalling only 
around 5% of the duration of the 
mission on average. 

Eureca, currently orbiting at an 
altitude just below 500 km, is to be 
retrieved together with its experi­
ments and samples, at the begin­
ning of May 1993 by Endeavour 
on flight STS-57. 

The Eureca mission's output 
consists of experimental data 
that is sent regularly to the ground 
for scientific and engineering 
analysis, materials processed in 
the very low residual gravity that 
is offered by the Eureca mission, 
samples exposed to space, sur­
face forces research, space par­
ticle collection and new technol­
ogy applications. 

While a significant portion of 
the mission's yield is contained in 
its abundant and continuous data 
generation, the primary mission 
objective is the analysis in 
ground-based laboratories of 
biological and material samples 
and the ability, in principle, to re­
use the spacecraft and payloads 
again in a later flight. 

To date, more than 122,100 
data requests (on average 
around 800 per day) from various 
remote locations/investigators 
(experiment home institutes, 
DLR's Microgravity user Support 
Centre, industry and ESTEC) 
have been served by the Eureca 
Data Disposition System (DDS) 
at ESOC, using mainly packet 
switching public data networks 
(PSPDNs) to transmit a total data 
volume in excess of 6000 million 
bytes (on average around 35 
Megabytes per day). 

" Astronaut Chief 
NASA - Robert "Hoof' Gibson has 
been named chief of the 89-mem­
ber astronaut corps replacing 
Dan Brandenstein, who left the 
space programme in October 
1992. Gibson, who became an 
astronaut in 1978, has com­
manded three shuttle flights, the 
most recent in September 1992 
and served as shuttle pilot once. 
His wife, Rhea Seddon, is also an 
astronaut. Loren Shriver, who 
has flown in space three times, 
has been named deputy chief 
astronaut. 

Space Mirror Test 
MOSCOW - A 20-metre wide mir­
ror made of Kevlar coated with a 
thin layer of aluminium and 
shaped like a parachute was 
successfully unfurled from a ro­
tating Progress spacecraft in 
orbit close to the Mir space sta­
tion at 7:53 pm (EST) on 3 Febru­
ary. The experiment, which 
lasted 6 minutes, was the first 
tentative step in a project to pro­
vide nighttime illumination for 
polar areas. At the end of the 
experiment the reflector was de­
tached from the spacecraft and 
destroyed on re-entry. 

Since the reflective banner 
was orbiting the globe, the spot 
on Earth moved quikly across 
Europe toward the former Soviet 
Union. 

Two UK Institutes 
Join /SU 

OXFORD - The Extreme Envi­
ronments Laboratory (EEL) and 
the Oxford School of Architec­
ture of Oxford Brookes Univer­
sity are to become an affiliated 
campus to the ISU (International 
Space University) for Space 
Arch itecture. 

The Cranfield Institute of 
Technology, with its partners, 
has likewise won affiliation for 
the Space Physical Sciences. 

A permanent site has been 
selected for the Central Campus 
of the International Space Uni­
versity at Strasbourg and is to be 
in operation by 1995-96. 

An advanced communications 
system, known as ISUNET, will 
link the ISU Central and Affiliate 
Campuses electronically with 
world space agencies and indus­
try providing instant access to 
the leading scientists, engineers 
and space-related projects in the 
world. 

Radar Altimeter 
for ERS-2 

ROME - The radar altimeter for 
the ERS-2 Earth observation sat­
ellite of the European Space 
Agency has been delivered by 
Alenia Spazio to Dornier (DASA 
Group). The launch of ERS-2 is 
expected sometime in 1994 and 
is part of the Earth surface obser­
vation mission which began in 
1993 with the launch of ERS-1. 

The radar altimeter which was 
developed by Alenia Spazio and 
installed on the ERS-1 is perform­
ing very well in observing both the 
ocean surface (topography and 
condition) and the polar ice 
sheets. 

Alenia Spazio has also been 
given a contract worth about 100 
billion lire for a radar altimeter to 
be installed on board ESA's 
ENVISAT satellite which is due to 
replace the ERS series. 
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SPACE AT Radar Observation of Earth 
JPL BY DR WILLIAM I. McLAUGHllN 

Jet Propulsion Laboaratory, California, USA 

The great value of radar observation of Earth from orbit was clearly affirmed In 1978 by results from Seasat The 
SIR-A and SIR-B missions employed radars derived from Seasat In their November 1981 and October 1984 shuttle 
flights, respectively. See the ·February 1985 edition of this column for a report on SIR-B. Originally "SIR" denoted 
"shuttle Imaging radar"; now the "S" stands for "spaceborne." A higher-frequency .radar developed by Germany, 
the Microwave Remote Sensing Experiment (MRSE), was flown on the first shuttle-Spacelab mission In 1983. Now, 
the U.S., Germany, and Italy are partners In the joint SIR-C/X-SAR shuttle-based mission to go aloft In late 1993 or 
early 1994. 

The etymology of "SIR-C/X-SAR" 
can be unraveled by first looking at 
"SJR-C"; It Is historically based, being 
the third In the series (fourth if Seasat 
is counted), and represents the U.S. 
contribution to the joint project. 

The "X-SAR" root represents the 
European contribution and is a techni­
cally focused term in that "X" denotes 
the wavelength region, "X-band", 
about 3 cm, of the microwave domain 
utilized by this instrument. "SAR" 
stands for "synthetic aperture radar". 

"Synthetic aperture" is a reference 
to the synthesis, through the orbital 
motion of the shuttle, of a larger an­
tenna aperture than the physical de­
vice presents. The U.S. and European 
radars each are SARs as was the ra­
dar utilized by Magellan in its mapping 
of Venus. Dr. Charles Elachi Is an 
As.sistant Laboratory Director at JPL 
and manages the Office of Space Sci­
ence and Instruments. He has been 
instrumental in bringing SARs to bear 
on problems in Earth science. See his 
"Radar Images of the Earth from 
Space" in the December 1982 Scien­
tific American. 

For spaceborne radars, pulses of 
microwave energy are bounced off 
Earth and the backscattered signal, 
collected by the spacecraft's antenna, 
carries scientific information about 
the scatterer: the Earth's surface. The 
thoroughness of probing of the sur­
face is increased by exercising more 
features of the electromagnetic spec­
trum. Three primary characteristics of 
the radiated energy are available 'for 
manipulation by the investigator: fre­
quency, polarization, and angle of 
incidence on the Earth's surface. 

The three frequencies available to 
SIR-C/X-SAR are, expressed in terms 
of wavelength, L-band (23 cm) and C­
band (6 cm) for SIR-C, and X-band (3 
cm) mentioned above for X-SAR. 

Polarization, which Imposes con­
straints on the vibrations of the elec­
tromagnetic field comprising the mi­
crowave transmission, is ''vertical" (V) 
or "horizontal" {H). The two radar fre­
quencies of SIR-C can each assume 
four polarization states, HH, W, HV, 
and VH, while X-SAR will be used In the 
VV-polarization mode. Thus, in effect 
these are 2 x 4 + 1 = 9 radars available 
for scientific investi gations, and, 
moreover, these mine channels can 
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be used simultaneously, wherein 
1 OKW of radio-frequency power Is 
required. The Seasat and SIR-A ra­
dars were constrained to glance off the 
Earth at one fixed angle. On SIR-8 it 
was possible to vary the angle of Inci­
dence in order to obtain more Informa­
tion. The directions of the beams for 
the SIR-C radars are electronically 
steerable, while X-SAR changes di­
rection through mechanical rotation of 
the antenna. 

The flight of SIR-C/X-SAR will result 
in the collection of 50 hours of data, 
which corresponds to about 50 million 
square kilometres of ground cover­
age. The U.S. Project Manager, 
Michael J. Sander of JPL, commented 
to me that radars are so prolific in the 
production of data that they can 
"drench you up to the waist in bits". In 
particular, he was thinking ahead to 
the EOS-SAR ("EOS" stands for 
"Earth Observing System") mission of 
NASA which is scheduled for launch 
about the year 2000. 

Hence, Sander remarked, one of the 
prime objectives of SIR-C/X-SAR is 
the development of algorithms for 
data processing. This development is 
facilitated by 19 "supersites", spread 
through the Americas, Europe, Africa, 
and Australia, where measurements 
taken from the satellite can be cali­
brated with in situ observations by 
investigators present at these sites. 
The goal is to develop algorithms 
which allow quantitative evaluation of 
observations In terms of the backscat­
tered signal received at the satellite. 

For example, one would like to be 
able to estimate the amount of bio­
mass in the form of trees in a region in 
order to compute the amount of carbon 
captured by trees. (Recall that knowl­
edge of the quantity of carbon dioxide 
present in the atmosphere is key to any 
predictions concerning the "green­
house effecf', and plants utilize car-

An Important aspect of 
ecological studies Is the 

evaluation ofthe status of 
rain forests. 

An Important Ingredient In 
meteorological studies Is the 
measurement of rainfall on a 

global basis. 

An artist's conception of SIR-C/X-SAR shows 
this radar system In the bay of the shuttle as it 
gathers scientific information during an upcom­
ing flight. NASA/JPL 

bon dioxide as an Input to their meta­
bolic processes.) In support of this 
particular measurement, a forest at 
Oberpfaffenhofen in Germany, one of 
the 19 supersites, was calibrated by 
measuring the locations and diame­
ters of its constituent trees in order to 
provide "ground truth". 

Photography of the supersites is 
already underway on a time- available 
basis from the shuttle in order to cre­
ate a reference fil e which includes 
more tnan just radar-frequency data. 
A NASA DC-8, "AirSAR", has been 
adding to the file too. 

SIR-C!X-SAR itself will generate 
data at a rate of 180 megabits per 
second. It is possible to send 50 mega­
bits per second of the data stream 
through the space link from shuttle to 
Earth via NASA's Tracking and Data 
Relay Satellite System (TDRSS). 
Most of these data will be from X-SAR. 
The remainder of the radar data (in­
cluding a backup copy for the X-band 
set) will be stored on 160 data tapes 
onboard the shuttle for conveyance to 
Earth. 

The X-SAR contributed by the Euro­
peans employs an elegant graphite­
epoxy antenna which Is a technologi­
cal step forward for -the state-of-the­
art. 

The U.S. radar is electronically 
sophisticated, but no attempt has 
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been made to produce a light-weight 
structure. Two years ago, when 
Sander became project manager, he 
inherited a complicated, folding de­
sign for th e SIR-C antenna. The rea­
son for this state was to leave room in 
the shuttle bay for another payload. 
However, with the heavy demands of 
SIR-C/X-SAR on shuttle resources 
such as power and crew time (the 
experiment will operate 24 hours a 
day), it would seem unlikely that a 
second payload could be accommo­
dated, other than volumetrlcally. 
Therefore, it was no loss to change 
plan and build a solid, massive struc­
ture in place of the original design, and 
the benefit was a reduction in complex­
ity and cost. The SIR-C antenna is the 
most massive piece of flight hardware 
ever built at JPL and has a mass of 
10,500 kg, dimensioned 12 meters by 
4 meters. 

The complete scientific program of 
SIR-C/X-SAR spans several disci­
plines: geology, hydrology, ecology 
and vegetation science, oceanogra­
phy, and meteorology. 

Among the geological questions to 
be addressed are some related to 
patterns of past glaciation and tec­
tonic history. The ability of the radar to 
penetrate extremely arid sheets of 
sand will allow mapping of buried 
structures, including paleodrainage 
features. 

Water often gives a distinctive radar 
signature, and, for example, soil­
moisture measurements will be fea­
sible as one of several hydrological 
parameters to be determined. 

An important aspect of ecological 
studies is the evaluation of the status 
of rain forests. Models will be devel­
oped to discriminate between 
backscatter responses from a canopy 
of vegetation and the underlying soil. 
The structure of canopies and the 
identification of vegetation types are 
within reach of SIR-C/X-SAR 

The Topex/Pose1don mission 
.launched in August 1992 (see the 
December 1992 edition of this column) 
is using a radar al.timeter to investigate 
the patterns of circulation of the 
oceans, SIR-C/X-SAR observations 
will complement these measure­
ments, contributing to the theory of 
wave imaging and internal wave be­
haviour. 

An important ingredient in meteoro­
logical studies is the measurement of 
rainfall on a global basis. SIR-C/X­
SAR will undertake a proof-of-concept 
demonstration of rainfall measure­
ment from space .. 

The SIR-C/X-SAR mission has 
three signs of a space classic .in the 
making: good science with an evolu­
tionary track to facilitating even better 
science; technological advances 1n an 
important area; and another notch on 
ihe stick of successful ·international 
collaborations. 
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Zones for Planets 
Searches for extraterrestrial Intelligence are aimed at finding evidence at 
the high end of the blologlcal scale while searches for extra-solar-system 
planets probe the basis for blology as we envisage It. Methods of detecting 
planets about other stars are varied and Include not only direct Imaging but 
also Indirect techniques such as measuring the "wobble" Induced by a 
planet In the slowly evolvlng track of a star across the sky. A new method 
has recently been utlllzed to analyze the structure of materlal known to be 
orbiting certain stars and has found Indications that this structure may, In 
part, derive from lmbedded planets. 

Earlier in this century, the favoured 
theory for the origin of the solar sys­
tem was the tidal hypothesis devel­
oped by Sir James Jeans (1877-1946) 
and Sir Harold Jeffreys (1891-1989). 
In this scenario, a star passing by 
chance through the neighbourhood of 
the Sun drew material from that body 
through the action of gravitational 
force. The solar material, rather than 
falling back to its place of origin, was 
induced to orbit the Sun and eventu­
ally produced the retinue of planets 
which we know today. 

However, subsequent scrutiny was 
not kind to the tidal hypothesis, and 
currently the nebular hypothesis holds 
sway as the root principle of cosmog­
ony. This theory presumes that a por­
tion of a molecular cloud within our 
galaxy collapsed as a result of gravi­
tational forces within the cloud, form­
ing a protostar. When temperatures 
rose high enough within the protostar, 
nuclear reactions were initiated: a 
star, our Sun, was born. (The philoso­
pher Immanuel Kant (1724-1804) and 
the astronomer and mathematician 
Pierre Simon Laplace (1749-1-827) 
had each formulated a version of the 
nebular hypothesis.) 

During the protostar phase, the in­
falli ng material formed a roughly 
spherical structure enclosing the cen­
tral object. Later, in the so-called T 
Tauri phase (T Tauri .is a star in the 
constellation Taurus and serves as a 
model for low-mass stars in this por­
tion of the.ir development cycle), only 
a disk of material remained around the 
Sun. For our Sun,, after planetary for­
mation was complete, very li.ttle else 
of the disk remained. 

Ors. Kenneth A. Marsh and Michael 
J. Mahoney of JPL have applied a few 
basic .ideas of physics to thinking 
about how the process of planet forma­
tion, if it were taking place in the cir­
cumstellar disk of a T Tauri star, might 
be observable from the Earth. 

The first idea, already extant in the 
astronomical literature when they 
began their research, is that a gap in 
the circumstellar disk would be cre­
ated as a planet started accretlng from 
the primordial material. Tidal disrup­
tion by the growing protoplanet is 
thought to be the primary mechanism 
of zone clearing, complemented by 
grav.itati'onal r·esonance e.ffects be-

tween the protoplanet and other cir­
cumstellar material. 

For the next step In the chain of 
reasoning, it is necessary to note that 
temperature decreases in a clrcum­
stellar disk with Increasing distance 
from the star. This .is intuitively plau­
sible since the disk material Is heated 
by radiation from the star. For the class 
of T Tauri stars, the temperature . fall­
off has been estimated to be approxi­
mately proportional to the square root 
of the distance. Thus, if particle A were 
four times the distance from the star 
as particle 8, A would have a tempera­
ture one-half that of B. 

Now, one cannot directly measure, 
as in thermometry, the temperature of 
a point in a circumstellar disk. How­
ever, there is a relation between the 
wavelengths of light emitted from a 
particle in the disk and the tempera­
ture of that particle, and it is possible 
to measure the amount of energy 
being emitted from the whole disk of 
particles as a .function of wavelength. 
The crucial point of the argument of 
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The dotted lines outline four illustrative "Planck 
functions", each of which .describes the energy 
(vertical <IXis of chart) radiated over a ·spread of 
.wavelengths (horizontal axis of chart, wave­
lengths measured lr:i microns) ·by a particle of 
·matter at a certain temperature. The Plar:ick 
fur:ictions ·shift to .shorter wavelengths (to the 
.right) for warmer ;particles. For a ring .of particles 
about a star - a circumstellar disk - a gap in the 
disk .wou'ld man'ifest itself as a ·dip in the er:iergy 
spectrum as measured from Earth. One cause of 
a gap might be clearing due to .Planetary forma­
tion. .NASA/J.PL 
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Marsh and Mahoney is that If the emis­
sion spectrum of the disk is seen to be 
deficient in a region of wavelengths, 
then, due to the known relationships 
between wavelength and temperature 
and between temperature and loca­
tion in the disk, a deficiency in the 
amount of material can be inferred for 
certain locations in the circumstellar 
disk. 

To anticipate the "bottom line", 
Marsh and Mahoney did find likely 
cleared Zones in the circumsteltar 
disks of two stars, HK Tauri and GK 
Tauri, and conclude that these may be 
regions where planetary formation 
has taken place. However, their analy­
sis was more careful than this sum­
mary has indicated, and it is worth­
while to pursue some of these details. 

First, as a point of physics, the plu­
ral in the phrase "the wavelengths of 
light emitted from a particle", acknowl­
edges that, unlike a laser, a particle of 
matter will emit energy with a whole 
range of wavelengths, i.e., not mono­
chromatic emission. Planck's formula 
is a mathematical expression which 
quantifies this fact and shows how the 
amount of energy emitted at a given 
wavelength varies with the tempera­
ture of the emitting object. The graph 
of Planck's formula shows a maximum 
of energy emission which shifts to 
shorter wavelengths as the tempera­
ture of the emitting body increases; a 
hot stove can glow cherry red, and, as 
Its temperature is increased, the red 
colour of the glow will become less 
pronounced. (Red represents the 
longest visible wavelengths.) 

Picture then what happens to the 
output of energy emission versus 
wavelength when certain temperature 
values are not achieved in the circum­
stellar disk as a result of the presence 
of clear zones; there will be a dip in the 
expected amount of energy in those 
wavelengths where the temperature­
depend ent Planck formulas repre­
senting the missing material would 
have reached a maximum. It is as if one 
had removed a whole block of perform­
ers from an orchestra: certain charac­
teristic tones would be reduced for the 
performance. 

When Marsh and Mahoney ana­
lyzed the spectra (energy output ver­
sus wavelength)of two T Tauri stars, 
GK Tauri and HK Tauri, they modeled 
three components which contribute to 
these curves (considering the data as 
graphically represented): the star, the 
circumstellar disk, and the boundary 
layer between star and disk. The 
boundary layer is a turbulent region 
due to star/disk interactions, which 
are exacerbated by differing speeds of 
rotation, and emits an excess of high­
energy, ultraviolet light. Using a 
mathematical model built from these 
components, and including in the 
model a depleted region of the disk 
("the gap", "the clear zone": where 
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planets might be abulldlng), they were 
able to reproduce to good fidelity the 
observed spectra of GK Tauri and HK 
Tauri by adjusting parameters of the 
model. The key parameters were the 
inner and outer radii of the depleted 
region. 

In order to strengthen the case that 
large orbiting bodies In a circumstel­
lar disk would indeed produce energy 
dips in a region of the spectrum of the 
system, Marsh and Mahoney selected 
two test cases, GW Orionis and OF 
Tauri, of T Tauri stars that have a 
known (stellar) companion. The bi­
nary nature of GW Orionis had been 
revealed (R. 0. Mathieu, et al. In the 
Astronomical Journal, vol. 101, p. 
2184, 1991) through analysis of peri­
odic shifts in its spectral lines. The 
double star OF Tauri's orbital parame­
ters were obtained through observing 
the two-step diminution in the bright­
ness of the system during an occulta­
tion by the Moon (M. Simon et al. in the 

Astrophysical Journal, vol. 384, p. 
212, 1992). These two stellar systems 
showed dips in their spectra which fit 
the analytical model of Marsh and 
Mahoney. 

The investigators have docu­
mented a portion of their work in the 
Astrophysical Journal (vol. 395, p. 
L 115, 1992), and a second paper has 
been written and is in the review cycle. 

The path which lead to their discov­
eries started from a JPL study as to 
what kinds of science would be pos­
sible from a future lunar base. When 
considering observations of planets 
about other stars, Marsh was stimu­
lated to think about what could be done 
from the surface of the Earth and ob­
tained the central insight. Mahoney 
said that he played udevil's advocate" 
to Marsh's idea for several months. 
But, as the hypothesis survived test 
after test , both investigators swung 
over to the role of advocate and the 
planetary-formation theory emerged. 

What is the Problem? 
Perhaps all endeavours In science and englneerlng could be forced into the 
category of "problem solving", but one should prob;ably leave space for 
faculties such as "pure Invention" and "leadership" . ~' n any case, mastery 
of the art of problem solving Is of crucial lmportanc,e to progress In space 
programs. The art seems to be Innate for many gifted people, but there are 
stratagems and principles which have been evolved! over a long period of 
time for the purpose of steering through obscurities. Ii malices sense to view 
the subject of problem solving as a set of examples along with a theoretical 
component. 

The term "heuristic" has been used 
to denote a set of techniques with 
which to address problems. The 
mathematician George Polya (1887-
1985) had a distinguished profes­
sional career but made time to supple­
ment his more technical works with a 
small masterpiece: How to Solve It 
(second edition, 1957, Princeton Uni­
versity Press). By example and by an 
integrated approach to problem solv­
ing, Polya has provided a most useful 
heuristic for university students and 
others harried by the necessity "to 
solve it''. 

Polya's approach is divided in logi­
cal fashion into four phases: 

(1) understanding the problem, 
(2) devising a plan, 
(3) carrying out the plan, and 
(4) looking back. 

The heart of the issue, devising a 
plan, includes discussion, for ex­
ample, of the efficacy of looking at 
related problems or trying to solve 
more general or more special cases of 
your problem. 

The basic idea in any problem situ­
ation is to look continually at the mat­
ter from a series of fresh perspectives 
until the path to the solution becomes 

clear. I am reminded of the chicken 
who starved while looking at feed 
through a 1 ·re lence, unaware that the 
fence extended only a few feet to ei­
ther side. An extreme example of the 
power of varia ·on, in this case "igno­
rant" variatio11, is given by the role of 
mutation in the heory of evolution. 

One method of varying the problem 
recommended in Polya's heuristic is to 
drop part of he condition and see if you 
can solve th e resulting, related prob­
lem. This was done by Galileo's mis­
sion designers when they were faced 
with the problem of getting the space­
craft launched to Jupiter after the 1986 
explosion of Challenger; the powerful 
Centaur upper stage was banned for 
use on the shuttle as part of the overall 
safety review. The engineers knew 
that planetary gravity assists were a 
possible substitute, but, seemingly 
convenient Venus was unavailable 
because it was too close to the Sun and 
Galileo was not thermally prepared for 
these warmer environs. But they 
dropped this condition and showed, 
dynamically, that the use of Venus and 
Earth for gravity assists would do the 
trick. The Galileo Project was de­
lighted and carried out the necessary 
thermal modifications to the space­
craft. 
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Incidentally, Galileo has made its 

closest approach to Earth on Decem­
ber 8, receiving the second gravity 
assist from our planet and is on its way 
to Jupiter. The navigation to the aim 
point at Earth was excellent, less than 
1 km deviation for the 300 km altitude 
flyby. Scientifically, valuable data for 
Earth and Moon (including polar re­
gions) were obtained, and the instru­
ments were calibrated for their pri­
mary use at Jupiter. 

Donna Wolff, who supervises the 
Mission Planning Group at JPL, re­
cently addressed the question of how 
to make spacecraft more operable, 
i.e., more user friendly. She convened 
a group meeting that worked on the 
premise of listing attributes that would 
make a spacecraft less operable. 
What deep psychological resources 
can be mobilized, in all of us, when the 
problem is rotated by 180 degrees! 

With this approach the group easily 
came up with a number of "recommen­
dations." Equip the spacecraft with a 
''wimpy" propulsion system so that the 
flight team must spend long hours 
conducting manoeuvres. Include 
many appendages in the vehicle's 
architecture, many deployable, 
thereby complicating both initializa­
tion of the flight system and planning 
clear lines-of-sight for remote-sens­
ing observations. Insist on many 
moving parts so that the likelihood of 
component failure is enhanced, pro­
moting arduous procedural worka­
rounds. Insure the necessity of exten­
sive and exacting planning at all times 
by building no margins into the power 
and data subsystems, and, as a bo­
nus, make sure that all of the subsys­
tems affect one another. 

The ability to alter our stance with 
respect to a problem is important but 
so is the stock of knowledge from 
which we draw. One of Polya's primary 
questions is "have you seen it before?" 
Without experience even the best of 
associative memories falls short. 

I was motivated to write "Predis­
covery Evidence of Planetary Rings" 
(JBIS, August 1980) in order to ex­
plore the possibilities for discovery 
inherent in slight or even contradictory 
bodies of evidence. Answering 
Polya's question by reflecting on the 
then-known rings about Jupiter, Sat­
urn and Uranus, I predicted, by anal­
ogy, rings about Neptune. (However, 
whatever small merit might inhere in 
this act of prescience was erased by 
my waffling about the case of Pluto, as 
I note upon rereading the paper.) 

Piling up large collections of facts is 
normally not a productive activity, 
unless you plan to specialize in being 
a contestant on game shows. I have 
observed that those facts and experi­
ences which seem to serve me best, 
and remain available for long periods 
of time, are ones that have been .at­
tached to centres of personal interest. 
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This view of the northern polar region of the Moon 
was obtained by the camera of the Galileo space­
craft as it flew by our satellite in December 1992. 
The range is 121,000 km. The large lava plain Is 
Mare Imbrium . The north pole of the Moon is 
toward the darkened region in the cratered area. 

NASA/JPL 

For example, for reasons of psychol­
ogy unknown to me, I had been Inter­
ested since graduate school in repre­
senting, in part, trajectories by record­
ing their intersections with spaces of 
lower dimensionality than the one in 
which they reside. (Technically, Henri 
Poincare's "surface of section" is per­
haps the prime example of the tech­
nique.) Finally, in 1976 this base of 
knowledge came to life when it was 
transformed into a way of graphically 
representing the scientific conse­
quences of different observational 
strategies for the Infrared Astronomi­
cal Satellite (IRAS), launched in 1983. 

The abilities to shift perspective and 
to bring previous experiences to bear 
on a problem are the linchpins of tech­
nique. However, I believe that there is 
an even more fundamental attribute of 
the successful problem solver. As 
Polya phrases it: "The open secret of 
real success is to throw your whole 
personality into your problem." 

Isaac Newton (1642-1727) not only 
provoked the admiration of his con­
temporaries for his astonishing set of 
discoveries but also left them wonder­
ing how it was possible to accomplish 
so much. When asked how he discov­
ered the law of gravitation, he re-

Even If one accepts the doctrine 
of concentration as the basic 

condition of discovery, It Is clear 
that we cannot all excel In all 

areas; we retum to the 
Importance of personal Interest, 
not just In acting as an attractor 

for the retention of facts, but as a 
way to multiply our natural 

powers manyfold. 

sponded, "by thinking about it all the 
time." Using the law of gravitation and 
his three laws of motion, he was able 
to explain, among his many suc­
cesses, numerous features of the 
Moon's motion. Even the great New­
ton showed limits to his power of con­
centration when he complained that 
the lunar theory made his head ache. 

Newton's two remarks - on concen­
tration and one of its affects - were 
suspended in my mind for a number of 
years (undoubtedly attached to a 
Polya-related cluster of facts) before I 
realized that the second lent credence 
to the first. What if Newton was telling 
the exact truth and stating the most 
important "secret" of his heuristic: 
hard work without distraction? This, of 
course, is a variant of Polya's " ... throw 
your whole personality into your prob­
lem ." 

Although one can shrug off this 
hypothesis by pointing to "acts of bril­
liance" by prodigies, the method of the 
effortless solution is only one path to 
an end. It is the results that count. To 
counter the example of the inexpli­
cable prodigy, I submit the life and 
work of the philosopher Immanuel 
Kant, an admirer of Newton, who, to 
the best of my knowledge, "ground it 
out." Like Newton, he changed the way 
we think about the world. 

Even If one accepts the doctrine of 
concentration as the basic condition of 
discovery, it is clear that we cannot all 
excel in all areas; we return to the 
importance of personal interest, not 
just in acting as an attractor for the 
retention of facts, but as a way to 
multiply our natural powers manyfold. 

The French abbe Ernest Dimnet 
(1866-1954), in his delightful book, 
The Art of Thinking (Simon and Schus­
ter, New York, 1928), Is one of many 
commentators who endorses a blend 
of concentration, "interior solitude", 
with following personal bent, "be your­
self." The two ideas are conjoined in 
the following passage from Dimnet. 
"Genius never plods. When Buffon 
defines it as a 'long patience' he means 
not the patience of doggedness, but 
the perseverance of enjoyment. Who 
will believe that, during the seventeen 
years of his quest after his law, New­
ton did not derive Immense pleasure 
from what we wrongly call his work, but 
which ought to be called the fascinat­
ing occupation of his mind? Genius Is 
well known to be able to devote longer 
stretches to its work than ordinary tal­
ent which needs intervals of relaxa­
tion. The reason is that the relaxation 
of genius lies in the consciousness of 
doing what it loves to do and would hate 
to forego." 

The art of problem solving, then, is 
a tapestry of many threads, including: 
agility, knowledge, and compulsive 
persistence. Indeed, the effort can 
make your head ache, but the exhila­
ration of success is a unique pleasure. 
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Historical Space Video Recordings 
Sir, As this matter still appears to be one of contention 
.(Spaceflight, January 1993, p.34), I decided to find out the 
facts once and, hopefully, for all. 

I asked in my second letter an open question as to which 
'space footage' we were actually worried about, and I ac­
cept that the ''television space studio" footage appears just 
as important as the NASA footage. My original correspon­
dence with Ian Broadbent - which was not through the col­
umns of Spaceflight - revolved around the Idea of the BBC 
releasing, for home viewing, compilation videos of the 
Apollo coverage. Consequently I did a certain amount of 
research, firstly for Ian, secondly for my own interest, into 
just what was still available in the BBC's Film and Video 
Library. Hopefully readers will accept that entries in any 
library under "Space", or even "Apollo", could be fairly large, 
which is the case, and the 'Space Studios' themselves were 
not singled out at that time. However as it now appears that 
it is these Studios themselves that are the main interest, I 
contacted the Library agaln to check the entries yet again. 
However this only confirmed what I had in fact already 
suspected, that the Space Studios were not actually re­
corded, with the consequence that it makes any subsequent 
releases somewhat academic. 

To quell the cry of 'Why not?" you have to remember that 
the Apollo missions were late sixties/early seventies and 
although it may seem strange that television technology 
lagged behind, say, manned space flight, It did to a certain 
extent. We were only just in colour in the UK in 1969, (BBC-
2 in 1967; BBC-1 and ITV, 1969) and professional video 
recorders were still on the 2" format and correspondingly 
large. The Space Studios also went on for some hours each 
day and would have used up several spools eve.ry transmis­
sion. Therefore it was decided not to record what was after 
all a live programme. (This was not that the Space Studios 
were being victimised, this was common with all live pro­
grammes). In addition, and as I said in my first letter, we 
cannot even resort to a non-broadcast quality of tape (which 
.has been done to reconstruct some episodes of Doctor 
Who), as this was also before the common use of 'domestic' 
video; VHS had still to arrive, and Phillips 1500 and 1700 
were still hardly plentiful. 

Although the main content of the live Space Studios never 
existed on tape, pre-'recorded inserts used throughout the 
programme were on film and do still exist Memories of later 
programmes using clips from these Studios probably relate 
to these filmed inserts. As I discovered, first time around, it 
seems that the majority of the 'other' space programmes -
Horizon etc - do still exist and so maybe there is a possibility 
of "reconstructing" the basic feeling of the time of Apollo 
television coverage? If anything new comes out of this, you 
will - as they say - be the first to know. 

MAT IRVINE 
Bucks, UK 

Radio Amateur Activity from Space 
Sir, Having been a shortwave listener since 1978, I first 
became interested in listening to Radio Amateur traffic from 
Space on the 2m amateur VHF-baQd in November 1985 
when Germany had their D1-mission up. 

Included on this mission was amateur activity with the 
callsign DPOSL, on a downlink frequency of 145.575 MHz 
and modes FM/CW. I happened to hear their CW-beacon 
only once. 

Amateur activity was started back in November 1983 
when Owen K. Garriot, callsign W5LFL, was active onboard 
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the STS-9 mission on mode FM. In July 1985 this was fol­
lowed by Tony England, callsign WOORE, who was active 
from onboard the STS-51 F mission on modes FM/SSTV. 

In December 1988, I heard activity for the first time from 
Mir on the 2m-band. It was Musa Manarov, callslgn U2MIR, 
who was very active. I managed to hear Musa a total of three 
times. Less active on this mission was also V. Titov, call­
sign U1MIR, and V. Polyakov, callslgn U3MIR This activity 
from Mir started back in March 1988, when Musa asked 
Ground Control for some copies of the Radio magazine to 
be sent up and the Psychological Support Group asked the 
staff of the magazine for some copies. They were delighted 
about the request and included a letter to Musa asking if the 
crew where interested in becoming licensed as amateurs. 
They were, apart from a few problems, Musa said. None of 
the crew was licensed as a Radio amateur, there was no 
amateur radio equipment onboard, and they also needed a 
special antenna. These problems were solved and the 
cosmonauts became active in November 1988. 

A great help in my listening to Mir were three articles in 
Spaceflight in October 1987, p.80, March 1988 p.108 and 
April 1988, p.156, although there was one problem. Here In 
Denmark, and I suppose in some other countries too, we 
are not allowed to listen to the frequencies mentioned. Then 
due to antenna problems I was not able to listen to the 
amateur 2m VHF-band until shortly before the Juno mission 
in May 1991. 

In the meantime until May 1991 there had been some 
activity from the Mir space station a d also from STS-35 in 
December 1990, callsign WA4.SIR, and from STS-37, call­
sign KB5AWP. Then from May 1991 mid August 1992 
there was a lot of activity from · o he 2m-band, more 
precisely on 145.550 MHz. The activity has been both from 
Russian cosmonauts and from fore n guest cosmonauts 
as follows: 

May-91 Helen Sharman, callsig GB IR, whom I only 
heard once on mode F .. 

Oct-91 Franz Viehbock, callsign OEOMIR, automatic 
transmission on mode F .Wacke whom l heard a 
total of four times. In con ec 'on w· h this mission 
the Austrian Radio Amateur Association issued a 
very Informative 64.-page booklet. 

Nov-91 A. Volkov, callsign U4, IR, an S. Krika!ev, callsign 
to U5MIR, were very ac · e 45.550 MHz and mode 
Mar-92 FM/Packet which ga e many amateurs on the 

ground their first qso'es v · a manned Spacecraft. 
Mar-92 Klaus D. Flade, callsig DP MIR, was active from 

Mir on Mode FM. I heard Fla! e twice. In connection 
with this mission German amaleurs had set up a 
Ham-station at DLR, which sen out info about the 
mission every day on the 8 amateur band, more 
precisely on 3695 kHz LSB. 

Mar-92 Also saw amateur a · my · o 
45 mission. Onboard this · • 
amateurs who used the ig NSWQC, which I 
heard a total of nine times on 
used were Engftsh, fre ch, .ch and Norwegian. 
This is the first time ever that I have heard a Scandi­
navian language spoken from a manned space­
.craft, but Kathy Sullivan does speak very good 
Norwegian. 

Aug-92 The French cosmonaut tha was sent up to Mir in 
late July has been heard on 145.550 MHz in French 
talking to a French station . Unfortunately my 
French is not the best, so I did not catch his caU­
sign, although ! heard him a total of three times. 

On the amateur HF-bands there are some nets and sta­
tions to be heard that are connected to amateur activity to 
and from space: 

AMSAT-UK net Mon/Wed on 3780 kHz +/- at 1900 local lime. 
AMSAT-UK net Sunday on 3780 kHz +/- at 1015 local time. 
AMSAT-EU net Saturday on 14280 kHz +/- at 1000 UTC. 
AMSAT-ln net Sunday on14282 kHz+/- at 1900 UTC. 
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Goddard Space gh Center, callsign WA3NAN. 
Johnson Space Center, callsign WSRRft 
Jet Propulsiofl Laboratory, callsign W6VIO. 

There might also, in the time ahead, be an amateur club 
set up sending information about the Mir-mission from NPO 
Energiya, near Moscow. WA3NAN often sends out informa­
tion and relays STS-fllghts on the following HF frequencies: 
3860, 7185, 14295 and 21395 kHz. 

To hear any of the above mentioned frequencies you must 
have a radio that is capable of receiving In the SSB-mode. 

In connection with the Austro Mir 91-mission, the Austrian 
Shortwave Service sent out a lot of information in their 
German language service, which was also about the ama­
teur experiment Aremir. 

In the spring of 1993 a German SAFEX D2 will take place 
onboard a space shuttle. Unfortunately due to its low Incli­
nation this mission will not be audible here in Northern 
Europe. To compensate for this German amateurs will set 
up a relay station at Tenerife which will send to and from the 
Shuttle on the 2m amateur band and relay to and from 
Europe on the 20m/15m amateur bands. In connection with 
the D2-mission the DLR-clubstation DFOVR will again be 
active as during the D1 and the Mir-92 mission. 

Further reading may be found in Spaceflight : 
1990 February p.70 and June p.186; 
1 991 February p.46-53, April p.116-117, June p.196-197, 

July 226-231 and August p.268-269; 
1992 May p.146 and 147. 

Space Music and Songs 

J.K. ANDERSEN 
Skagen, Denmark 

Sir, Having read Mark Hempsell's December 1992 
Spacef//ght article, I look forward to the release of Tasmin 
Archer's debut album in the USA. I would like to thank Mr 
Phillips' response to that article, published in the January 
1993 Spaceflight, which listed several space songs of 
which I had not heard. Hopefully, I can now return the fa­
vour by adding to the list he offered in his letter. 

Mozart's Symphony No 41 was called "Jupiter'', while 
Mahler's Symphony No 1 was called "Titan", although it is 
questionable whether these can be considered space 
music. 

There are two electronic versions of Holst's "The Plan­
ets" - one by lsao Tomita and another by Michael Gleeson. 
Morton Subotnick's "Return" was com missioned to com­
memorate the return of Comet Halley to the inner Solar Sys­
tem in 1986. Also in the genre of electronic music, the 
Voyager missions inspired at least three works: 

Wendy Carlos "Digital Moonscapes" 
Ian Tescee "lo" 
Michael Lee Thomas "Voyager - Grand Tour Suite" 

Turning to pop music, we must first of all remember "Fly 
Me to the Moon", which Frank Sinatra made famous. How­
ever, perhaps the first song of the Space Age was "Telstar'', 
an instrumental recorded by the Tornadoes, which was 
inspired by the launching of the telecommunications satel­
lite of the same name. 

I recall a song about an alien called "Purple People Eater", 
which dates from the late 1950s or early 1960s. Perhaps 
someone can supply the name of the artist. other Close 
Encounters set to music were: 

The Byrds "Mr Spaceman" 
Creedence Clearwater Revival "It Came Out of the Sky" 
Jefferson Airplane "Have You Seen the Saucers?" 
Styx "Come Sail Away" 

David Crosby's "Triad" (also recorded by the Jefferson 
Airplane), with its free love theme and its reference to "water 

The Editor welcomes items of correspondence for publication. The 
right is reserved to shorten material as appropriate. 
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brothers", seems to have been inspired by Robert A. Hein­
lein's novel Stranger in a Strange Land, and as such might 
qualify as the first Martian love song. The Jefferson 
Starship's first album, "Blows Against the Empire", an ac­
count of the hijacking of the first starship by a throng of 
hippies, Is reminiscent of the Heinlein novella Methuselah's 
Children. 

The Moody Blues wove space themes Into their music in 
songs such as "Higher and Higher", "Floating" and "The Best 
Way to Travel". other space rock songs of the 1970s were: 

The Steve Miller Band 
Yes 
Aerosmith 

"Space Cowboy" 
"Starship Trooper'' 
"Spaced" 

Mr Davey mentions in his letter, also published in the 
January 1993 Spaceflight, that John Denver Is on the Na­
tional Space Society's Board of Governors. Several years 
ago, Denver tried to get a ride on the Space Shuttle, but In 
the wake of the Challenger accident, NASA turned him 
down. He also approached Glavkosmos about a Soyuz 
mission to Mir, even offering to pay his own way, but they 
could not agree on a price. Denver later wrote "Flying for 
Me'', a tribute to the Challenger's last crew which also gave 
voice to his own yearning to go into space. 

There is a Grateful Dead song called "Dark Star'', not to 
be confused with the Crosby, Stills and Nash song of the 
same name. Also, in tradition spanning more than twenty 
years, the Grateful Dead have segued into dissonant instru­
mental improvisations midway through the second set of 
their concerts. Obviously, no two such performances are 
the same, but among Deadheads these are collectively 
known as "Space". Several of these improvisations have 
been collected on the album "Infrared Roses", where they 
have been given individual names. Lastly, of all the space 
songs I have heard, my favourite by far is the Grateful Dead's 
very moving anthem "Standing on the Moon", which com­
memorates the twentieth anniversary of the Apollo 11 land­
ing. 

The discussion of space music in this letter and in the 
Spaceflight references cited above has been confined to 
that produced by Western culture. We should consider that 
in Russia, where the former Soviet government actively 
tried to promote a "space culture" for three decades, there 
are certainly many works of which the Western world is not 
generally aware. I would enjoy hearing from our Russian 
members on this subject. 

Songs and Space 

THOMAS GANGALE 
California, USA 

Sir, I am writing In response to the Correspondence Column 
in the January 1993 issue of Spaceflight, in which my let­
ter, concerning the general paucity of songs and music sup­
porting space flight, seemed to be at least partially contra­
dicted by the letters from Messrs Cresdee and Phillips, also 
published in that issue. 

While I am happy to accept the existence of the various 
titles mentioned by them and, indeed others (I have a tape 
by Barbara Dickson, containing a song - 'The Same Sky' -
about an astronaut), I feel that your other correspondents 
have missed the point, which Is that most of the works are 
either purely descriptive - 'Space Is a big, strange place' - or 
metaphorical, using astronautical terms to describe rather 
more 'down-to-earth' situations (as is the case with Miss 
Dickson). 

A number of songs are actually critical of space travel, 
usually from a 'Green' or 'New Age' viewpoint. 

I believe the point I made was a perfectly valid one - that 
'Sleeping Satellite' is one of a very limited number of songs 
that actually and specifically support the Idea of space 
exploration. 

P.W. DAVEY 
Dorset, UK 

107 



CORRESPONDENCE ---------------------...ii 
Russian Space Transportation 
Possibilities 
Sir, I have been reading with great Interest the prospects of 
cooperation between ESA and Russia in developing 
spaceplanes and space station hardware. It shows the need 
for a shuttle type. spacecraft in the 20-24 t gross weight 
category or about a quarter of the weight of the US STS or 
CIS Buran. 

If Hermes is to be used for Mir-2. station support as well, 
then the AR5/MK2 will not have sufficient power to deliver 
an effective payload to 51.6 degree Inclination. The Proton. 
KM launcher could in principle launch the Hermes with its 
resource module, delivering greater payload to the required 
incHRation. It would give Hermes the unique flexibility of 
supporting both 28.5 and 51 .6 degree inclinations for space 
station operations. 

On the other hand the proposed Maks spaceplane does 
provide an attractive solution to low cost payload delivery 
replacing eventually the current SL4, SL6 and Tsyklon 
launchers. lts unique RD-701 fits In the thrust category of a 
second stage for the Zenlt launcher. The Proton KM's new 
LHJL02 escape stage would also fit as a third stage for the 
Zenit 3 launcher. Together they woufd boost Zenit's pay­
load/height characteristics considerably. 

NPO Molniya seems to have more than one design for the 
spaceplane [1]. One design puts the cosmonaut cabin 
behind the payload bay. No main engines would fit in this 
version. 

Reference. 

M.Q. HASSAN 
The Middle East 

1. lnteravia/Aerospace World Business & Technology, October 
1992, p.124. 

Soviet Launch Vehicle Classifications 
Sir, In my previous letter, published in the August 1992 issue 
of Spaceflight, I guessed that Chelomel's UR-200 rocket 
might be used for launching the Polyot manoeuvring space-

craft In 1963-64 and that Korolyev's SS-10 Scrag. ICBM was 
probably used for two first FOBS-related missions In 1966. 

My further Inquiries have shown that, though the reason­
ing behind above statements is true, the conclusions turned 
out to be too far-reaching. 

1 . The UR-200 was Indeed supposed to launch the Ghe­
lomel-made ASATs of which the Polyots were proto­
types (1]. But the UR-200 was test-fired with a live first 
stage only (2] and the Polyots were to be launched by 
the production-line two-stage R-7 (the SS-6) boosters .. 
Since third stages were In a short suppfy, the Polyots 
were launched underfuel!ed and used their own engines 
for an orbit insertion [3]. 
So, the SL-5 launcher was in fact neither A-m nor the "D'" 
O" UR-200. It did not exist as a separate type and was 
the same basic A launcher, which already bears two DoD 
designations - the SL-1 and the SL-2! 

2. The Scrag (its. equivalence with the SS-10 was assumed 
from Congressional Reports) was indeed designed as a 
FOBS weapon and its genuine name was the GR-1 
standing for "global rockef'. However, it was never 
launched and its designers ironically nicknamed the GR-
1 "an Intercontinental missile Moscow to Leningrad" [4}. 

Thus, the "E" class of the Sheldon system had to emerge, 
but failed to do so. 

References 
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Centre for Arms Control, 
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Moscow Institute of Physics and Technology 

1 . Leonard S. Legezo, ''The Activities in the USSR for the Creation 
of an Antisatellite System", A presentation al the ISY Confer­
ence, Moscow, March 30, 1992. 

2. Igor B. Afanasyev, Private co nicatioo. 
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WHITE ROCK THEATRE, HASTINGS, E. SUSSEX 

Be sure to join the British Interplanetary Society at Hastings to mark the 
actual birthday of our 60th Anniversary Year. The weekend promises to 
be very exciting and with a few surprises. 

Besides an excellent programme with contributions from an international 
selection of speakers, there will be a display of exhibits from six Aero­
space Companies. 

Once again Hastings Council are holding a Reception for all Space '93 
participants and spouses, with entertainment from a surprise personality. 

On Saturday morning the Mayor of Hastings will formally welcome everyone to Hastings and start the programme. 

A Gala Banquet is arranged for Saturday evening at the Falaise Hall, situtated in the pretty gardens of White Rock. 
Roy Gibson and Garry Hunt will be After-Dinner Speakers. A special presentation of the BIS Space Achievement 
Medal will be made to Dr WI.McLaughlin of the Jet Propulsion Laboratory, California. 

Come to join the Society in celebrating its 60th Anniversary Year birthday in great style. 

For more information about the weekend and details of the Programme please send a 34p stamp to The British 
Interplanetary Society, 27/29 South Lambeth Road, London SW8 lSZ. 
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SOCIETY MEETINGS DIARY 
LECTURES I 

Venue: All Lectures will be held in the Conference 
Room, British Interplanetary Society, 2712.9 South 
Lambeth Road, London SW8 1 SZ. 
Admission Is by ticket only. Members should 
apply In good time enclosing a sae. Subject to 
space being available each member may also 
apply for a ticket for one guest. 
It may occasionally happen that, for reasons out­
side its control, the Society has to change the 
dates or topics of meetings. Where time allows, 
every effort is made to avoid inconvenience to 
members either by notice of change in 
Spaceflight or by special advice to each partici­
pant. Please, therefore, always recheck the 
scheduled meetings in the latest issue. 

3 March 1993 7 pm - 8.30 pm 

Armchair Interstellar 
Exploration 

A.T. Lawton 
Although he dreams and plans, it is very un­
likely that many men will undertake manned 
interstellar flight. For those who will never go 
to the stars - the stars must come to him. 

Developments in technology e.g. interfer­
ometry, large apertures, new types of high 
resolution detectors and high fidelity data 
links will enable this to happen. 

As of now they allow us to see solar cycles 
on other Sun-like stars, detect planetary dust 
clouds around them and deduce the possible 
presence of Jupiter like planets. 

These techniques can be extended with 
precision spectrometry to form a catalogue 
of stars with planetary systems closely re­
sembling our own Solar System. 

This is Armchair Interstellar Exploration 
whereby if we do go, or send a one way robot 
as proxy, we will have maximum chance of 
success in locating other life forms. 

17 March 1993 7 pm - 8.30 pm 

Mission Control and 
Control Centre 

Operations 
D.E.B. Wilkins 
The lecture will discuss spacecraft oper.tions 
in general, the technology involved and the 
practice of operations since the early days of 
space flight. 

The lecture will not dwell on the historical 
aspects of spacecraft control though refer­
ences will be made to the significant ad­
vances achieved in those early years, 1957 -
1969. 

The lecture will be presented in three parts: 
Past, Present and Future, and will be based 
on the experience and activities of the 
speaker in the fields of Spacecraft Control 
and Systems Engineering. 

The early NASA Manned Mission control 
methods will be briefly discussed and the 
ESA experience in scientific and applica­
tions missions described in some detail to 

" expand discussion on Mission Control. 

7 April 1993 7 pm - 8.30 pm 

Cassini 
Mr C. Cochrane 
Cassini is a project planned by ESA and 
NASA for a spacecraft to survey the planet 
Saturn and its environs. During the journey 
to Saturn, fly-bys and investigations will by 
made of asteroids and Jupiter. After arrival 
at Saturn the spacecraft will orbit the ptanet 
for a further four years, using remote sens-

ing to examine its satellites, rings and the 
planet itself. A sophisticated probe will be 
released in the first orbit to land on the mys­
terious moon Titan, to explore its atmos­
phere and surface. 

The presentation will describe the scien­
tific objectives of the mission, its trajectories 
and explain the engineering problems of the 
Titan Atmosphere Probe, concluding with a 
review the feasibility of the proposed solu­
tions and present the innovative features of 
this fascinating mission. 

5 May 1993 7 pm - 8.30 pm 

Results from ERS-1 
Dr G.E. Keyte 
ORA Farnborough 
The European Space Agency's ERS-1 satel­
lite was one of the most complex remote 
sensing satellites ever launched. Despite its 
complexity, it has functioned almost per­
fectly since launch in 1991 and has enabled 
a wide range of research and application 
projects to be undertaken. 

This paper briefly describes the main char­
acteristics of the ERS-1 instruments and 
gives an account of their 'history' since 
launch. Some of the main results obtained 
from each of its instruments are reviewed, 
covering both the two microwave instru­
ments (the Active Microwave Instrument and 
the Altimeter) as well as the instrument pro­
vided by the UK, the infra-red radiometer 
(ATSR). It will conclude by reviewing the 
future development of microwave remote 
sensing satellites after ERS-1. 

14 August 1993 

48th Annual General 
Meeting 

The 48th Annual General Meeting of the 
Society will be held in the Society's Confer­
ence Room, 27/29 South Lambeth Road, 
London SW8 1SZ, on Saturday, August 14, 
1993 at 12 noon. Details of the Agenda will 
be published in due course. 

Admission is by ticket, available to Corpo­
rate Members (i.e. Fellows of the Society) 
only, who should apply in good time enclos­
ing a stamped addressed envelope. 

Council nomination forms are obtainable 
from the Executive Secretary. These must 
be completed and returned not later than 12 
noon on May 22, 1993. If the number of nomi­
nations exceeds the number of vacancies, 
election will be by postal ballot. Voting pa­
pers will then be prepared and circulated to 
all Corporate Members. 

SYMPOSIA & 
CONFERENCES 

24 March 1993 1 O am - 4.30 pm 

European Rocketry 
in the 1930's 

As part of the Society's Anniversary Year the 
History Working Group are holding a Sympo­
sium on European Rocketry in the 30's. 
Contributions have been invited from Ger­
many, France, Russia and the UK. The 30's 
is seen as a particularly interesting decade 
in that much theoretical and practical work 
was undertaken that laid solid foundations 
for later projects. 

Whilst much publicity has surrounded the 
experimental and theoretical work carried 
out in Germany an enormous amount was 
also carried out elsewhere, particularly in 

Russia. Much of this story has yet to be told. 
Advance Registration is necessary. 
Registration: Forms are available from the 
Executive Secretary. Please enclose a sae. 

19 May 1993 10 am - 5.15 pm 

Electric Propulsion 
of Spacecraft 

Dr D.G. Fearn 
ORA Farnborough 
A one-day technical symposium under the 
chairmanship of Dr D.G. Fearn, Defence 
Research Agency, Farnborough, Hants. 

Papers will be presented on the status of 
different ion thrusters and propulsion sys­
tems under development as well as other 
topics relevant to electric propulsion. 
Venue: The Conference Room, British Inter­
planetary Society, 27/29 South Lambeth 
Road, London SW8 1 SZ. 
Advance Registration is necessary. 
Registration: Forms are available from the 
Executive Secretary. Please enclose a sae. 

12 June 1993 10 am - 4.30 pm 

Soviet Astronautics 
The symposium is in its 13th year as an event 
which reviews the space programme of the 
former Soviet Union. The programme for 
1993 will include talks on the following top­
ics: The Biosputnik programme up to 1993; 
USA-Russian Manned Cooperation 1992-
1995: update on the Manned Operations on 
Mir; Obscure Unmanned Soviet Satellite 
Missions, and others still to be decided. A 
Film will be shown including clips never seen 
before in the UK. There will be opportunities 
to ask questions of some of the leading ex­
perts on the Soviet Space Programme in the 
West, 
Venue: The Conference Room, British Inter­
planetary Society, 27/29 South Lambeth 
Road, London SW8 1 SZ. 
Advance Registration is necessary. 
Registration: Forms are available from the 
Executive Secretary. Please enclose a sae. 

VISITS 
31st March 1993 

London Teleport 
(Isle of Dogs) 

A one-day visit with briefings and tour open to a limited 
number of members interested in the EUTELSAT and 
similar programmes. 

Pre-registration is necessary. Details of programme 
and Registration forms are available from HQ on re­
quest. (See p.78). 

21May1993 

Royal Aircraft Establish­
ment/Defence 

Research Agency 
(Farnborough, Hanis) 

A one-day visit with briefing and tour open to a Ii mited 
number of members interested in remote sensing, 
advanced propulsion systems etc. 

Pre-registration is necessary. Details of Programme 
and Registration forms are available from HQ on re­
quest. (See p.78). 

I LIBRARY 
The Society Library Is open to members on the first 
Wednesday of each month (except August) be­
tween 5.30pm and ?pm. Membership cards must 
be produced. 
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When you join the British Interplanetary Society 
Spaceflight will be mailed directly to your home address each month, hot off the press. 

As a member of the Society you will become part of a worldwide organisation 
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