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MISSION REPORT 

The Soviet space shuttle, Buran (Snowstorm), was successfully laun­
ched on November 15. Three hours and 25 minutes later it made a 
perfect landing on a concrete runway at the Soviet spaceport of 
8aikonur, just 12km from the launch pad it had started from. Spaceflig_h� 
corresP-onCient Neville Kid9er reports on what must be the Sov1et 
Union s greatest space achievement since the launch of Yuri Gagarin. 

The unmanned fl ight of Buran was a 
very impressive display by the Soviet 
Union, however the in it ial  launch 
attempt was aborted on October 29, 
just 51 seconds before the scheduled 
start. 

The reason for that scrub was a 
delayed separation of an instru­
mented block of the azimuthal orienta­
tion system from the body of Energia.  
At the time Maj-Gen (Aviation)  V. 
Gudi l in ,  head of the test d i rectorate of 
the cosmodrome told reporters that 
the fault had been with "the platform 
of the faci l ity for emergency evacua­
tion of the cosmonauts, [it) carries an 
accurate setting of the rocket's gyro­
scopes. " lt was because of ttiis that 
the automatic countdown was termin­
ated and the test flight reschedu l ed .  
The separation should have taken 3 
seconds but actual ly took 38. Over­
compl icated design of the joi nt was 
blamed. Aleksandr Dunayev, head.of 
Glavkosmos, told a news conference 
on November 10 that prel iminary tests 
of the Energia Buran system would  be 
final ised the next day and a new 
launch dattt set. 

Dunayev said that the USSR plan­
ned to bui ld several Buran-type arbi­
ters and operate them for decades. He 
stressed that they would  be used to 
carry spacecraft i nto orbit "only i n  
exceptional  cases", citing the cost of 
operating the system .  Their  main 
tasks would be "the operation of 
space technology; maintenance 
operations and recovery of worn-out 
sate l l ites."  He said that no more than 2 
or 4 fl ights cou ld  be expected 
annual ly. Manned fl ights wou ld  fol low 
the unmanned testing. 

The Soviets later announced that 
Buran would  be launched at 0300 
G MT on November 15. 

Snowstorm and Birdie 
TASS correspondent Valentin 

Ovcharov reported that he had visited 
the huge assem bly buiiding at Baiko­
nur where the arbiters are prepared 
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, and saw a second arbiter, called 
Ptichka (B i rdie) .  The arbiter was 

- covered with 38,000 l ightweight heat­
absorbing ceramic ti les which cou ld  
resist temperatures of  2000 degrees 
centigrade. 

These ti les, according to another 
reporter, cou ld be scratched with a 
fingernai l  (he was reprimanded for 
trying) .  

Buran can .put 30 tonnes 
into orbit and return with 
20 tonnes to land at the 

runway at Baikonur. 

The d imensions of Buran were 
g iven by Tass, the arbiter has a length 
of 36 metres and a wing span of 24 
metres. Buran featu res a crew cabin 
(split level ,  as evidenced by the loca­
tion of the crew access arm) with a 
voiume of a lmost 70 cubic metres. The 
craft can carry two to fou r  cosmona uts 
and six. passengers, the SovietS Scild. 

The payload bay has the d i men­
sions of 4.7 metres i n  diameter and 
length of 18.3 111etres. Vladimir  Shata­
lov revealed that the bay has a man­
ipulator for releasing satel l ites for 
deploying them. The manipulator is 
man-operated. 

The overa l l  launch and landing 
mass of the arbiter can reach 105 
tonnes and 82 tonnes respectively. 

(Top left) Energia's core stage 
engines ignite, billowing douds 
of steam. 

(Top right) Buran and Energia are 
obscured by the imense exhaast of 
the strap-on boosters, • the 
vehicle clears the launch tower. 

(Centre left) After completing two 
orbits of the Earth Buran makes 
its final approach to the runway at 
the Baikonur Cosmodrome. 

Buran can put 30 tonnes i nto orbit and 
return with 20 tonnes to land at the 
runway at Baikonur. 

Un l i ke the US shuttle, Buran  does 
not carry large reusable rocket 
engines powered by fuel from a tank 
to which it is strapped. The arbiter is a 
payload for the 3,500 ton ne-thrust 
Energia ca rrier rocket. 

Energia takes Buran to sub-orbital 
speed where it separates from the 
arbiter. The Buran's propulsion sys­
tem serves as an u pper stage and is 
ignited at an altitude of 160 km to put 
the spacecraft into Earth orbit. lt is 
activated once more to enter a circular 
250 km orbit. 

When g l id ing in the atmosphere the 
arbiter is contro l led by a i lerons, the 
control vane and air  brakes, just as an  
ordinary aircraft. lt is a g l ide approach 
without the capabi l ity of power land­
ing of fly-around. The aerodynamic 
fl ight begins at 40 km and Soviets say 
that the arbiter can conduct a lateral 
manoeuvre of up  to 2,000 km. 

, The landing tests at Baikonur, con­
ducted by cosmonauts lgor Volk and 
the late Anato l i  levchenko, d id feature 
"sustai ned a i rcraft engines" which 
enabled the craft to take off l ike a n  
o rdinary ai rcraft. However, the 
engines were switched off for the 
approa<:t'l and landing phases to s imu­
late a n  actual return from space. 
These types of fl ights helped to 
develop the fu l ly automated landing 
system.  The first tests of the auto­
mated landing came after the pi lots 
had shown that the arbiter could con­
duct a control led landing.  

Touchdown speed at landing from 
an orbita l  mission is about 340 km per 
hou r  and the landing run 1,100 to 
2,000 metres. A three-ca nopy "X" 
shaped parachute system deploys and 
is jettisoned when the speed of the 
arbiter is 50 km per hour. The landing 
strip at Baikonur  is 4.5 km long by 84 
metres wide. 

Control Centre 
A "un ited control centre" has been 

establ ished for the landing of the 

(Centre right) Buran touches down 
under automatic control. 

(Bottom left) Buran is slowed by 
three parachutes •. 

(Bottom right) Buran's aft area is 
discoloured by the firey blast-off 
and reentry into the Earth's 
atmosphere. 
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MISSION REPORT 

Buran's s plit rudder air brake is clearly visible in this photograph taken 
from the Mig-25 chase plane dl!ring decent. 

Buran seconds before her main gear touch down on the concrete 
runway at Baikonur. 

orbiters, the Soviets said. The landing 
complex a lso includes radio a ids, ran­
ger finders, landing and air traffic 
control systems in the area of Baiko­
nur, a six-storey bui ld ing which con­
ta ins equipment to receive telemetry 
and other information, a computer 
centre, un its of navigational and land­
ing systems, and communications and 
meteorologica l  centres. 

The tasks of the control centre a re 
the detection and gu idance of the 
landing approach and its post-fl ight 
maintenance. 

Navigators in  the main control cen­
tre have display un its and plan­
position -indicators which g ive them 

information about the orbiter's height, 
range and speed amongst others. 

The Flight of Buran 
A. Dunayev had prom ised l ive 

coverage of the lau nch of the Soviet 
shuttle but in real ity both the October 
29 attempt and the N ovember 15 
launch were not·covered in real -time 
by the Soviet media. Moscow radio 
announced the event, which occu red 
at 0300 GMT, at 0411 GMT. The land­
ing was reported after only a few 
minutes delay with the TV of the event 
being shown less than an hou r  later. 

Pictures of the launch had taken 
a lmost 4 hou rs to be shown on Soviet 
screens. 

Buran i!_!lttended to by a number of service vehicles after coming _to a sto p on the runway. 

The weather for the launch was g rey 
and cloudy. I ndeed, the State Com­
mission which authorised the launch 
met u rgently to decide if the condi­

lions were right for the launch to 
proceed. There was concern because 
a cyclone was being monitored mov­
ing towards Baikonur from the Aral 
Sea bringing gusting winds. The fear 
was rain  cou ld form ice on Energia 
and Buran.  The temperatu re at the 
lau nch site was just 4 deg rees C, and 
the surface of Energ ia's fuel tanks 
would  be even colder once loaded 
with their cryogenic propel lants. 

Thi rty minutes before the launch, 
Tass said, the lau nch pad was 
deserted.  During other lau nches the 

Novosti 
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MISSION REPORT 
personnel had been on the launch pad 
u nti l  1 5  minutes to ignition, but for 
Energia  the pad was evacuated some 
six hou rs before launch when the 
rocket began to be l oaded with l iquid . 
hydrogen. 

The spacecraft's on-board computer 
system was activated at 0249 G MT. 
This put the pre-la unch preparations 
i nto a utomated mode. Tass said, 
"man can no longer interfere". During 
the final minute the platforms and 
service towers dislocated from the 
Energia Buran system.  At lau nch the · 
combined' weight was 2,400 tonnes, 
some 90 per cent of that was fuel .  

About 8 seconds before launch, 
according to the TV pictu res, the l iqu id 
·oxygen/hydrogen fuel led core stage, 
with fou r  single chamber rockets each 
with a 200-tonnes thrust, ignited. The 
launch pad was su rrounded with a 
huge cloud of steam as the exhaust 
was deflected down a 23 metre deep, 
20 metre diameter shaft. Then the fou r  
strap-ons ign ited s imultaneously. 
Each of these l iqu id-fuel led strap-ons 
has a four-cham ber RD- 1 70 engine 
with a thrust of 800 ton nes and a re 
powered by l iqu id oxygen and 
kerosene. 

The pad was i l l u m inated by the 
bright g low as the rocket l ifted slowly 
off the pad and shortly ·ascended into 
low g rey clouds. Two and a half 
minutes later the rocket was at a n  
altitude o f  6 0  k m .  The strap-on fi rst 
stage rockets, having depleted their  
fuel ,  were separated in  pa i rs to land 
back on Earth. The Soviets d id not 
recover the stages this time, but wi l l  
do s o  in  futu re. The rockets can be 
parachuted to Earth for recovery and 
reuse. 

The core stage continued burning 
u nti l  eight minutes after ignition 
when, at an a ltitude of 1 1 0 km it 
separated from the orbiter. This was 
to ensure that the core stage entered a 
sub-o rbita l trajectory that would 
ensure it was destroyed

-
in the atmos­

phere over the Pacific Ocean .  Bu ran,  
however, continued upwards. The 
orbiter began a "pre-start system for 
creating artificia l �  g ravity to separate 
the fuel and gas," Soviet TV reported. 

The orbiter's own manoeuvring sys­
tem fi red for 67 seconds once an 
a ltitude of 1 60 km was reached. At 
0347 G MT, after another 42 second 
burn, Buran reached the calculated 
250 km orbit at an i ncl �nation of 51 .6 
degrees. lt then flew over the Pacific 
Ocean, to the west of the southern tip 
of the south American continent. The 
orb iter was orientated in space with its 
port wing towards Earth. 

Du ring its p lanned two orbit mission 
Buran's telemetry was continuously 
monitored by the Soviets. The flow of 
data was uninterupted, not "even for a 
second," they said.  
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An unusual view of Buran standing on the runway at Baikonur soon atter lanamg. 

The communication system for the 
mission involved the Soviet Earth­
based tracking network stretching 
from the Crimea to the Far East bei ng 
supplemented by fou r  ships and four 
satell ites. 

The research ships Cosomonaut 
Vladislav Vol kov and Cosmonaut 
Pavel Belyayev were located off the 
western coast of Afr4ca while the other 
two - the Cosmonaut Georg i Dobro­
volski and Marshel Nedel in  - were 
stationed near the western coast of 
South America. 

Two Molniya sate l l ites in highly­
inclined, highly-el l i ptical orbits and 
two geostationary satel l ites - Luch 
and Gorizont - were a lso used to relay 
data. 

The transmitted data was displayed 
in real t ime to the staff of the Moscow 
control centre. 

The Soviets did not release any 
pictures from the shuttle i n  orbit. 
Although pictures of the rotating Earth 
were visible on screens at the Fl ight 
Control Centre, presumably transmit­
ted from cameras onboard Buran. 

After turning around with its nose 
now pitched up, the orbiter entered 
the Earth's atmosphere. 

Western analysts sa id that the orbi­
ter demonstrated an "extensive cross­
range capabi l ity" on this portion of the 
flight with the spacecraft i n itiat ing a 
long banking manoeuvre to the right 
to put it on target for the Baikonur  
cosmodrome. Other banking man­
oeuvres were used to  slow the 
spacecraft down from 25 t imes the 
speed of sound to landing speed. 

With the orbiter closing on Bai konur 

it completed a tight turn to put itself 
onto the proper heading for the 
approach and landing. Many features 
of the deorbit and landing were simi­
lar to those used by the US shuttle. 

A Mig-25 fighter a ircraft, pi loted by 
a man who may be a tra inee shutt le 
pi lot, intercepted the descending orbi­
ter and beamed TV pictu re� of the fina l  
approach to the concrete ru nway. 
Bura n  deployed its landing gear and, 
s l ightly unevenly, touched down a.t 
0625 G MT. lt  rol led to a stop after 
about 30 seconds after discarding the 
three pa rachutes which had deployed 
after touchdown. The first mission of 
Bura n  had ended in complete triumph 
with the white-and-black vehicle l ook­
ing sl ightly scorched and worn i n  
certai n  areas. 

Soviet leader M i khai l  Gorbachev, 
whose pol icy of openness had 
a l lowed the Soviet people and the 
world to share the fl ight of Bu ran, said 
that the fl ight represented a n  "out­
standing victory" which opened up a 
"qua l itatively ne""'! stage in Soviet 
space research." 

However, Mr Roald Sagdeyev 
described Buran and its American 
counterpart as costly mistakes. Sag­
deyev, the reti ring Director of the 
Soviet Space Research Institute, said 
the shuttle "is technology of the 2 1 st 
century, why should we pay 20th 
centu ry money for it?" 

Soviet reports said that the next 
fl ight would be manned and that a 
docking with the Mi r  station was anti­
cipated. The manned fl ight's date was 
not known, however, because the first 
fl ight's resu lts wou l d  need to be analy­
sed thoroughly. 
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INTERNATIONAL SPACE REPORT 

Atlantis in Action 
The space shuttle Atlantis blasted off 
into almost complete secrecy on 
mission STS-27, the second shuttle 
flight following the Challenger accident. 
This was the third dedicated military 

-shuttle mission and the second for 
Atlantis. 

Atlantis was launched at 1 4:30 GMT 
on Decem ber 2,  the final  launch t ime 
was revealed just n ine minutes before 
T-0. On N ovem ber 28, shortly after 
midnight, NASA set an i nvisible count· 
down clock in motion. The lau nch had 
orig inal ly been schedu led for Decem· 
ber 1 ,  but the threat of showers and 
unacceptable high altitude winds 
caused a postponement of 24 hou rs. 
H igh winds also threatened to halt the 
second attempt but the winds died 

Top: Atlantis on the launch pad 
prior to launch on December �. 
1988 on Mission STS-27. 

-

Bottom: The five-member crew 
for Mission STS-27, dressed in 
their partially pressurized flight 
suits, walkout of the Operations 
and Checkout Building on their 
way to Pad 39-B. From right to 
left are: Commander Robert L. 
"Hoot" GibSQP; Pilot Guy S. 
Gardner; and Missi9n Specialists 
William M. Shepherd, Richard M. 
(Mike) Mullane and Jerry L. Ross. 

down and Atlantis lifted off into near 
perfect skies. The good weather con­
dit ions resu lted in  some of the best 
television pictures of a shuttle launch, 
with the Solid Rocket Booster (SRB) 
separation clearly visi ble. 

Duri ng the launch a NASA Public 
Affairs Officer provided commentary, 
but the usual communications between 
the crew and mission control were not 
broadcast. Soon after launch mission 
control made the fol lowing announce­
ment: 

"This is Mission Control Houston at 4 
hours 3 minutes 45 seconds mission 
elapsed time for the flight of STS-27. 
The crew of Atlantis has been given a 
go for orbit o perations by the Mission 
Control Center. The Atiantic crew 
members are doing wel l ,  and a l l  sys-

- terns of the orbiter a re performing 
satisfactorily." 

This was the last status report from 
M ission Control unti l  the re-entry and 
landing. 

Despite variO!!S attempts by NASA 
and the Department of Defense the' 
deta i ls  of -previous military missions 
were leaked to the press wel l  i n  ad· 

Freedom Docking Tests 
Preliminary tests on a docking mechanism 
designed for use on the Space Shuttle -------- orbiter and Space Station Fieedom have -------­
been successfully completed. The tests 
were carried out by NASA, McOonnell 
Douglas and United Technologies. 

The mechanism is designed to complete 
a docking manoeuvre in space between the 
orbiter and the station. lt accommodates 
the capture of two free flying bodies while 
dissipating the energy from impact. Subse· 
quent to captu re, the mechanism also 
a l igns the two space vehicles and provides 
a pressurised passageway. 

The dynamic testing was performed at 
NASA's Marsha l!_ Space Flight Center in 
Huntsvil le, Alabama, and actual ly achieved 
simu lation of docking the orbiter to Space 
Station Freedom. 

The mechanism achieves capture and 
energy absorption using computer control· 
led electro-mechanica l actuators/ 
attenuators. This is the first US space 
docking mechanism development since 
the Apol lo-Soyuz docking system in the 
mid-1 970's and is more complex because 
of the unique geometry of the shuttle 
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orbiter. 
The docking mechanism on the orbiter 

wil l  be located 1 1 .88 m (39 ft) forward of 
centre of gravity. Consequently, when con· 
tact is made with Space Station Freedom, 
there wil l  be a jack knife effect. Thus. 
special effort m ust be appl ied to absorb 
that energy, and the computer control led 
system is programmed to cause the 
electro-mechanical actuators/attentuators 
to respond correctly. 

The overal l  design of the mechanism and 
the design and construction of the control 
system electronics was performed by 
McDonnel l  Douglas Astronautics Com· 
pany. The construction of the docking 
structures was done by United Technolo· 
gies Space Flight Systems in Huntsvi l le .  
The work was completed under a NASA 
Marshal! Space Flight Center research and 
development contract. 

S TS-27 crew members rehearse gett ing i nto a 
slide w i re basket on the 195 foot leve l  of Pad 
39-B during a cou n tdown dress rehearsal for 
the astronauts and the KSC l a u nch team prior 
to the lau nch of Atlantis. NASA 

vance. STS-27 was, no exception. Even 
the Soviet news agency Tass described 
the top secret payload:

_ 

"T.he main task o'f the'Secret mission is 
to put into near-Eartli orbit a new 
generation reconnaissance sate l l ite, 
code-named Lacrosse. The sate l l ite 
wil l  conduct survei l lance of the territory 
of the Soviet Union with the he lp of 

-updated radar. The Pentagon plans to 
deploy in the next few years four  other 
simi lar  satel lites which wil l play the 
role of an 'eye' for the new strategic 
bomber 82 known as "Stea lth." 

Atlantis was launched into a hig h  
incl ination orbit t o  a l low Lacrosse 80% 
coverage ofthe Soviet Union. The $500 
mil l ion satel l ite was thought to have 
been deployed by the shuttle's remote 
manipulator the day after launch. 
Lacrosse's onboard systems were 
checked out while Atlantis stood by; if 
any malfunctions were discovered the 
expensive sate l l ite could have been 
retrieved by the shuttle crew. 

Atlantis returned to Earth and made 
a landing at Edwards Air Force Base on 
Decem ber 6. 

-

The SRBs for STS-27 were returned 
to Cape Canaveral Air Force Station in 
the evening of December 3. Initia l 
exa minations of the booster exteriors 
revealed no damage to the joints that 
caused the Challenger accident. 
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Soviet-lndian 
Cooperation 
The Soviet Union and India have signed an 
agreement for the launch of the IRS 1-B 
satellite by a Soviet launch vel'!icle. 

At a meeting in New Delhi the Soviet and 
Indian space officials drew I.Jp 1 plan for 
cooperation in space research for the next 
ten years. The plan includes an agreement 
for the launch of the ISR 1 -B earth 
resources satel lite in 1991. The Soviet 
Union launched the" satel lite's predecessor 
IRS-1 A on March P, 1988 by a Vostok (A1 )  
vehicle. 

G lavkosmos head Aleksandr Dunayev 
said India has been offered facilities for 
carrying out experiments onboard Mir and 
the possibility of launching a dedicated 
module to be docked to Mir was discussed. 
Dunayev said Soviet officia ls wil l  meet 
again with their Indian col leagues to dis­
cu$s the technical problems involved. 

An airlock concept for the 
Freedom space station is 
evaluated by astronaut . 
Gregory Harbaugh in the 
weightless environment of 
a 25-feet deep pool at the 
Johnson Space Center. The 
hatch seals with the assist­
ance of pressure which may 
be applied in either direction. 

NASA 

A TV picture transmitted from the 
capsule during l ift-off of the Franco­
Soviet mission to the Mir space 
station. The launch .took place at 
18:50 Moscow time on November 
26, 1988 and the Soyuz TM-7 
docked with Mir at 20: 16 on 
November 28. 

The white marks near the cosmo­
nauts' faces are reflections of a l ight 
source in thei r  space suit visors • 
On board Soyuz TM-7 W!lre Soviets, 
Alexander Volkov, Sergei Krikalev and 
French cosmonaut Jean-Loup Chretien. 

Vladimir Titov and, Musa Manarov were 
due to return to Earth on December 21, 
1988 after spending a year in orbit. Jean­
Lo�p Ch retien wil l  return with them. 

Or. K. Kasturirangan, Project Director, I RS a nd Dr. I .V. Goresh kov, Project D irector on the Soviet 
side stand by the lau ncher sh roud of the I RS-1 A operat ional  remote sensi ng satellite lau nched o n  
March 17,1988. ISRO 

Astronaut 
Bobko Retires 
Astronaut Karol Bobko (Col. USAF) retired 
from NASA and the US Air Force on 
January 1, 1989. Bobko has commanded 
three shuttle flights. 

Bobko has been an astronaut since 1970 
and was a member of the Skylab medical 
experiments a ltitude test in 1972. He 
served on the astronaut support crews for 
the Apol lo-Soyuz Test Project in 1975 and 
the Shuttle Approach and Landing Tests at 
Edwards Air Force Base. 

Bobko, a member of the British Inter­
planetary Society, flew three Shuttle mis­
sions, they were, STS-6 (the maiden flight 
of Chal lenger), STS 5 1 -D and STS 5 1 -J (a 
DoD mission and the first fl ight of Alantis). 

Bobko wil l  be join ing the Space Systems 
Division of Booz, Alien and Hamilton, Inc. 
He wil l  be directing their activities i n  the 
Houston area with initia l emphasis on 
Space Station programme support. 

Roelof Shuiling 
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Magellan Fire Report 
The Magellan probe to Venus suffered a 
small but intense electrical fire on October 
15, 1988. At the time Magellan was in the 
Spacecraft Assembly and Encapsulation 
Facility (SAEF-2) at the Kennedy Space 
Centre (KSC). 

The Magel lan was in the process of 
undergoing an extensive checkout of the 
electrica l power system fol lowing the con­
nection of a power control un it. A pai r  of 
test batteries had been i ns�a lled i n  the 
spacecraft to support this activity. During 
this procedure sparks, flames and smoke 
were observed from the battery connector 
and fire fighting measures were in itiated. A 
halon fire extinguisher was d irected at the 
battery connector and its thermal  blanket. 
The ·flames momentari ly su bsided and 
then rose again from beneath the battery 
thermal blanket. Technicians cut away por­
tions of the blanket, sprayed the are() again 
with the fire extingu isher and the flam es 
died. Although some minor sparking was 
observed there was no further i ndication of 
fire or smoke. 

An investigation board was formed to 
determine the cause of the fire, ana lyse the 
damage, and how to prevent such occur­
ences in the future. The board was formed 
under the chairmanship of Jon B. Busse, 
Director of Engineering at NASA's God­
dard Space F l ight Center. Additional board 
members included: Chester Vaughn, Chief 
of the Propulsion and Power Division of the 
Johnson Space Center (GSFC); Wil l i am G. 
Mahoney, Chief of the Payload Processing 
Division of KSC; Brian Keegan, Deputy 
Director of the Office of Flight Assurance at 
GSFC; and G. Ernest Rodriquez of GSFC. 

On November 9, the board released their  
findings. The primary cause of the fi re was 
the incorrect connection of a jack. This 

Part of the Mage l l a n  spacecraft in which an 
electrical f i re damaged a test battery w h i l e  
u ndergoing i nsta l l atio n. NASA 
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created a short circuit with i n  the connector 
that resu lted in electrical arcs which cre­
ated additional  short circuits. This in turn 
caused damage to the battery connector 
and thermal blanket. 

Contributing causes were that. a lthough 
the jack was designed to prevent incorrect 
connections, it was possible to get elec­
trical contact on several of the 37 pins in 
the jack. In additiC'n the technician had to 
make the connection in a confi ned area 
without direct visibility of the jack. 

The damage to Magel lan was deter­
mined to be confined to the test battery, a 
connector, and a thermal insulation 
blanket. The tota l hardware cost is esti­
mated at approximately $87,000. There 
remains no impact to the Magel lan  launch 
date as a resu lt of the incident. 

Roelof Schuiling 

The insignia for mission ST8-28. 
Designed by the astronaut crew, it 
depicts America (the eagle) guiding 
the American space program (the 
Space Shuttle) safely home from an 
orbital mission. NASA 

Cassini Gets ESA 
Go Ahead 

ESA's Science Programme Committee 
(SPC), at its meeting in Paris on 
November 24-25, selected the plane­
tary Cassini/Titan probe mission as 
the Agency's next scientific project. 

The Cass in i  m ission was named 
after the French-lta l ian  astronomer 
who,  i n  the 1 7th l:entury, d iscovered 
severa l of Saturn's moons and r ing  
features, the  so-ca l led Cass in i  division .  
The project is a cooperative i nter­
national  m ission i nvolvi ng NASA and 
ESA. The Satur n moon Titan, which is 
the la rgest moon i n  the solar system, is 
a specia l  target for the Ca�s in i  m ission .  
This i ntrigu i n g  body is a lso the only 
moon i n  the Solar  System which is 
known to have a th ick, organ ic- rich 
n itrogen atmosphere.  The surface 
pressu re is 1 .5 bar and the temperature 
is 94K ( - 1 79°C). Scientists bel ieve that 
the chemical processes i n  the Tita n 
atmosph ere may resemble those at 
work on the pr i m itive Earth before the 
orig i n  of l ife. 

The SPC decis ion is the conclusion of 
a six-year study, which started in early 
1 983 after the i n it ia l  proposal was re­
ceived from a E uropean team led by Dr. 
Da nie l  Gautier from the Observatoire 
de Paris, Meudon,  France, and Dr. 
Wing lpp of the Max-Pianck- l nstut fi.ir 

· Aeronomie,  · - Katlenburg-L i ndau,  
Germany (FRG)  who suggested that 
th is  m ission be undertake n  joi ntly with 
NASA. 

"With Cass in i ,  'and after the remar k­
ably successful G iotto probe mission, 
ESA is i ntroducing p la netary explora­
t ion as a major theme in Eur ope's Long 
term Space Science Programme, 
Hor izon 2000" said Roger Bonnet, 

Director of ESA's Scientific Program me. 
Satu rn and its system of r i ngs and 

sate l l ites, i n  particu l a r  Titan, were 
briefly encou ntered in 1 980-81 by the 
Voyager 1 and 2 spacecraft. The Cassin i  
m ission wi l l  p lace a NASA-bu i lt or biter 
a rou nd Saturn which wi l l  target and 
del iver the ESA-bu ilt probe i nto Titan's 
atmosphere. Cass in i  is  schedu led to be 
lau nced i n  Apr i l  1 996 by NASA. lt wi l l  
a rrive i n  the Saturn system i n  October 
2002. E n  route to Satu rn, the spacecraft 
wi l l  fly-by the astero id  66 Maja in 1 997 
and J upiter in late 1999. 

The major event, which wi l l  take 
place upon arrival of the Cassini  mission 
to Satu rn, is the targeting and release 
of the ESA-bu i lt probe i nto Tita n's 
atmosphere.  The probe was named 
Huygens, after the Dutch astronomer 
and p hysicist ( 1 629- 1 695) Ch ristian  
H uygens who d iscovered Tita n and the  
Satu rnian r ings  i n  1 656. A large con ical 
decelerator wi l l  slow the probe down 
to reach subsonic  speed (266 m/s) at a n  
a ltitude o f  1 80 k m. Then a parachute 
system wi l l  be deployed to a l low a 
slow, two to three hour descent to the 
surface of Tita n which may be covered 
by ethanemethane lakes or ocea ns, as 
many scientists specu late. The 5 m/s 
low-velocity impact may be soft enough 
to a l low analysis of a surface sa mple 
before the probe diets. Dur ing  �he 
descent of  Huygens, the orbiter wi l l  be  
used as a rad io  relay station to transmit 
the probe's data to Earth. Subsequently 
to Huygen's mission, the Cassini  orbiter 
- d u ring  its four-year Saturn tour- wi l l  
fly over Titan's surface more t h a n  30 
t imes, sometimes at an a ltitude of on ly  
1 000 km. 

9 



Membership 
Our thanks to a l l  members who have responded by com­

pleting and returning thei r  forms for renewal of membership 
for 1989. Subscri ptions to the Society for 1989 fal l  due on 1 
January 1989 and it is now an u rgent matter for a nyone 
whose d ues a re outstanding to send to the Society if maga­
zines are to be dispatched to them without i nterruption.  

Many members take the opportu nity when sending to the 
Society at this time of the yea r to add a few lines of comment• 
a bout the Society. Replies are, of cou rse, sent when ca l led 
for, but usua l ly this is not the case and we wou l d  like to 
express our  appreciation for a l l  viewpoints received. 
Lawrence Brown, ACT, Austra lia writes : 

Please find enclosed my payment for Fel lowship of the 
815. My congratu lations and thanks for another year of 
informative and cha l lenging articles in the Society's publi- · 
cations. They form my most regu lar  and in-depth source of 
news in the field of astronautics. Thank you for a l l  your 
efforts. 

The Society aims to continue to actively promote its objects 
in the coming year and it  is with this in mind that fees for 1989 
were determined. The increase in fees for 1 989 has prompted 

News • • .  Society News ... Society 

very few comments and these have main ly  centred on the 
use of the word 'modest' .  Donald Babbage, Essex writes : 

I enclose my subscription for 1 989. I think it only right to 
express my view that a 1 7%% increase cannot rea l ly be 
described as 'modest'. I thought long and hard before 
renewing. 

Commenting on the increase the Executive Secretary points 
to the continuing need to counterbalance i nflation which 
adus sign ificantly to the cost of publications and thei r d istri­
bution and,  additiona l ly, to the need to ease the Society's 
tight budgets of recent years and so enable it to conti nue 
operati ng with adequate staff and modern office faci lities. 
With i nflation at its present level and possibly going higher, 
the extra money which the Society is asking of its members 
is, in real terms, a fractional ly smal l  amount that is considered 
essentia l  to the Society's futu re operations. Seen in this l i g ht, 
the i ncrease merits enthusiastic support and members who 
have not yet renewed for 1 989 are u rged to do so without 
delay. 

Members Write: 

I a m  delighted to enclose my re-subscript ion to 
Spsceflight. I am proud to be part of an organisatio n  which 
helps to improve the quality of life on Earth for a l l  Mankind 
by supporting the worldwide t rend to  explore and exploit 
the limitless envi ro nment of Space. 

Enclosed is a cheque for a copy of the March 1988 
issue of JBIS {Joumal of the Briti•h Interplanetary 
Society]. I wish that I had learnt a bout the British I nter­
planetary Society many years ago! I consider it an honour 
to be a Member now. 

* * * 

Eugene Popin - Obituary 
We much regret to record the death of the Society's oldest 

Fel low, Dr. Eugene Popin ,  just a few months short of his 
101 st bi rthday. 

Dr. Popi n  p layed a major role i n  the defi nition and develop­
ment of many aspects of space l aw. His remarkable l ife 
inc luded membersh ip of the Centra l Drafti ng Committee of 
the Peace Conference from 1918 to 1920, a n  active role i n  the 
formulation of the Paris Convention on Civi l Aviation in 1 919 
and Director of the Institute of Air and Space Law at McGi l l  
U niversity. He was a founder and e lected fi rst President of 
the I nternationa l  Institute of Space Law in 1951 and authored 
nu merous-pioneering works on ai r and space law. 

---- MEETINGS DIARY-----------
Society m-ings, un'-s otherwise stated, are held In the Society's Confer· 
ence Room, 27/29 South umbeth Road, London SW8 1SZ. MMtlngs are 
restricted to Soclfl\1 members unl- oth-*' stated. Tickets should be 
applied for in good time by wrhlng to the Executive Sec:retery et the above 
addr- endoslng an SAE. Subject to a.,_ being available members may 
also apply for a ticket for one guest. 

LIBRARY 
The Society Library is closed until further notice 
due to continuing building work at the Society's 
HQ. 

-

4 January 1989, 7.00-8.30 p.m. 

ROCKET MAIL 

Lecture 

A lecture by Jarnes Goddard, Curator of Space 
Technology of the Science Museum. Three 
decades before satellite communications became 
a reality, rocket technology promised another 
means of communication over substantial 
distances. Before the 1930's, 'Rocket Mail' would, 
it was argued, result in publicity and funds for 
contemporary roc:ket pioneers. Was it ever a 
pragmatic approach to communications or, as 
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some suggest, merely a fund-raising exercise 
resulting in a colourful and lucrative market for the 
philatelist? 

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

1 February 1989, 7.00-8.30 p.m. Lecture 

THEDAWNOFTHESPACEAGE 

A lecture by Dr. John Becklake. The space age 
began on October 4 with the launch of Sputnik 1. 
This was the culmination of a sequence of events 
dating from the start of the 20th Century. The 

development of rocket technology between 1900 
and 1957 and the change on the political and 
public awaren- of the imminence of space flight 
during this period will be discussed with the aid of 
slides and unique film clips. 

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

March 11989,7.00-8.30 p.m. Lecture 

SOME INTERESTING SPACE PIONEERS 

This lecture by Professor lan Smith reviews the 
contribution made by number of noted space 
pioneers known to the speaker, ir • .:luding 
Wernher von Braun and Vel Cleaver. 

Admission is by ticket only. Members should 
apply in good time enclosing a stamped 
addressed env"elope. 
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Delegates at the opening ceremony of the IAF Congress, Bangalore, India, October 1 988. 

Society at 39th IAF Congress Bangalore 
The Bangalore Congress, held during the period 10th to 14th 
October 1988, attracted an attendance of 875 from 33 
countries. The strong UK contingent included four Members 
of the Council and the Executive Secretary. 

The Society's offic ia l  de legates were Or L. R. Shepherd 
\Vice-President) and the Executive Secreta ry. -

The Open ing Session began with a message from the 
Prim e  Min ister, Mr Rajiv Ghandi,  ca l l i ng for a concerted 
effort to enable developing cou ntries to ha.ve fu l l  access to 
the benefits of space technology. Mr Ghandi  had i ntended to 
inaugur.ate the Cong ress personal ly  but was prevented from 
doing so by other c ircumstances. H is  speech was read by the 
Union M i n ister of State and Technology, M r  K. N a ryanan .  

M r  Ghandi  said that Ind ia  had made i mportant strides i n  its 
own space progam me, which was closely l i n ked to its 
developmenta l needs. Space tech nology touched com m u n i­
cation. meteo rology, ag ricu ltu re, education,  envi ro n ment, 
health,  enterta i n ment and d isaster m itigation. lt had the 
potentia l  to provide a new perspective of the Earth.  

The Ind ian  Space Prog ramme began 25 years ago with the 
estab l ishment of  a sound ing rocket station at  Thu m ba.  I nd ia  
had lau nched 1 1  appl ication sate l l ites over the last two 
decades, eight of which they had bu i lt themselves. Today, 
the m u lti-pu rpose lnsat sate l l ites have revol ut ionised com­
m u n ications in Ind ia ,  enab l ing those in even the remotest 
parts to be in touch with the mai nstream of the Nation,  whi le  
remote sensing appl ications were provid ing vital i nputs i n  
t h e  management o f  agricu ltu ra l ,  m i nera l ,  envi ron menta l ,  
forest and so i l  resou rces. 

The President of the IAF, Or J .  O rtner, poi nted out that the 
IAF now has more than a hundred members from 38 nations 
though the member-bodies belong to only one quarter of 
the nations of the wo rld.  He confi rmed that a n  i m po rta nt goal  
of the IAF was to motivate al l  nations to work together in 
peace for the benefit of mankind .  The fact that the  Congress 
was being held in Ind ia  showed the IAF emphasis on the 
developmenta l perspectives of space tech nology. The 
Con g ress theme was "Space and H u man ity", with India an 
exceptional  exa m ple of how a developing country cou ld  use 
space, even with l i m ited fu nds, for the wel l -bei ng of its 
people .  

Or  V. Kopal read a message from the U N  Secretary General ,  
M r  Perez de Cuel lar, e mphasisi ng that the benefits of space 
technology should  be m ade ava i lab le to a l l  countries. 
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Professor U. R. Rao, Chairman of the Indian Space Research 
Organisation said that the Ind ia n  Space Prog ramme had _ 
seen both its successes and fa i l u res. What susta i ned its 
development was the convict ion that its space prog ramme 

. cou l d  tra nsform the l ives of  the  people of  the  cou ntry. 
• More than 600 scientific and  techn ical  papers were pre­
sented at the 70 sessions, attracting a n  average attendance 
of 40 per session. lt was.reported that 6000 had visited the 
accompany i ng Space '88 exh i bition .  

At the business sessions O r  G .  Van Reeth was elected 
President of the IAF for the fol lowi ng yea r. The six Vice­
Presidents a lso elected were O r  Chernyi,  Or J oach i m ,  Or Rao, 
O r  Lu  Yuanj iu ,  O r  Alva ro Azca rrago and Mr J .  Harford. The 
40th IAF Cong ress wi l l  be held i n  Beij i ng ,  China over the 
period 7th-1 3th October 1 989. The theme wi l l  be "The N ext 
40 Yea rs in Space". 

Techn ical  sessions i nc luded a n u m ber  o rgan ised by the 
I nternationa l  Academy of Astronautics, which was estab­
l ished i n  1 960 to recogn ize i ndividuals of g reat ach ievement 
and to promote the peacefu l uses of outer space and co­
operation between nations i n  the advancement of aerospace 
science. In fu lfi l l i ng  these p urposes the Academy's 1 000 
members have establ ished l i a ison with other i nternat ional  
aerospace bod ies and with severa l N at ional  Academies of 
Sciences, hence a jo int meet ing of the IAA and the Ind ian  
Nationa l  Academy ( I N  SA) - p receeding the Cong ress proper 
- was held i n  New Delh i  o n  7th October at IN SA. 

The morn ing session of the I N SA was convened by B. M. 
Reddy, Head, Radio Sciences Division,  N ational  Physical 
Laboratory a nd consisted of s ix papers describ ing the work 
on Low Altitude Aeronomy in Ind ia .  

Dur ing the afternoon meet ing,  g reet ings from O r  George 
1:. Mul ler, ( President of tha IAA) and O r  A. S.  Pa inta l ,  ( Presi­
dent of I NSA) were p resented to the delegates. The fou rth 
IAA Scientific Lectu re "G loba l  Model l i n g  and Space Data" 
was read by Prof. J acques Lou is  Lions, President of the 
Centre N ationa l  d'Etudes Spatiales (CNES) of Pa ris and 
member of the French Academy of Sciences. 

E lections to the Academy i nc luded many wel l-known B IS  
Fel lows, among them Jack  Cherne, John H odge, J o h n  Beck­
lake, W. Geisler a nd M ichael M ichaud. 
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Asteroid Len Carter 
In the Minor Planet Circular of 
August 27, 1988, it was announced 
that the asteroid formerly labelled 
1979 MKL· had been entered into 
the loternational Astronomical 
Union's (IAU) official catalog of 
asteroids as number 3817 and was 
n'amed after Len Carter, Executive 
Secretary of the British Interplane­
tary Society. Discovered in 1979 by 
Eleanor F. Helin of JPL and S. J. 
Bus, a series of subsequent obser­
vations had allowed determination 
of a reliable orbit for the asteroid, 
and, hence, it became eligible for 
inclusion in the catalog. 

The text of the IAU announcement 
reads: 

"Named in honor of Leonard J. 
Carter, executive secretary of the 
British Interplanetary Society. 
For more than 50 years, his efforts 
have been the basis for the con­
structive role of the BIS in space 
advocacy, education and inter­
national communications. Name 
proposed by the first discoverer 
[E. F. Helin] following a suggestion 
by W. I. McLaughlin and endorsed 
by R. L. Staehle." 

Asteroid 3817 Len Carter is the story 
of two people: Carter and Helin. 

In 1937, at the age of 15, Len Carter 
joined the British Interplanetary Society, 
four years after its founding. He was 
one of the leaders in resuming develop­
ment of the Society after a hiatus due 
to World War 11. Assuming the position 
of "interim Honorary Secretary" in June 
1945, as a member of the committee 
planning the re-formation of the BIS, 
he was formally installed in the position 
when the Society was incorporated on 
December 31, 1945. 

The path of Carter's career can be 
tracked by observing the growth of the 
BIS itself. See, for example, historical 
surveys by Frank Wiriter and Dr. L. R. 
Shepherd in the November 1983 and 
January 1985 issues of Spaceflight, 
respectively. 

My acquaintance with his work has 
been limited in time and scope but 
represents direct knowledge. Although 
we had some limited contact in the 
early 1970s with respect to publications, 
it wasn't until I began to make regular 
trips to England in 1976, in conjunction 
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Asteroid 3817 Len Carter's orbit lies in the main belt of asteroids between Mars and 

Jupiter. The configuration of bodies is shown for June 25, 1979 when the asteroid 

was discovered by E. F. Helin and S.J. Bus. NASAIJPL 

with the Infrared Astronomical Satellite 
(IRAS), that he and I got together on a 
more regular basis. The first occasions 
were visits to the small set of rooms in 
Bessborough Gardens which served as 
headquarters for the Society. When 
Carter talked about plans for the estab­
lishment of a more adequate site south 
of the Thames and the problems which 
such a move entailed, I came to realise 
the acumen and boldness of action of 
the undertaking. The present head­
quarters in South Lambeth Road is a 
facility of which all BIS members can 
be proud. 

The quality of the Society's under­
takings at all levels has been a concern 
of Carter: the wide-ranging collection 
of books in the BIS library (assembled 
in just a few years into a significant 
technical and historical resource); the 
Society's holdings in items of astro­
nautical history; and programs of edu­
cational and scientific import, from 
specialized meetings to the Society's 
biennial space weekends (and hosting 
of the IAF Congress in 1987). 

The most visible activity of the BIS is 
the publication of Spaceflight,JBIS, and 
occasional special studies. Carter's 
hand has supplied steady guidance 
along an upward path until, today, the 
voice of the BIS is a major contributor 
to the dialogue of the international 
space community. (On a mixed note, 
we have to hold him to account for 

asking me to begin the series of "Space 
at JPL" columns.) 

lt is a familiar observation that those 
imbedded in a period of historical 
change often fail to appreciate the flow 
of events about them. I remember 
sitting at the Saturday banquet at 
"Space 84", listening to Patrick Moore 
speaking in his inimitable style after 
dinner. When he said, "The Society 
exists today only because of the efforts 
of Len Carter", the material which I 
have sketched above clicked into place. 
Upon return to the U.S., I called Eleanor 
Helin and recommended that Carter 
enter the q�eue as a candidate for a 
named asteroid. The facts spoke for 
themselves, and four years later this 
event came to pass. 

Eleanor Helin is a geologist by 
training, graduating from accidental 
College jn Los Angeles. In 1960, she 
joined the Lunar Lab at Caltech (the 
California Institute of Technology -
Caltech- is JPL's parent organization). 
Hired by the geochemist Dr. Harrison 
Brown, she began work on analysis of 
the composition and structure of 
meteorites, extending these interests 
to statistical analyses of meteorite falls 
and finds. 

Helen's career proceeded in a logical 
manner from meteorites to their larger 
brethren, asteroids. In the late 1960s, 
when she and Dr. Eugene Shoemaker 
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began research into near-Earth aster­
oids, there were only 8 or 1 0  t>f these 
objects known. Since that time, she 
and her team of · investigators have 
concentrated on this category of 
celestial objects; over 1 00 near-Earth 
asteroids are now known, a figure due 
in no sma l l  part to thei r efforts. 

Her fi rst di scove
.
ry of a nea r-Earth 

asteroid took place on July 4, 1 973 
using the 46 cm Schmidt telescope at 
Palomar, and the most recent asteroid 
of th is  c lass, discovered th rough the 
search prog ramme, was picked up in 
August 1 988 with the same instrum"lnt. 

She reports that her team discovers 
two or th ree near-Earth asteroids per 
year, having to search approximately 
1 3,000 square deg rees of sky (almost 
one t h i rd of the celestial sphere) per 
asteroid discovery with a 46 cm 
Schmidt. Less amount of sky search, in 
square degrees, is required per dis­
covery when the more powerful class 
of 1 22 cm Schmidt telescopes is utilized. 

The search process with the smaller 
Schmidt employs a pai r  of 5-minute 
exposures of the same field separated 
by about one-half hour. The results are 
examined with a stereo microscope. 
To the trained eye, the slightly altered 
position of an asteroid will appear to 
levitate the image of that body into the 
thi rd dimension above the general fieltl 
of stars. The big Schniidt is used to take 
60-minute exposures in the asteroid 
hunt. The exposure is not continuous; 
a time break is introduced to place a 

Space at JPL 
gap in the trail of the asteroid (the 
telescope is guided on the stars, which 
appear as point sources in the finished 
plate). 

The presence of the gap allows one 
to eliminate the possibilities that the 
elongated image is due to a meteor, 
Earth satellite, or galaxy seen edge on. 
For a more complete review of the sub­
ject, see " Near-Earth Asteroid Searches: 
Status and Prospects," by E. F. Helin, 
in The Evolution of the Small Bodies of 
the Solar System, Soc. ltaliana di Fisica, 
Bologna, 1 987. 

Asteroid 38 1 7  Len Carter, with its 
semimajor axis of 2.21 AU and eccen­
tricity of 0. 1 1 ,  plies the celestial routes 
between Mars and Jupiter, where the 
main belt of asteroids lies. Thus, it is 
not a near-Earth asteroid, but it rep­
resents a valuable scientific by-product 
of Helin's principal focus. In fact, her 
discoveries are numerically dominated 
by the classes of asteroids other than 
near-Earth objects. She estimates that 
she and her colleagues have contributed 
about 75 named asteroids to the catalog, 
and 406 "raw" (initial) discoveries 
were on her books for 1 988 alone when 
we talked on November 1 .  

The selection of an appropriate 
asteroid is given careful thought by 
Helin when she is preparing to make an 
award (the IAU gives the discoverer of 
an asteroid the privilege of proposing 
its name, upon satisfaction of require­
ments concerning definite knowledge 
of its orbital elements). The asteroid 

which she selected for Len Carter was 
discovered (on June 25, 1 979) at Siding 
Spring, Austral ia using the U . K. 
Schmidt, match ing the ownership of 
the discovery instrument with the 
national ity of the recipient. 

The award ceremony took place at 
"Space 88" in Hastings at the banquet 
on Saturday, October 1 .  Here, our two 
principals held.t:entre stage as E l eanor 
Hel in presented a plaque, with the 
discovery photog raph and the official 
citation, to Len Carter. The interaction 
between these two accomplished 
people was one of those rare symbol ic  
moments that g ive foundation to the 
thoug ht that the world may be a rational 
place. 

Afterwards, the general good fee l ing 
of the occasion was further aug mented 
by a healthy sense of humour which 
bubbled th roug h the evening. In mock 
indignation, Patrick Moore tu rned to 
Carter and said, "Your asteroid is bigger, 
brighter, and closer to the Sun than 
mine ! "  (Asteroid 2602 Moore was 
awarded to him in 1 982 by the dis­
coverer, Edward Bowel ! . )  The Mayor of 
Hastings, the Honorable M rs. Sandy 
Barr, said that the future might see use 
of the ph rase "there is  a beautiful, ful l 
Len Carter out tonight." The President 
of the Society, G. W. C h i lds, suggested 
that 1 00 years from now "Space 208,a" 
might see the members holding thei r 
banquet on 1 0  km-diameter asteroid 
381 7  Len Carter, which,  he said, wou l d  
give a whole new meaning t o  the ex­
pression "dining out on Len." 

Astero id 381 7  Len Ca_rter is shown i n  t h i s  d i scovery photograph of J u ne 25,  1 919 as i t  moves through a star  f i eld i n  the conste l l ation Capricornus. 
NASAIJPL 
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Adventures in Software 
The public face of the space program is 
replete with launch vehicles, images of 
distant worlds, astronauts a nd cosmo­
nauts, funding shortfalls, and other 
familia r themes. SoftWare - the com­
puter programs and data that drive 
computer systems - is rarely discussed 
outside of specialised forums unless it 
has led a computer to do something 
exceptionally "dumb" or, at the other 
extreme, is reputed to codify near­
human capabilities. hi fact, a substan­
tive fraction of the work of developing 
space systems is invested in producing 
flight and ground software to a nimate 
the more visible paraphern alia : 
hardware. 

In a topic as extensive as machi n e  com­
putat ion,  it is d ifficu lt to ass ign proper h is­
torical credit for advances, but the H u ngarian­
America n mathematic ian John von 
Neumann ( 1 903-1 957) was a major  contri­
butor to the development i n  the 1 940s of 
stored prog rams for rea l mach i nes. In h is  
paper, "From E N  lAC to  the Stored-Program 
Computer :  Two Revoi!,Jtions i n  Computers" 
( i n  A History of Computing in the Twentieth 
Century, Academic Press, 1 980), Arth u r  
Burks states: "His [von Neumann's] variable 
add ress E DVAC code was the basis of the 
modern computer software ' revolut ion." 
EDVAC was a com puter developed at the 
Moore School of E lectrica l Eng i neeri ng,  
U niversity of Pennsylva n ia .  The fi rst revol ­
ut ion  to  which  B urks's paper  refers was 
accompl ished with the construction of the 
E N IAC machine,  a project beg u n  in 1 943 at 
the Moore school, ""lt was the first e lectronic, 
d ig ita l ,  general pu rpose 'scientific computer, 
and it computed 1 000 t imes faster than its 
electromecha nical  competitors." 

La nguages for med iati ng between 
humans (program mers) and machi nes a re 
continua l ly being developed to m eet the 
g rowi ng needs of users; one of the most 
successfu l languages, FORTRAN, was 
created i n.the mid- 1 950s. 

A s imj:)le taxonomy of software fo r space 
appl ications d isti ngu ishes between f l ight 
and ground software. The former category, 
software carried on board the spacecraft, 
ca n be further su bdivided i nto programs, i n  
more-or-less permanent residence, which 
provide the basis for spacecraft operations,  
and prog rams which carry out the m ission 
plan and m u st be cont inua l ly renewed as 
the m i ssion prog resses ("sequ ences" ; see 
the fo l lowi ng piece on ESOC). 

G rou nd software systems a re huge; J PL 
project and  mu lti m ission prog ra m sets are 
bu i l t  from m i l l ions of l i nes of code. My fi rst 
i nvolvement with g round software came i n  
1 97 1  when I assumed the lead eng i neeri ng  
ro le  i n  developing the  trajectory prog ram 
for the Viking m ission to Mars ( 1 975 1aunch) .  
The Program, DPTRAJ for "Double Precision 
Trajectory", was used for computing the 
f l ight paths for the two Viking orbiters during 
their  i nterplaneta ry and  Ma rs-o rbit phases. 
lt was derived from ear l ier  trajectory pro­
g rams, and  its descendant flourishes to the 
present day at the Laboratory. (An h istorica l 
su rvey of DPTRAJ a n d  severa l other  major 
JPL p ieces of ground software is conta i ned 
i n  my paper AIAA-88-0547, " M i ssion  Opera-
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t ions Systems for P lanetary Exploration", 
co-authored with D. M .  Wolff a n d  p resented 
at the Aerospace Sciences Meet ing in Reno, 
Nevada, i n  January 1 988 TRP e .g .  1 988. ) .  

After more than two years of work o n  
requ irements ana lysis, design,  and produc­
t ion of the com p uter code by our DPTRAJ 
team ,  the prog ram was ready for test ing 
prior to forma l del ivery to the Vik ing project. 
Test ing i nvolved two fundamental tech­
n iques:  ( 1 )  comparisons of DPTRAJ resu lts 
with those obta i ned by ru n n i n g  ear l ier  ver­
sions of the trajectory program ("regression 
testi ng") ,  and (2 )  i ndependent ca lculat ion of 
specia l  cases represent; ng new Vik ing 
capab i l ities, and  comparison of these cases 
with the n u merical  op in ion of DPTRAJ . 

Whatever s h reds of sanity I emerged with 
after three months of testing, u nder schedule  
pressu re, were u ndoubted ly preserved 
through the fortu itous advent of a new tech­
nology : the pocket calcu lator. I wel l  remem­
ber the n ew-found ease with which the H P-
45 ca lcu lator a l lowed construct ion of those 
specia l  cases agai nst which DPTRAJ cou l d  
be j udged.  Prior t o  t h e  i nvention o f  these 
de l ig htfu l devices, engi neers usual ly had to 
resort to consu lti ng  cum bersome tables of 
logarith mic  and tr igonometric fu nctions 
and  performing l a borious i nterpolations by 
hand.  But a l l  is re!ative; one imag i nes the 
joy that spread through seventeenth centu ry 
E u rope when John  Napier  ( 1 550-1 6 1 7 )  con­
ceived of the idea of logarithms and H e n ry 
Briggs ( 1 556-1 631 ) produced the logarith­
mic  ta bles so usefu l in the s impl ificat ion of 
ca lcu lations. 

The u nsophisticated methodology which 
I employed i n  testil'lg the Vik ing .version of-. · 
DPTRAJ to free it from errors has been con­
siderably improved i n  the !1st decade and a 
ha lf. A conference, " Improving Software 
Qua l ity" ,  was he ld  in Pasadena on J u l y  1 3, 
1 988 u nder  the sponsorsh i p  of the NASA" 
Software M anagement and  Assu rance Pro­
gram and J PL. A presentation by AI·  P iet­
rasanta, long a key manager at I B M ,  charac­
terised the evolut ion of softwa re qua l ity 
from 1 960 to the end of the century. 

Pietr(lsanta said that statistica l stud ies 
have �hown that programmers i ntroduce 
a bout 60 errors per thousand l i nes of code. 
Th roughout the 1 960s and 1 970s the n u m­
ber of erro rs per thousa nd l i nes of code i n  
t h e  fi n ished produ ct decreased through im­
provements i n  the programmer's a rt and 
better m ethods of  e rror detection.  Late error  
detect ion,  such  as I p u rsued i n  DPTRAJ 
test ing,  cannot be expected to reduce the 
error rate to much l ess than 1 0.0 per 
thousand l i nes of code. However, i n  the 
1 970s the early detection of errors bega n  to 
be e m phasized, and a new spiral  of e .  ror 
reduct ion was tr iggered . A software i nspec­
tion techn ique c reated by M ichael  E. Fagan 
of IBM, who a lso spoke at the Pasadena 
conference, was a major factor i n  the d rive 
for qua l ity, and rates as low as 1 .0 bega n  to 
a p pear. Faga n's inspections probe each 
phase of the l ife cycle,  from req u i rements 
through desig n and  codi n g  rather  than just 
detect ing  errors at the end of the l ife cycle, 
pr ior to de l ivery of the program.  

Cu rrent practice, emphasizing prevention, 
can yie ld error rates of a bout 0 . 1  in the 
del ivered com puter program.  Pietrasanta 

sees the error rate going to 0.01 and even 
lower in the next decade.  The quest for 
"zero defects" w i l l  be g reatly assisted by 
automation of portions of the software­
generation process. 

The benefits of low error rates a re of im­
portance to m ission success and dol lar  
savi ngs. lt is not su rpris ing that  one of the 
strongest and most successfu l softwa re­
qua l ity efforts has been conducted by ISM's 
System I nteg ration Prog ram at Houston i n  
support o f  t h e  Space S huttle. I n  addit ion, 
i ntensive software i nspections h ave been 
shown to pay for themselves, and more, by 
reduci ng the test t ime requ i red in f lush i n g  
o u t  errors a t  t h e  end o f  t h e  software l i fe 
cyc le ;  test ing a c lean product goes swiftly 
and easi ly. 

My wife, Karen B.  McLaugh'l i n ,  a systems 
ana lyst at JPL cu rrently work ing on  soft­
ware sta ndards, rem�nds me that I wou l d  be 
remiss not to go beyond the subject of soft­
ware qua l ity to address the la rger topic  of 
sta ndards. Software standards a re pre­
scribed for the development process i n  
order t o  insure appl ication of the best 
m ethods throug hout an institution,  in th is­
case J PL. 

Softvvare management standards address 
a wide c lass of su bjects : contents of the 
software management plan, phases of the 
software l ife cycle, structure of the develop­
ment organ ization,  reviews (wh ich cou l d  
include software i nspections), requ ired 
docu mentation,  software metrics used to 
mon itor prog ress and  qua l ity, etc. 

The ab i l ity to transfer some h u m a n  con­
trol, through a stored program,  to the rapid 
and accu rate ci rcu its of a mach ine  is not 
only of va lue in space appl.ications, or  even 
eng ineer ing and science in-the- large, but 
a lso feat4res prominently in the develop­
ment of modern mathem�tics. N u m erical 
experimentation · a nd even the proof of 
some theorems have been accomplished 
using com puters, but, to date, the most pro­
fou n d  i nf luence o n  mathematics has come 
through thinking a bout the natu re of com­
putation rather than through carry ing out 
com p utations.  

The Engl ish mathematician Alan M .  Tu ring 
( 1 9 1 2-1 954) was a theoretic ian of g reat 
orig i n a l ity and  a lso p layed an i mportant 
ro le  in pioneering computer work in Brita i n  
d u ring  World Wa r 1 1 .  At Bletch ley Park, 
Buckinghamshi re, luring and his colleagues 
worked to break the German code, among 
other  activities. 

One of Tu ring's most i nfl uenti a l  concepts 
was the Tu ri ng machi ne, as it has come to 
be cal led,  presented in a 1 936 paper. The 
lu r ing machi n e  is  a (usua l ly)  hypothetical 
device which is  able to read and write o n  a 
tape of ( potent ia l ly)  inf in ite length . The tape 
is d ivided i nto cel l s  of equal lengths and at 
most one symbol  can a ppear in each cel l ;  
there is  no loss o f  general ity t o  assu me that 
only two types of sym bols, "0" and "1 ", are 
employed. '  

The lur ing machi n e  has two other feat­
u res. Fi rst, at any one t ime it is characterized 
by being in one of a fin ite number of "states". 
Second,  it conta ins  a l i st of i nstruct ions on 
how to act and what state to go to after each 
action .  The operat ion of a lu r ing machi n e  
begins  w h e n  it reads t h e  contents o f  its fi rst 
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cel l on the tape. The machine  takes act ion 
based only on  the contents of the ce l l  and 
the cu rrent state of the machi ne.  On ly  fou r  
act ions a re possib le :  move the tape o n e  cel l  
t o  t h e  left. or move t h e  tape o n e  c e l l  t o  the 
right, or  write a "0" in the cel l being read 
(eras . n g  the previous contents) .  or  write a 
" 1 '  i n  the cel l  bei n g  read The Tur ing 
machine then assumes its next p rescnbed 
state, which can be the spec ia l  state that 
te l l s  the machine to halt, o r, if the job is  not 
done, it reads a nother cell on the tape and 
conti n u es to  com pute 

That is  a l l  there is  to the concept, but the 
consequences are considerable.  Despite 
the s impl ic ity of the defi n it ion of a Tur ing 
machine,  it captu res the idea of everyth i n g  a 
computer can do.  Even us ing the most com­
plex c i rcU itry, no com puter ca n, i n  pr inc ip le .  
accompl ish  more than Tu ring's s imple box 
with a tape ru n n i ng through it ( if, of cou rse, 
the Tu r ing  mach ine  were g iven enough 
t ime to l u m ber through i ts  com putations) .  
Any one Tur ing mach i ne, with i ts  l ist of 
instructio ns, can be thought of as i nsta ntiat­
ing an  a lgorith m .  For exam ple.  the data on 
the i n put tape it reads cou ld  represent a 
positive n u mber ( i n  b inary notat ion) .  and 
the mach ine cou ld  be equi pped with a l ist of 
instructions which wou l d  a lways resu lt in it 
pr int ing o n  the tape the ( possibly tru ncated)  
square root of the n u mber it read.  

With some addit iona l  conceptua l  effort, 
the s imple Tu r ing mach ine  can be trans­
formed i nto a more flex ib le  device cal led 
the U n iversa l Tu ring Mach ine (UTM ) .  The 
UTM does not depend upon its fixed set of 
instructions alone, but rather this set is sup­
p lemented by a sto red program P which,  
coded i nto a b inary str ing of O's and 1 's, is 
read i nto the UTM on the tape along with 
the b inary stri ng  of data D. The result  of 
operati ng the UTM is the same as if a Tu r ing 
mach ine  with fixed set of instructions P had 
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operated on data D.  Roughly speaking,  the 
tra nsit ion from Tu r ing machine to UTM is 
l i ke that from E N IAC to E DVAC. 

Tu r ing used h is  machine representation 
to prove the u n solvab i l ity of what is cal led 
the h a lt ing problem.  The problem is to 
determine i n  some mechanical (a lgorithmic) 
fash ion whether P operati ng o n  D wi l l  ever 
halt (or wi l l  the mach i n e  keep ru n n i ng 
forever) .  

Tu ring appl ied his UTM to the halting 
problem by consider ing prog ram P and 
data D. taken together to be a n ew data set, 
to be operated upon by a "master prog ram" 
M for the UTM. He showed that there does 
not exist any such program M wh ich wou l d  
operate o n  P and D and a lways be a b l e  to 
i n d icate whether th is prog ram/data pa i r  P/D 
wou ld  ever h a lt if used, itself, to d rive a 
Tu r ing Machine .  No matter  what master 
prog ram M is devised, there is always some 
P/D pair  for which it cannot predict ifthe pair 
wou l d  yie ld a fi n ite run for a machi ne.  That 
is. there is no a utomatic or a lgorith mic  
method of  a lways determ i n i n g  beforehand 
how !ong a prog ra m and i ts  data wi l l  ru n .  In  
general ,  the only way to see if a computation 
wi l l  ha lt is to watch tt in act ion and wait fo r it 
to ha lt. 

The ha lt ing problem is c losely related to 
the "decision problem" G iven a statement 
S of mathematics (a theorem) .  is it a lways 
possib le to esta b l ish mechan ica l l y  whether 
S can be proved or not? ( N ote · "yes" or 
"no" is al l  that is asked for, the proof itself is 
not req u i red . )  lt was shown ( by Alonzo 
Church in 1 936), that, in effect. there is no 
UTM which wi l l  gobble up sta!ements and 
produce the req u i red answer ·  the decision 
problem is a lso u nsolva ble.  The best that 
can be done with regard to the decision 
problem for S is  to take the basic set of · axioms and  start gr ind ing out proofs of 
theorems:  a l l  proofs of length one, a l l  of 

length two, etc. If the desi red theorem S 
ever turns up,  it is,  a posteriori, provablt:  
But ,  the process may cont inue forever with­
out producing S.  (The relationsh ip  of the 
decision and ha lti ng  problems is apparent  I 

Tu ring machi nes are a lso usefu l i n  a n  
a l l ied a rea ; defi n i ng t h e  complexity o f  a 
g iven o bject, say, a n u m ber. A n u m ber con­
sisting of an  i nfinite string of 1 's is i ntu itively 
much s impler  than a (b inary) n u m be r  con­
sist ing of  a ;andom str ing of  O's  and 1 's The 
U-co m plexity of  a n u m ber N is defi ned a �  
the length of  the shortest prog ram P whtch 
wi l l  result i n  the Tu r ing machine U pr int i n s  
o u t  N ,  i .e  . .  t h e  length o f  a n  efficient rec ipe 
for N .  For ra ndom str ings N,  the'complex•ty 
of N is a bout equ a l  to the length of the stri nq  
representi ng N .  

One o f  t h e  fou nders o f  "a lgorith mic  m ­
formatio n  theory", G regory Chait in o f  I B M .  
h a s  said o f  mathematical complexity · "Yo u  
ca n 't prove a twenty-pound theorem with a 
ten-pound theory" An i nterpretat ion of 
Chait in 's statement is that a fi n ite entity - be 
it a mathematica l theory, a Tu r ing machine .  
or  a human - has l i m its on jts a b i l ity to 
com p rehend its enviro nment. See Rudy 
Rucker's 1 987 book Mind Tools (Houghton 
Miffl i n  Co. ,  Bosto n )  for  a readable accou nt 
of the l i m its that complex ity im poses on the 
acq u is it ion of knowledge. 

Rephrasing Chaitin fo r the co ntext of the 
sea rch for extraterrestrial  i ntel l igence 
(SETI ) ·  cou ld  an N-bit h u m a n  recognize, 
say, a n  N2-bit extraterrestria l ?  The May 
1 986 edition of this col u m n  explores some 
relations between SETI and the theory of 
knowledge. 

Contro l of spacecraft, problems of a b­
stract mathematics, and questions i n  exo­
biology i l l u strate the scope and power of 
the entit ies we c lassify as software. 

European Space 
Operations Centre 

Operations constitute a major 
component of every space pro­
gramme, and the European Space 
Operations Centre ( ESOC) is one of 
the world's premiere facilities for 
the control of missions beyond the 
atmosphere. Located in Darm­
stadt, Federal Republic of Germany, 
ESOC contains a broad range of 
capabilities related to flight prac­
tices, ground systems, and assoc­
iated technology development. 
My visit to ESOC in October 1988 
was made for the purpose of 
learning from the experience of 
this institution accumulated over a 
period of more than 20 years. 

The esta bl ish ment of ESOC took' 
p lace in September 1 967, and the faci l ity 
was fu l ly operat ional  by May 1 968. 
Cu rrently, about 650 people a re em­
ployed at the Da rmstadt location ;  
approxi mately 300 belong to  the  E u ro­
pean Space Agency (ESA) and the 
remainder are contractor personnel .  
There is a balance of  various E u rop�a n  
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The mai n  b u i l d i ng at ESOC. 

nationals at ESOC "as befits an ESA 
insta l lat ion .  

Kurt H eftma n ,  as the Di rector of 
Operations for ESA. heads ESOC and 
reports to the Di rector Genera l  of  ESA, 
Professor Rei mar  Li.ist, a long with 
seven other  ESA di rectors. An Austria n  
citizen,  Heftma n  assu med h is  present 
posit ion in 1 983 after ret i r ing from JPL 

ESA 

as a member of the sen ior technical  
staff, encompassi ng a 24-year career in 
which he participated i n  a large number 
of space projects from Ranger and Sur­
veyor through Vik ing,  Hel ios, and 
Voyager. At  ESOC the deep-space facet 
of h is  career continued to sh ine with 
the successfu l 1 986 flyby of Ha l ley's 
Comet by Giotto .  

1 5  



The h ierarchica l  structure of ESOC 
proceeds from "Department", of 
which there a re five, down th rough 
"Division", "Section",  and "Group".  
Heftman said that he holds i n-depth 
staff m eeti ngs with h is  Depa rtment 
heads a bout every two weeks and, in 
turn, reports to ESA Headquarters in 
Paris with the same frequency. The 
connection with Paris exempl ifies the 
distributed nature of the ESA enterprise, 
and  the successfu l methods · of co­
ordi nation practiced with i n  the Agency 
a re of i nterest to a l l  of us who must 
operate with i n  an increasi ng ly i nter­
con nected environment. 

Project management genera l ly  
resides at  the European Space Research 
and  Technology, Centre (ESTEC) at 
Noordwijk, The N etherlands.  Rep­
resentation of a project, such as G iotto 
or the I nfrared Space Observatory 
( ISO :  scheduled for a 1 993 l aunch) ,  at 
ESOC is effected th rough a G round 
Seg ment Manager (GSM ) with i n  the 
Systems and Project Support Depart­
ment at Darmstadt. 

At lau nch� a spacecraft is operated 
u nder the control of the F l ight Oper­
ations Di rector and h is  team from the 
large Main Control room .  I n  a d i rectly 
adjoi n i ng a rea is  the F l ight Dynamics 
room from which navigationa l  and 
attitude-control fu nctions a re carried 
out. 

After a project enters the routine 
operations phase, the fl ight team 
transfers to a dedicated fac i l ity, an 
Operations Control Centre, for the 
remai nder of the m ission .  At the time 
of my visit, ESOC was supporti ng 1 0  
missions i n  fl ight. Tracki ng and 
com manding support i n  a l l  phases of 
the m ission is provided by the network 
of ESA g round stations:  ESTRACK. See 
a lso the June 1 987 edition of JBIS, 
which is devoted to ESOC (the June  
1 988 issue of  Interdisciplinary Science 
Reviews, devoted whol ly to ESA, is 
a lso relevant). 

A tour of the Meteosat control center, 
in company with Dr. Johannes Schmetz, 
a staff Q'leteorologist, revealed a n  a rray 
of video disp lays for te lemetry and,  i n  
addit ion, faci l it ies for process ing the 
scientific data conti nua l ly being 
retu rned by the sate l l ite. 

The Meteosat series e ntered its 
operational program in November  
1 983 and wi l l  continue u ntil a t  least 1 985. 
The sate l l ite is positioned at the i nter­
section of the G reenwich pr ime mer­
id ian  and the equator (0 deg rees longi­
tude,  0 degrees latitude) at geosyn­
chronous a ltitude, a lmost 36,000 km.  
The 320 kg ( i n it ia l  mass)  sate l l ite 
i m ages the hemisphere every half  hour  
i n  the visible and  two bands of  the 
i nfra red spectru m .  

The Meteosat i mages a re d issected 
i nto 6400 segments which a re selec­
tively p rocessed by Sch m etz and h is  
col leagues to yie ld seven meteoro­
logica l  products describ ing winds, 
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temperature, cloud cover, precipitation, 
etc. lt was enl ightening to a l ay observer 
such as myself merely to observe a 
movie of chang ing c loud cover over 
E u rope assem bled from a series of 
Meteosat i mages. 

The fi rst i n  the E u reca ( E U ropea n 
REtrieva ble CArrier)  series of Earth 
satel l ites is schedu led for lau nch i n  1991. 
lt wi l l  be released from the Sh utt le to 
conduct 1 5  scientific and engi neeri ng 
experi ments over a period of approxi­
mately six months,  when it wi l l  be re­
trieved by the Sh utt le .  Among the 
experi ments a re :  crysta l g rowth, 
variab i l ity of the sola r  spectru m ,  vari­
ations i n  so lar  l u m i nosity, Earth­
atmosphere stud ies, X-ray transient 
measurements, m icroparticle popu­
latio n  sou rces, and so l a r-ce l l  per­
formance. 

The E ureca m ission was of particu l a r  
i nterest to mlf because, after l au nch,  
the spacecraft wi l l  be contro l l ed by 
sequences of t ime-tagged com m a nds 
stored onboar'd.  A common a lternative, 
as with Meteosat, is  to send up "rea l ­
ti me com m a nds" which a re acted 
upon by the spacecraft i m m ediately 
u po n  recei pt. My i nterest was based 
upon the fact that J PL spacecraft, 
genera l ly operati ng at g reat d istances 
from Earth,  a re contro l led by stored 
sequences, with rea l -t ime com­
manding employed on ly as a supple­
ment (see " How to Feed a Spacecraft" 
in the January 1987 edition , of th is  
col u m n ) .  

Kurt Aubeck, t h e  GSM for Eu reca, 
said that a "Master Sched u le" 
(sequence of t ime-tagged com m a nds) 
wou ld  be u p- l i n ked to the spacecraft 
every 24 hou rs, to cover the next 48 
hours.  Then, the succeeding  u p l i n k, a 
day later, wou ld u pdate the rem a i n i ng 
24 hours of the resident M aster 
Schedu le, if necessary, and,  with its 48-
hour span, add a new 24 hours of 
com mands. 

The criterion which was appl ied to 
decide upon stored commands - Master 
Schedu les - versus rea l -ti me com­
mands was geometrica l ;  i n  its low 
Earth orbit, station passes by E u reca 
wou l d  be relatively short events and 
not su itable for fu l l-orbit cor.�trol via the 
rea l-ti me route. M eteosat, i n  its gee­
synchronous orbit, 'satisfied the geo­
metrical  criter ion to be operab le  by 
rea l-t ime commanding .  

One of  the pleasu res of  c ircu lat ing 
through  the space com m u n ity is 
meeting col leagues from past missions. 
The E u reca Spacecraft Operations 

M a nager, Jan van Casteren of The 
Netherlands, and I conti nued the d is­
cussion of Eu reca and renewed our  
acqua intance estab l ished when we 
both worked on the I nfrared Astro­
nom ical Sate l l ite ( I RAS) ear l ier  in the 
decade.  The M ission Pla n ning Aid and 
the Master Sched u l e  Generator pro­
g rams which van Casteren and h is  
associates a re developing were of 
i nterest si nce they address many of the 
same needs with which we a re tasked 
in o u r  f l ight projects at J PL. 

The method fo r contro l l i n g  the 
astronom ica l  sate l l ite ISO, according 
to the GSM,  Andrew Robson,  is  a k ind 
of hybr id .  Wh i le  the spacecraft wi l l  not 
be equi pped with the capab i l ity to 
ca rry onboard sequences, m iss ion 
p lann ing  req u i rements h ave led to a 
p lan  to store a two-day backlog of rea l­
t ime com m a nds i n  a g round com puter 
and sq u i rt them up as needed . The 
p lann ing  cycle itself wi l l  be two weeks 
in length .  

Technology development is im­
portant for a space operations organ­
izatio n  i n  o rder to satisfy the requ i re­
ments of ever more demanding m is­
sions and  to control costs through 
a utomation .  Herwig A. Laue  heads  the  
System Engi neering and M ission 
Ana lysis Division at ESOC, and we 
d iscussed techno logica l  resea rch 
which he is  supervis ing .  

Expert systems prototyping of  a n  
operations adviser for t h e  power system 
of a com m u n ications sate l l ite is being 
u nderta ken. The two goa ls  he has 
esta bl ished a re frequently seen with 
rega rd to expert systems;  reduct ion of 
workfo rce a n d  captu r ing expert 
knowledge i n  a computer prog ra m 
rather than re ly ing on the memories of 
humans  who ca n forget or d isappear.  

Another a rea of resea rch c;oncerns 
h u m a n-mach ine  i nterfaces in the use 
of video displays : the best use of colour, 
promotion of common sym bo logy 
among projects, and whether or  not it 
is usefu l to provide the text of fl ight 
operations plans on video screens. Laue 
said that he wou l d  a lso l i ke to develop 
a m ission ana lysis assistant. Such a 
piece of softwa re cou ld ,  after having 
been g iven overa l l  objectives, draw 
u pon a la rge l i bra ry of computer pro­
g rams, set up the requ isite fi les, and 
run the programs to p roduce, auto­
matica l ly, a m ission ana lysis. For. 
exa m ple, one might specify a fl i ght to 
Mars with an Aria ne 5 1aunch at a certain 
date and a specified flyby a ltitude at 
the p la net. Trajectory deta i ls, i nc lud ing 
a possible atmospheric probe re lease, 
wou l d  be calculat,eQ by the m ission 
ana lysis assistant. 

After two days of ta lk ing to people,  I 
aga in  stopped by Kurt Heftma n's office 
to say thanks for the hospita l ity and  the 
i nformation .  I to ld him what he a l ready 
knew: that he has a fi rst-class team .  
The excit ing program being u nder­
taken by ESA wi l l  conti nue to be wel l  
served by its ESOC component. 
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ESA 's Ten-Year Success Story 
To mark the tenth Anniversary of 
ESA's communications satellite 
operations David Wilkins, Head of 
Spacecraft Operations Division at 
ESA's European Space Operations 
Centre (ESOC) and Fellow of the 
BIS looks back over this l ittle­
publicised success story* 

In the 1 970's the E u ropean Space 
Agency ,saw a tremendous potentia l  
for  com m u nications sate l l ites and 
set a bout developing its fi rst experi­
mental teleco m m u nications sate l l ite. 

Nowadays, when com m u nications 
sate l l ites no longer make the headl i ­
nes,  it is  easy to overlook the excite­
ment which accompanied th is  new 
tech nology and the part played by 
ESA in promoti ng  E u ropean know­
h ow in such an econom ical ly i m po r-
tant fie ld .  · 

On May 1 2, 1 978 ESA's O rbital Test 
Sate l l ite, OTS, was successfu l ly  laun-

" 

ched, m a rk ing the beg inn ing  of a 
series. of com m u nications satel l ites 
developed and operated by the 
Agency. This  series, which inc ludes 
the operationa l  satel l ites ECS and 
M arecs designed for use  by E utelsat 
and l n m a rsat, wi l l  be extended with 
the launch of the Olympus sate l l ite, 
fol l owed in the next decade by 
exper imental sate l l ites u nder the 
Agency's Payload and Spacecraft 
Development and Experi mentatio n  
Prog ramme a n d  the operationa l  satel­
l ites which wi l l  form part of its Data 
Relay Sate l l ite Network. OTS was not 
only at the sta rt  of a l l  these ESA 
prog ra m m es, but was a lso the fore­
runner of a l a rge n u m ber  of sa les by 
European industry of com m u nications  
sate l l ites for n ationa l  and i nternationa l  

* Based o n  a lecture entitled "Communications 
Satel l ite Operations" presented at the 10th 
Anniversary Celebration of the OTS Mission, 
ESTEC, Noordwijk, The Netherlands on May 26, 
1988. 

The ECS antennas at the ESA Redu gro u nd station in Belgi u m .  
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networks. 
Th is  pioneer spacecraft was i n it ia l ly 

i ntended for a per iod of th ree years in 
o rbit. N ow, ten yea rs after i ts l a u nch,  
the OTS spacecraft is  sti l l  fu l ly func­
t ional  and capable of provid ing usefu l 
comm u n ications services. 

lt is d ifficult to rea l ize that more than 
ten years h ave passed since M ay 1 1 ,  
1 978 when OTS-2 began its jou rney 
towards o rbit for a p lanned l i fet ime of 
3 years. lt is  a lso d ifficult to rea l ize that 
in the short ti m e  between Septe mber 
1 3, 1 977 when OTS-1 was destroyed 
by a Delta lau ncher explosion ,  and 
May 1 978 a second OTS was con­
structed, tested and made ready for 
launch .  

The n ight of  Septem be r  1 3, 1 977 is 
one that has many persona l  memor­
ies. I can sti l l  hear the annou ncement 
as it cam e  clearly over the l a u nch 
coordi n ation c ircu it from Cape 
Canaveral "The vehic le has been des­
troyed " .  Our telemetry data from OTS 

Continued p.20 
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Continued from p.1 7  

w.h ich was being processed for some 
hours before lau nch at ESOC had 
ceased abru ptly at 55 secs after l iftoff 
making the m ission  of OTS-1 the shor­
test of a l l  ESA missions. lt is fitt ing 
that we pay tri bute to the success of 
OTS-2 (which has been the longest 
m ission of any ESA spacecraft) and to 
consider the experience which both 
ESOC, ESTEC and the Com m u n ica­
tions Prog ramme gained from the i n  
orbit operations o f  OTS and su bse­
quent sate l l ites. 

What have we learned from OTS? lt 
is  usefu l to consider the h i story of 
operations activity in  1 977/1 978 :  

2 0  Apri l 1 977-GEOS-1 
13 September 1 977-0TS-1 

22 October 1 977-ISEE-B 
23 November  1 977-Meteosat-1 

26 January 1 978- IUE 
1 1  May 1 978-0TS-2 
14 Ju ly  1 978-GEOS-2 

Dur ing a period of 1 5  months the 
Agency was i nvolved i n  seven l a u nch 
and orbita l operations with a n  
extremely heavy l o a d  o n  the Control 
Centre Staff. OTS was the fi rst ESA 
3-axis spacecraft us ing a complex 
AOCS (Attitude, O rbit Control System )  
a n d  req u i ring h i g h  precis ion station­
keeping .  From the deta i l ed F l ight 
Operations P lan ( FOP) prepa red for 
G EOS, the fi rst scientific geostat ionary 
spacecraft, a basic sta ndard for futu re 
FOP's was deve loped. But in the case 

Axis Def i n it ion 
N 

t 

/ 
Yaw 

of OTS it was possi b le  to use the 
ESOC main-frame com puter to auto­
mate to some extent the prepa ration 
of FOP's. From th is  period of  heavy 
operationa l  activity we therefo re 
ga ined both a sta ndard m ethod of 
F l ight Plann ing  and a com puter-a ided 
method of docu mentat ion develop­
ment which has been in  use with some 
minor changes si nce then.  Of cou rse 
today we use word-processors rather 
than mainfra me com puters but the 
basic F l ight P lan n i ng and  F l ight Con­
trol Procedu res were developed d u r­
ing  the OTS m ission prepa ration .  

Si nce OTS was essentia l ly  a test 
sate l l ite it was vita l that a very exact 
m ethod of reporti ng be establ ished 
between the fl i ght operations tea m at 
Darmstadt, the project team at ESTEC 
and the in-o rbit test team at Fuci no.  
This system of report ing,  which l ed to 
the use of Spacecraft Anomaly 
Reports being issued from the 
Spacecraft Operations Manager at 
ESOC to the Project Manager with a 
wide distri bution ,  has become a stan­
dard method of reporti ng for a l l  ESA 
m issions. 

Orbital Opt!tations 
The i n it ia l  phase of any geostation­

a ry m issio n  is  cal led the LEOP ( Lau nch 
and Early Orbit Phase) and is the most 
critica l i n  terms of spacecraft safety. 
F ig .  1 shows th is  sequ ence for a 
M arecs spacecraft, but . the ECS/ 
Ma recs LEOP activities a re very s imi­
l a r. The spi n u p  and spindown sequ-

Earth acqu isit ion i n  
rol l  and pitch. 
Wheels spi n  up. 

ences fol lowed by Sun acq u isit ion and 
Earth acq u isit ion a re s i m i l a r  i n  both 
cases. The need for rapid and accu rate 
orbit determi nation was recogn ized 
early in 1 975 and  the fl ight  dynam ics 
softWare used at ESOC for a l l  GTO 
( Geostat ionary Transfer O rbit) opera­
tions si nce 1 977 has provided accu rate 
and rapid resu lts for o rbit determ i na­
t ion,  attitude determ i11at ion and man­
oeuvre support and were fi rst used 
with OTS. For example  i n  the case of 
ECS-4 the tota l fue l  consumed 
between l a u nch to orbit  and  fi rst sta­
t ion acq u isit ion was 8 kg out of a total  
of 1 1 9 kg l oaded at l aunch .  This was 
6.8 kg less fuel than was predicted for 
th is  task. Th is means that approx­
imately 6 months have been added to 
the p lan ned l ifet ime of ECS-4 as a 
result  of precise GTO o perations.  

I n  late 1 981  Marecs-A was l au nched 
and placed on station accord ing to 
p lan .  After some i n it ia l  problems with 
o n board system s  the operations con­
trol methods were modified and  
Ma recs-A has been contro l l ed from 
ESOC for the last six years. We hope 
to celebrate a tenth a n n iversary of 
Ma recs-A i n  December 1 991 . Ma recs-
82, launched in N ovember 1 984, has 
provided u n i nterru pted service to 

� l n m a rsat si nce February 1 985. 
In l ate 1 985 ESOC was requested by 

l n m a rsat to transpose the two Marecs 
sate l l ites, i .e .  to position Ma recs-A i n  
t h e  Pacific reg ion replac ing Ma recs-B 
and to position M arecs-B in the Atlan­
t ic  reg ion .  Th is  m ove provided l n m a r-

Normal mode 
operation and 
stat ion-keep i ng. 

Stat ion 
acqu is it ion. 

� 
Sun l i ne : 

F ig .  1 MARECS SPAC E C R A FT TYP I CA L  F L I G HT PATH 
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sat with a h igher  level of ava i lab i l ity i n  
t h e  heavy traffic Atl antic reg ion.  The 
relocation process which began on 
January 1 3, 1 986 and wh ich was com­
p leted on  May 1 2, 1 986 requ i red both 
spacecraft to be manoeuvred more 
than 200 deg rees a long the equ ator ia l  
p lane.  The control of Ma recs-B2 
located at 26 deg rees West is accom­
p l ished from ESOC v ia  the  ESA stat ion 
at  V i l l afra nca near Madrid,  wh i le  we 
control Ma recs-A l ocated at 1 76 
deg rees East via the l ba raki  station 
which is north of Tokyo. 

ECS-1 was l a u nched i n  J u n e  1 983 
and for the fi rst ti me an ESA 
spacecraft was operated at a d istant 
control centre. The LEOP operations 
were conducted from ESOC but once 
the fi rst station acq u isitio n  had been 
completed, operations were tra nsfer­
red to the newly-bu i lt ECS Contro l 
Centre at the ESA Redu Station in  
Bel g i u m .  Th is  control centre designed 
to standards used at ESOC and using 
identical  softwa re systems is now 
operat ing ECS- 1 , ECS-2, ECS-4 and is 
awaiti ng the l aunch of ECS-5 which 
wi l l  be i n it ia l ly contro l led during  LEOP 
from ESOC and then handed over to 
Redu for on-orbit operations. 

ESOC Experience 
As we l ook back over the past ten 

yea rs we rea l ize that the agency has 
developed a broadly based expertise 
i n  the fie ld  of com m u n i cations satel ­
l ites from the nucleus of the OTS 
project. As an operations manager I 
fee l  that we have estab l ished a n  
experienced tea m o f  experts a t  ESOC 
i n  a l l  fie lds of expertise necessa ry to 
ensure the success of ESA com­
m u nications m issions. lt is i nterest ing 
to note that the M ission Operations 
Managers for both the ECS and 
Ma recs m issions together with severa l 
of their  control tea m  staff are a l l  
g raduates o f  t h e  OTS m ission control 
team .  Today tasks such as ABM Fir ing,  
GTO operations, Stationkeeping,  Bat­
tery Recondition ing ,  Ecl ipse Opera­
tions and Solar  Sa i l i ng ,  wh i l e  not tre­
ated as merely routi ne a re recogn ized 
as normal  fu nctions for our control 
centres. Before the lau nch of OTS we 
considered a l l  of these activities with 
some trepidation .  

ESOC has now conducted LEOP 
oper<�tions fo r 10  geostationary m is­
sions, six of these being com m u n ica­
tions sate l l ites which are sti l l  in orbit. 
We look forward to the lau nch of 
Olympus in 1 989 and to the cha l lenge 
which that m ission wi l l  i m ply. We a lso 
look forwa rd to DRS ( Data Relay Sate l ­
l ite) and the era  of  man ned space 
fl ight when com m u n ications wi l l  tru ly 
be the vita l l i n k  u pon which m ission 
success wi l l  depend. 

A Del ta lau nches the Eu ropean OT5-2 
sate l l ite in May 1 978. ESA 
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TELECOMMUNICATIONS: 
TI1E OTS LECJACY 

When you telephone Sydney, telex Tokyo or send computer data to New 
York, the odds are good that you will be using a communication 
satellite. Only a third of international tele-traffic goes by cable laid 
beneath the Oceans. The rest goes via satellites which have u nique 
qual ities that set them apart from other transmission media such as 
coaxial  cables, optical fibres and radio links. Telecommunication satel­
l ites are injected i nto a geostationery orbit some 36,000 km above the 
Eq uator. Today there are more than 100 such telecommunication 
satel l ites orbiting the Earth. 

They ma ke it possible to establish wide-band links across consider­
able distances. Because satellites allow both multiple access at the 
transm ittina_ end, and multiple destinations at the receiving end, links 
can be switched easily, with no need to switch centres. 

Transferring i nformation was important back in the Middle Ages - the 
era of information is not new - but telecommunications have pushed 
back the l imits of the possible. Today, sounds, words, pictures and 
electronic data are transmitted at the speed of light : telecommunica­
tions have become the most dominant factor affecting commercial and 
social life. The Orb otal Test -Sate l l ote ( OTS) . BAe 

The Orbital  Test Satell ite (OTS) 
ESA became aware at an early stage 

that communications satellites have 
tremendous pote 1tial. 

The E u ropean space Agency's first 
exper imental telecommunication 
satelli te was developed in the 70's and 
put into orbit in May 1 978. Although i t  
had a planned l ife-t ime o f  only three 
years, OTS continues to be oper­
ational and celebrates its tenth 
anniversary in orbit  t h i s  year.  

" OTS was · developed to provide 
in-orbit  verif ication of the technology 
to be use9 on the futu re ECS (Euro­
pean Communication Satellite) sys­
tem and to provide the Eu ropean PTI 
administrations with pre-operational 
satellite communications capacity " 
says Rene Collette, Head of Com­
munication Programme Department 
at ESTEC. " By developing a Eu ropean 
regional system, the Agency aimed at 
helping Eu ropean countries to achieve 
commercial success and to acqu i re a 
significant share of the world market 
in this field. OTS a!so carr ied out a 
se ries of tests and experiments on 
radio-wave transmission through the 
atmosphere, frequency re-use, etc. " 

OTS was launched on May 1 1 ,  1 978 
from Cape Canaveral by a Thor Delta 
rocket, replacing an identical satell i te, 
OTS-1 ,  which was destroyed in 
September 1 977 when its launcher 
exploded shortly after l ift-off. 

OTS is a three-axis stabilized geo­
stationary satellite, consisting of a 
serv ice module and a communica­
tions mod ule carrying the payload. 

2 2  

A t  the beginning o f  its l ife in geosta­
t ionary orbit  OTS weighed 444 kg 
including its provision of fuel. The 
spacecraft is 2 .39 m high, 2 . 1 3  m long 
and spans 9 . 26 m with its solar arrays 
deployed. 

The satellite was designed at ESA's 
European Space Research and Tech­
nology Centre (ESTEC) in the Nether­
lands and built by. a consortiu m  of 
E uropean companies led by B r i tish 
Aerospace. 

To take advantage of the c.apacity 
provided by the OTS satellite a num­
ber of Earth stations were set up 
throughout E u rope. The first one was 
built by ESA ., in collaboration with 
Telespazio at Fucino in Italy. The 
spacecraft Control Centre at ESOC 
controls the satelli te's configu ration 
and gathers information on its service 
functions via the Satellite Control and 
Test Earth Station (STSC) in Fucino. 

Constant liaison was also estab­
lished with other Agency stations at 
Villafranca, Dublin and Stockholm. 

OTS successfully carried the hopes 
of Europeans anxious to improve the 
quality of their telecommunications 
and explore new technologies and 
techniques with worthwhile applica­
tions in the business world and in 
every-day life. 

ECS 
As OTS was being tested, ESA was 

preparing to launch its. successors. 
The ECS series, of proven commercial 
interest and success, are operated by 
the European Telecommunications 

Satellites Organisation, Eutelsat, rep­
resenting the Eu ropean PTI's, which 
was set up in 1 982 for the operation of 
a Eu ropean regional satell i te telecom­
munication system. 

ECS- 1 ,  launched by Ariane in June 
1 983 can carry 1 2,000 telephone calls 
simultaneously. The ECS satell i tes 
have a 3-axis stabil ized configu ration 
based on OTS .  All the communication 

· antennas of the ECS- 1 spacecraft are 
of the centre-fed type derived from the 
OTS programme. 

However, ECS-2, which was laun­
ched on August the 4th 1 984, has a 
new type of antenna with a multi­

' serv ice receive/transmit function, 
which is more powerful and has a 
larger bandwidth capability. ECS-3 
and ECS-4 (launched in September 
1 985 and September 1 987) have the 
same type of antenna as does ECS-5 
which was launched in July 1 988. 

Telecommunication satellites de­
veloped by the Eu ropean Space 
Agency have inspi red other E u ropean 
derivatives : Skynet 4 used by the 
B ritish Forces, Nato 4, F rench Tele­
com, and the E u rostar family of satel­
lites developed by Satcom Interna­
tional, an industrial consortium. 

Mobile Communications For Land and Sea 
In December 1 98 1  Ariane launched 

the first maritime communications 
satellite Marecs-A from Kou rou in 
French G u iana. Three years later 
Marecs-82 was also successfully laun­
ched by Ariane from Kourou. 
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The two Ma recs satel l ites a re leased 

from the E u ropea n Space Agency by 
lnmarsat, the I nternationa l  M a rit ime 
Satel l ite Organisation .  

T h e  M arecs sate l l ites serve as oper­
ational  satel l ites cover ing the Atla ntic 
and Pacific Ocean reg ion .  M arecs-82 
p rovides sh ips with i n  the Atlantic 
Ocea n reg ion with a ya riety of com­
mercia l  marit ime telecom m u nications 
services including voice, teletype, fac­
s imi le  and h igh-speed data, whi le  
M arecs-A covers the Pacific Ocean .  
O rig ina l ly, Marecs A was located over 
the Atlantic and Ma recs-82 over the 
Pacific but the sate l l ites were i nter­
changed last yea r  to take advantage of 
the more powerfu l Ma recs-82 

ESA is  taking a nother step forward , 
i n  developing sate l l ite com m u nica­
tions to the sh ipping and off-sh o re 
industries : The Advanced Repeater for 
Aeronautical and  Maritime I nteg rated 
Services, ARAM IS, wi l l  use soph isti­
cated phase-array anten na tech n i ­
ques. The satel l ite wi l l  generate spot 
beams that can be d irected from o rbit 
to a nywhere o n  the Earth's su rface, 
enabl ing com m u nications services 
to become cost-effective fo r aero­
planes and small sh ips and boats. 

ESA is a lso developing mobi le com­
mun ications for land-based veh icles 
such as lorries or even personal  cars. 
Under a prog rtlmme ca l led PRODAT, 
the Agency ha<!. demonstrated the 
efficiency of smal l  terrp i nals mou nted 
on land veh icles arid aeroplanes, 
a l lowing a two-way data com m u nica­
tions l i n k  between the veh icles and 
su itable g round stations. 

This tech nology can form the basis 
tot a n  extensive land-mobi le system 
with i n  E u rope. Not on ly cou ld  th is  
bri ng immediate commercial  benefits, 
but PRODAT cou ld  a lso foster a l a rge 
export market for E u ropean industry 
to developing nations, where such 
commun ications services a re sorely 
needed. 

Olympus, the Future in Advance 
With the exploitat ion of ECS. and 

M a recs sate l l ites safely i n  the hands of 
E utelsat and l n m a rsat and  thei r con­
trol now a rout ine function of ESOC, 
the Agency has tu rned its attention to 
the next generation of l a rger and more 
powerful  sate l l ites. 

L ike its predecessor OTS, the new 
Olympus sate l l ite offers the potential  
to develop new services a head of 
commercial  exploitation .  

O lympus represents a new genera­
t ion of spacecraft which wi l l  extend 
E u ropean know-how i n  a field which 
has fa r-reach i ng i nternationa l  reper­
cussions, with world-wide networks 
for teleconference, and  the use of 
sate l l ite l i nks for the retrieval a n d  
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transfer of i nformation.  With its 
powerful d i rect broadcast bea ms, 
Olympus wi l l  broadcast di rect to m i l ­
l i o n s  o f  h o m e  and office antennas. 

The Continuing March of Progress 
E SA's teleco m m u nicatio n  sate l l ite 

prog ramme contin ues in order to pre­
pare for the m i ssions of the futu re. 
Inc l uded in it a re up to th ree 
experimenta l sate l l ites which a re 
schedu led for l a u nch i n  the fi rst half of 

the next decade, and  the development 
of data relay sate l l ites which wi l l  
become operat ional  i n  the secon d  
half, i n  support t o  t h e  i n-orbit i nfras­
tructu re. Accord ing to Ed Ashfo rd,  
Head of  the Com m u n i cation Satel l ites 
Division at ESTEC "the lessons 
learned in the development opera­
tions of OTS, ECS and Ma recs h ave 
been inva luab le  in he lp ing to shape 
the content of these futu re prog ram­
m es " .  

The British Aerospace b u i l t  Olympus telecommu n ications sate l l ite is  exami ned b y  two BAe 
t�h n ic i anl in an envi ro n menta l l y  clean room. BAe 
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Jane's Spaceflight Directory 1988-89 

Ed : R. Turni l l ,  Jane's Defence Data, Sentinel House, 1 63 Brighton 
Road, Cou lsdon, Surrey, CR3 2NX., 1 988, 643pp, £80.00. 

Jane's Spacefl ight Dir..ectory, now in its 4th year of issue, repre­
sents what is probably the most exhaustive compi lation of space 
data presented in a ready-to-hand form now avai lable .  There are 
over 500 pictures and more than 1 ,000 programmes are covered. 

After several i ntroductory but most usefu l chapters, the main  
bu lk  of  the book thereafter d ivides i nto two major  sections, of 
rough ly equa l  length. The first, which amounts to a bout one half of 
the book, summarises national  space programmes, taking each 
country a lphabetical ly. The overview thus provided is both com­
prehensive and i nformative thoug h  many who read the entry u nder 
" B rita in "  wi l l ,  no doubt, regard this either as a horror story or, at very 
least, a shambles of the fi rst order. Most readers wi l l  draw thei r own 
conclusions though a common i nterpretation might be that it 
records how various entrenched interests successfu l ly  defend their 
positions on al l  fronts and shut out every chink of l ight from a dawn­
ing Age of En l ightenment. 

The second half of the book is concerned with a variety of topics 
on various themes e.g.  on i nternational  space programmes and 
mi l itary space. Sections are included on launchers, space faci l ities, 
astronauts and the space industry general ly, this last being 
expanded over the prel(ious edition.  Space probes are a lso included, 
along with data on the various bodies wh ich make up our Solar Sys­
tem .  The Soviet section is fu l ler by the i nclusion of data fol lowing the 
visit of the Editor to the USSR during the year who points out that, 
although  Glasnost in space has not rea l ly arrived, US-Soviet col l ab­
oration on biosate l l ite activities has continued over the past fifteen 
years irrespective of pol itica ! ups and downs. ' 

Nearly Normal Galaxies 

Ed : S .M.  Faber, Springer-Verlag G m bH & Co., Postfach 10 51 60, 
Haberstrabe 7, D-6900 Heidelberg 1 ,  Germany. 1 987, 464pp, Har.d 
Cover DM 72. 

Subtitled " From the Planck Time to the Present" this boo"K pre­
sents some fifty Review ta lks g iven in  J u ly 1 986 as part of a two-week 
workshop which reviewed the latest research on galaxy formation 
and evolution. 

A un ique feature was the treament of galaxy formation from the 
earl iest density fluctuations in  the early U niverse u p  to the latest 
phases of formation and evolution which we see at the present time. 

Galaxies are real ly  the basic bui lding blocks of the U niverse, the 
units whereby the large sca le structure of the U niverse may be rec­
ognised. The internal processes which take place withi n  them 
i nvolve all the fundamental components of astrophysic�; so much so 
that, u nti l  recently, this occupied most attenlion. Now it is recog­
n ised that it is a lso essentia l  to relate ga laxies to their environments, 
for g reat numbers congregate i nto large structu res which, in turn, 
i nfluences them individual ly.• 

But how did galaxies orig inate i n  the first p lace? Were they the 
d i rect descendants of early density i rregularities i n  the big bang? 
I ndeed, and even more i ntriguing,  do we l ive i n  a U niverse where 
some u nknown but probably large fraction of its mass exists in some 
u nknown form? 

The book is divided into sections which exam ine, i n  turn, both 
cu rrent theories and observations a ppl ied to Stel lar  Evolution, Smal l  
Objects (dwarf ga laxies), Galactic structure, Galactic Parameters, the 
Relation of Galaxies to Larger Structures, Distant Galaxies and Dark 
Matter. 

The Inner Limits of Outer Space 

J .C. Baird, Trevor Brown Associates, Su ite 7b, 26 Charing Cross 
Road, London, WC2, England.  1 988, 226pp., £1 4.25. 

The author, a psychologist who participated i n  a 25-strong NASA 
Study team to explore the feas ib i l ity of detecting radio signals from 
presumed extraterrestrial civi l isations, states that he soon disco­
vered, to his dismay, thaqhe engineers, physicists and astronomers 
in the group settled on a narrow set of conceptions as to what form 
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a message from outer space might take. 
This, he regards, as a bl ind spot which could  result i n  b i l l ions of 

dol lars potentia l ly being wasted i n  i mplementing a flawed search 
that might not even be able to recogn ise an a l ien message, let alone 
decipher it. From that point he advocates more i nvolvement by 
social scientists able to ana lyse inherent human psychological 
biases and "whose minds are more open to a lternative, thoug h  less­
proven, modes of communication " .  

The R.A.E. Table o f  Earth Satellites 1957-1986 
I 

D.G.  King-Hele et a/, Macmi l l an  Publ ishers Ltd. ,  Distrib. by G lobe 
Book Services Ltd. ,  Canada Road, Byfleet, Surrey, KT1 4  7JI, England.  
1 987' 936pp, £95. 

Even before the launch of Sputn ik  1 on 4th October 1 957, scien­
tists at the RAe Farnborough had a l ready made severa l studies of 
Earth sate l l ites and their orbits, stemming from earl ier work in the 
1 950's on the Blue Streak and Skyl ark rockets. With i n  a few days of 
launch, Sputn ik  1 was regu larly tracked by a radio i nterferometer at 
a n  RAE outstation, thus enabl ing its orbit to be determined and the 
decay rate used to evaluate a density of the u pper atmopshere. 

Si nce then, the RAE has specia l ised i n,the analysis of sate l l ite 
orbits to determine u pper atmosphere density and winds, as wel l  as 
the Earth's g ravitational fie ld.  In order to choose su itable sate l l ites, a 
l ist ing was necessary, thus leading, over the years, to the present 
volume conta in ing data on more than 1 7,000 sate l l ites, inc luding 
fragments, in  893 pages oftabulation.  Extensive revisions have been 
made to this, the third edition, to include not only all new launchings 
to extend the period covered to 1 986 but a lso to incorporate over 
1 ,000 revisions to the earl ier data. 

A major d ifficu lty, shown clearly i n  this volume, is the lack of 
accu rate i nformation about the size, shape and weight of most 
satel l ites. The reason is that mpst launchings are of a m i l itary nature 
so that l ittle  i nformation is released either about such sate l l ites or 
their final-stage rockets. The compi lers, therefore, have rel ied 
l a rgely on deductions from the visual appearance i n  the n ight sky 
a ne! on identifying previous launchings of s imi lar  character. By way 
of contrast, fu l l  detai ls  appear of most i nternational  sate l l ites, par­
ticu larly those launched by NASA. 

New Opportunities for all Peop1� 

Pergamon Journalr ltd.,  Heapington H i l l  Ha l l ,  Oxford, OX3 OBW. 
1 �, 399pp. . 

This, a special volume of '�Acta Astronautica·· «ontains  selected 
proceedings from !_�e 37th IAF Congress at Innsbruck, Austria held i n  
October 1 986. 

As is customary for such Proceedings nowadays, the text has 
been printed 'di rectly from MSS submitted by authors so some 
u neven ness resu lts, particu l arly in the matter of i l lustration�, in spite 
of, doubtless, every effort to ensure that authors adhere to some 
common practice . .  

A tota l of over forty papers are included, chiefly of a survey or 
state-of-the-art character, so the coverage is substantia l .  The text 
fal ls  withi n  five main sections viz Space Systems ( inc luding Policy, 
Util ization, Technology, Operations and Evolution), Space Transpor­
tation Systems ( inc luding Launchers), Astrodynamics and Space 
Exploration ( including Interstel lar F l ight), Applications ( includi ng 
Earth observation, communications, m icrogravity sciences and edu­
cation)  and Technology ( inc ludin3 propulsion and energy, struc­
tures and navigation) respectively. 

The contributions include a considerable amount of " meat" and 
form a nice blend between present and near-future developments 
on the one hand, and a perception of where these wi l l  lead, on the 
other. 

I nterested readers might l i ke to know that the previous volume in 
this series " Peaceful Space and Global Problems of Mankind" viz 
S&lected proceedings from the 36th IAF Congress in Stockholm, 
Sweden in  1 985 are a lso avai lable from the same publisher. 

Creation: the Story of the Origin and Evolution of the Universe 

B. Parker, P lenum Publ ish ing Corporations, 233 Spring Street, New 
York, NY 1 00 1 3, U .S.A., 1 988, 297pp, $22.95. 

Th is book provides an  1 nsight into the violence that rocked the 
early U niverse, as well  as the bi l l ions of years of gradual  evo lution 
which fol lowed and which have left their mark in  the stars and 
elements a round us. lt is a qu ite remarkable ta le to  be told, beginn ing 
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with early theories and reachi ng to the very latest d iscoveries i n  
cosmology. 

The scenario is fasci nating and wide-rang i ng, from happen ings i n  
the fi rst few m i l l i -seconds i n  the l ife o f  the U niverse u p  t o  the role  
p layed by galactic objects, today inc lud ing the en igmatic black 
holes. 

The text is  not all .a bout cosmology. Much is about the scientists 
who contri buted the ideas which have led to present concepts of the 
orig i n  of the U niverse. 

Explorlftion of Halley's Comet 

Eds: R. Reinhard et al, Springer-Verlag, Postfach 1 05 1 60, Haberstrabe-
7, D-6900 Heidelberg 1 ,  Germa ny, 1 988, 984pp, OM 1 96. 

Ha l ley's Comet is  both the brightest periodic comet and the most 
famous of the 750 known comets. Five appa ritions ago Edmund 
Ha l ley d iscovered the periodicity of the comet a n d  p redicted its 
retu rn in 1 758, a remarkab le" event g iven the preva i l i n g  views o n  
comets at the time. Its most recent return,  d u ring  1 985/86, was o n e  of 
the most important appa ritions of a comet ever. lt p rovided the 
worldwide science com m u nity with a wealth of exciti ng  n ew dis­
coveries, the most rem a rkab le  of which was u nd o u btedly the fi rst 
i mages of a cometa ry nucleus.  

The 1 985/86 appeara nce began with the record-breaking recovery 
of the comet on 1 6th October 1 982, whi le  sti l l  1 1  astronomical  u n its 
from the S u n .  Th is was 3% years before peri he l ion so it was not u nt i l  
late i n  1 985 that  the comet was close enough to the S u n  to become 
fu l ly active. 

The com b�ned stu dies of thousands of scientists a round the g lobe 
lhroughout 1ts return generated a huge amount of scientific data 
wh ich has si nce u n dergone pre l im inary eva l uation,  with many of the 
resu lts presented at a specia l  Symposi u m  held i n  Heidel berg in 
October 1 986. Although the main  emphasis then was, of cou rse, on 
Ha l ley's Comet, papers on  other comets were also i nc luded i n  order 
to show the Hal ley resu lts i n  proper perspective. Altogether a total  of 
370 papers were produced, many of which were pub l ished i n  ESA 
Specia l  Publ ications SP-250. 

After the Heidel berg meeti ng,  many of the manuscri pts were 
su bsequently revised and re-written for pub l ication  in a specia l  issue 
of the Journal of Astronomy and Astrophysics (Vol . 1 87 Nos 1 -2 ) .  
The  present book repri nts a l l  the  papers from that issue together 
with a summary of the scientific resu lts of the Heidelberg Conference 
and a fu rther five pape rs which g ive backg rou nd i nformation a bout 
the various space m issions to Hai iey's Comet and the specia l  I nter­
nationa l  Ha l ley Watch. set up to coordinate and  maxim ise data 
obtained. The latter embraced more than a thousan d  astronomers 
from over 50 cou ntries and resu lted in an a l most-conti nuous cover­
age of the comet over a wide ra nge of wavelengths. 

The �esult of al l  this i
_
s a basic reference book which not on ly 

em bodtes a comprehensive account of the c,�:� rrent state of  scientific 
knowledge about Ha l ley's Comet but· a lso ' ind icates imp l ications 
which apply both to other comets and to concepts on the origin and 
evo lution of the Solar System .  

The Home Planet 

K.W. Kel ley, Queen Anne Press, 3rd Floor, Greater London House, 
Ham pstead Road, London,  NW1 7QX, Eng land, 1 988, £20.00. 

Feel ings felt and expressed by many of the 200 men and women 
from 18 nations who have travel led i n  space and looked down at  the 
-Earth beneath a re reproduced i n  th is book, together with a 1 50 of the 
best photog raphs selected from Soviet and America n Archives. The 
accompanying narratives are usua l ly deeply perso na l ,  attributab le  
to the astro naut i nvolved, and  appear both i n  the language of  the 
publ isher and i n  the native laRguage of  the flyer h imself. 

Th is is not a book to be read, as such. lt is, basica l ly, a selection  of 
pictu res of the Earth (and some of the Moon)  reproduced side by side 
with relatively short uttera nces by those fi rst i nvolved and which 
reflect the fee l ings and experiences of awe, wonder and i nterest 
evoked by the sig hts below. 

The Universe from your Backyard 

D.J.  E icher. Ka l m bach Publ ish ing Co.,  1 027 N. 7th St., M i lwau kee, Wl 
53233, USA. 1 96pp. 1 988. $24.95. 

Th is book provides a g u ide to fi nd ing and enjoyi ng nearly 700 of 
the sky's f inest objects, based on  text previously publ ished i n  
Astronom y magazine.  Inc luded a re double a n d  m u lt ip le  stars, vari-
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able  stars, open and g lobu lar  star c lusters, br ight and dark nebulae,  
p lanetary nebulae and  ga laxies. 

The treatment is on  a conste l lat ion-by-constel latio n  basis i n  
a l p habetica l order. The text for every constel l at ion is  accompa� ied 
by a detai led star map showi ng the location of each o bject described 
together with i l l u strations of a n umber of the more spectacu la � 
celestia l  "sights". Forty-six conste l lations are treated i n  this way. 

The Supernova Story 

LA. Marsha l ! ,  P lenum Publ ish ing Corporation,  233 Spring  Street, 
N ew York, NY 1 00 1 3, U .S.A., 1 988, 296pp, $22.95. 

· Su pe rnovae represent a phenomenon fu ndamenta l ly  d ifferent 
from that of ord i n a ry novae. Compared to a supernova, an ordinary 
nova sends out a few fa int splutters of l ight and a few feeble puffs of 
gas �hereas a sup�rnova rends a star to pieces and  p lays a centra l 
role  m the format1on of e lements, the shaping of ga laxies and  
undoubtedly, i n  the evol ution of  l ife itself. 

' 

The da�l i ng su pernova SN 1 987A which occu rred in the l a rge  
Mage l l�� �c C loup,  1 60,000 y�a rs ago and which  on ly recently be­
came v1s1 b le from Earth, prov1ded one of the g reatest cosmic events 
of. mo�ern tim es. This explodi n g  star ca ptu red the imagi nation of 
sc1ent1st� and amateu rs ahke. The b ri l l i ance of its display heralded a 
�ew era m �h� study of su pernovae which has led to a deeper insight 
mto the ongm and  com plex h istory of such objects. 

The p�esent vol u m e  does not, however, relate solely to SN 1 987 A. 
lt  descrt �es ob�e rvations co l lected over many centu ries, d ating  
from � n�1ent Chmese records to  the Midd le  Ages. The resu lt is  a n  
astomshmg record o f  past ste l l a r  cataclysms. 

Origins 

A.C. Fabian,  Cam b ridge U niversity Press, The E d i n bu rg h  B u i l d i ng,  
Shaftesbu ry Road,  Cam b ridge, CB2 2 R U ,  Eng land,  1 988, 1 68pp, 
£1 2.95. 

I n  this vol u m e  a d ist in g u ished team of i nternational- a uthorities 
report on the latest research on the or ig ins of some of the most 
fu ndamental featu res of o u r  world. 

The book beg ins with a bang,  the Big Bang i n  actua l  fact, that 
heralded t�e probable sta rt of o u r  expand ing  U niverse. Other contri­
butors then focus on the or ig ins af the Solar System,  m ateria l  
complexity, and  human orig i n  and evo l ut ion.  The volum e  ends with 

" essays on  the or ig ins of socia l  behaviou r, society and language.  

The. Role of the Fine-Scale Magnetic Fields on the Structure of the 
Solar Atmosphere 

· 
E . H . ,Schrow. M .  Vazqu ez and A.A. Wyl ler, Cambridge U niversity 
Press, The Edinburgh Bui ld ing,  Shaftesbury Road, Cambridge, CB2 
2RU. 1 987, 379pp, £35.00. 

This volume a ro�e from the i n a u g u ration of the i nternationa l  
observatories at La Pa l m a  and  Tenerife i n  1 985. The inaugura l  work­
shop, described in this book, was in the October of the fol lowing 
year .  I ts  major  a i m  was to stim u l ate discussion between o bservers 
and theoreticians on some of the current problems of sola r  physics. 
The fi rst g roup of papers concerns the Sun's atmospheric structu re 
and activity, e .g .  the sunspot cycle, beg i n n i n g  with problems of the 
solar  g ranu les and the extent to which these may or  may not be mod­
if ied i n  reg ions of sola r  activity. This is  fol l owed by a d iscussion of 
the i nteraction between magnetic fields and convection and a 
n u m ber of contributions on the f ine structu res e .g .  those close to 
sunspots or facu lae.  This i nc ludes contributions to the sub-su rface 
structu re of sunspot, particu l a rly how these active regions or ig inate. 
An i nterestin g  question concerns sunspots themselve!.. These con­
sist of a dark central a rea (the u mbra) su rrounded by l i g hter a rea (the 
penumbra). But why this is so? Why should there be a penu mbra at 
al l?  

A mu ltitude of questions such as this indicate the nature of the 
work sti l l  to be done and suggest scope for futu re i nteg rated observ­
cational  experiments, with a l l  ava i lable sola r  o bservi ng faci l it ies put 
i nto use s imultaneously. 

The i nstru ments p lanned for La Palma and lzana,  clea rly, repre­
sent the h i g h est concentration of sola r  i nstruments in the world.  The 
sites a re excel lent and may be the best ava i lable,  besides being eas­
i ly accessib le to E u ropean astronomers. 

Al l  the signs -a re that the study of the Sun is about to expand i nto 
a new p hase. 
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Fi rst cadre Manned Space Fl ight E n g i neers at Rockwel l mternational ,  November 1 982. Back row, L-R : Sefchek, Rij,  Wright, Detroye, Watterson ,  H igbee, 
Casserino. Front row, L-R : Vidrine, Payton,  Lydon, Joseph, Sundberg, Hamel All photographs USAF 

The Manned Space Flight Engineer Programme 
by Michael  Cassutt 

From the moment it was approved in _April 1 972, 
America's space shuttle was. intended to be a "na­
tional launch system• replacing all expendable milit­
ary and civilian launch vehicles by 1980. lt is unlikely 
that the shuttle would have been built without this 
goal : the famous Mathematica study "proved" that 
the shuttle would be economical only if it carried all of 
America's space traffic [1 ] .  

Since a majority of America's space launches have 
been for military purposes, it was inevitable that the 
shuttle would require the participation of the US Air 
Force, the official launch agency for not only the milit· 
ary services, but for American intelligence agencies a$ 
well .  

In exchange for its grumbling support, the Air  Force 
demanded - and got - changes in the design of 
the vehicle to accommodate its need for improved 
cross-rttnge and large payloads, among others. For its 
part, the Air Force was to develop an inertial upper 
stage and fund the construction of orbiters 1 05, 1 06 
and 1 07 [2]. 

These •blue,. shuttles would have been •dedi­
cated,. to classified military missions launched (in 
some cases) into polar orbits from the re-designed 
space launch complex six at Vandenberg Air Force 
Base, flown by crews of military astronauts, and con­
trolled from a custom-bui lt DoD mission control -
the Shuttle operations and Planning Center -
which would be part of a new complex called the Con­
solidated Space Operations Center. 

The Shuttle was the Air Force's third attempt at a 
manned space programme fol lowing the X-20 ( 1963-
64) and the Manned Orbiting Laboratory (1965-69), 
both of which :-.ad been cancelled before flying. 
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However, the decision to "buy into,. the shuttle 
never had total support from all elements of the Air 
Force, and by the late 1970's, with inflation and a 
Democratic administration eroding DoD budgets, 
what Air Force affection there was for the programme 
began to fade. 

The new mission control centre, SOPC, was 
delayed in favour of modifications to the NASA 
Johnson Space Center and the three additional orbit· 
ers were not purchased - a brief atiempt to dedi­
cate OV-103 ·oiscovery" to the DoD failed.  Nor would 
there be a special corps of "blue shuttle" astronauts. 
Military officers would have to be detailed to NASA as 
career astronauts fn order to fly as pilots or m ission 
specialists. 

The only opportunity for an Air Force programme 
seemed to be in NASA's new class of •payload 
specialists,,. non-career astronauts whose training 
would centre on payloads, not the shuttle itself. 

And so in January 1 979, Air Force Under-secretary 
Hans Mark created a cadre of military payload 
specialists - people who could explain the Air 
Force to NASA while explaining the shuttle to the Air 
Force [3]. A military designation was coined : manned 
spaceflight engineers. 

Even though the DoD would ultimately select 
senior Air Force officials, US Navy oceanographers 
and Air Weather Service officers as shuttle payload 
specialists, MSEs would be the first personnel from an 
American military programme to go into space. 

This article traces the history of the Manned Space­
flight Engineer programme, based on interviews, 
pre" reports, published books, and official Air Force 
documents. 
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------------Military Astronauts 
The First Cadre 

I n itial responsbi l ity for the defin i ­
t ion of the pi lot MSE programme fel l  to 

- Lt. Colonel Robert E. Christian I l l  at Los 
Angeles Space Division, and his 
deputy, Capt. G regory Gi l l is, both of 
whom had extensive experience in 
m i l itary space program mes. Christian 
had also been an Air Force representa­
tive at present�tions made by Rockwel l  
International concerning manned 
space programmes as early as 1 969. 

Among their many tasks was the 
requ i rement that the MSE be a "tri-ser­
vice" programme creating a cadre of 
Air Force, Navy and Army personnel 
experienced in  shuttle operations and 
the specia l  requ i rements of mi l itary 
payloads. lt was hoped that after tou rs 
of duty lasting froJll fou r  to six years 
and fol lowing fl ig!lts aboard the shut­
tle these officers would return to " nor­
ma l"  careers and eventual ly rise to 
command positions in the services' 
g rowing space prog ram mes. 

Selected organisations in the USAF, 
Navy and Army were briefed on the 
pi lot prog ramme. Requirements were 
drawn up and appl ications were sol­
icited from qual ified personnel .  The 
fi rst MSE candidates were requ i red to : 

• Have at least three to ten years' ser­
vice as an officer on active duty. 

• Rank from fi rst l ieutenant to major. 
• Be able to pass a NASA Class I l l  

fl ight physica l .  
• Be holder of a bachelor of science 

degree in engineering, science or 
space operatio ns, with a master of 
science in those areas desired. 

• Have a min imum of two years' 
experience in prog ramme acquisi­
tion, test and lau nch support, of 
fl ight and m issi le operations (4) . 

Flying backgrounds were not 
requ i red, though pi lot appl icants had 
to have met their  fi rst "gates" 
(min imum requirements for flying 
t ime) .  I n  addition,  of course, applica nts 
had to hold the appropriate security 
clearance. 

In August 1 979, fou rteen officers, 1 2  
Air force and two Navy, were selected. 

James Armor 
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One Air Force officer, Maj. Carl Hat­
lel id, decl ined the a ppointment and 
was rep laced by an  a lternate, Capt. 
Gary Payton ;  Navy Lt. Com mander 
Pau l  Schlein a lso decl ined and was not 
replaced, leaving 1 3, who reported to 
the Air Force Space Division i n  E l  
Segundo, Cal ifornia, to begin  in it ial  
tra in ing i n  February 1 980 under the 
di rection of Lt. Col. Christian.  The offic­
ers were : 

1 Lt. Frank J. Casserino, (24), USAF 
1 Lt. Jeffrey E. Detroye, (25), USAF 

Capt. Michael A. Hamel, (29), USAF 
Capt. Terry A. Higbee, (30), USAF 
Capt. Daryl J. Joseph, (30), USAF 

Maj. Malcolm W. Lydon, (33), USAF 
Capt. Gary E. Payton, (31 ), USAF 

Capt. Jerry J. Rij, (30), USAF 
Maj. Paul A. Sefchek, (33), USAF 

Maj. Eric E. Sundberg, (34), USAF 
Lt. Cmdr. David M. Vidrine, (36), USN 

Capt. Keith C. Wright, (321. USAF 
Capt. John B. Wanerson, (30), USAF 

The in it ial  requi rements 'were 
i ntended to recruit a cadre of mi l itary 
space professionals, and i n  that they 
succeeded. Vidrine was an engineer 
with the US Navy Space Project. Hig­
bee, Joseph, Ri j ,  Sefchek, Sundberg, 
Wright and Watterson were a l ready 
working on various programmes at 
Space Division. Payton,  the alternate 
selectee, had been a launch control ler 
at Cape Canaveral in  addition to being 
one of two fl ight-rated members of the 
g roup. Casserino and Detroye had only 
recently arrived at Space Division from 
the Sate l l ite Control Faci l ity at Sun­
nyvale, where they, l i ke Lydon, had 
been satel l ite . control lers and 
engi neers. . 

Casserino and Detroye had less 
than three years as officers at the time 
of selection ;  Vidrine had served for 1 5. 
Detroye was the only MSE without a 
master's degree, though he had done 
g raduate work. 

Thus the MSE programme began, 
with high hopes and g reat expecta­
tions. Maj. Gen. John E. Ku l pa,  J r. ,  
deputy com mander for space opera­
tions (DCSO) of the Space Division and 

M ichael Booen 

one of the program me's biggest sup­
porters, welcomed the men with a 
speech cal l ing  them the "futu re of the 
Air Force i n  space" .  

But problems surfaced even during 
the first weeks of tra in ing. I n  addition 
to val uable exposure to shuttle sys­
tems at Rockwel l  I nternational's fl ight 
systems laboratory in nearby Downey, 
Cal ifornia, the original  prograll'rr.e 
relied heavily on a schedule 0f 
monthly, week-long visits by the 1 3  
MSEs t o  various mi l itary satel l ite con­
tractors. This proved to be u nworkable 
and the contractor visits were reduced 
· i n  favour  of vists to other Ai r Force 
insta l lations as wel l  as the NASA 
Johnson and Marshal !  Space Canters 
(4) . 

There were a lso i mmediate confl icts 
with NASA officia ls, in part because 
NASA had yet to define its own 
payload special ist tra in ing prog­
ramme. 

Early i n  the MSE programme, the 
civi l ian agency had suggested to the 
Ai r Force that it wou ld  be happy to 
accept the MSEs at the Johnson Space 
Canter for two years of tra in ing,  which 
is just what the Air Force did not want. 
In the words of one officer :  "At that 
t ime any Air Force guy who went to 
NASA never came back ! "  

When the Air Force decl i ned the 
offer, NASA refused assistance of any 
kind, taking the position that it had not 
selected and therefore could not con­
trol the MSEs (5). As late as 1 983 one 
NASA official wrote that he considered 
MSEs to be engineers and not "flyers" ,  
and that they should not partake i n  any 
fl ight tra in ing activities unti l  selected 
as actual payload specia l ists (6). 

I ro nica l ly, some MSEs and their 
managers found themselves frustrated 
by NASA's excessively-rigid i nsistence 
on secrecy. Differences in  managerial 
style and control over fl ight issues 
escalated to the point where the more 
aggressive MSEs found themselves 
u nwelcome at the Johnson Space 
Canter, whose . di rector, Christopher 
Kraft, was cal led upon to referee at 
least one dispute. 
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Nevertheless, during the first 
months of training, members of the 
first cad re of MSEs had g reat expecta­
tions, having been told that each of 
them could a nticipate flying in space at 
least once and several of them twice 
(7) . They took part in u nderwater EVA 
and manned manoeuvring unit simula­
tions at NASA Marshal !  and Martin 
Marietta, respectively, and went 
through shuttle m ission simulations at 
Rockwel l .  U ltimately some members 
of the g roup even rode in T-38 jets at 
Edwards Air Force Base. Such experi­
ence gave MSEs g reater familiarity 
with shuttle systems and operations 
than a ny other payload special ists and, 
indeed, many NASA flight control lers 
�). . 

I n  early 1 980 the officers had a lso 
been assig ned to different Space Divi­
sion system project offices (SPOs) to 
become intimately familia r  with the 
m ultitude of military payloads: \he 
Space Test Programme of scientific 
experiments, the General E lectrrc 
Defense Satel l ite Communications 
System, the Rockwel l  Navstar G lobal 
Positioning System, and especial ly 
classified systems - commonly 
known as Special Projects -
developed by TRW, Hughes, Martin 
Marietta and Lockheed under the direc-

Michael Mantz 
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tion of the highly-secret National 
Reconnaissance Office [9). 

In  December 1 981 , the first cadre of 
MSEs completed training and the 
experimental programme was offi­
cia l ly recognised as the Directorate for 
Manned Spacecraft Support, Space 
Division.  

Lt. Col .  Christian retired from the Air 
Force in October 1 981 and was 
replaced by Lt. Col. David Richardson, 
who served u ntil the spring of 1 983, 
when Lt. Col .  Thomas Redmond 
became Director, Manned Spaceflight 
Support. Reditlond was replaced in 
November of that year by the ranking 
MSE, Cmdr. David Vidrine. 

Second Cadre 
By the summer of 1 982, it was obvi­

ous that more MSEs were needed if the 
programme was to be adequately rep­
resented in Space Division SPOs. 
Req uirements for the second cadre 
were similar  to those of the first, except 
that this time only USAF officers were 
to be considered. Announcements 
were circu lated to personnel offices 
and published in the Air Force Times 
sol iciting applications from officers 
e6ger " . . .  to hel p  change military sp��e 
experiments that now a re desig ned to 
be control led from the g round to ones 

Randy Odle 
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that can be directly manipulated by 
astronauts in orbit"  [ 1 0) .  

From 66 fina lists, 1 4  officers were 
selected in August 1 982, to report to 
Space Division in January 1 983: 

Capt. James B. Armor, Jr. (32) 
1 Lt. Michael W. Booen (25) 

Capt. livingston L. Holder, J r. (27) 
Capt. Larry D. James (27) 

Capt. Charles E. Jones (30) 
1 Lt. Maureen C. LaComb (26) 
Capt. Michael R. Mantz (28) 

Capt. Randy T. Odle (31 I 
Capt. William A. Pailes (30) 

Capt. Craig A. Puz (28) 
Capt. Katherine E.  Roberts (28) 

Capt. Jess M. Sponable (32) 
Capt. W. David Thompson (26) 

Capt. Glenn Scon Yeakel (26) 

The second cadre included two 
women (Roberts and LaComb) and a 
black officer (Holder). Backgrounds of 
the officers, un l ike those of the first 
cadre, did not emphasize space 
engineering and operations. Odle, for 
example, had been a bio-environmen­
tal researcher at RAF Alconpury in the 
U K1 LaComb and Mantz were primarily 
computer special ists. Pailes was a 
rescue pilot now working on mic­
rocomputer systems. P�z and Armor 
had been com manders of Minuteman 

William Pailes 
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Craig Puz 

missi le crews. Booen was a weapons 
engineer. 

Several of those who had worked on 
space projects had only two or three 
years' experience and they were a lso, 
on the average, younger than the fi rst 
cadre. More significantly, the new 
selectees were told that on ly half of 
them might fly in space. lt was as if the 
fi rst cadre were pathfinders -
pioneers - and the second cadre 
were homesteaders. 

Tra in ing for the 1 4  new officers was 
s imi lar  to that of the fi rst 1 3, though 
more organ ised, and "graduation " 
took place i n  January 1 984, when they, 
too, were assigned to Space Division 
S POs. 

During 1 984 there was some attri­
tion : Com mander Vidrine reti red i n  
October a n d  one officer was dropped 
from the programme. 

Assignments 
MSEs ga ined their fi rst m 1ss1on 

experience working with astronauts T. 
K. Mattingly and Henry Hartsfield, the 
crew of STS-4, the last shuttle orbital 
test fl ight, which carried the P-80-1 
experiment package. MSEs Sefchek 
and Watterson worked on the payload 
whi le Casserino, Detroye and Payton 
acted as "paycoms" (payload corn-

David Thompson 
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municators) at the Air Force Sate l l ite 
Control Faci l ity in Sunnyvale, Cal ifor­
nia.  The best known of the "secret" 
experiments, a sensor known as CIR­
RUS, fai led to operate as planned ( 1 1 ] . 

Just prior to STS-4, i n  June 1 982 the 
fi rst payload special ist selection board 
named seven MSEs as prime or backup 
candidates for three different shuttle 
missions scheduled for 1 983 and 1 984: 
STS-1 0  (Payton/Wright), STS-1 5  (Oe­
troye/SundbergJWatterson)  and STS-
1 6  (Casserino/J oseph) .  Reported 
payloads i ncluded a TRW/Defense 
Support Prog ramme early warning 
satel l ite as wel l  as two i nte l l igence 
sate l l ites, some of which were 
designed to be boosted into geosyn­
chronous orbit by the Boeing i nertial 
upper stage fol lowing release from the 
shuttle. The mUitary payload 
specia l ists wou ld  observe sate l l ite 
deployments and IUS firings, and 
operate scientific experiments ( 1 2] .  

Delays 
On Apri l 4, 1 983 during deployment 

of the fi rst Tracking and Data Relay 
Satel l ite from STS-6, the IUS suffered a 
fai lu re which had serious repercus­
sions on the MSE program me, forcing 
massive changes in  the m i l itary 
payload manifest : STS-1 0 was 

Scon Yaekel 
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i m mediately cancel led, fol lowed i n  
February 1 984 b y  STS-1 5  (then desig­
nated M ission 41 -E) and i n  Apri l 1 984 
by STS-1 6  (Mission 41-H) .  

I n  fact, the STS-1 0  payload, widely 
reported to be a TAW/National  Secu rity 
Agency ELI NT sate l l ite cal led M ag­
num, was configu red only for shuttle 
launch with IUS and could not be can­
cel led - it had to be s l ipped from one 
shuttle IUS slot to another. 

Pub l ished reports have stated that 
the orig inal  STS-1 5/Mission 41 E and 
STS-1 6/M ission 41 H payloads were 
dualconfigured for shuttle or  Titan and 
s imply shifted from one system to the 
other - the 1 5/41 E for a January 
1 984 Titan, the 1 6/41 H to one launched 
in  December 1 984 ( 1 3] .  Other sou rces 
indicate, however, that 1 5/41 E  was 
s imply cancel led whi le 1 6/41 H was 
postponed indefin itely. 

In  any case, because of Magnu m's 
importance, the DoO exercised its 
" launch on demand" option, pre­
empting the next shuttle/IUS spot on 
the manifest, M ission 5 1 C, which was 
i ntended to launch the civi l ian TORS-B. 
TDRS-8 was moved to M ission 51 E. 

The second MSE selection board, i n  
the summer o f  1 983, confirmed the 
assign ment of Maj. Gary Payton as 
prime PS and M aj.  Keith Wright as bac-
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kup PS for what was then STS-1 5. lt 
a lso named Capt. Frank Casserin.o as 
prime PS with Maj. Daryl Joseph as 
backup for STS-1 6. 

At this time there was a brief and 
unsuccessfu l attem pt to place MSEs on 
"civiJ ianw shuttle missions for which 
DoD was contrib"'ting funds. Comman­
der Vidrine became a candidate for PS 
u observerw on STS-1 3/Mission 41 C, 
the Solar Maximum Mission rescue, 
and even went through fl ight s imula­
tion& with the astronaut crew corn­
manned by Capt. Robert L. Crippen 
(USN).  

In  March 1 984, however, one month 
before scheduled launch, Maj. Gen. 
Kulpa's successor as Space Division 
DCSO, Maj. Gen. Ralph G .  Jacobson, 
refused to authorise Vidrine's fl ight, 
c la iming it had " no va lue" to the Air 
Force, and pu l led h i m  from the crew. 

A year ear l ier, in March 1 983, Jacob­
son had summoned Christia n  and the 
fi rst cadre MSEs to his office for what 
came to be known as "the Satu rday 
Morning MassacreH .  Jacobson was 
concerned about shuttle launch delays 
and wanted the MSEs to understand 
that h is  mission, i .e . ,  the launch of 
national secu rity payloads, dwarfed 
their mission, fl ights in space by Air 
Force personnel .  

lt should be noted that the DoD 
always i ntended to c;:hoose shuttle 
payload specia l ists from other services 
and commands. Civi l ian · Navy 
oceanog raphers Pau l  Scu l ly-Power 
and Robert Steverison were selected i n  
early 1 984; Scu l ly-Po�r went into 
space that October aboard Mission 
41 G i n  p lace of Stevenson, the orig ina l  
fi rst choice. Stevenson was re-man­
ifested for a series of shuttle missions 
beginn ing with STS-1 5  and was final ly 
assigned to Mission 61 K, schedu led for 
1 986, on ly to see it cancel led fol lowing 
the "Chal lenger" disaster. 

In late 1 985 three officers from the 
Ai r Weather Service were selected for 
another 1 986 shuttle fl ight, the 
Weather Officer i n  Space Experiment 
(WOSE).  The Navy also i ntended to fly 
a command, control and com munica-
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tions specia l ist in 1 987. These were in  
addition to  MSE and "dignitaryw 
payload specia l ists such as Air Force 
Undersecretary Edward Aldridge and 
Gen. Lawrence Skantze of the USAF 
Systems Com mand. 

Conflict 
The Vidrine i ncident was just one 

sign of the continu ing struggle with in  
the  Ai r  Force over the  va lue of the shut­
tle versus expendable launch vehicles. 
Hans Mark and Maj. Gen. Ku l pa had 
championed mi l itary man-in-space 
ac�ivities, but their successors, notably 
Edward u Petew Aldridge, were doubt­
ful that the' shuttle would ever be rel i ­
able· enough for operational m i l itary 
needs [ 1 4) .  Aldridge successfu l ly 
fought for the purchase of 1 0  addi­
tional Titan expendable launch vehi­
cles i n  1 985 and saw his judgement 
vindicated when the shuttle "Chal­
lengerw exploded, g rounding the prog­
ramme for a lengthy spe l l .  

Even among Ai r Force space propo­
nents, opinion on the shuttle was shar­
ply d ivided. Some officers had a clear 
vision of its usefu lness for mi l itary 
activities whi le  others scorned it as a 
fragi le research vehicle. The shuttle 
a lso suffered from the " n ot invented 
hereu stigma [ 1 5) .  

The MSE programme provided a 
focus for th i.J debate, becoming,  in the 
words of o'ne MSE, "g rist" .  Some 
senior Space Division officers sup­
ported the programme wh i le  others 
did not. Cadre commanders, notably 
Col. Mart H. Bushnel l  (who succeeded 
Vidrine in 1 984), lobbied u nsuccess­
fu l ly for additional  officers and for SO 
support with NASA, which had the 
a l ready noted reservations about the 
MSEs [ 1 6) .  

I n  1 983 there was an attempt to give 
the MSE programme more clout i nside 
the Ai r Force and NASA with a single 
stroke when Space Division officials 
asked astronaut John Fabian, a USAF 
colonel detached to NASA and veteran 
of STS-7, if he would consider return­
ing to Space Division to head the 
g roup, but Fabian decl ined [ 1 7) .  

Frank DeArmond 

The low poi nt of MSE morale was 
probably the last months of 1 984. I n  
October, t h e  thi rd selection board 
named Maj. Brett Watterson and Capt. 
Randy Odle as prime payload 
special ists and Capt. Michael Mantz as 
backup for shuttle M ission 62A, the 
fi rst Vandenberg-launched orbital 
f l ight test. Also named were Capts. Wil­
l iam Pai les (prime) and M ichael Booen 
(backup) for another DoD launch-on­
need payload schedu led to be 
launched in the autumn of 1 985. But no 
one knew for certain just when these 
missions would be flown. The Payton/ 
Wright and Casserino/Joseph teams 
were sWI on the g round and at least 
three other payload specia l ist slots had 
been permanently lost. Selection of 
eight or n ine new officers for a 1 985 
third cadre was halted. 

Worse yet, Air Force Secretary Ver­
n be Orr issued a pol icy statement 
designed to e l iminate u homestead­
ingH  - that is, USAF officers should 
spend no more than fou r  years at one 
particular  station. Officers remain ing in 
one place for greater lengths of time 
would be penal ised when promotions 
were made. 

By this time, of course, all MSEs had 
been at Space Division for at least fou r  
years. Some officers, l i ke Watterson 
and Sefchek, had spent as many as 
eight years at SO. Those MSE s without 
fl ight assignments immediately made 
plans to look for other work, and by the 
summer of 1 985, all but Watterson, 
Casserino and Sefchek had transfer­
red. 

Final ly, on January 24, 1 985, MSE 
Gary Payton went into space aboard 
the Discovery on M ission 51 C. N ine 
months later, second cadre MSE Pai les 
was aboard the first fl ight of the shuttle 
Atlantis on M ission 51J .  

Just th ree weeks prior to  51J ,  i n  
September 1 985, Space Division 

· a nnounced publ icly that MSE Watter­
son would fly aboard shuttle m ission 
62A, the fi rst manned launch from Van­
denberg AFB [ 1 8) .  Th is was a break i n  
procedure, since Payton a n d  Pailes had 

(Above) The crew of the first DoD 
dedicated shuttle mission, STS 51 -C. 
( Kneeling right) Thomas Mattingly, 
commander, and (kneel ing left) Loren 
Shriver, pilot. (stlrlding left to right) 
Gary Payton, Manned Space Fl ight 
Engineer, James Buchl i  and Ellison 
Onizuka, mission specialists. 

(Below) The crew that never flew. 
Mission STS 62-A was to hpve been 
the first shuttle fligllt from Vanden­
berg Air Force Base. The flight was 
cancelled following the Challenger 
Accident. ( Froot row, left to right) 
pilot Guy Gardner and mission 
specialists Richard Mullane, Jerry 
Roa and Dale Gardner. ( Back row 
left to right) Air Force Undersecret­
ary Edward Aldridge, commander 
Robert Crippen and Manned Space 
Flight Engineer Brett Watterson. 
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only been identified at launch-minus-
30 days [ 1 9). 

The week after Pai les' fl ight, on 
October 9, 1 985, SD final ly disclosed 
the names of the remaining "active" 
. MSEs:  

Capt. M ichael Booen 
Capt. larry James 
Maj . Charles Jones 

Capt. Maureen laComb 
Capt. M ichael Mantz 

Capt. Randy Odle 
Capt. Wil l iam Pailes 

Capt. Craig Puz 
Capt. Glenn Yeakel 

This l ist does not include Lt. Col.  
Payton or Maj.  Watterson, who had 
been publ icly identified, or  Capt. Cas­
serine, who had not, because these 
officers were sti l l  assig ned to Specia l  
Projects. They were not forma l ly 
associated with the MSE programme, 
though they remained el ig ib le for 
assignment to shuttle crews. Second 
cadre officers Armor, Holder, Roberts 
and Thompson were also assigned to 
SP. 

The question of publ icity i n  itself 
mirrors the debate over the va lue of the 
MSE progra mme. Officers selected for 
the fi rst cad re i n  1 979 were, i n  some 
cases, identified through the Penta­
gon's hometown press service and not 
instructed to keep their new assign­
ment secret. Maj. Payton's biogra phy, 
identifyi ng h im as a manned spacef­
l ight engineer, was publ ished in Janes' 
Who 's Who in Aerospace and Aviation 
in 1 984. The new MSEs were under the 
i mpression that the Air Force, as it had 
with the X-20 and MOL pi lots, was 
going to publ icise their existence. "An 
announcement was to be made 'any 
day now' ";  one of them says, " but that 
day never came".  Apparently some 
men sent out the news with their  •, 
Christmas cards i n  December 1 979, 
only to be told to reca l l  them. 

Existence of the group (which was 
orig ina l ly organised as a Special Pro­
ject) rem(\i ned secret, by and la rge, 
u nti l  late 1 982, when various publ ica­
tions ranging from the Houston Post to 
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Aviation Week disclosed the fact that a 
"secret cadre" of 1 3  officers was tra in­
ing  as shuttle payload specia l ists. 

The Aviation Week story appeared 
as NASA named an astronaut crew 
commanded by Navy Capt. T. K. Mat­
t ingly to STS-1 0, then schedu led for 
launch in November 1 983. MSEs 
Payton and Wrig ht a lso began to tra in  
with astronauts Mattingly, Shriver, 
Onizuka and Buch l i ,  a fact which was 
surely known to hundreds of civi l i an  
employees of  the NASA Johnson 
Space Canter. 

· 
MSE Pa i les, who found h i mself fro­

zen out of certa in  crew functions and 
forced to  i nvent cover stories to  exp­
la in  h is  presence at JSC, would later 
p ropose a change in secu rity pol icies 
to a l low for disclosu re of the MSE at 
the same time the NASA crew was 
annou nced [20). 

In May 1 983 Space Division issued a 
press release confirming the existence 
of the MSE g roup and stating that 27 
officers had been tra ined. lt was 
rumoured that SD was now wi l l i ng  to 
provide pictures and biograph ies of 
the MSEs, but, again,  no release was 
made and queries were met with 
s i lence (MSE biographies eventua l ly 
obta ined by the author some years 
later were a l l  dated May 1 983) .  

One MSE sugges�s that publ icity for 
the group would have impl ied a g rea­
ter level of Air Force support for the 
programme than actual ly existed. In 
any case, it was not Uflti l reports 
appeared in the press concerning the 
Pentagon's secret cadre of "soldier­
astronauts" [21 I that official clarifica­
tions were made. 

By N ovember 1985, experience with 
two successfu l DoD-dedicated shuttle 
missions had a l lowed the Ai r Force and 
NASA to reach mutual agreement on 
dea l i ngs concerning secu rity, · man­
ifestiOQ and other issues. In  add itibn to 
the oft-delayed Vandenberg Orbital 
F l ight Test, Mission 62A, five other 
dedicated missions were scheduled to 
be flown up to May 1 987. The first two 
launches of N avstar GPS sate l l ites 
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were a lso scheduled. The fourth MSE 
selection board met that month and 
assigned five officers as prime payload 
specia l ists for the six new fl ights : Cas­
sari no, James, Jones, Roberts and Puz . 
Capt. Larry James wou ld  make two 
fl ights with N avstar. Plans for the 
selection of a th ird cadre, cancel led i n  
1 984, went ahead. l t  appeared that the 
MSE programme was a bout to be vin­
dicated. 

Then, on January 28, 1 986, the shut­
tle "Challenger" exploded during 
launch. 

Aftermath and The Third Cadre 
During the spring of 1 986, as the 

American space programme suffered 
through a seige of fai l u res and reap­
praisal ,  Air Force space managers 
decreed that MSEs wou ld  no longer 
accom pany certain  payloads on shut­
tle launches. This l ist included TRW 
Defense Support Program satel l ites i n  
addition t o  the previously-mentioned 
DSCS and Navstar �PS payloads. The 
primary reason cited was concern for 
safety. MSEs wou ld  continue to tra in  
for fl ights with selected national  sec­
u rity payloads, with the Strategic 
Defense I n itiative's "Star lab" (vari­
ously known as the Tracking and Poi nt­
ing  Exercise or TPE, PATIE, and Blue 
Spacelab) and with DoD scientific 
experiment packages. 

Col. Bushnel l  was reassigned i n  
March and succeeded as Director of 
Manned Spacefl ight Support by Lt. 
Col. Pai les, the ranking MSE. The five 
members of-the th ird cadre arrived o n  
Apri l 30, 1 986, t o  beg in  their i n it ia l  
tra in ing .  They had been selected from" 

over 500 appl icants the previous 
August :  

Capt. Joseph J.  Caretto (29) 
Capt. Robert B. Crombie (32) 

Capt. Frank M .  DeArmond (31 I 
Capt. David P. Staib, J r. (301 
1 lt. Teresa M. Stevens (251 

Four of the new officers had opera­
tional  space backgrounds :... Car­
retto and Stevens had worked as shut­
tle fl ight contt o l lers with the 1 st Man­
ned Spacefl ight Support G roup at the 
NASA Johnson Space Canter whi le  
Staib  had been an  IUS control ler at 
Cape Canavera l and DeArmond a satel­
l ite control officer at Sunnyvale. Crom­
bie was a fl ight test engineer. They 
completed tra in ing i n  January 1 987. 

The revised shuttle progra m me 
manifest issued in l ate 1 986 cal led for 
five dedicated DoD missions in the fi rst 
yea r  of resumed operations, presuma­
bly providing opportunities for fl i ghts 
by several MSEs. Yet just fou r  weeks 
later, NASA Adm i n istrator J ames 
Fletcher announced that the fi rst five 
shuttle missions,  i ncluding two DoD 
fl ights, wou l d  be flown by five­
member NASA astronaut crews only. 
Fletcher further expressed the desi re to 
keep PSs of a l l  kinds off shuttle fl ights 
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The crew of the second OoO dedicated shuttle mission STS 51-J. ( front centre) Karol Bobko, commander, (front right) Ron Grabe, 
pilot, ( rear left) Wil l iam Pailes, Manned Space Flight Engineer, ( rear right) Oavid Hi lmers and (front left) Robert Stewart, mission 
special ists. 11/ASA 

for the next 20 missions, " . . .  if not 
forever" [22) .  At the same time, the 
NASA astronaut office was lobbying 
for the e l imination ol payload 
specia l ists, with the possible exception 
of Spacelab-type missions, on which a 
single PS wou ld be included. 

Nevertheless. �n  Apri l 1 987 a new 
payload specia l ist selection board 
named Maj. Cra ig Puz arld Capt. Mau­
reen LaComb as pr ime payload 
specia l ists for the Starlab mission 
schedu led for 1 989 or 1 990, a decision 
which was announced publ icly in 
October. Later i n  1 987 Space Division 
fina l ised plans to send two MSEs i nto 
space with a payload consisti ng of the 
long-delayed AFP 888 Tea l  Ruby satel-
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COR R ES PO:'l i) E � C: E  

Prospero Picture Found 
l'n Correspondence, June 1 988, Geoffrey Bowman wrote 
about his unsuccessful attempts to locate a true photograph 
of the launch of Britain's tint satellite Prospero. Michael 
Crowe a Spaceflight reader in Australia has obtained a copy 
of the i l lusive photograph which we have reproduced here in 
full colour. 

Geoffrey Bowman's original letter: 

Sir, Fol l owing the launch of " Prospero" ,  the fi rst and on ly a i i ­
British sate l l ite on October 28 ,  1 97 1 ,  I made n u merous 
efforts to obtai� a photog rap h  of the event. I contacted vari­
ous contractors and government departments without suc­
cess. They al l  apologised for being u nable to supply " Pros­
pero " launch photographs, and instead sent me n u me rous 
photographs showing the unsuccessfu l Black Arrow launch 
i n  September 1 970. . � . On at least two occasions, Spacef11ght has pub l ished 
photographs pu rporting to show the " Prospero" launch 
(January 1 972, front cover; and  Apri l  1 986, p. 1 58). I n  each 
case the l i g ht ing ang les and shadows clearly show that 
photog raphs of the September 1 970 launch h ave been used. 
Th is confusion may h ave arisen because the 1 970 photo­
g raphs appear to have been i ssued to the press in a nticipa­
t ion of the lau nch of " Prospero . "  One copy in my possession 
is  c lear ly label led : " Brita in 's B lack Arrow wi l l  l aunch Pros­
pero from Woomera, Austra l i.a . "  

lt would  therefore su rprise me i f  Spaceflight readers (my­
self i ncluded) h ave ever seen a photog raph of Britian's one 
and on ly satel l ite launch,  which seems most i ron ic. Can you 
now remedy matters, a l beit 16 years after the event? If the 
Society can trace a genuine " Prospero" lau nch photograph ,  
i t  surely deserves pride of p lace i n  a futu re issue o f  Space­
flight .  

GEOFFREY BOWMAN 
Belfast N .  I re land 

Michael Crowe answen Mr Bowman's request: 

Sir, As requested by Geoffery B'owman (Spaceflight, June 
1 988, p.527) I have traced a 'genu i ne' Prospero launch 
photograph  (Negative No : C N 7 1 /1 59) .  

The lettering on the side of  the rockf!t positively identifies 
it as being  the R3 Black Arrow launch veh icle that placed 
Prospero, Brita in's one and on ly sate l l ite, i nto orbit [1 ) .  

Without such means o f  identification o n e  would  need to 
employ the same kind of detective work that Geoffrey 
Bowma n  d id  in trying to d istingu ish one B lack Arrow 
lau nch from a nother. 

To lend some credence to his ca refu l scrutiny of the 
'Prospero' photog raphs Spaceflight has publ ished, 
(January 1 972 and Apri l 1 986, p. 1 58),  com pa re the photo­
g raph of the R2 launch with that of the R3. Without the 
letteri ng they wou ld  be very difficult to d isti ngu ish .  

I n  fact, after exa m i n i ng some of  the other 'Prospero' 
l aunch photographs that have been publ ished [2,3) -
i ncredib le  though it may be - it seems that a l l  were 
probably of the R2 B lack Arrow launch ! 

L ike the now 'famous' Armstrong-on-the-Moon photo­
g raph (Spaceflight, December 1 987, p .  428 and J u ly 1 988 
p.  284-285) has the Correspondence page cleared u p  
another h istoric oversight? 

May I conclude by thanking Frank Chapman of the Sti l l  
Photog raphy Section, Defence Science & Technology 
Orga n isation,  South Austra l ia ,  for kindly provid ing me 
with these photographs.  
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•The genuine Prospero launch photograph. The Black Arrow R3 launches Britain's f irst satel l ite. 

The launch of the Black Arrow R2 vehicle. The R1 1ift-off in March 1 970. 
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