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PREVIEW 

Nlid-Niarch Launch 
for Discovery 

This month Spaceflight continues 
its extensive coverage of shuttle 
missions with a preview of the 
next flight, STS-29. During the 
five day flight, Discovery's crew 
will deploy the third Tracking 
and Data Relay Satellite (TORS) 
and conduct a number of 
scientific experiments. 

STS-29 Crew 
Discovery's crew consists almost 

entirely of the crew for STS 6 1-H, due 
for launch in June 1986, but cancelled 
after the Challenger accident. Discovery 
is to be commanded by Michael Coats, 
who previously flew as pilot on the 
orbiter's maiden flight, in August 1984. 
Coats was born January 16, 1946, he 
join�d NASA in 1978. Pilot John Blaha 
will be making his first space flight. 
Blaha enrolled to be an astronaut in 
1980, he was previously an Air Force 
test pilot. Blaha was born on August 26, 
1942. 

The three remaining crew members 
are mission specialists. James Buchli 
rode the shuttle into orbit on two 
previous occasions: STS 51-C in January 
1985 and STS 61-A in October 1985. 
Buchli was a test pilot and aeronautical 
systems engineer before becoming an 
astronaut in 1978. He was born on June 
20, 1945. Robert Springer is making his 
first trip into space. Born on May 21, 
1942, Springer was an operational test 
pilot before joing NASA in 1980. James 
Bagian is the only crew member not to 
be transferred from the cancelled STS 
61- H. He was scheduled to fly on STS 
61-1 in September, 1986, the mission 
was also cancelled. STS-29 will be his 
first space flight. Bagian, a medical 
doctor, was born on February 22, 1952 
and joined NASA in 1980. 

Launch Preparations 
The launch of Discovery has been 

postponed until mid-March after 
cracks were found in one of Atlantis' 
main engines. The cracks were located 
in the high pressure turbopump of 
�ngine No.3. The damage is believed to 
have been caused when moisture formed 
in the pump during manufacture. As 
a precaution, it was decided that pumps 
manufactured by a new process should 
be used on STS-29. Rocketdyne, the 
manufacturers of the engine, worked to 
prepare the new pumps, which were 
tested at the Stennis Space Center 
before bei� transported to the Cape. 
All three turbopumps were expected to 
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STS-29 Mission Specialist James Bagian 
during emergency egress training at the 
Johnson Space Center. NASA 

arrive at the Kennedy Space Center 
before February 17. The old turbo­
pumps were removed from Discovery 
on the launch pad. 

Discovery was rolled over to the 
Vehicle Assembly Building (VAB) from 
the Orbiter P rocessing Facility (OPF) 
on January 23. The move was delayed 
by 24 hours because of torrential r�in in 
the Cape Canaveral area. After arrival, a 
small nick was discovered in the 
orbiter's right outboard man landing 
gear tyre. The tyre was replaced before 
the vehicle was hoisted vertical for mat­
ing. 

At 6:00am EST on February 3, 
Discovery was rolled out to pad 39B. 
The STS-29 crew rode the Mobile 
Launch Platform for part of the slow 
move to the pad. 

Countdown Demonstration Test 
The five STS-29 crew members took 

part in a countdown rehearsal at the 
Kennedy Space Center on February 7. 
The countdown included a simulated 
main engine ignition at 11 :37am EST. 
The test gave the astronauts and the 
ground crews a valuable practice run. 
A number of malfunctions 'oNere intro­
duced during the course of the test, 
including a complete engine shutdown 
before lift-off. 

The previous day the astronauts had 

practiced emergency egress from the 
orbiter and launch pad. 

TDRS.D 
Discovery's primary payload for 

STS-29 is the T DRS.D satellite. Two 
of these satellite are already in orbit, 
the first launched by Challenger in April 
1983, the second was launched in Sept­
ember of last year. A third satellite was 
lost onboard Challenger in January 1986 
1986. ( For full details of the TORS 
system see Spaceflight, November 1988, 
p.443). 

The TORS satellite is to be deployed 
by Discovery during orbit 5, about six 
hours, 13 minutes into the flight. Back· 
up opportunities for deployment occur 
during orbits 6 and 7, and also the 
following day. After the satellite has 
been deployed, Commander Coats will 
distance Discovery from the satellite 
and its IUS booster. To protect the 
orbiter windows from the IUS ignition 
Discovery will be turned so its belly 
faces the satellite. The first stage ·
ignition will occur an hour after deploy­
ment, the second stage will fire 12 
hours, 26 minutes into the flight. 

TDRS.D is to take over the work of 
TDRS- 1, which is now six years old. 

SHARE 
The Space Station Heat Pipe 

Advanced Radiator Element (SHARE) 
is being developed to cool the space 
station Freedom, the first full scale test 
of the system will take place on STS-29. 
The 15.5 metre long radiator occupies a 
sill on the starboard side of the payload 
bay (the sill was originally intended to 
carry a second remote manipulator arm, 
but to date shuttle flights have carried 
just one arm, mounted to the port side). 

During the orbital tests, three 
electrical heaters will warm the evapor­
ator end of SHARE. In the evaporator, 
a fine wire-mesh wick that works on the 

(Top) Discovety will be manned by 
these five astronauts. (Front row) 
Michael Coats (right) and John 
Blaha, (left to ri!ttt back row) 

. .lames Bagia'l, Robert Springer 
- .lames Buchli. 

· (Bottom) A little known part of 
; shuttle training - fire fighting. The 
! STS-29 crew are seen here exting-
uishing a blaze. 
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same principle as the wick of an oil lamp 
will pull liquid ammonia from the smaller 
pipe into the larger pipe, where it is 
vapourised by the heat. The vapour will 
carry the heat the length of the radiator 
through the large vapour pipe. The 
radiator element dissipates the heat into 
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space, leaving cooled condensed 
ammonia. Small circumferential grooves 
on the wall of the larger pipe allow con· 
densed ammonia to drop back through 
the narrow slot into the smaller pipe, 
which recirculatas the liquid ammonia 
back to the evaporator. 

An early heat pipe experiment flew 
aboard STS-8 in August 1983. Although 
it was small in scale it demonstrated the 
concept's potential. The SHARE experi· 
ment was scheduled to fly in 1986 but 
has been delayed by the halt in shuttle 
flights. 

During STS-29, crew members will 
switch on the heaters using \!Ontrols in 
the aft flight deck. The experiment's 
two 500.watt heaters and one 1,()()(). 
watt heater are controlled individually 
and will be switched on in turn, 
applying heat that-will increase steadily 
in 50().watt increments up to a 
maximum of 2,()()()..watts. 

The experiment will be activated for 
two complete orbits in each of the 
different attitudes, the first with the 
payload bay towards the Earth and the 
second with the Orbiter's tail towards 
the Sun. 

For space station Freedom, 50 to 100 
radiator panels such as the SHARE 
would make up two arrays along the 
station's truss structure. Each radiator 
will operate independently, thus prevent· 
ing the failure of a single panel from 
disabling an entire array. 

If the SHARE tests are successfully 
conducted, the next step will be to 
evaluate methods for the assenble of the 
panels in orbit. 

Final Shuttle Booster Test-----, 
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The final test firing of a full-scale space 
shuttle Solid Rocket Booster (SRB) was 
successfully conducted on January 20. 
The firing took place at the T-97 test 
stand at Morton Thiokol's facility 25 
miles west of Brigham City, Utah. 

The test marks the completion of the 
three-year SRB redesign programme. 
The booster's field joints, which connect 
the motor segments, each had the 
capture feature tang-and-clevis design, 
with three Viton 0-rings and an 
adhesively bonded J-shaped deflection 
relief slot, which reduces stresses and 
also increases the sealing action of the 
bonded surfaces. 

The T-97 test stand features a hanger 
which can be moved to enclose the SRB. 1 
Inside the temperature of the booster 
can be accurately controlled. For a 
period of 30 days prior to the test firing 
the air around the booster was chilled to 
-6 degrees C. When the hanger was with· 
drawn, before the firing, the average bulk 
propellant temperature was 4 degrees C. 
This is several degrees cooler than any 
expected motor temperature at launch. 

Joint heaters mounted around the 
motor case at each field joint, are 
thermostatically controlled to maintain 
a minimum joint temperature of 24 
degrees C. In addition, the igniter joint 
heaters maintain a minimum temperature 
of 19 degrees C and the aft skirt was 
conditioned with heated air to assure a 

minimum case-to-nozzle temperature of f series of dynamic loads were applied 
24 degrees C. ! thrcxq, the ET attach struts to simulate 

Unlike some previous test firings. this ignition, lift-off and-flight loads. 
booster did not contain intentional ! The OM-8 motor was fitted with more 
manufacturing or assembly defects. The ! than 600 instruments to measure 
motor was equipped with a flight design I acx:eieration. pressure, deflection, thrust, 
External Tank (ET) attachment ring. strain, temPerature, electrical properties 
Three hydraulically actuated struts, and other concitions. 
which simulate the motor's connection Although the initial reports say the 
to the ET, were attached to the ring. test was a c:omple1e sucx:ess, it will be 
During the motor firing, a progranvned • some time before this can be verified. 
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Neville Kidger continues his Mir 
Mission Report with full details 
of the joint Soviet/French 
mission. His report includes the 
space walk to erect the ERA 
stucture, and the return to Earth 
of cosmonauts Vladimir Titov 
and Musa Manarov, who spent a 
record breaking year in orbit. 

Orbital Experiments Begin 
Medical and biological experiments 

were prominent amongst the first day's 
work on the complex, November 29. With 
the Echograph ultrasound instrument 
Cretien monitored his cardiac activity and 
the flow of blood through the vessels of his 
inner organs. The unit is an improved 
version of the one used by Cretien on 
Salyut 7 in 1 982 and Patrick Baudry on the 
Shuttle 51 -G flight in 1 985. Images of the 
heart are displayed on a small screen 
during the tests and these are videotaped 
for later study. 

Combined with the Echography tests, 
biochemical experiments under the code­
name Medilab used col lected plasma and 
urine samples to study hormonal changes 
experienced by the cosmonauts during 
the flight. The plasma would be studied 
from blood samples collected by means of 
a Czechoslovak-made instrument. The 
blood was then to be placed into a 
centrifuge to separate out the plasma 
which would then be put into a freezer. 
Two sets of samples were to be provided 
- Cretien and a Soviet cosmonaut- so that 
laboratories in the USSR, France and 
Czechoslovakia could analyse the plasma 
and urinejogether with samples collected 
before and after the flight. 

Michel Tognini, Cretien's reserve later 
told reporters thatthere had been problems 
with the col lection of the samples. 

Officials admitted that the six men in 
Mir were working in a crowded 
environment. A TV shot of Cretien wired 
up to another experiment showed a maze 
of cables and wires. The operation of the 
experiments was also reportedly straining 
Mir's power supply. 

Another novel experiment conducted 
during the first working day also involved 
the Echograph unit. By attaching an optical 
tunnel to the video screen of the unit and 
linking up a mini-joystick the unit could be 
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used for coordination tests of the subiect 
under the Vinimal codename. Tile 
EchographNinimal combination had a 
total weight of 165kg. 

At least six sess1ons of work involving 
four scientific objectives were planned for 
the flight with the first session being on 
November 29. 

The Circe and Ercos units;designed to 
register radiation levels in the complex 
and their effect on electronic components, 
were placed on the walls of the station. 

The astronomers on Earth also used 
the complex to conduct seven observation 
sessions with the Roentgen obsenratory . 
on Kvant. They studied the Supernova in 
the Large Magel lanic Cloud as part of the 
long-term astronomy progcamme. 

The Soviets said that recent 
observations of the supernova had 
revealed that the output of hard X-rays 
had decreased noticably compared to the 
output at the start of 1988. They linked the 
decline to the decay of radioactive cobalt. 

On November 30 Cretien conducted 
more Echography tests. He donned the 
Chibis pneumatic suit during this session 
to simulate the pul l  of Earth's gravity. 

During this day the first use was to be 
made of the Physalie experiment which 
used a number of devices to determine 
the

_ 
body's sensory-motor physiology in 

weightlessness. The equipment used 
reg

_
ist�red numerous physiological signals 

wh1ch mcluded the bioelectrical activity of 
the heart, muscles, eyeballs and limb 
movements simultaneously. The subject 
was also videotaped in stereo. 

Befo�e the flight, Cretien had reportedly 
complamed about the complexity of the 
experiment with a total mass of 75 kg In 
space he reported that the equipment 
took up to 2.5 hours to set up. Describing 
his problems he noted that the complex 
experiment made the ·men feel like 
laboratory animals and that if the windows 
on Mir opened, then Physalie would be 
thrown out of them! 

The equipment was to be used over 
ei�ht �':lys o� th� joint flight with six major 
sc1ent1f1c objectives being studied. 

Okeans Prepare for Return 
On December 2 the Soviets said that 

Titov and Manarov were undergoing 
specia l  t ra ining to adapt the i r  
cardiovascular systems and muscles to 
loads they would encounter on Earth. The 
regime had become "particularly rigorous" 
in the final month before the reentry. 

The men continued to wear their 
Penguin load suits almost the whole of 
their waking hours. The Chibis suit was 
used often to condition their cardio­
vascular systems and water -salt additives 
help the men to retain liquid 
and thus increase the amount of 
blood in their circulatory systems. 

Or Anatoli Grigoryev said that the men 
had experienced slight changes in their 
weight and shin sizes. But these did not 
exceed those encountered by Yuri 
Romanenko during his 326-day flight in 
1987. He said it was necessary for the two 
to keep up their exercise programme just 
as effectively now as they had done for the 
previous portions of the flight. 

On December 4, breaking off from their 
work, the men held a press conference. 
Cretien told journalists that he felt better 
than he had during his first flight in 1 982. 
"Whereas during the previous space 
mission I was afflicted by space motion 
sickness, though in a slight form. now I did 
not feel any sickly sensation," he said. 

In TV coverage of the flight the Soviets 
showed that FCC had been adorned with 
advertising placards along the base of the 
display screens. Other reports said that 
the French had turned down suggestions 
that Cretien should carry advertising on 
his space suit. French officials were against 
that in case the cosmonaut resembled a 
racing car driver! There were also 
suggestions that adverts should be placed 
on the walls of the Mir station .  

On December 8 a group o f  over 50  
diplomats from 47  countries visited the 
FCC to view its facilities. They were given 
a tour by Aleksandr Dunayev the head of 
Glavkosm

_
os, and Vladimir Lobachev, the 

centre's dtrectQr. 
The head of the delegation, the 

Senegalese ambassador, spoke briefly to 
the joint crew. After addressing them as . 
"ladies and gentlemen" he wished them 
every success. The crew thanked the 
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Computer simulations of the ERA structure in the stowed position (left) and after deployment 
(right). CNES 

diplomats for their interest and apologised 
for having to cut the discussions off after 
a short reply - the cosmonauts were 
preparing for the EVA of Volkov and 
Cretien the next day. 

EVA for ERA 

in inflatable modular structures which 
can be made rigid. 

• DIC and DMC, studying the nature 
and distribution of dust in space with 
one active and one passive collector.  
The active detector measures particle 
flows. 

• MCAL, studying the evolution of solar 
absorptivity and emissivity over time of 
white paints to refine mathematical 
models. 

Cretien attached the container to the 
handrails by means of hooks and springs 
and connected up a container of electrical 
leads to the Mir supply. The lids of the 
containers were then opened to expose 
the samples. Some d ifficulties were 
experienced during this activity. 

The experiment is to be retrieved after 
about si� months exposure to open space. 

Volkov left Mir's hatch at 1 0 33. 

The cosmonauts then moved onto the 
main purpose of the EVA - the erection of 
the E RA structure. 

The total weight of the experiment 
amounted to almost 240 kg and comprised , 
four parts - a control panel in Mir, a 
mounting platform for the structure, the 
deployable structure itself and a f i lming 
block. ( lt  was the largest part of the whole 
"Aragatz''science equipment which totaUed 
580 kg.) 

The mounting platform was set up on 
the conical part of the station between the 
d o c k i ng m o d u l e  a n d  t h e  work  
com partment and was attached to 
handrails. The cosmonauts experienced 
a problem con necting the cable from the 
platform to the control panel inside Mir. 
This further slowed the pace of the EVA, 
which had been expected to last for 4 
hours 20 minutes. 

The deployable structure, in its 
container, was attached to the platform's 
deployable support arm . Plans cal led for 
the arm to be at an angle of 45 degrees 
with the capabil ity of being raised to 90 
degrees if the deployable structure had to 
be manually jettisoned. 

The structure was attached by means 
of a translation and rotation movement 
along the axis of the system by the 
c o s m o n a u t s .  T h e  operat i o n  was 
videotaped by a camera nearby. 

The final operation for the EVA was the 
actual deployment of the ERA. 1t consisted 
of 24 identical prismatic cells made from 
carbon fibre. Each of the cells had three 
parallel bars and 1 2  folding articulated 
bars with a d iameter of 30mm and a 
thickness of 0.4m m .

' 

When deployed, the structure was 1 
metre high with a diameter of 4 metres. 
The deployment from the bundled 
configuration was. expected to take just 4 
seconds and would be videotaped. The 
structufe carr ied acce l e r o m et e rs , 

When Soyuz TM-7 was launched ,  the 
EVA to place the ERA structure on the 
outside of Mir was schedu led to take place 
between 0850 - 1 350 GMT on December 
1 2. During the first days of the flight the 
Soviet and French specialists changed 
their  minds and set the date of December 
9 (the original date when the launch had 
been set for November 21 ). This was to 
allow another EVA on December 1 2  if 
there was a problem with the first attempt 
to attach and deploy the ERA structure or 
problems in jettisonning the structure after 
it had been deployed. Conditions for a 
second EVA after December 1 2  were 
unfavourable, reports said. 

After having checked out their EVA 
suits, early on December 9 cosmonauts 
Volkov and Cretien entered the Mir  front 
docking unit and sealed themselves inside. 
The compartment was depressurised and, 
at 0957 G MT, opened one of the docking 
unit hatches. The complex was over Japan 
at the time. 

The Echanti llons sample bearing rack, fixed to the exterior of the station during the spacewalk. 

Cretien was the first outside, leaning 
out to install handrai ls. Once fully outside 
at 1 01 6  Cretien attached the Enchanti llons 
experiment to Mir's exterior. This was a 
1 5.5 kg container with several sets of 
samples inside. There were five different 
tec h n o l o g ica l  e x p e r i m e nts b e i n g  
performed: 

• Comes, studying the behaviour of 
materials in space amongst them 
paints, reflectors, adhesives, filament 
reinforced composites and optical 
materials. 

• Mapol ,  studying the behaviour of 
polymeric materials u nder exposure 
to space conditions for evaluation of 
their feasibil ity of space appl ications 
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lt will be retrieved after six months exposed to space. CNES 
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MISSION REPORT � 
temperatu re-sensors and electrical cables 
to measure loads on it during and after 
deployment. 

However, when Krikalev, from M ir's 
control panel ,  commande-d the deployment 
the ERA remained tightly bundled. The 
cosmonauts appl ie-d vibration to the 
structure, to no avail .  

With frustration setting in  (one report 
said much swearing was heard), the Soviet 
and French engineers met to decide a 
course of action. Mir  passed out of contact 
with the ground. lt was decided that the 
structure would be cast off u ndeployed if 
it fai le-d on the next attempt. 

But when com m u nicat ions were 
restored, via toe research ship Akademik 
Sergei Korolev, the cosmonauts reported 
that the ERA had deployed. lt later 
emerge-d that Aleksandr Volkov had kicke-d 
the structure several times, against the 
orders of ground control. The F;rench said 
the kick which freed ERA was worth FF50 
mi l l ion.  

With the experiment accomplishe-d, the 
structure was cast off. The men brought 
equipment back into Mir and closed the 
hatch after a 5 hour 57 minute long EVA, 
a new Soviet record. 

Viktor Blagov, deputy flight controller, 
said that work was underway to find out 
why the structure did not deploy. 

Later, Phi l l ipe Coil lard, d irector of 
France's Hermes programme, paid tribute 
to  V o l kov's " C o u ra g e  a n d  • 
resourcefulness" during the EVA. The 
experience, and the flight of Cretien in 
�neral, was helping in the preparation of 
the Hermes project, the first fl ight of which 
is now schedu led for about 1 997-1 998. 

Final Days in Orbit 
During the next few days Volkov and 

Cretien finished the final tasks l inked to 
the EVA. Cretien took part in more me-dical 
experiments and the complex was oriente-d 
in space so that the Kvant module's X-ray 
telescopes could see the supernova. 

Cretien performe-d two experiments with 
a model of a frictionless articulated solar 
panel arm which was being teste-d for use 
on future satel l ites. The experiment, cal le-d 
Amadeus, called for two sessions of 
u nfolding the 28 kg model of the solar arm 
anli for videotaping the results. 

On December 1 4  the crews were 
involved in more experiments with the 
Physalie. Vinimal and Me-dilab equipment. 
Volkov and Cretien were thoroughly 
examined with the Mir's multi-functional 
Gamma me-dical instal lation.  Titov and 
Manarov, their year-long flight drawing to 
a close. had further work-outs with the 
Chibis suit. 

Later in  the day the complex was l inked 
up by TV channels to a studio of the 
French FR-3 station where a group of 
chi ldren from the "Astronaute" Club of 
Young Cosmonauts were waiting to ask 
questions of the cosmonauts. 

Cretien told the chi ldren that after his 
EV A he was glad to report that he had 
quickly regained form . He also told them 
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environment of Mir. 

that the crew had taken pictures of the 
devastated regions of Armen ia, where a 
massive earthquake had claimed many 
thousands of l ives. Cretien said they had , 
learned of the tragedy with "pain and 
sorrow."  

Early on December 15 the cosmonauts 
broadcast pictures of Or Valeri Polyakov 
taking blood samples from.Cretien as part 
of the Minilab experiment. During the day 
Titov and Manrov officially surpassed the 
record of Yuri Romanenko for the longest 
single space fl ight.  He had been in space 
for 326 days 1 1  hours and 38 minutes. 
Titov and Manarov became the offical 
record holders wt)en they passed 359 
days 3 hours and 12 minutes, or 1 0  per 
cent more than Romanenko. 

rn the final f�w days of the joint fl ight the 
cosmonauts took more pictures of the 
earthQuake zone in Armenia and Cretien 
completed his work with the medical 
equipment. Physalie and Vinimal were 
used again. 

The resident crew continue-d their 
preparations for descent and also 
monitore-d how see-ds of wheat and lentil 
were growing i n  their greenhouses on the 
walls of the station. 

On December 19 the systems of the 
Soyuz TM-6 spacecraft were checked in  
preparation for the descent, due on 
December 2 1 . Titov and Manarov would 
land with Cretien. The next day the Soviets 
said that the landing was planned for 0645 
GMT on December 2 1 . 

During December 20 the cosmonauts 
stowed the results of the work they had 
done with photographic and cine films,  
video and magnetic tapes, spectrograms 
and biological objects being placed in the 
descent cabin. 

Titov and Manarov conducted the final 
sessions with the Chibis suit under the 
watchful eye of Valeri Polyakov. 

The Soviets announced that Soyuz 
TM-7 would be re-docked on December 
22. Volkov and Krikalev were checking 
that spacecraft out. 

Return-to Earth 
At 0333 GMT on December 21 Soyuz 

TM-6 with Titov, Manrov and Certien 
aboard u ndocked from M i r's front d ocking 
u nit. TV pictures showed it moving away 
from the complex. The landing t ime was 
now set at 0648. However,  that did not 
happen.  TASS announce-d a delay in the 
landing of three hou rs because of a 
"Disorder of .. . automatic systems." 

Viktor Blagov later explained that the 
fault had arisen due to the faulty interaction 
between some of the new computer 
software with the old package of 
programmes i n  the Soyuz's on-board 
computer. 

He b lamed the problem on a 
programme for protecting an i nfra-re-d 
sensor against i nterference. The sensor 
is responsible for orienting the Soyuz TM 
before retrofire, Blagov said. The new 
programme had been i nserted after the 
problems with the landing of Soyuz TM-5 
in September, with the Soviet and Afghan 
cosmonauts aboard. 

At that time the TM-5's engines were to 
be fired as the spacecraft. passe-d the 
terminator on Earth, but solar rays were 
fal l ing at an angle of 90 degrees to the 
sensor's axis and caused the spacecraft 
to be oriented towards the Sun. 

When the angle change-d, the sensor 
reacted by ordering Soyuz to be oriented 
towards the Earth, but by that time the 
opportun ity fc.r retrofire on that pass had 
been m issed. 

The new safeguard programme had 
been developed to avoid simi lar situations 
in  the future, Blagov said , but ·as it was 
loaded into the computer and tested on 
the ground, the possibility of a computing 
breakdown l ike the one (which occurred) 
today was not foreseen.  

"The computer signalle-d that its memory 
was overloaded, and cut out the landing 
programme. Then,  after consulting ground 
control ,  the crew change-d to a back-up 
programme," Blagov continued. 

"The on-board computer system 
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responsible for descent (then) functioned 
without a hitch. Specialists will now have 
to adjust the programme taking into 
account today's problems," he concluded. 

An American source notes that the 
landing date of December 21 was during 
a period of maximum orbital daylight so 
that there would be no sunrises or sunsets 
to confuse the infrared sensor. 

The cosmonauts changed the 
programme in the computer memory at 
0808 GMT and exactly an hour later fired 
the retro engine of the craft to begin the 
descent as the ship passed over the South 
Atlantic. Retrofire lasted 4 minutes 30 · 
seconds. 

Eight minutes after engine shutdown 
the Orbital Module was cast off (the module 
had been retained due to the experience 
of the Soyuz TM-5 problems) followed at 
0933 by the engine section at an altitude 
of about 140 km. 

The descent cabin continued its 
controlled desent with the use of 
aerodynamic lift. The cabin became 
enveloped in plasma and radio contact 
was lost between 145 to 80 km aEiove 
Earth. The aerodynamic braking cut the 
speed to 200m/sec. 

At 0944, at an altitude of 1 0 km the 
parachute container cover was cast off 
and the parachute system deployed the 
1 ,000 square metre main chute. Contact 
was then established between the cabin 
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and the helicopters of the search and 
rescue service. TV was later shown of the 
cabin under the parachute desending into 
a layer of thick cloud. 

There were five helicopters carrying 
journalists but due to the low cloud ceiling 
(200 metres) the helicopters were told to 
return to Dzhezkazgan airport. Aleksei 
Leonov said that a large concentration of 
vehicles in one area in the conditions 
created by the low cloud and poor visibility 
could create a very dangerou!> situation. 
The search and rescue teams were coping 
well with a reserve plan with the landing 
site having shifted due to the delayed 
landing. 

Soyuz-TM-6 touched down at 0957 
GMT some 180 km south east of 
Dzhezkazgan. Initial reports from the 
landing site said that Titov had remarked 
to the rescuers "lt has been a long time 
since I've been here - a whole year." From 
the controlled environment of Mir the 
cosmonauts alighted into a chilly minus 
14 degrees below zero and a wind speed 
of six metres per second. 

Titov and Manarov hq.d been in space 
for 365 days 22 hours 39 minutes. Cretien 
for 24 days 18 hours 8 minutes. 

The chief of the search and rescue 
service reported that the three men were 
in good health. Cretien was said to have a 
"wonderful" blood pressure of 120/70. 

The cosmonauts , were flown by 

helicopter to Dzhezkazgan and from there 
to Moscow - a 3.5 hour flight - where they 
landed at Star Town. The men were to 
readapt at the training facility rather than 
at Baikonur, as all previous cosmonauts 
had done because of an outbreak of 
hepatitis at the Cosmodrome. TV pictures 
of the men showed them to be happy and 
smiling. 

The men received a message of 
congratulation from President Mitterand 
and were awarded high Soviet and French 
honours. The French awards were also 
made to the reserve crew. 

Redocking Soyuz TM-7 
At 0645 GMT on December 22 Soyuz 

TM-7, with Volkov, Krikalev and Polyakov 
inside, undocked from the Kvant port and 
backed away from the station. The station 
was commanded to rotate 180 degrees 
and, under Volkov's manual control, TM-
7 was redocked with the front of the station 
at 0659. lt was announced that a Progress 
ship would be launched on December 25. 

Progress 39 was launched at 0312 on 
December 25 and docked at 0555 two 
days later with the Kvant port. 

On December 25 the cosmonauts and 
the BBC made British television history 
when, during a christmas show hosted by 
Noel Edmonds, a live link-up was made 
between London and Mir. The three 
cosmonauts answered questions put to 
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French cosmonaut, Jean-Loup Cretien, is lifted from the Soyuz T -6 capsule by the recovery team. 

them through an interpreter by Edmonds 
and showed examples of their food, a 
waste disposal container and the electronic 
organ left by CrEttien. 

Volkov also sent greetings to the people 
of Barnsley, the twin town of his home 
Gorlovka and showed a mascot · "Sam 
Barn"· given to him by the staff of the local 
newspaper in Barnsley. 

Finally, Polyakov wished the viewers 
"A Happy New Year" in English .  

For the Soviet space programme 1 989 
promises to be a very busy year indeed. 

Cosmonauts Readapt to Earth 
On January 1 1  T ASS reported that 

Titov and Manarov had almost fully 
restored their weight, the volume of thef.r 
muscular tissue and vestibular functions 
after their extended flight. 

During the flight Titov lost almost 3 kg 
in weight whilst Manarov actually put on 
weight · almost 2 kg . (Cretien lost 900g 
during his shorter flight.) 

Titov and Manarov developed partial 
muscular atrophy of the shins, a usual 
consequence of long-stay flight, the 
Soviets said.  I mmediate post-flight 
examinations showed that thei r  shin 
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volume had decreased by 20 per cent · a 
l i ttle m ore than Yur i  Romanenko.  
Previously, the Soviet doctors had seen 
volumes diminish by 25 per cent in 
cosmonauts who had stayed lor shorter 
periods in space than Romanenko. This 
was largely due to the loss of intramuscular 
fluid and not of muscular tissue. This also 
explains the rapid rehabilitation, Soviet 
experts said. 

Dr Anatoli Grigoryev said that the data 
on the cosmonauts' bone tissues was still 
being processed but preliminary results 
showed that the calcium loss was not as 
significant as after several previous flights . 

Immediately after touchdown, the two 
men suffered from minor changes in their 
vestibular function, whic.h passed quickly, 
and from traditional changes in the water­
and-salt metabolism which showed in a 5-
6 per cent reduction of the potassium 
content of  their blood. 

The men were working to a programme 
of rehabilitation measures which included 
jogging, swimming and exercising with a 
variety of equipment. Grigoryev said that, 
from the fifth day after their landing, the 
two men had walked 3 to 4 kilometres and 
had swum 400 to 500 metres in the pool. 

Novosti 

Atthis time they began intensive train ing 
of their back muscles, shins and thighs, 
for about an hour a day. 

The cosmonauts went to the resort of 
Kislovodsk in  mid-January to continue 
their readaptation where, along with 
walking, swimming and physical exercises, 
they would play games, take mountain 
walks and rest. Yuri Romanenko, 
Aleksandr Aleksandrov and Aleksandr 
Laveykin spent time at the resort in January 
and February 1 988. lt was c.nticipated that 
by the· end of February 1 989 Titov and 
Manarov would be fully restored to their 
pre-flight physical form.  

"After th is  period we will again  study in  
detail the state of  bone tissue and the 
metabolism," Grigoryev said . "Medical 
control will also be exercised after this for 
a long t ime. We must be completely 
c o n v i n ced that  n o  u n favou rable 
consequences were left by such a long 
flight." 
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A montltly re'lliew of space n•- and evenm 

Soviet Lunar Mission 
The Soviet Union intends to launch a 
probe to the moon in 1992, according 
to Professor Yuri Surkov, Head of the 
Geochemistry and Analytic Chemistry 
Institute of the USSR Academy of 
Sciences. The project is titled Luna '92. 

Surkov said previous missions to the 
moon had yielded an enormous amount 
of scientific i nformation .  "Now it is time to 
get down to the practical uti l isation of the 
moon. This involves fi rst and foremost, 
telephotography of the lunar surface, 
including the polar regions, with a resolving 
power of only a few metres. This is exactly 
what the Luna '92 and s imi lar projects 
now on the drawing boards of the Uni1ed 
States, Japan and the European Space 
Agency are i ntended for." He said . 

I According to Professor Surkov, the 
Soviet lunar spacecraft will carry a 
telecame ra, g a m m a  a n d  X-ray 
spectrometers (to analyse the chemical 
composition of the lunar soi l ) ,  an i nfrared 
spectrometer (for study ing mineral 
composition), and a magmetometer (for 
gauging the exact parameters of the 
magnetic field ) .  

"Apart from the purely explorative 
purposes, the Luna '92 proJect will al low 
us to test once more the equipment for 
Soviet Mars expeditions." Added Professor 
Garri Rogovsky of the Babakin Scientific 
Test Centre. "We intend to make use of 
the basic design of the Phobos automatic 
station and its principal systems and 
components, both for the Luna spacecraft 
and for subsequent Mars missions." 

Buran Designers 
Meet the Press 

The designers of the Energia/Buran com· 
bination have been speaking to the press 
about the Soviet Union's reusable space 
shuttle. The engineers gave an insight into 
this latest addition to the USSR'S space 
fleet. . 

The chief designer of the Buran/Energia 
combination, Yuri Semenov, outlined plan­
ned missions for the Soviet shuttle in an 
interview with the Soviet national daily 
lzvestia. 

·work to develop a new-generation 
orbital complex to accommodate the 
heavy-lift booster, Energia, and the orbiter 
Buran will begin in the next decade." 

Buran would "launch costly facilities 
fitted out with unique scientific instru­
ments, for example large optical tele­
scopes with sophisticated electronic equip­
ment." 

Semenov said that helping to construct 
in orbit a 450-tonne vehicle for Martian 
manned expedition is among the tasks to 
be performed by the Energia booster and 
the Buran reusable orbiter. 

He added that the space shuttle could 
return unique space vehicles to Earth, for 
example the Salyut 7 space station, which 
was lifted to a higher orbit in 1986 to delay 
its reentry. 

Semenov pointed out that, unlike the US 
shuttle, which carries its main engines on 
the orbiter, Buran only carries orbital man­
oeuvring engines. Energia delivers Buran 
to an orbit of about 150-160km, the arbiter 
then uses its engines to insert itself into the 
correct orbit. 
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Semenov said, "to reach an orbit of 
250km with a 30-tonne payload, Buran 
needs eight tonnes of [manoeuvring) fuel. 
With 14 tonnes of fuel, it can get as high as 
450km with 27-tonne payload. 

"If an orbit of 800-1,000km has to be 
reached, Buran can carry an extra 14 
tonnes of fuel in supplementary tanks." He 
added. 

Energia 'spin-offs' are being considered. 
Each of Energia's four strap-on boosters 
have a thrust of 800 tonnes and is capable 
of lifting 12 tonnes of payload to orbit. 
Semenov said the possibility is being· stu­
died to use them to launch a new supply 
spacecraft which will replace the Progress 
freighters currently in use. This would cut 
the cost of delivering one kilogramme of 
payload to orbit by a half. 

The various abort modes of the Soviet 
Shuttle were outlined by the spacecraft 
designers. Sernenov explained: "In the 
case of a threat to the crew already 
onboard the ship, there are provisions for 
their evacuation by slipways into a special 
bunker guaranteeing their safety. From the 
moment of the blast-off and in the active 
period of the lift-off, which means for about 
two minutes, two members of the crew can 
be catapulted out with their chairs, just as 
in ordinary aircraft. The only difference is 
that on Buran the special powered system 
will catapult the cosmonauts out to a safer 
distance of several hundred metres. I 
repeat that so far only two men can be 
catapulted out of the ship, but work in that 
direction is continuing. 

"There is also the. possibility of the 
booster rocket going out of control during 
the lift-off. In that case the arbiter will 
immediately separate from the booster and 
would land at one of the airfields along the 

Phobos 
Arrives 

The Soviet Phobos 2 probe has entered 
Mars orbit after a 200 day, 470 million 
km flight. The spacecraft will at first 
study Mars, then in April it will turn its 
attention on to the Martian moon 
Phobos. 

Operatio ns to bring Phobos 2 into Mars 
orbit began on Janu ary 23, when the 
probe's trajectory was corrected for its 
final approach to the Red Planet. Its 
braki ng thrusters fired at 3:55pm 
Moscow time, on January 29, placing the 
spacecraft in a 79,750x850km orbit, 
inclined 1 degree to the Martian equator, 
with a period of 76.5 hours. 

The probe is  to carry out a comprehen­
sive survey of the surface, atmosphere, 
plasma and magnetic envelopes of the 
planet. 

flight route." 
Gleb Lozino-Lozinsky, who was in charge 

of the development of the Buran orbiter, 
provided more information on the abort 
modes. 

If one of the rocket's boosters fails, the 
spacecraft will reach a low orbit and return 
to Earth after circling once, Lozino-Lorinsky 
said. 

Finally if two boosters fail, Energia would 
automatically perform a return manoeuvre 
- a loop with a radius of hundreds of 
kilometres - and then Buran will detach 
itself and land on a runway. 

Vladimir Barman, chief designer of space 
launch complexes, said that when the two 
new launch pads were built at the Baikonur 
space port, provision was made for every 
emergency. The facilities at one pad will 
not be damaged even if there is an explo­
sion at the other. 

Besides the landing strip at Baikonur, 
two more runways are under construction 
in the vicinity of Simferopol in the Crimea 
and in the East of the Soviet Union to 
enable Buran to land from any orbit. 

The space shuttle can also use an ordin­
ary airfield if it has no other choice. 

"All systems of the orbiter have an 
in-built redundancy factor, •explained Vladi­
mir Lapygin, the chief designer of the 
Energia/Buran control systems. •1n my 
opinion, this is the main safeguard. 

ult is impossible to guarantee absolute 
safety in such sophisticated systems. This 
is an axiom. This means all manned flights 
involved a certain degree of risk. The 
important task is to minimize that risk as 
much as possible, and the Buran designers 
have done their best to accomplish it. This 
is confirmed by the numerous pre-launch 
tests, in which the seats were occupied by 
live people: six cosmonauts headed by the 
experienced lgor Volk. lt is still undecided 
who will be among the first Soviet pilots to 
go into orbit onboard Buran. In any case, 
their actions will be backed up by the 
automatic systems whose reliability was 
proved during the unmanned flight. u 
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' 'US Space Leadership in 
Danger''- Says Fletch�r 

Dr James Fletcher, NASA Administrator 
has warned that the budget of the space 
agency is "as taut as possible" and "even a 
nick can mean organic rupture" of the US 
civil space programme. His words came a 
week after he unve'led NASA's $1 3.:? bil l ion 
budget for the Fiscal Year (FY) 1 990. 

Speaking to the Explorers' Club in New 
York, he warned that the US space programme 
is  vulnerable to serious dislocation by even 
small budget cuts. 

He went on to say. the space station project 
had been subject to so much redesign and 
modification that "there is simply no room for 
further trimming,  or shaping or cutting. We are 
either going to build it • and bui ld it right · or not 
build it at all . "  

NASA's FY 1 990 budget request calls for I 
an i ncrease of $2.4 bi l l ion over FY 1 989. Much 
of the i ncrease wil l  be spent on the build-up of 
the Space Shuttle flight rate, the development 
of an Advanced Solid Rocket Motor, and the 

development of Space Station Freedom. The 
Freedom project will receive $2.05 bil l ion, an 
increase of $ 1 . 1 5  bil l ion. The space station 
now accounts for over a third of NASA'S 
Research and Development budget. 

$341 .8 mi l l ion will be spent renovating 
and constructing faci l ities at NASA's field 
centres. Included in this amount is the $26 
mi l l ion  requ i red to convert the Orbiter 
Modification and Refurbishment Faci lity, at the 
Kennedy Space Center, into a third Orbiter 
Processing Facil ity bay. This will allow three 
arb i ters  to be prepared for  l a u n c h  
s imultaneously. 

F l etc h e r  appealed to the B u s h  
Administration, Congress and the public, to 
support NASA's budget, which has yet to 
receive approval. 

National Aeronautics and Space Administration Geodynamics 32.9 38 0 

Missions Operations and Data Analysis 1 7.6 24 8 

FY 1 990 BUDGET SUMMARY Research a n d  Analysis 1 06 0  1 24 8  

(Mi l l ions of Dol lars) Materials Processing 75 6 92 7 

Space Communications 92.2 1 8 6 

FY 1 989 FY 1 990 Information Systems 1 9.9 34 1 

RESEARCH AND DEVELOPMENT 
Commercial Programs 

Technology Utilization 1 6.5 22.7 

Commercial Use of Space 28.2 38 3 

Space Station 900 0 2050.2 
Aeronautical Research and Technology 

Space Transportation Capability Development Research and Technology Base 31 5 6  335.7 

Space lab 88.6 98.9 Systems Technology Programs · aa.6 1 27 . 1  

Upper Stages 1 38.8 88.6 

Engineering & Technical Base 1 55 4  1 89 8  Space Research and Technology 

Payload Operations & Support Equipment 64.7 8 1 . 1  Research and Technology Base 1 34.1  1 30 1 

Advanced Programs 52.7 48 7 Civil Space Technology lnibative 1 21 .8 144 5 

Tethered Satellite System 26 4 1 9.9 Pathfinder Program 40.0 47.3 

Orbital Maneuvering Vehicle 73 0 t 07 0 In-Space Flight Expenments 1 6.2 

Advanced launch System 8 1 .4 - 5.0 
Transatmospheric � and Technology 69.4 t 27 0 

Space Science and Applications 
Safety, Reliability and Quality Assurance Physics and Astronomy 22.4 23.3 

Hubble Space Telescope Development 95.9 67.0 

Gamma Ray Observatory Development 4 t  9 26 7 University Space Science and Technology 

Advanced X ·Ray Astrophysics Facility 1 6.0 44 0 Academic Program (22 3) 35.0 

Global Geospace Science 64.4 1 1 2 3  

Payload and I nstrument Development 8 1 7 71 .4 Tracking and Data Advanced SystMM 1 8.8 1 9.9 

Shuttle/Spacelab Payload Mission 
SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS Management and Integration 69.7 86 1 

Space Station Integrated Planning 
Shuttle Production and capability Development and Attached Payloads 8.0 23 0 

Explorer Development 82 1 93.2 
Orbiter OperabOnaf Capaboity 281 .8 237.0 

M ission Operation and Data Analysis 1 43 2 204 8 
Propulsion Systems 582.2 727 3 

Research and Analysis 85.8 1 1 2.5 
launch and Mtssoon Support 264.2 341 0 

Suborbital Program 45 4 53 5 
Space Shuttle Operations 

Life Sciences Flight Operations 685 7 772.6 

Human Space Flight and Systems Engineering 27 6 42.8 
Flight Hardware 1 1 1 2.7 1 236.5 

Space Biological Sciences 1 0 1 27 6 
Launch and Landtng Operat.or.s 506 8  553 6 

Research and Analysis 40.4 53.8 
Expendable launch Vehicles 85 5  1 69 5 

Planetary Exploration 
Space and Ground Networtts, Communic:lttion Gali leo Development 73 4 1 7  4 

Ul�·sses Development 1 0 3  1 4 5 
and Data Systems 

Magellan Development 43. 1 Space Network .!83 9 582.3 

Mars Observer 1 02.2 1 00 5 Ground Network 228 1  269 6 

Comet Rendezvous Asteroid Flyby/Cassini  30.0 
Communications and Data Sys!e--s 233 3 250 2 

Mission Operations & Data Analysis 1 1 0 7 1 55 4  
TOTALS Research and Analysis 76.9 79 1 

Research and Development .!2'56 � 5751 6 

Space Applications Space Flight, Control and Data Cor--v-.caco-:s .!.£6£ 2  5 1 39.6 

Earth Sciences Construction of Facilities z-5 .  341 .8 

Upper Atmosphere Research SateHite 94 2 73 9 Research and Program Mar.� · as· s 2032.2 

Ocean Topography Experiment 83 0 72 8 Inspector General - - 8.8 

Scatterometer t 0 6 1 3  8 

Earth Science Payload I nstrument Development 46.4 66.5 TOTAL BUDGET 10117.5 13274.0 
Airborne Science and Applications 23 0 1 9.7 
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,....--- OBITUARY ---. 

Valenti n 
G l ushko 

We are sorry to record the death of 
Academician Valentin Glushko (aged 
81 ), an outstanding Soviet scientist 
and rocket designer. Giushko was 
involved in the Soviet space 
programme since its conception. His 
most recent projects were the Mir 
space station and the Buran reusable 
space shuttle. 

In the late 1 920's Glush ko began 
working on the development of electro­
thermal jet engines and l iquid propel lant 
rocket motors. In  the early 1 930s he 
designed the first Soviet l iquid fuel rocket 
engine. 

Glushko was a close col league of 
Sergei Korolev, the fou nder ofthe Soviet 
space programme, and in 1 974 he took 
over Korolev's space working group. 

During his career he was awarded 
n umerous honours including the Hero 
of Socialist Labour twice and the Order 
of Lenin four times. An indication of 
Glus hko's importance was his official 
obituary, signed by Mikhail  Gorbachev, 
the members of the Politburo, prominent 
scientists , designers and cosmonauts. 

G o rbachev,  and other s e n i o r  
government a n d  party figures stood in  
memory qefore Glushko 's body , lying 
in  state in  the hall of the Soviet Army 
Central House. A funeral service was 
held at the Novodevichy Cemetry in  
Moscow. 

More 
Deltas 

The US Air Force has ordered the produc­
tion of six more McOonnell Douglas Delta 
11 rockets. 

By placing the order, the Air Force exer­
- cised its last production option on an 
earlier contract. The original contract 
agreed upon in January 1987 called for 
seven Delta 11 rockets and contained two 
options for a total of 20 rockets. In February 
1988, the Air Force exercised the first 
option for seven more rockets. Total con­
tract value is approximately $680 million 
and includes start up costs, special studies 
and launch services. 

The Delta 11 will be used primarily to 
boost the Air Force Navstar Global Posi­
tioning System ( G PS) spacecraft into orbit. 
The GPS is a navigation satellite system 
the Air Force will use to provide "pinpoint" 
accuracy for users anywhere on the globe. 

In addition to the Air Force business, 
McDonnell Douglas has received contracts 
for two Deltas and five Delta ll's, which will 
be used to launch satellites for commercial 
and civilian purposes. 
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Solar Max 
Doomed 
The Solar Maximum Mission Satellite, better 
known as 'Solar Max', has been sentenced to 
an early death by the very forces it was 
designed to study. 

Lau nched in February 1 980, Solar Max has 
been observi ng Su n spots, solar flares, the out­
put of the Sun and has contributed towards 
the study of Supernova 1 987 A. 

N ASA scientists had hoped Solar Max 
would rema i n  i n  orbit  u n t i l  late 1 990 to early 
1 99 1 . However, an i ntense burst of solar 
activity is  due to start this year peaking i n  
early 1 990 - this  w i l l  cause the Earth's atmos­
phere to expand, i ncreasing a ir  d rag on the 
sate l l ite. 1t  is  now bel ieved this  wi l l  cause Solar 
Max to tumble out of control by the end of 
the year, and reenter in early 1 990. 

I n  December 1 980, Solar Max suffered 
electrical problems wh ich were repaired 

Astronaut ' Pi nky' Nelson approaches Solar 
Ma x, during the 1 984 repai r  mission.  NASA 

during shuttle mission STS 41 -C in 1 984. lt 
was hoped a second rescue mission cou ld 
boost the sate l l ite i nto a h igher orbit, and 
carry out further repai rs. U nfortu nate ly it  
proved i mpossible to incl ude the emergency 
rescue mission in the tight 1 989 shuttle 
schedu le.  

SATELLITE DIGEST • 119 
--------- Robert D. Christy ---------­

Continued from the February 1989 issue 
A monthly listing of utelllte end spececraft leunches, com­
plied from open sources. The heeding to eech leunch gives 
the neme of the utelllte, Its internetionel clesigneti_on end 
Its number in the NORAD cetelogue. Lllunch times ere given 
in Universe! Time ...et ere eccume to ebout five minutes 
except where merited with en esterisk, where the time is to 
the neerest minute es ennounced by the leunching egency. 

Launched: 1020, 22 September 1988 from 
Plesetsk by A-2. 
Spacecraft data: Based on the Vostok 
manned spacecraft and cons(sting of a 
spherical, camera carrying re-entry mod­
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diam­
eter, 0.5 m deep, cylindrical, sup­
plementary instrument package may be 
carried at the forward end. The overall 
length is about 6 m, maximum diameter 
2.4 m and the mass is between 6 and 7 
tonnes. 
Mission: Military photo-reconnaissance, 
recovered after 18 days. 
Orbit: 356 x 415 km, 92.30 min. 72.87 deg. 

Launched: 1007*, 24 September 1988 from 
Vandenberg AFB by Atlas-E. 
Spacecraft data: Roughly cylindrical body, 
approx 4 m long and 2 m diameter. Power 
is provided by a single solar panel at right 
angles to one end. The mass is 17 10 kg. 
Mission: Meteorological satellite in sun­
synchronous orbit, returning cloud-cover 
pictures and other weather data. 
Orbit: 849 x 865 km, 102.14 min, 98.91 
deg. 

Launched: 0907, 29 September 1988 from 
Plesetsk by A-2-e. 
Spacecraft data: Cylindrical body with a 
conical orbital adjustment motor section at 
one end. The opposite end of the vehicle 
carries communications aerials and a 
'windmill' of six solar panels set in a plane 

at right angles to the main axis of the body. 
Stabilisation is by the use of momentum 
wheels. The length is about 4 m, the 
maximum diameter about 1.6 m, and the 
mass around 1800 kg. 
Mission: Communications satellite provid­
ing telephone, telegraphic and television 
links through the 'Orbita' system both 
within the USSR and abroad. 
Orbit: Initially 629 x 38924 km, 701.59 min, 
62.86 deg, then raised to 628 x 39714 km, 
7 17.51 min, 62.87 deg to ensure daily 
repeats of the ground track. 

Launched: 1537*, 29 September 1988 from 
the Kennedy Space Centre. 
Spacecraft data: Shuttle Orbiter 'Discov­
ery'. 
Mission: Carried crew of Hauck, Hilmers, 
Lounge, Nelson and Covey. A pr :mary 
mission objective was to launch the third 
TDRS-C satellite (TDRS-B was lost aboard 
'Challenger' in 1986), 'Discovery' landed at 
Edwards AFB at 1737, October 3 1988. 
Orbit: 299 x 304 km, 90.36 min, 28.42 deg, 
then raised to 302 x 332 km, 90.68 min for 
launching TORS 3. 

Launched: 2 150*, 29 September 1988 from 
the payload bay of 'Discovery' by IUS. 
Spacecraft data: . Hexagonal, box-shaped 
body, supporting a 'cross' consisting of 
two dish aerials and two solar panels. The 
span is about 17 m, and the mass 2225 kg. 
Mission: Communications satellite for 1.0se 
in tracking other satellites in low orbit. 
Orbit: Geosynchronous above l50 deg 
west longitude. 
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Council Convenes 
for 1989 

The fi rst counci l meet i ng of 1 989 fa l ls due shortly and we 
take th is  opportu n i ty to record current Cou n c i l  Members h i p  
fol l owi n g  new e l ecti ons at t h e  l ast A n n u a l  Genera l  Meet i ng. 
Cu rre n t  members a re :  

M r .  R . A. B u c k l and 

Mr. G . W. C h i lds  

M r .  M.R.  F r y  

D r .  R .  D. G o u l d  

Pro f .  G .  V .  G roves 

Dr. R. Holdaway 

Mr . A.T.  Lawton 

Or.  L. R. Shepherd 

Pro f .  I . E .  Smith 

Mr.  G .  V.  E .  Thompson 

M r .  C . R .  T u r ner 

M r .  G . M .  Webb 

Fol lowi ng ou r cons itut ional  procedu re, the Society's 
Pres i dent and two Vice·Pnsi dents, have to be e lected annu c1 l l y  
so th i s  event wi l l  b e  among t h e  f i rst busi ness to be' transacted. 

£12,000 For HQ Extension 
T h e  Soci ety's p lans  to bu i l d  an extension over p a r t  of i ts 
cou rtyard to enable  the Meet ings Room and Li brary services 
to be extended rece i ved massive encou ragement from the 
Wi l l  of the l ate James Hugo Ford, who was n ot o n l y  a F e l l ow 
of many years standing but one dedicated to su pporting the 
Society's work. 

The l ate Mr. Ford n ot on l y  gave freel y  to assist the Society 
in the or ig ina l  acqu isit ion of i ts p re m i ses but, by his Wi l l, has 
enabled the Society to receive a g ift of £ 12,000 from his Estate. 

The Counci l has determined that this su m be p laced in the 
fu nds be i ng accu m u lated to enable the Extension Programme 
tc go forward and thus prov i de a f itt ing  tri bute to the generosity 
of Mr. Ford wh ich wi l l  be ava i l ab le  to benefit a l l  members. 

The total accu m u lated to date in the Bu i l d i ng Extension 
F u nd has reached £62,000, wh ich now enables the Cou nci l to 
undertake a rea l istic study of present-day costs and ti mescal e  
requ i rements f o r  t h e  u ndertaking o f  this  work. 

'At the outset, the Counci l d iv ided its plans for the Head­
quarters bu i l d ing work i nto fou r main  Phases with Phase 1 as 
emergency and essent ia l  work, Phase 2 as i mprovements and 
renovat i on to existing structure and Phase 3 as the Bu i ld i ng 
Extens ion for wh ich we are currently ra is ing fu nds. 

As members a n d  visitors wi l l  know, we have now 
com p l eted Phase 1 wh ich i nc l u des a brand new roof on both 
bu i l d i ngs and a new- l oo k i ng basement, where the heating, 
e l ectrica l and other services are housed. 

Phase 2 has requ i red both fu n d i n g  and p l a n n i ng permiss ion 
but i s  wel l  u nderway and prov i des the most v i s i ble  evidence 
of the renovat ion tak i ng p l ace. The fact that No. 29 i s  a 
G rade 1 1  Listed Bu i ld i ng means that i mprovements need to 
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adhere to Local  Govern ment regu lations, B u i l d i n g  I nspection 
requ i re ments, F i re Officer regu lations and the. l i ke, so the 
resol u t i on of these has i nev itably i mp_osed l i m i tations on 
progress. 

Much of the work now u nderway or completed also forms 
essenti a l  pre l i m i nar ies to the Extension by prov i d i ng better 
access. At the same ti me, var ious  outlet pi pes are be ing  re· 
routed to i mp rove work i n g  space. Al l t h i s  is add it ional  to the 
essent ia l  repa i rs which began afte r the October 1 987 stor m  
whe n  w e  took t h e  opportu n ity, assisted b y  a grant from the 
Eng l i sh  Her i tage, to rebu i l d  part of the frontage of No. 29 and 
to re- roof both properties complete ly .  

Many members see  the  Society pre m i s�s as more  than pu re l y  
fu nct iona l  off ices a n d  want  the Society t o  possess an H Q  which 
gives them both pride and p leasu re .  · 

I n  v iew of th is, the Cou nci l has decided to h o l d  a New 
Members' Eve n i n g  to give membe rs an  opportu n ity to see the 
i mp rovements made and to hear about the Society's work.  
Although the meet ing is  pr imar i l y  for new members and a 
sma l l  n u m ber of Guests, an i nvitat ion is also being extended to 
longer-standing members, who may not h

·
ave seen ou r H Q  before 

and who wou l d  l i ke to come a long. Fu i l deta i ls of the a rrange· 
ments wi l l  be publ ished shortly. 

Dr. Richard Holdaway Joins BIS Council 
The f i v e  Co u n c i l  n o m i n ees co nfi rmed i n  office at t h e  Socie­
ty's 43rd An n u a l  G e n e ra l  M eeti n g  (Spaceflight, N ovem be r  
1 988, p .435) i nc l u ded o n e  n ew Cou n c i l  m e m ber,  Dr.  R i c h a rd 
H o l d away, to w h o m  a warm wel c o m e  is exten d e d  o n  taki n g  
office fo r t h e  fi rst t i m e. 

Dr .  R . Holdawav 

Dr. H o l daway h a s  bee n  Head of Space Systems Div is ion,  
Ruth e rfo rd A p p l eton Labo ratory si n ce 1 986, with responsi­
b i l ity fo r the p roject m a n agemer.t of m a n y  space program­
m e s  i n cl u d i n g  ISAMS, ZEBRA and SPECTR U M -X. H e  i s  a l so 
respo n s i b l e  fo r astrodynafTiics research a n d  deve l o p m e nt, 
i n cl u d i n g  d y n a m ics fo r o rb it determ i nation a n d  p red i ctio n ,  
as wel l  as  s p a c e  e lectro n i cs .  

Afte r g ra d u at i n g  i n  Aeroo:a'..Jt ea :  a n d  Astro n a utical  
E n g i neeri n g  at t h e  U n iversity of So u t" a � pto n i n  1 970, h e  
worked as  a desi g n  e ng i nee r  o r.  tt-e e<l.., i • o n menta l  control  
syste m fo r the H a r r i e r  VTOL a n c:af! befo re retu rn i n g  to the 
U n iversity the fo l l owi n g  year to carry ()(.t research i nto t h e  
u se of e l ectr ic  p ro p u l si o n  for �--ec.raft svstefTls.  

Afte r  g a i n i n g  h i s  P h . D  d eg ree • r  1 974. re JC t t" ec  tl'le Apple­
ton Labo rato ry ( l ater to becoiT'e R t.;tr.erio'c Aoo!eton Labora­
tory) and was Softwa re Des!gr E.,�· ,...eer •o• !re Anel  VI X-ray 
sate l l ite and Softw a re M a n a a e r  fc � xtr :RAS a.,d tl'le AM PTE 
sate l l ite programs.  I n  1 984.:::6 -e ,., as  l.'K G rc .; - d  Svstem 
M a n a g e r  fo r the R o e ntgen S a!e !e · �OSA T 

Am o n g  h i s  oth e r  p rofess:ora a--:! •'> e:s ;)· Ho •oaway is  
C h a i r m a n  of the B N S C  Orbits Pa--e ar-o a r- e -- :>e r  of t h e  
Roya l Society S pace G eodesy We"''. �g G ro�o 
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Joint B IS - I EE Meeting 
'E lectric Propu ls ion' is the subject of a col loqu i u m  on March 
8, wh ich the Society wi l l  be eo-sponsoring with the 
I nsti tution of Electrical Engi neers. A previous joint meeting 
of ou r two organisations on Electric Propu ls ion took p lace in 
1973 and the Society welcomes the opportu n ity to jo in· 
forces agai n  with the l E E  i n  an i mportant a rea of Space 
technology of common i nterest. 

Much progress in developing the techn i ques of E lectric 
Propu ls ion has been made over the interven ing years and it 
can be taken as a sign of the ti mes that the forthcoming 
meeting i s  to  d i scuss the appl ications of  E lectric Propu ls ion 
anti not the technology itself. 

The Society's Representative at the meeting wi l l  be Dr. 
Davi d  G. Fearn of Space Department, Royal Aerospace 
Establ ish ment, Farnborough, who has authored many 
contri butions on ion thruster technology and appl ications 
i n  J B I S. 

. 

Or John Becklake Elected to IAA 

We congratulate Or John Becklake on his recent election to 
Section IV of the I nternational Academy of Astronautics. Or 
Becklake is a Fel low of the Society and is the Chairman of the BIS 
History Working Group. His present historical research interests 
are on the h istory of British Rocketry. 

In 1 972 he joined the Science Museum in London as the 
Curator in charge of the Space Technology Collection and now 
heads the Museum's Department of Engineering while sti l l  retain ing 
responsibi l ity for Space Technology. He organized the first major 
gallery on Space Technology at the Science Museum which 
opened i n  1 977 and has since been responsible for the new 
Exploration of Space Exhibition which tel ls the story of the 
development of astronautics from the gunpowder rocket to the 
space station . A report of the opening of this Exhibition on October 
21 , 1 986 appears in Spaceflight, December 1 986. p .436 . 

"
or John Becklake examines the Congreve Rocket Troop diorama in the Exploration 
of Space Gallery at the Science Museum i n  London Science Museum 
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To comme morate the 20th anniversary of the historic 
Apollo 1 1  lunar landing, the British I nterplanetary 
Society has organised a series of lectures to celebrate 
Man's first steps on tfle Moon, concluding with a 
dinner at the Society's Headquarters. 

Details of the meetings follow: 

21 JUle 7.30-S •• Opm 
' I  WAS T H E R E' 

R eg. Turnil l  and Fran k Miles recall  the atmosphere and 
events of twenty years ago. Reg Turnil l  was reporting 
from the US during Apollo 1 1 , while Frank Miles was 
a member of I TN's 'Space Unit' covering the mission 
from London . 

28 June 7.30-8.30pm 

GOI NG TO THE MOON 

Or R.C. Parkinson considers the B I S  contributions to 
manned l unar concepts. Beginning with its design for a 
Moonship in 1 939, the B I S  conti nued thinking about 
ways of reaching the Moon throughout the 1 950s. 
This tal k i l lustrates some of the concepts, which 
cul minated in the US Apollo programme. 

21 July 8.00pm 

APO L LO A N N I V E RSARY D I N N E R  

The Society wil l  conclude i ts  Apollo 1 1  celebrations 
with a four course meal on the anniversary of Man's 
first steps on the Moon. (The guests of honour wil l  
be announced later. ) 

Al l events wil l  be held in the Society's conference 
Room, 27/29 South Lambeth Road, London SW8 
1 SZ. Admission for members only. Please apply to 
the Executive Secretary, enclosing a SAE. 

Admission to lectures is free. Apol lo Anniversary 
Dinner tickets are £28. 
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Obituary 

'Doe' Slater bei ng presented with the S1 lver Medal of the Roya l Aero C l u b  by HRH The Pri nce 
of Wa l es i n  1 979 

We m u c h  reg ret to reco rd t h e  death of Dr. Al a n  Edward 
S later, M .A. , M . R .C.S. ,  L .R .C.P . ,  a few weeks befo re h is 93rd 
b i rthday. 

his medical  ca reer i n  1 936 to sta rt a new career i n  j o u r n a l i s m .  
H e  retu rned to m e d i c i n e  d u r i ng the wa r, t h i s  t i m e  with the 
L .C.C.  Mental  Hospita l s  Service.  

' Doe' was born i n  1 894, a n d  educated at Abbots h o l m s  
S c h o o l ,  Cam bridge U n ive rsity, a n d  St, Jhom as' Hospita l .  H e

' 

obta i ned a C a m bridge B .A. deg ree i n  Mathem atics a n d  M u s i c  
(obta i n i n g  a 1 st C l ass deg ree i n  M usic) ,  a n d  then t o o k  u p  
medic ine as a m o re certa i n  m e a n s  o f  l ivel i h ood,  q u a l ify i n g  a s  
a med ical practit i o n e r  i n  1 922 a n d  j o i n i ng t h e  Fever Hospital  
Service of the L.G.C.  i n  1 924. 

Or.  S l ater j o i n ed the Society in 1 945 a n d  becam e  editor of 
the revived B I S  J o u r n a l  in 1 946, but was forced to g ive it u p  
after edit i ng th ree issues owi ng to p ressu re of oth er  work. H e  
served o n  the B I S  C o u n c i l  from 1 946 t o  1 973..-

Doe beca m e  the fi rst B rit ish G l id e r  Pi l ot to o bta i n  a g l i d i n g  
certificate without p revio u s ly fly i n g  a e rop l a nes.  I n  1 933 h e  
accepted a spa re-t i m e  post as editor o f  Sailpllme and G!jder 
but t h i s  soon g rew to such p ro p o rt ions that he h a d  to g ive u p  

l n  1 952 h e  g ave t h e  fi rst of m a ny o f  papers o n  Space 
M e d i c i n e  to IAF Cong resses, beg i n n i ng with t h e  l i kely p hy­
sio logica l  p roblems of w e i g h l essness in space fl i g ht.  A 
fu rther  paper  i n  1 957 was concerned with the i m proba b i l ity 
of h o m o  sapiens deve l o p i n g  e l sewhere in the U n iverse a n d ,  
i n  1 958, h e  p l ayed a lead i n g  r o l e  i n  orga n i s i n g ,  o n  b e h a l f  o f  
the Society, i t s  fi rst i nternatio n a l  sym posi u m  on S p a c e  M edi­
c ine.  

---- MEETI NGS DIARY-----------
Society meetings, unless otherwise steted, are held in the Society's Confer­
ence Room, 27/29 South Lambeth Road, London SW8 1 SZ. Meetings are 
restricted to Society members unless otherwise stated. Tickets should be 
applied for in good time by writing to the Executive Secretary at the above 
address enclosing an SAE. Subject to space being available members may 
also apply for a ticket for one guest. 

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

SOME INTERESTING SPACE PIONEERS 

This lecture by Professor tan Smith reviews the 
contribution made by a number of noted space 
pioneers known to the speaker. 

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

8 March 1 988, 2.00-5.00 pm Colloquium 

ELECTRIC PROPULSION 

COLL OQUIUM 
A meeting eo-sponsored by the British Interplanetary 
Soc ietv and the Institution of Electrical E ngineers The 
primary aim of t he meeting is to discuss the appl ications 
of Electric Propulsion, not the technology itself 

For more information please write to the Executive 
Secretary, 27/29 South Lambeth Road, London, SW8 

1 SZ 
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5 April 1 989 7.00-8.30 p.m. Lecture 

THE PROSPECTS FOR 

SPA CE TOURISM 

This lecture by Dav1d Ash ford . will propose :ha! Europe 
should develop a smali fully reusable aeroo:a.,e-t.ke 
launcher , as an alternative to Hermes, which could 
actual ly cost less to develop lt  could lead to a soace 
tounsm 1ndustry start,ng th;s century and deveio;;."9 
into a large . 1f not the largest commercial 1ssue of 
space 

Admission is by ticket only Memoers should apply rr. 
good time enclosing a stamped addr11ssed envelope 

1 3  May 1 989, 1 0.30 am Visit 

UKAEA CULHAM 

LABORA TORY 
A tour of the Un ited Kingdom Atomic Energy Authority s 
Culham Laboratory which is concerned with nuclear 
fusion and plasma physics research, and is the home 

of :ne .Jc "! Ec.,cpea<' Torus (JET) ProJeCt The tour 
"'-' ,,.. : ..de !'le CoN·oi and Assembly Rooms 
Ac-ssc- :s ::1 :;:,g.stra/IOn only Members should 
� :::>e-'C'£0 :5 A;.-,·  enclosing a stamped addressed 

e-'·� 

3 June 1989 1 0.m-4. 3()p m  Symposium 

SOVIET ASTRONAUT/CS 

Ven� C :;M---..:e �c � '"  British I nterplanetary 
, ' Sooet-. V 29 Sou:r Lambeth Road, London 
I SW8 ' 5L 

Offers a!� 
Authors ....V..ng ;c � t  papers should contact 
the Exec:uc.'- Sec.._-, 
Registrr.>ct"> 
Forms are � �  !">e Executive Secretary, 
The � �  Soc-ery, 27129 South 
L.ambetl> Road. lOndor. S'N8 1 sz. 

The � Lillary a Cll*' ., members on the 
first Wedl ' ; fill _. ....,..., laclpt August) 
� 5.30 P"' ..,.. 7 pa. ..,.,.,_.,ht:l cards 
muat be aw  s-=a 
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The Pegasus Launch Vehicle 
Following the loss of the Space Shuttle Challenger, an intensive effort 
got u nderway to build up the United States' expendable booster 
capability for both Air Force and civil users. These boosters include the 
Atlas 11, Delta 11, Titan 11, Titan IV and, on the horizon, the heavy lift 
Advanced Lau nch Vehicle and Shuttle-C. As part of this, work began on 
a small booster that would use a completely different profile. This is the 
Pegasus air-launched booster. 

Air Launched Systems 
The idea of l a u nc h i n g  a sate l l ite 

from a conventio n a l  a i rcraft is  not 
new. In the early 1 960s, the U.S.  Navy 
u ndertook Project H i  Ho.  This i nvolved 
the l a u n c h i n g  of a s m a l l  Ca leb rocket 
fro m a McDon n e l l  F-4 H Phanto m .  lt 
was to test the feasibi l ity of l a u n ch i n g  
sate l l ites and space p robes from a i r­
craft. Two test l a u nches were made at 
the Pacific Missi l e  Range in Apri l and 
J u l y  1 962. The second rocket reached 
a bout 1 ,600 ki l o m eters. [ 1  I 

More a m bitious was a stu'dy of 
us ing the N B-52/X- 1  g!Bi u e  Sco ut as 
a part ia l ly  reusable l a u ncher. The X-
1 5  wou l d  be l a u nched in the normal  
way. As it cl i m bed t h ro u g h  47,550 
meters, the X- 1 5  p i l ot wou l d  l a u nch 
the Blue Scout. The m issi le  was to be 
carried on the X- 1 5's u n derside on a 
rack/fa i ring forwa rd of the l ower fi n .  
T h e  B l u e  Scout had th ree sol id fue l  
stages - a n  ABL X-259 fi rst stage, a n  
AJ- 1  0 second stag e  ( both from the 
U.S.  Air Fo rce Blue Scout J u n i o r) and 
sma l l  N OTS 1 00A th i rd stage.  [2)  The 
p roject did not g o  beyond studies a n d  
the concept o f  a n  a i r- lau nched satel ­
l ite fel l  out of favou r. 

This changed i n  1 986-87 with the 
sta rt of the · Defense Adva nced 
Research Projects Agency ( DARPA) 
" Lig htsat " prog ram .  Rather than 
s ing le, very l a rge,  expensive a n d  l o n g  
l ived sate l l ites s u c h  as the B ig  B i rd 
a n d  KH- 1 1 ,  the Lig htsat envisioned 
usi n g  sma l l ,  rel atively cheap, but 
m o re n u m erous sate l l ites. Work on 
the Pegasus bega n  in early 1 987 when 
Dr. Antonio L. E l ias, ch ief engi neer at 
Orbital Sciences Co rporation (OSC), 
suggested the company l ook at a 
low-cost, a i r- lau nched booster. 
Development wo rk bega n  in Apri l  
1 987 with the $40-45 m i l l io n  cost sp l it 
between OSC and Hercules Corpora­
t ion.  I n  Februa ry 1 988, DARPA issued 
a req uest for a n  a i r- lau nched booster. 
During the summer of 1 988, a contract 
was fi n a l ized between OSC/Hercu l es 
and DARPA. Th is clea red the way for 
construction of the fi rst Peg as us boos­
ter [3,4) 

Peg as us 
The Pegasus booster is  1 5  m etres 

long,  has a wingspan of 6.7 m etres 
and weig h s  1 8, 1 44 ki l o g rams. This is 
vi rtua l ly  the same as the North Amer­
ican X- 1 5. lt is not a coinci dence - the 
Peg asus is  desig n ed to fit  the NB-52B 
used to ca rry the X- 1 5  two decades 
ago. X- 1 5  test d_ata was used d u ri n g  
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the Pegasus' early d es i g n  as it was 
fou n d  both had si m i l a r  l ow-speed 
release dyna m ics and sepa ratio n  
trajecto ries. . 

The Pegasus has 'th ree H e rcu l es 
sol i d  fuel stages each 1 .27 metres i n  
d i ameter. The wings a n d  fi ns a re of 
g raph ite com posite and are bei n g  
b u i lt b y  B u rt Rutan's Scaled Com­
posites (wh ich a lso b u i l t  the Voyager 
rou n d  the wo rld a i rc raft). O ri g i n a l l y  
O S C  looked a t  w i n g l ess boosters but 
fou n d  that adding a wi n g  g ave severa l 
advantages. Fi rst was that at a 4 : 1 
su personic  l ift over d rag ratio, the 
wing's l ift exceeded the performance 
of the rocket a lone.  A wi n g  a l so 
means a flatter trajectory can be flown 
which l essens stress and control p rob­
lems. A delta wing was used to fit 
u nder the N B-52's wing.  The des i g n  
o f  Pegasus w a s  done usi ng NASA's 
Cray 2 a n d  Cray XMP supercom puters 
rather tha n  i n  a wind tu n n e l .  

T h e  advantages of a n  a i r- lau nched 
booster a re several - the a i rp lane's 
velocity adds 1 -2 %  to the rocket's 
performance. More i m portant the 
a i r  p ressu re at l a u nch a ltitude is 25% 
that at sea l eve l .  This a l l ows a better 
rocket nozzle desi g n  as it does n ot 
have to be com prom ised for o per­
ation from sea l evel up to a near 
vacu u m .  The high a ltitude l a u nch 
means lower dyn a m i c  p ress u re as 
wel l  as l ower structu ral and therm a l  
stresses. Ta ken together t h i s  means a 
1 0- 1 5% redu ction i n  the total vel ocity 

it wou l d  have to ach ieve fo r a g iven 
payload. 

The result  is the Pegasus ca n put a 
272 k i logra m  payload i nto a 463 
ki l o m etre polar  o rbit or 408 ki logra m s  
i nto a 463 ki lometre equator ia l  orbit. 
The sate l l ite is fitted i nto a payload 
shroud 1 .83 metres l o n g  with a 1 . 1 7  
m etre d iameter. Th is l a rge vol u m e  
a n d  payload weight  wi l l  a l l ow various 
sate l l ite desi g n s  i n c l u d i n g  ones with 
l a rg e  o ptica l systems. [5) 

Pegasus Launch Profile 
The l a u nch p rofi l e  of the Pegasus is  

u n l i ke that of a conventional  booster. 
Its th ree stages a re assembled h o ri­
zonta l ly on a truck tra i l e r  by a 6 man 
team .  Preparatio n  wi l l  take a bout two 
weeks once the p roject is fu l l y  under­
way. To protect the booster, assembly 
is made i n  a n  a i r  con d itioned b u i l d i n g .  
A s  additiona l  protection,  a tented a rea 
o n  the tra i l e r  provides a clean room 
enviro n ment for the sate l l ite u nt i l  the 
payload sh roud is in p lace. 

The complete Pegasus wi l l  be 
bro u g ht out to the N B-52 8  l a u nch 
a i rcraft a bout two h o u rs befo re 
takeoff. J o i n i n g  the two veh ic les wi l l  
take about a n  h o u r. O nce l i n ked, the 
N B-52 wi l l  provide 28 volt  D.C.  e lec­
trica l power and the Pegasus wi l l  be 
contro l led by the a i rcraft's m issi o n  
com p uter. Check out wi l l  b e  th ro u g h  
the Peg asus' own telemetry system .  

T h e  N B-52 wi l l  takeoff from Dryden 
F l i g ht Research Faci l ity at Edwards 

The Pegasus c l i mbs towards orbit.  I ts N B-52 
carrier ai rcraft is visible below the lau ncher. 
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AFB. The Ai rcraft Com mander, for the 
fi rst few launches, is p lan ned to be 
Col. Gordon Fu l lerton, ex-Sh uttle 
astronaut and ch ief B-52 p i lot at 
Dryden.  The d rop point wi l l  be off 
Vandenberg AFB. The Control Panel 
Operator had a PC-sized mission com­
puter, a te lemetry receiver and a refer­
ence i nertia l  m easu rement u nit for 
u pd at ing the Pegasus' guida nce sys­
tem .  The operator a lso down loads 
m ission data i nto the guidance sys­
tem and turns on the p i lot's drop 
switch .  If the drop has to be ha lted, 
the Control Panel  Operator carries 
data for a lternate d rop points. This 
adds flexib i l ity. lt is  the p i lot who 
makes the fina l  d rop decis ion for the 
Pegasus. [6) 

At the d rop, the N B-52 is flyi ng at 
Mach 0.8 and 1 2,000 metres. The 
Pegasus free fa l l s  for 5 seconds and 
1 00 m etres below the N B-52 before 
the fi rst stage ignites. The Pegasus 
makes a 2 .5 G pul l  u p  u nder the 
control of the th ree tai l  fins. The fi rst 
stage has a maxim u m  th rust of 59.422 
ki lograms. As fi rst stage bu rn out 
nears, the wings began to char. Fi rst 
stage bu rn out comes at 81 .3 seconds 
after the d rop at a n  a ltitude of 63,390 
metres and a speed of Mach 8.7. 
Separatio n  and a 5.8 second coast 
fol l ows. A cold gas reaction control 
system stabi l izes the booster. The 
second stage then ign ites 87. 1  
seconds i nto t h e  fl ight. At 1 21 
seconds, the payload shroud sepa­
rates. The second stage burns for 7 1 .4 
seconds with a maxim u m  th rust of 
1 4,061 k i log rams. G u idance control 
for the second and th i rd stages is by a 
g i m ba l led nozzle. At 1 58.5 secon ds, 
when the Pegasus is at 1 67 k i lometres 
and a speed of 5.425 m etres per 
second, the second stage burns out.  
The Pegasus then coasts for 31 0.6 
seconds. At 469 seconds i nto the 
fl ight, when the th i rd stage reaches an 
a ltitude of 459 ki lometres, it ignites for 
a 64.3 second bu rn to accelerate the 
payload i nto o rbit. The col d  gas jets, 
used to stabi l ize the booster dur ing 
coasts, n ow spin u p  the sate l l ite 
before release. [7,8) 

Plans and Prospects 
In the sum mer of 1 988, it was 

p lanned the fi rst Pegasus launch 
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wou l d  be made i n  J u ly 1 989. The 
payload wou l d  be a DARPA bu i lt pack­
age of severa l smal l  store and d u m p  
com m u n ication sate l l ites. T h e  second 
lau nch, carryi ng a m i l itary sate l l ite, 
wou l d  be made in October. The th i rd 
lau nch would fol low i n  December 
1 989 with a NASA space science 
payload. [9) I n  late 1 988, this p lan 
changed.  The fi rst l aunch's payload 
was now to be a NASA i nstru ment 
package to measu re wing and body 
data. The goal of the fl ight is a fi na l  
test of  the lau ncher before riski ng a 
costly payload. If a l l  goes wel l  the 
second fl ight wi l l  carry the m u lt ip le 
sate l l ites. [ 1 0) The fi rst 15 or  so Pega­
sus l a unches wi l l  be made using 
NASA's N B-52B. I n  late 1 990, OSC 
hopes to shift ta. a heavy tra nsport as 
l aunch a i rcraft. N ot surprising,  g iven 
the N B-52 wij l ,  by that t ime, be 
a l m ost 40 years old and have made 
over 450 drops ( i nc lud ing 199 X- 1 5  
fl ights). Edwards AFB is seen a s  the 
o n ly base for the foreseeable futu re.  

OSC and Hercu les bel ieve 1 6- 1 8  
launches over 2 t o  2 . 5  years wi l l  be 
needed to reach the break even point. 
The launch rate is projected to be 
1 0- 1 2 1au nches per  year.  They bel ieve 
a viable l a u nch service can be based 
on a

·
s few as 5-6 per year. A Pegasus 

launch is est imated to cost $1 0 
m i l l ion .  (The N B-52 cost $30,000 per 
hour and a launch takes fou r  hours) .  
The smal l  assembly crew, the sea l i ng 
of e lectronics, thrusters and other 

· critical systems, so they do not need a 
clean room, and a lack of back up  
systems (except for the  destruct sys­
tem )  a re a l l  i ntended to keep costs 
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down. The est imate is a Pegasus 
launch wi l l  cost half that of a conven­
tiona l  booster. [ 1 1 )  

Among the prospective satel i ites for 
Pegasus are, i n  addit ion to the Lig ht­
sats, com munications sate l l ites, 
remote sensing,  materials processing,  
geolocation and certification of e lec­
tro n ics for space fl ig ht. These cou l d  
be both U . S .  and internationa l .  
Another possi b i l ity is acq u i ring  data 
for the National  Aero Space Plane.  
Pegasus cou ld carry a 680 ki logra m  
data payload. The early Pegasus 

, fl ig hts wi l l  be instru mented for NASP 
data. [ 1 2] 

Once past the i n it ia l  fl ig hts, Peg a sus 
wi l l  then have to fi nd a pa rt of the 
com mercial l aunch services m arket. 
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segment does not develop as antici­
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cu lties of  a n  advanced commercia l  
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ing Bush adm i nistration or renewed 
questions about the Lightsat prog­
ram m e  (which achieves low costs at 
the p ri ce  of reduced capabi l it ies). 

Whatever the final outcome, Pega­
sus is  a u n ique project. lt is a booster 
developed through p rivate funding 
that  uses an u nconventiona l  l au nch 
profile to achieve l ow cost and flexi­
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h istorical continuation of such 
experimental a i rcraft as the X- 1 ,  D-
558 1 1 ,  X-2 and X-1 5. Al l used a i r­
launching as the first step to ever 
h igher  speeds and a ltitudes. Pegasus 
would cany that traditio n  i nto orbit. 
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Galileo at Venus 
The launch period for the Gali leo 
m ission to Jupiter opens on Octo­
ber 8, 1 989, and the spacecraft will  
arrive at Jupiter o n  December 7, 
1 995. However, prior -to arrival at 
Jupiter, six encounters with solar­
system bodies are planned : 
Venus (Feb. 1 990), Earth/Moon 
(Dec. 1 990), asteroid Gaspra (Oct. 
1 991 ), and Earth/Moon ( Dec. 
1 992) .  A seventh, with asteroid 
lda (Aug. 1 993),  is also an option if 
the Gaspra results indicate the 
required expenditure. of prop· 
ellant is justified. The three 
planetary encounters are sche­
duled in order to give Gali leo 
gravity assists which will send it 
to Jupiter. Prior to the Challenger 
accident in 1 986, the powerful 
Centau r  rocket, serving as an 
upper stage for the Shuttle, would 
have enabled the spacecraft to 
cruise directly to Jupiter i n  about 
two years. After cancellation for 
safety reasons of the combination 
of Shuttle with Centau r, mission 
designers at JPL created this tour 
of the inner solar system, substi­
tuting planetary energy to cover 
the shortfall  in chemical energy. 

Gal i leo's flyby of c loud-covered 
Venus, at an a l t itude of 1 5,000 km, 
provides a scientific bon us  which 
complements the Mage l l an  m i ss ion to 
that p la net (Ap ri l 1 989 l a u nch and 
Au g u st 1 990 a rriva l ) ;  the Mage l l a n  
orbiter wi l l  pri mar i ly  mc;tp the Venu­
s ian  su rface with a synthetic a pertu re 
radar  wh i le  G a l i l eo's payload is su ited 
for atmospheric stud i es a nd i nvestiga­
t ions  of  fie lds a n d  part ic les phe­
nomena.  

The scientific i nvestigat ions p lan­
ned for the Februa ry 1 990 vis it  of 
G a l i leo to Venus have been parcelled 
i r:tto th ree categories : fi rst time, col ­
laborative and corroborative. The fi rst 
category is

· 
self exp lanatory. The 

second, a scientific col l a boration ,  wi l l  
b e  u nderta ken between G a l i leo a n d  
NASA's Pioneer Ven u s  Orbiter, laun­
ched i n  1 978, which is  sti l l  active ly 
engaged ip Venusian resea rch .  The 
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The Galileo spacecraft is subjected to realistic environmental conditions i n  J PL's space simulator prior to 
its scheduled October 1 989 launch. NASAIJPL 
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th i rd refers to observations which 
relate to i nvest igations carr ied out by 
p revious spacecraft at Venus .  

One of  the fi rst-t ime scientific objec­
tives is to m a p, in the i nfra red, fea­
tu res a n d  m otions in and below the 
c loud deck on the dark side of Venus. 
O bservations from Earth h ave 
revealed a reas of su rpris ing brig ht­
ness variat ions on the dark side of 
Ven u s  in the spectra l ra nge of 1 . 5 to 
2.5 m icrons. (A m icron is one m i l l ionth 
of a meter and the wavelength of 
visib le  l ig ht l ies between 0.4 and 0.7 
microns. E lectromagnetic waves of a 
few m icrons a re said to constitute the 
" near i nfrared, "  that is, i nfra red radia­
t ion near to the visi b le  reg ion . )  These 
observations shou ld yie ld i nformatio n  
concern ing atmospheric ci rcu lat ion 
and c loud properties and may estab­
l ish correlations with featu res o n  the 
surface of the p lan et. The i nvestiga­
t ion wi l l  e m ploy Ga l i l eo's Near­
I nfra red Mapping Spectrometer 
( N I  MS) .  

A second objective i n  the catego ry 
of fi rst-t ime science at Ven u s  is to 
track atmospheric features (convec­
t ion cel ls ,  eddies, etc. ) movi ng in the 
mid latitudes and equator ia l  reg ions.  
Tem po ra l  variab i l ity at very short t ime 
sca les wi l l  be determi ned whi le  
observing the featu res from Venusian 
morn ing to afternoon. The observa­
tions wi l l  be carried out with the 
spacecraft's ca mera - formal ly desig­
nated The Sol id-State lmaging (SSI )  
su bsystem .  The NIMS wi l l  a lso partici­
pate i n  th is scientific objective by 
h otspot coverag e  on the dark side of 
the d isk. 

Previous U .S .  and Soviet m issions 
to Venus have made measurements 
that ind icate the possib i l ity of l i g ht­
n i n g  on Venus, but no strikes have 
ever been imaged. Science p lanners 
a re computing the probab i l ity of 
observing l i g htn ing ,  based u pon the 
n u m ber  of SSI i m ages which cou l d  be 
taken and the presumptive frequency 
of the phenomenon.  The outcom e  wi l l  
determine whether or  not the optical 
detection of l ightn ing is wo rth attem p­
t ing at Venus. 

O n e  o f  G a l i leo's planned i nvestigations at Venus 
employs a series of scans of the planetary l i mb 
with the spacecraft's Near-Infra red Mapping 
Spectrometer ( N I MS) 

NASAIJPL 
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Although the prime mission of G a l i leo is  exploration of the Jovian system, the spacecraft wi l l  fly past 
Venus i n  Febru a ry  1 990 with the opportun ity of conducting valuable scientific i nvestigations. (The longer 
elongated zone at Venus represents a region, i n  the plane of the trajectory, where Earth wou l d  be 
occulted by Venus, the shorter zone shows the area of solar occultation.)  NASAIJPL 

F ina l ly, i n  the category of fi rst-t ime 
science, the NIMS wi l l  be used to 
conduct a program of spectroscopic 
measu rements ;n the middle and deep 
atmosphere and to map the a i rg l ow' 
phenomenon (at 1 .27 m icrons and due 
to the recombi nation of  mo lecu lar  
oxygen)  wh ich  has been o bserved 
from Earth but not by previous space 
m issions. 

The durab le  Pioneer Ven u s  O rbiter 
(P ioneer 1 2 ),  managed by NASA's 
Ames Resea rch Center, has been 
u n l ocking the secrets of Venus for 
over a decade. Dur ing Ga l i l eo's flyby, 
the two spacecraft wi l l  col laborate i n  
ach ievi ng severa l scientific objectives : 
g l oba l (atmospheric) featu re tracking,  
i nvestigations of the m echa n ism of 
a u roral  excitat ion,  magnetic-fie ld 
measu rements, and stud ies of parti­
cles and waves in the magnetosphere. 
I n  addition to the N I M S  and SSI ,  
G a l i leo's u ltraviolet spectrometer and 
photopolar imeter wi l l  participate in  
the prog ram of joint measurements 
a long with severa l fields and particles 
instru ments. 

Venus  has been a pri m e  ta rget for 
p lanetary scientists s ince the early 
days of space exploration - the 
M a riner  2 flyby of Venus i n  1 962 was 
J PL's fi rst successfu l i nterp laneta ry 
m ission - and n u m erous  l i nes of 
i nvestigation have been i n itiated with 
regard to the second p lanet.  G a l i leo 
wi l l  contri bute to th is reservoi r  of 
research by corroborat ing and refin­
ing  resu lts i n  severa l a reas inc lud ing 
the energy budget of  the p lanet (see 
the December edit ion of this col u m n  
for si m i la r  stud ies for t h e  outer 
p lanets ) ;  spat ia l  va riab i l ity of water, 

su lphuric acid, and su lphur  d ioxide i n  
and a bove t h e  clouds; p lanetary l i m b  
studies;  n ightg low i n  t h e  u ltraviol et ;  
and c loud-top tem peratu res. 

Dr. James A. Dunne is the chief of 
Ga l i l eo's Science Req u i rements and 
Operations P lan n i ng (SROP) team and 
is working with investigators on the 
Project Science G roup and project 
enginee rs to formu late in deta i l  the 
scientific p lan at Venus. 

The principal  constra i nt on the 
development of th is plan, accordi n g  to 
Dunne, is the l i m ited amount of space 
avai lab le  o n  the spacecraft's tape 
recorder for the storage of observa­
tional  data. G a l i leo's h ig h-ga in  
a ntenna m ust rema in  fu rled to protect 
it from thermal damage wh i le  in the 
i nner solar system ,  and rea l-ti m e  com­
m u n ications m u st ut i l ize one of  two 
l ow-gain a nten n as. At the t ime of the 
Venus flyby, 1 200 bits per secon d  ca n 
be pumped to Earth through  the low­
ga in  a ntenna,  a n d  th is  wi l l  be devoted 
to engineer ing te lemetry. Hence, sci­
entific o bservations of Venus must be 
recorded on the spacecraft's tape 
recorder a nd p layed back many 
months l ater when Ga l i leo d raws 
closer to Earth. 

The tape reco rder has fou r  tracks. 
One wi l l  be reserved for record ing  key 
engi neering data, such as generated 
d u ring spacecraft manoeuvres, to 
assist in the later analysis of any 
anomal ies that might a rise. The 
rema in ing  three tracks wil l  store the 
scientific data from Venus encou nter 
with two tracks devoted to the categ­
o ry of fi rst-t ime science. 

The Venus encounter wi l l  spa n the 
per iod of one day prior to closest 
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approach to th ree days after that 
event. Normal ly, a p laneta ry encoun­
ter  poses severe problems for science 
p lanners in their  attem pt to fit a l l  
desi red observations i nto a confl ict­
free t imel i ne. But Dun  ne said the tape­
recorder constra i nt is so severe that it 
restricts the a l l owable n u m ber of 
observations to the po i nt that i nter­
leavi ng them in the t ime dom a i n  is 
relative ly easy. 

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

The encounter of Ga l i leo with Venu s  
is a bonus  accru ing  from t h e  l o n g  trek 
to Jup iter, but it is, of cou rse, secon­
dary to the pri m a ry m issio n  of Jovian 
exploratio n .  In recog n it ion of th is  fact, 
two sepa rate com mand sequences 
wi l l  be prepa red for the period of ti m e  
which i nc ludes t h e  Venus flyby. The 
fi rst wil l  inc lude scientific activities, as 
described above, wh i le  the second wi l l  
on ly  conta i n  eng ineeri n g  activities 

conducive to the m a i ntenance of the 
spacecraft in i nterp lanetary cruise; the 
M i ssio n  Di rector wi l l  decide which_ 
sequ ence is to be u p l i n ked to Ga l i leo 
based upon � n  eva l uation of the state 
of affai rs in early 1 990. 

That Ga l i leo has the opportu n ity to 
make u n ique contri butions to Ven u ­
s i a n  science is a turn o f  events that 
wou l d  have seemed i nconceivable  
just a few yea rs ago.  

German Space Operations Centre 
Driving through the Bavarian 
countryside o n  a sunny afternoon 
in  early October furnishes a set­
ting of g reat beauty, with the 
trees starting to colour and, near­
ing Munich, the white heads of 
distant Alps visible on the skyli ne. 
My destination was the German 
Space Operations Centre (GSOC), • 
which is located in Oberpfaf­
fenhofen about 30 km west of 
Munich. The 300-person staff of 
GSOC is contained within a larger 
D FVLR (Die Deutsche Forschungs­
und Versuchsanstalt fur Luft- und 
Raumfa h rt) facility of approx­
imately 1 000 people. DFVLR is the 
national space agency for Ger­
many and has five field centres 
with headquarters in Cologne. 
Roughly one haH of the German 
space budget is invested in 
national  activities, and the other 
haH supports projects of the Euro­
pean Space Agency ( ESA). 

The su n l ight was especial ly wel­
come since I had com e  from a period 
of ra i n  wh i le  visit i ng the E u ropean 
Space Operations Center (ESOC; see 
January's col u m n )  300 km to the 
north, i n  Darmstadt. 

The Di rector of G SOC is Dr. Franz 
Sch l ude, whose organ ization chart 
l ists seven Divis ions.  The primary p u r­
pose of my visit was to confer with 
H u bertus Wan ke, head of the Mission 
Operations Division fo r U n m a n ned 
Projects. which inc ludes scientific 
spacecraft and com m u n ications  satel­
l ites. 

GSOC was establ ished in 1 968 and 
has supported a n u m ber  of  m issions 
i nc lud ing Hel ios (two spacecraft in 
he l iocentric orbit) ,  the German-French 
Symphonie com m u n icat ions sate l ­
l ites, and AMPTE. Sta rti ng i n  the mid  
1 970s, there was a pause i n  the flow of  
new operat ional  opportu n ities, but 
S pacelab and Ga l i leo support have 
he lped bridge the gap.  

Cu rrently. the only m issions in  fl ight 
a re the Indian Remote Sensi ng sate l ­
l ite, IRS- 1 A, for wh ich G SOC com­
prises the E u ro pean node, and the 
damaged TV-SAT 1,  which is  used 
pri mari ly  for tra in ing  pu rposes. 
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The celest ia l  sphere will  be surveyed i n  the X-ray a n d  extreme u ltrav1olet reg ions of the electromag netic 
spectrum by ROSAT. This astronomical satel lite is scheduled for a 1 990 lau nch and will be operated from 
the German Space Operations Canter (GSOCI at Oberpfaffenhofen Dornier 

The menu of futu re m issions is as 
substantial  and varied as the legen­
dary cuis ine of the reg ion .  ( Necessa ry 
d ig ression : h ot Weisswu rst from a 
stand i n  M u n ich's Viktua l ienmarkt is a 
gastronomic joy. ) Geostat ionary satel ­
l ites a re TV-SAT 2 ( 1 989), DFS 1 a n d  2 
( Deutsche Fernmelde Satel l iten )  for 
the Bundespost ( 1 989),  and fou r  com­
m u nications sate l l ites for Eutelsat 
(sta rting in 1 990).  Scientific Earth 
satel l ites are represented by I RS- 1 A  
a n d  ROSAT ( Rontgen sate l l ite, 1 990), 
and i nterpla n etary operations a re 
ach i eved th roug h  su pport of NASA's 
Ga l i leo fl ight to J u piter, which is  sche­
d u l ed for a 1 989 launch .  

The pr inc ipa l  support to Ga lileo con­
sists of receiving telemetry from the 
fie lds and particles experi ments d u r­
i n g  the cruise to J u p iter. This trackiqg 
wil l  beg i n  once the spacecraft l eaves 
the i n ner  sol a r  system (where it wi l l  
receive a g ravity assist from Ven us) ,  

and the h igh-ga in  a ntenna is u nfu rled. 
Five passes per week are schedu led, 
using GSOC's stat ion at nearby

' 

Wei lhe im.  (The Wei lhe im stat ion pos­
sesses two 1 5m antennas, S-band, 
and one 30m dish,  X-band and S­
band.  The 30m a nten n a  wi l l  be used 
for Ga l i leo tracki n g . )  In addit ion to 
ca ptu ri ng this scientific data d u ring 
cruise, GSOC wi l l  m erge the Wei lhe im 
port ion with  s imi la r  data gathered by 
NASA's Deep Space N etwork and dis­
tr ibute the resu lt ing Experi ment Data 
Records to i nvestigators. Com m a nds 
ca n also be sent to the Ga • i leo 
spacecraft from the Wei l he im station 
at the request of the- control team at 
J PL. 

Plans for man ned space fl ight 
operations a re q u ite extensive. The 
" D2 "  and " D3 "  Spacelab m issions are 
scheduled for 1 991 and 1 993. respec­
tively, whi le  Col u mbus, the E u ro pea n 
component of the i nternationa l  Free-
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dom Space Station, wi l l  be operated 
later in the 1 990s. 

My i nterest focused on ROSAT, and 
Fritz Guckenbieh l ,  the Mission Opera­
tions Manager, described the basic 
structure of the m ission (see the 
August 1 988 issue of JB/S for th ree 
tech n ica l papers on ROSAT). The 
sate l l ite wi l l  conduct a six-month sur­
vey of the celest ia l  sphere i n  the X-ray 
and extreme u ltravio let reg ions qf the 
electromag netic spectru m .  

A feature o f  m ission pla n n i ng which 
may represent an i m portant trend in 
operations i n  E u rope and withi n  
N ASA (the 1 992 Mars Observer is a 
case i n  poi nt) is the provision for 
remote scientific operation ( "telesci­
ence " )  of the ROSAT scientific i nstru­
ments from the Max Planck Institute i n  
Garch ing .  The scientists a re responsi­
ble for generation of command fi les 
for the two i nstru ments - a n  X-ray 
telescope and a wide-fie ld camera for 
the extreme ultraviolet - and wi l l  
del iver them t o  t h e  GSOC control 
centre via data l i nes. The fi les can then 
be transmitted to the appropriate loca­
tion in the data system of the 
spacecraft. Eng ineering control of the 
spacecraft, such as pointing com­
mands and down l i n k  of data to the 
tracking station, is retai ned as a func­
tion at the Oberpfaffenhofen site. 

The integrated sequence of com­
mands that ROSAT wi l l  receive from 
the g round wi l l  resu lt from a blend of 

these scientific and engi neering activi­
ties. Receiving i nputs from scientific 
investigators as to what astronomical 
�argets a re desired for observation,  
the M ission Timel ine Generator p rog­
ram at the GSOC control center wi l l  
formu late a n  observing p lan consis-

Space at JPL 
tent with constra ints such as i nterfer­
ence from the Earth, Sun,  and Moon.  
The computer program wi l l  ut i l ize 
observer-suppl ied priorities to assist 
in construction of the observing sche­
d u le.  Approach to opti m ization of the 
observing plan wi l l  be achieved by 
reru n ning the M ission Ti mel ine 
Generator unt i l  a satisfactory conclu­
sion is  ach ieved. 

The actua l  sequence of t ime-tagged 
commands for ROSAT wi l l  be pro­
duced by a nother piece of software 
which wi l l  d raw u po n  the m ission p lan 
and the above-mentioned instru ment­
control fi les suppl ied from scientific 
i nvestigators at Garching (e .g . ,  an 
i nstrument-cal ibration sequence). 
Guckenbiehl said  that a sequence 
would  usual ly  be l oaded onboa rd to 
g u ide activities for the next 24 hou rs, 
but, when possible, a 48-hou r sequ­
ence would be up l inked to the 
spacecraft. Th ree years of orbital 
operations a re p lanned. 

Lau nch and early operations for a 
spacecraft a re conducted from the 
Main Control Room. After commence­
ment of the routine phase, the project 
migrates to a dedicated control room 
to be operated by a sma l l  staff, with 
experts on-cal l  for anomal istic situa­
tions. I asked Herbert Wusten (who is 
the Fl ight Operations M anager for 
GSOC support uf Project Ga l i leo) 
whether they had considered using a 
multi m ission team for spacecraft con­
trol (JPL is pondering  the same ques­
tion) .  I ndeed, they have discussed the 
m u lt imission option but, so far, h ave 
concluded that conflicts during 
periods of i ntense activity and possi­
ble confusion between differing 
spacecraft properties rule in favou r  of 

the dedicated-control concept. 
With its Spacelab experience, GSOC 

is  s lated to play a major ro le in 
manned-space fl ight operations in 
Eu rope. The Col u m bus prog ra m me 
consists of the Attached Pressu rized 
Module (APM ),  the Man-Tended Free 
Flyer ( MTFF) and the Po lar  Platform. 
The APM wi l l  be control led from the 
U.S.  with GSOC provid ing operations 
coord ination of E u ropean experi­
ments and serving as a s ing le poi nt of 
contact i n  E u rope. With regard to the 
MTFF, however, control wi l l  be vested 
at GSOC, and a la rge Man ned Space­
Laboratories Control Center wi l l  be 
constructed for MTFF 

-
and APM sup­

port. 
Lothar Bierl ing  and J u rgen Fei n  

briefed me on t h e  range o f  activities 
p lanned for Colu m bus.  Th ree modes 
of MTFF operation a re envisaged : ( 1 )  
automatic (ana logous to the ROSAT 
task - generate a t imel ine, then pro­
duce a sequence), (2) teleoperated, 
and (3) crew supported. Genera l ly, the 
MTFF wou ld operate without human 
presence for s ix  months, fol lowed by a 
servicing visit by astronauts for about 
one week. Coordination of o perations 
would revert to ESOC at Darmstadt 
d u ring combined o perations of more 
than one Col u mbus element, such as 
approach of the p lanned E u ropean 
spaceplane Hermes to the MTFF for 
servicing, but control of the elements 
wou ld  remain  i n  the relevant control 
centres. 

Perseverance has paid d ividends for 
GSOC. Maintenance and steady 
development of capabi l ities have put 
them on the threshold of a period of 
strong g rowth as the tempo of E u ro­
pean space activities i ncreases. 

SETI and the Supernova 
The search for extraterrestrial intelligence (SETI) is an enterprise which 
derives considerable impetus from the fact that either outcome would 
be of absorbing interest. While logic's law of the excluded middle 
guarantees either the existence of intelligent extraterrestrials or the fact 
of our existence as the unique thinking substance of the universe, there 
is, unfortunately, no guaranteed method for rapidly resolving this 
dichotomy. The most common method employed in SETI is scanning for 
electromagnetic signals which could be interpreted to have been sent by 
intelligent extraterrestrials, and several such searches have been 
conducted since Frank Drake's pioneering effort - Project Ozma - in 
1960. 

The difficulties facing a practitioner of 
SETI trace back to two root problems: (1) 
the immense volume and variety of cosmic 
signals that must be sifted in the hunt for a 
gl immer of intelligent representation, and 
(2) the intended reference (meaning) that 
such a representation would contain. 

A large number of proposed methods for 
coping with these problems have emerged 
in the past few decades. A popular 
approach i s  to assume radio waves are a 
l ikely carrier of incoming signals and 
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search Sun-like stars for radio emissions. 
This strategy helps to narrow the size of the 
event space that must be searched, and a 
further contraction is achieved by emph­
asizing inspection of radio wavelengths in 
the neighborhood of the 21cm line emitted 
by interstellar hydrogen. This neighbour­
hood has been dubbed Mthe water hole• 
due to symbolic associations of the resi­
dent interstellar chemical species with the 
chemistry of water, a compound so impor­
tant to terrestrial life. In addition to advan-

tages relative to both of the root problems 
of SEll , the water hole confers the tech­
nical benefit of being located in a region of 
minimum background noise in the radio 
spectrum. !The book Communication with 
Extlatenestrial Intelligence (CETI). MIT 
Press. 1 973. edited by Carl Sagan, treats 
the water hole and other aspects of uclas­
sical . SEll with insight. ) 

The NASA SETI programme, begun in 
1 983. is addressing the ·vol ume and mean­
ing• problems th rough construction of a 
ba!anced search strategy which employs 
both an all-sty survey over a broad range 
of frequencies and a more focused and 
sensitive search in selected, preferential 
domains.. The programme is reviewed in 
the April 1986 edition of this column. 

Although one can readily understand the 
difficulty of sorting through large amounts 
of data. the second problem. recogmzing 
and interpreting a SEll datum when it is 
presented, is not as easy to appreciate. In 
an attempt to enhance this appreciation. 
three examples will be given of the vice of 
subjectivity and the way in which it con-
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stricts our views of the wide world and its 
potential inhabitants. 

We commonly view bacteria as single­
cal led organisms. Writing in the June 1 988 
Scientific American, J. A. Shapiro 
describes complex multicellular structures 
and functions associated with certain 
bacterial colonies. He claims that our view 
of these creatures as unicellular persists 
because of our subjective focus on their 
role as agents of disease. 

A second, more complex example can be 
developed through considering Dr. Paul D. 
MacLean's theory of the triune structure to 
the human brain. MacLean, Chief of the 
Laboratory of Brain Evolution and 
Behaviour, National Institute of Mental 
Health, has elaborated an anatomical and 
functional view of our brain which identi­
fies three components : an old repti l ian­
based formation, a more recent mamma­
lian " l imbic system", and the most evolu­
tionarily recent contributions of the 
neocortex. The two older components are 
not only a part of our neural machinery but 
also possess their own, unique, subjective 
viewpoints. According to MacLean, the 
repti l ian brain is a factor in mass hysteria 
and mob violence and "behaves as though 
it were neurosis-bound by an ancestral 
superego," whi le the limbic system "might 
be l ikened to a primitive television screen 
giving the mammal a better picture for 
adapting to its internal and external 
environment" .  (See p. 1 2  of MacLean's A 
Triune Concept of the Brain and Behaviour, 
U. of Toronto Press, 1 973.) 

The theory, as it  stands, provides a 
biological complement to psychological 
analyses ( l ike those of Freud) of the indi­
vidual unconscious and once more demon­
strates how difficult it is to recognize the 
stranger in our midst. Continuing to mine 
the same vein and taking a cue from 
MacLean's finding that the limbic system 
has access to substantial information, 
including visual, about the external world, 
might · e. not presume the possibil ity of 
interaction between the l imbic systems per 
se of different humans? 

The idea of a " Limbic Society" with its 
own practices and institutions as a sha­
dowy presence coexisting with our human 
civilization seems fancifu l and even a bit 
eerie, but it might supply the physical 
setting for Carl Jung's ( 1 875- 1 961 ) notion 
of the "collective unconscious. " Consider 
that the familiar mechanisms of human 
interpersonal communication are not 
directly neocortex-to-neocortex but require 
passage through intervening systems of 
organic and inorganic material in a most 
complicated manner. Could not interlimbic 
communication similarly prosper? 

From the perspective of the Limbic Soci­
ety, the community of our upper-brain 
faculties would not, we hypothesize, be 
recognized as such. Instead, it would con­
stitute a set of constraints and rules - laws 
of nature - to be accommodated in the 
best way possible, e.g., Freud's theory of 
the coding of dream material to evade 
upper-brain censorship. The basis for this 
assertion is that our higher constructions 
would lie beyond the ken of the limbic 
system (which is nonverbal), and it would 
only be feasible to reduce perceived reg­
ularities to rules. In short, the Limbic 
Society might recognize no higher form of 
l ife inhabiting its world, barring a success­
ful search for extralimbic intelligence! 

The two preceding examples, bacterial 
colonies and my postulation of the prob-

SPACEFLIGHT, Vol .  3 1 , M a rch 1 989 

Space at JPL 

NOVA/SUPERNOVA 
(TIMING SIGNAL) 

SENDER 
(MESSAGE SlGNAL) 

EARTH • 

The occurrence of a bright nova or a supernova 
furnishes a timing pulse that can serve to syn­
chronize sending and receiving activities for an 
interstellar message. The message is sent when 
"Sender" first observes the celestial explosion, 
and then "Receiver" tries to detect the m!)ssage 
R(1 -cos6) years after observing the explosion at 
Earth (R is the distance in l ight years from Earth 
to Sender, anci the distance to the nova or 
supernova need not be known provided it is large 
compared to R). 

NASAIJPL 

lematic Limbic Society, have dealt with 
entities below us in the evolutionary chain. 
Dr. James Lovelock began to speculate on 
planetary l ife during his stint at JPL as a 
scientist for the Viking expedition to Mars, 
a project primari ly devpted to the search 
for extraterrestrial l i fe.  Since then, Love­
lock has developed and championed the 
hypothesis that the Earth, taken as a whole, 
is a l iving organism : the Gaia hypothesis 
( Gaia was the Greek goddess of the Earth). 
But he does not claim a human-l ike con­
sciousness for Gaia. 

The Gaia hypothesis rests upon what 
Lovelock asserts is purposive behaviour of 
the Earth in maintaining the existence of 
the biosphere in the face of great adversity. 
He claims, for example, that the stability of 
the temperature of the atmosphere over 
thousands of millions of years could not 
have been achieved by a simple physico­
chemical system's reactions. The evidence 
is 1 skilfully marshalled in his latest book, 
The Ages of Gaia (W.W. Norton, 1 988). 

As in the case of the Limbic Society, we 
are not concerned so much with the truth 
of Gaia as with the deficiencies it illustrates 
in our cognitive faculties; Gaia, for this 
purpose, is a thought experiment - a 
stimulus to the imagination - that puts us 
in the analogous position of a limbic sys­
tem trying to comprehend a complex 
environmental entity. In other words, the 
Gaia concept presents a possible instance 
of an epistemological limit; if Gaia were 
true, could we expect ever to know that 
fact? Would it be more advanced than us? 
Less advanced? �ot comparable? 

In February 1 987, a naked-eye supernova 
was observed in the Large Magellanic 
Cloud and was the brightest supernova to 
be observed since 1 604. (See the Septem­
ber 1 988 "Space at J PL" .) The employment 

of astronomical explosions in SETI was 
analyzed in my December 1 977 paper in 
lcarus. In brief, explosions, novae or super­
novae, can serve as celestial clocks (albeit 
with one tick and no tock) to synchronize 
the communcation efforts of sender (the 
extraterrestrial for the case of greatest 
interest) and receiver (us).  The clock princi­
ple states that the sender transmits a 
message upon observing the celestial

' 

explosion. We can then calculate how 
much later than our observation of the 
explosion the message would arrive. The 
calculation only depends upon the speed 
of l ight and the relative geometry of sen­
der, Earth, and ex!Jioding star. 

Just as the water-hole convention nar­
rows the wavelength domain to be sear­
ched, the clock convention narrows the 
time domain, when a clock is available. The 
bright nova in Cygnus in 1 975 furnished 
the material for construction of a celestial 
clock, and some observational opportu

.
ni­

ties were discussed in the July/August 
1 986 edition of this column. 

• 

The theory is equally appl icable to the 
1 987 supernova, and, applying the simple 
calculatioos prescribed in my lcarus paper 
to the nearby Sun-l ike stars Tau Ceti and 
l?psilon Eridani, it is found that the prime 
observing time for signals from the former 
ranges from June 1 993 through January 
1 994, while the latter's range is November 
1 992 through February 1 993. A span of 
time is given in each case because of 
uncertainties in the distances of these two 
stars (the calculation is relatively insensi­
tive to the exact distance of the supernova). 
For further candidate stars, the SETI practi­
tioner is advised to util ize W. Gliese's 
Catalogue of Nearby Stars ( 1 969 - but a 
new edition is in preparation). The stars 
Tau Ceti and Epsi lon Eridani are fabled in 
SETI lore and, in fact, were the two 
examined by Drake in 1 960. 

The clock convention ( l ike the water-hole 
convention) addresses the two root prob­
lems of SETI: reducing the volume of data 
to be gathered and establishing a common 
occasion of reference for sender and 
receiver. 

The reduction in the time domain that 
must be searched for a signal is easily 
calculated if we assume that a supernova 
occurs ·in the galactic neighborhood about 
once every 1 00 years. Ratioing this time 
period to the above-mentioned (uncer­
tainty) time ranges yields a reduction factor 
of about 1 50 for Tau Ceti and 300 for 
Epsilon Eridani. 

The preceding discussion on epistemol­
ogy indicated that organisms of greatly 
differing capabil ities probably do not share 
cognitive domains to any appreciable 
extent. The idea behind a convention like 
the clock principle is to throw the burden of 
insight onto the more advanced entity -
presumably sender in this application -
and hope that it guesses exploding stars 
are objects of temporal significance to 
planetary dwellers at our stage of evolu­
tion. We would be hard pressed to guess 
what might attract the attention of Gaia 
(with its slow time scale) or its ilk. 

The goal of SETI is, of course, contact 
with intelligent life beyond our planet. We 
do not know when such an event might 
come to pass, if ever, but the literature of 
the subject shows steady progress in our 
grasp of methodology. An important by­
product of SETI, with or without "first 
contact," appears to be insights we gain 
concerning human nature and its place in 
the cosmos. 
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*\!JW MISSION REPORT 

Aria ne 4 Goes Commercial 
The first commercial Ariane 4 blasted off 
from the Guiana Space Centre carrying the 
Skynet 4 and Astra satellites. The satellites 
were successfully injected into a Geosta­
tionary Transfer Orbit (GTO) less than 18 
minutes after launch. This is the second 
flight for Europe's most powerful launcher, 
the Ariane 4. The vehicle was first tested in 
June 1988 (Spaceflight, August 1988, 
p.304). 

The Aria ne 4 was l a u nched from pad E LA 
2 at Kou rou on Dece m ber 1 1 ,  1988 at 
00 : 33 : 38 G MT. The Ariane 4 was equ i p ped 
with two sol i d  and two l iquid strap-on 
boosters (an Ariane 44LP) .  The l a u nch was 
threatened by bad weather, but the storm 
clouds cleared and the cou ntdown went 
ahead.  A l a u n ch the previous n ight had to 
be a borted when problems with the third 
stage engine sensors were detected .  

Provisional  para rreters ca lculated for the 
i njection i nto GTO were : 

Perigee : 202 ( +/-1)km for 199.8km 
i ntended 

Apogee:  36,200 ( +/-100)km for 36,010km 
i ntended 

I ncl inatio n :  7.06 ( +/-0.05) degrees for 7.00 
deg rees i ntended. 

Frederic d'AI Iest, Arianespace Cha i rm a n, 
declared. "Arianespace is especial ly proud 
tonight to have launched successfu l ly and 
s imu ltan eously one sate l l ite for the UK 
Ministry of Defence as wel l as the fi rst 
private E u ropea n sate l l ite for the 'Societe 
E u ropeenne des Sate l l ites' of Luxembourg. 
For Arianspace this represents the i n a u ­
g u ration o f  com mercia l  services with the 
n ew generation of Aria n e  4 lau ncher. Fl ight 
27 is a lso the seventh l a unch in 1988 a n d  
establ ishes a new record l a u nch o f  16 
sate l l ites i nto precise G eostationary Trans­
fer Orbit i n  the past 15 m o nths . "  

An artist's i mpression o f  t h f;!  British M i n istry o f  Defence commun ications sate l l ite, Sky net 4 .  
BAe 

Skynet 4B---------------------

Skynet was b u i lt by the Space a n d  Com­
m u nications Division of British Aerospace, 
with Marconi  Space Systems responsible 
for the comm u nications package.  

Once i n  positioo, at  1 degree West, the 
spacecraft wi l l  provide the UK's a rmed 
forces with a radio relay i n  space with 
g reatly increased strategic a n d  tactica l 
com m u n ications a n d  i m p roved a nti­
j a m m i n g  capacity. Skynet's ante n n ae pro­
vide a variety of footprints ran g i n g  from 
spot to g lobal coverage. 

The Skynet 4 system consists of the 
satel l ites, or space seg m e nt, a n d  the 
g round seg ment, which is composed of 
various fixed a n d  transportable ground 
station o n  land a n d  at sea . The system wi l l  
provide com m u n ications between these 

stations o n  the SHF band for surface ves­
sels a n d  land stations. Com m u nications to 
submari nes w i l l  be by UHF.  The sate l l ites 
wi l l  be mon itored a n d  contro l l ed from the 
main control centre i n  the UK using X-ban d  
a n d  S-band tra nsm issions. 

Skynet 4 was orig i n a l ly scheduled and 
designed for lau nch a board the U S  Space 
Shuttle, which would have also carried the 
fi rst Brita i n  in space. The disruption to the 
shuttle schedu l e  caused by the Cha l lenger 
accident resu lted i n  the modification of the 
spacecraft for the launch by Ariane 4. 

Skynet 4 is the first dedicated m i l itary 
payload to be launched by Ariane.  The 
second Skynet 4 is schedu l ed for l a u nch by 
Titan 3 in August 1989 and the thi rd for 
l a unch by Ariane 4 in May 1990. 

--------------Astra 1A Ariane V28 
Success 
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The Astra sate l l ite belongs to the Societe 
E u ropeene des Satel l ites (SESI. a private 
com pany incorporated in Luxembo u rg .  

Astra is t o  be located i n  geostationary 
o rbit at 19.2 deg rees East. 1t has 16 oper­
ation a l  tra nspon ders, each of which 
retransm its a television channel ,  and six 
spa re o r  red u ndant tra nsponders. These 
spares provide for an in orbit back-up for 
Astra's television chan nels. 

Each transponder on Astra has 45W of 
power output. The sate l l ite has been 
designed so that its footpri nt. the geog­
raphica l a rea withi n which signals ca n  be 
received, is sha ped to cover the a reas with 
the highest consumer pu rchasi n g  power of 
Western E u rope. In the a rea of Astra cover­
age in which the television sig n a l  has a 
power of 52dbW it wi l l  be possible for a 
television viewer to i nsta l l  a parabolic 
reception a nte n n a  ( dish) as small as 60cm 
in d i a meter, and a tuner attached to a n  
exist ing television set, t o  re<.eive hig t> 
qual ity television signa ls. Viewers outside 
this a rea wi l l  have to use prog ressively 
l a rger d ishes. 

· 

The Astra 1 A sate l l ite duri ng p re-f l ight  tests. 
Arianespace 

Ariane V28 wa launched on January 28, 
at 01 : 21 (GMT}; the tenth successive 
fl ight since September 1 987. 

"The Ariane 2 blasted off from lau nch 
pad E LA-2 at the Gu iana Space Centre, 
Kourou. 16 minutes later the lau ncher 
placed the 1 5th, and f ina l ,  I ntelsat V 
communications sate l l i te i nto a Geo­
stationa:y Transfer Orbit. The sate l l i te 
can handle 1 5,000 s imultaneous tele­
phone calls and two colou r televis ion 
channels. In  September an Ariane 4 
will  launch the first l nte lsat V I. 

The next launch is scheduled for 
February 28. An Ar i an e 4 is to orbit 
the Japanese commu n ications sate l l i te, 
JC-SAT 1 and the Eu ropean Meteosat 
(MOP) 1 .  

ArWie V7J stands poised for launch 
•1he GlaiaN Space Centre, Kourou. 

Arianespace 
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Schlrra's Space 

W.M . Schirra Jr, with R . N .  BiHings, Gazelle Book Services Ltd. Falcon 
House, Queen Square, Lancaster, LA1 1 RN ,  1 988. 227pp. £1 2.50 

The h istory of space research in  the US has been absorbing, if not 
sometimes controversial, from the earliest days and reached a fever of 
excitement with the manned Apollo flights to the Moon. 

This book is the autobiography of the only astronaut who participated 
in all three pioneering manned space pr�rammes, i .e .  Mercury, Gemini  
and Apollo. lt  takes us almost ;nto the Inner sanctum of the US space 
programmes, to learn at first hand about the i ntense competition which 
took place at every stage of the process as well as the rigorous train ing 
which each astronaut had to undergo and thus provides a chronicle of an 
important era in space history by a major participant. 

The eo-writer named on the cover is a professional writer who has 
already "ghosted" other personal stories about American astronauts and 
their wives. 

Introduction to the ::.pace Environment 

T. F. Tascione, O rbit Book Co. I nc., P 0 Box 9542, Mel bourne, FL 
32902-9542, U . S.A., 1 988, 1 1 6pp, $34.50. 

Our u ndersta n d i n g  of the near-Earth space envi ronment has 
g rown rapidly over the last twenty years o r  so as a result  of the 
deta i l ed measu rements retu rned by i ncreasingly sophisticated 
o rbitin g  sate l l ites. This book s u m m a rises com p l icated, and some­
times confl ict ing,  theories that h ave been derived from such mea­
su rements and presents them i n  a clear and readable fashion.  

The book i s  organ ised i nto 10 m a i n  chapters which review plas­
m a physics a n d  so l a r  p hysics, the formation and dynamiel: of the 
sol a r  wind and i nterpla netary mag netic fields, the struct u re and o ri­
g i n  of the geomagnetic field and its i nteract ion with the solar wind.  
An u nderstanding of the structu re of the neutral  atmosphere is bas;c 
to u nderstanding the atmosphere, for neutra l winds a re very i m por­
tant i n  determ i n g i n g  the dynam ics of the l ower ionosphere. F u rther 
discussion on the i nteraction between the ionosphere and mag­
netosphere fol l ows, concluded by fi n a l  chapters which look at relev­
a nt g rou nd-based a n d  space-based systems. 

The Harlow-Shapley Symposium on Globular Cluster Systems in 
Galaxies 

J.E .  Grindlay & A. G. Davis Phi l ip.  D. Reidel Publishing Co. , PO Box 989 
3300 AZ Dordrecht, The Netherlands. 1 988. 751 pp, £85.00 

This volume is intended to highl ight the large-scale properties of 
globular clusters during their formation and evolution i n  galaxies. lt  
reviews some of the recent spectacular progress and prospects for the 
future study of globular clusters, whether i n  our own or i n  external galaxies 
and looks forward to the prospects for further discoveries which wi l l  
emerge with the use of the Hubble Space Telescope. 

The book is in honour of Harlow-Shapley, an astronomer who first 
noted the concentration of globular clusters in the sky in 1 9 1 5  and which, 
by 1 91 7, had enabled h im to locate the position of our solar system far 
from the gala tic centre.  Actually, the attempt to produce a three­
dimensional model of the Mi lky Way goes back much further, and to a 
most unl ikely origin  viz. Will iam Stukeley, who proposed to lsaac Newton 
on one occasion that the Sun and the brightest stars of the night sky made 
up what we would today term a globular cluster, surrou nded by a gap 
outside of which lay the other stars of the Milky Way in the form of a 
flattened ring. Stukeley's remarkable suggestion is recorded only in his 
memoirs so, un like the work of Harlow-Shapley, it had no effect on the 
subsequent history of astronomy. 

Much of the book records the remarkable advances in  observations 
made possible with CCD detectors and the ready availabi l ity and use, 
nowadays, of desk top computers to help with both data analysis and 
theoretical model l ing. Specific topics deal with the discovery of what 
appears to be a correlation between cluster metallicrty and the slope of the 
luminosity function of its stars as well as comprehensive studies of the 
globular clusters in  the Magellanic Clouds, M 3 1  and Local Group 
Galaxies. The evolution of globular clusters past their stage of core 
col lapse and the possibil ity for re-expansion and tidal disruption are also 
considered, with the disruption aspect expanded to i nclude tidal shocks 
in  the galactic disc and encounter with giant molecular clouds. 

1 00 

Space Nuclear Power Systems 1986 

M.S.  EI-Genk & M . D .  Hoover, Orbit Book Co. Inc. ,  P 0 Box 9542, Mel­
bou rne, FL 32902-9542, U . S.A., 1 987, 482pp. 

This vol u me, reproducing 45 papers, is  based o n  a meeti ng held 
in Al buquerque, USA i n  J a n u a ry 1 986, the object of which was to 
s u m m a rise the cu rrent state of knowledge of n u clear power systems 
and to provide .a foru m where the most recent fi ndings cou l d  be pre­
sented. The text i s, therefore, very wide ran g i n g . lt d iscusses the pos­
s ib i l ity of using n u clea r power to open new vistas in space explora­
tion as well as exa m i n i n g  the power req u i rements for a n u m ber of 
propost�d future m issions. Safety, of cou rse, i s  a critica l issue and 
one which i s  a l so considered, particu l a rly to avoid a repetition of the 
sort of re-entry problems which have provided such adverse p u b l ic­
ity in recent years. 

Much of the vol u m e  is concerned with the cha racteristics of 
space nuclearlJower reactors, i .e .  problems of desi g n i n g ,  s i m u l at ing 
and testi n g  as wel l  as therma l  management i n  space. Prog ress i n  the 
development of energy conversion systems, inc luding the ana lysis 
of transient behavi o u r  and the development of fu el cel ls ,  is  also con­
sidered. 

The q u estio n  of m ateria ls  technology for such things as su per­
conductors a n d  insulators and the suita b i l ity and p..:rforma nce of 
various refractory a l l oys for use in a space reactor envi ron ment is 
crucia l .  Expert systems for developing space power suppl ies and the 
user-i nterface a re a n alysed. 

Radiation damage i s  a problem which might p rove acute, hence 
the inclusion of an exa m i nation of m ech a n isms for dea l i n g  with 
breakdowns, incl u d i n g  g rou nd-based reactor testi n g .  

Large Space Structures: Dynamics & Control 

Eds : S.N.  Atlun & A.K. Amos. Springer-Verlag GmbH & Co KG, 
Heideiberger Platz 3. Postfacn .  D-1 000 Berlin 33, Germany, 1 988, 
363pp Hard Cover OM 1 48. 

The CUlT' of this f"'lOrlOg·apt> is to summarise the present state-of-the­
art as 1 applies to tt>e !ecnnologies of the dynamics and control of large 
space st:1JctU•es. 

ConsiOe:-acle act:vrty on a world-wide scale has developed over the 
last decade in getting to gnps with the need to establish a su itable 
techniCal base for sucn syste'1'"1.s. Work has ranged from systems concept 
studies and laboratory e:r.penments to preliminary flight experiments The 
objectives have been to estai:lltsli the interaction between large space 
structures and the space env�ronment. e .g.  as regards durabil ity of 
materials and deVICeS. asseni:lo'y and repair operations and the dynamic 
behaviour of the structures themselves. 

lt is this last area whoch prtMdes the prime basis for this book, with its 
clear emphasis on basic analylical experimental methods 

Among the mam themes COOSidered are the development of models 
for beam-like and plate-lile lattice space structures and the resulting 
problems of � and control. This latter includes such matters as 
vibration, fncOOn between contacting surfaces and how non-l inear dynamic 
motion may be cocltloled Wilt! the use of active and/or passive mechanisms. 

A Catalogue of Soulhan Peculiar Galaxies and Associations 

H. C.  Arp, B. F. Madore &  W.E. Roberton, Cambridge University Press, The 
Edinburg h  Builcing. Shaf!esbury Road, Cambridge, CB2 2RU,  England, 
1 987, 2 Vols £80.00} 

Galaxies do 1'01: exiSt in total isolation. They interact with their 
environments and mocify their surroundings thro�gh nuclear activity, 
galactic winds. tna1 encounters and coll isions. Although not necessari ly 
continuous phenomena the effect of all these factors on the long-term 
evolution of galaxies must undoubtedly be significant. The galaxies we 
see today are the accumuiated result of both quiescent and catastrophic 
evolution.  

The purpose of ths catalogue is to highl ight the most spectacular 
phases of such evolubon. and possibly galactic formation,  by attempting 
to identify and to set out .n baste form how all these activities have or are 
being manifested. 

lt is not enough to carangue individual galaxies: the identification of 
galactic-associabolls IS also mportant and here the UK wide-field Sch midt 
Telescopes in Australia have come i nto their own by providing a new 
perspective. unava�labie eerier. in  making pairs, triples and clusters of 
galaxies i mmediately apparent besides, incidentally, making whole sky 
surveys possible. 

The matenal thus av8llabie has been used as the source for compil ing, 
for references purposes. thiS detailed catalogue of all the interesting 
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galaxies and of most striking (apparent) association of galaxies detected 
in the Southern sky. 

· Volume I is largely tabular in  character. Following a short introduction,  
it l ists and describes each galaxy in  turn , indicating i ts position,  apparent 
appearance and the relevant identifying photographic plate. 

Volume 11 consists almost solely of photographs. These provide 
representative examples of galaxies fal l ing within  the various categories 
adopted for the Vol . l  classification scheme. Natural ly, the largest and 
most spectacular examples have been included but so have many others 
to show a morphological transition and continu ing progression towards 
later categories. · 

All the Galaxies l isted deviate significantly from equi l ibrium forms and 
show disturbances in  the form of jets, distortions in shape or the existence 
of bridging material The cause, in most cases, seems to be small near­
by galaxies which either cause the distortion or which, themselves, are 
being distorted. The classification scheme adopted is really empirical .  it 
has been made simply from a visual inspection on the presently-available 
plates and cou ld well be amended in  the l ight of further i nvestigations. 

Cooling Flows in Clusters and Galaxies 

A. C.  Fabian, Kluwer Academic Publishers Group, PO Box 9889, 3300 AZ 
Dordrecht, The Netherlands, 1 988, 391 pp, £54 00 

The use of x-rays some 20 years ago enabled astronomers to discover 
the diffuse gas existing within glactic clusters and led, subsequently, to 
the realisation that the central gas density in some clusters, and in el l iptical 
galaxies, may be so high that radioactive cool ing time decreases rapidly 
towards the centre of a cluster or galaxy. The result indicates a cooling 
f low which suggests that mass is being deposited in some clusters to the 
iune of several hund reds of solar masses per annum. 

The impl ications of this are profound because it indicates that there is 
an on-going star formation within  the centres of galaxies. This makes the 
subject of cooling flows of immense interest in u nderstanding star' 
formation, though other evidence appears to suggest that these deposits 
produce very low-mass stars or other dark matter. If this is so, it offers an 
insight into the origin  of at least some of the dark matter in the u niverse 
and of the envelopes which surround some giant el l iptical galaxies. 

This is an area where there are sti l l  many unknowns and where there 
is sti l l  room for l ively debate, as nearly fifty highly-specialised contributions 
here amply testify. 

Astronomical Ephemerides: 1 989 

Masson, 1 20 Boulevard Saint Germain 75280 Paris, Cedex 06, France, 
1 988, 31 2pp, 1 50F 

This book is  an annual publication of the mathematical departrnent of 
the Bureau des Longitudes which u ndertakes research i n  the field of 
celestial mechanics and basic astronomy. 

· 

The opening chapter provides data on the various events in the 
almanac and the civil and rel igious festivals arising. The two succeeding · 
chapters contain astronomical definitions (systems of coordinates; time 
scales etc) .  The following chapters, indicating how the ephemerides are 
used, constitute the major part of the book. Explanations are given for the 
calculation of sunrise and sunset times, star setting times, the duration of 
a partit:ular day, twil ight periods and the time at which a star crosses the 
meridian. 

These accurate mean ephemerides are provided for the Sun, the 
Moon,  planets, asteroids, comets and for the major satel lites of Jupiter 
a�d Saturn. Data required for the observation of the surfaces- of the Sun, 
Moon, and planets and the shape and size of the fou r  large satel l ites of 
Jupiter is supplied with the necessary explanations 

Finally, the ephemerides of bright stars, double stars, star clusters, 
nebulae and galaxies are included together with data on astronomical 
phenomena such as eclipses of the Sun and Moon,  star and planet 
occulations by the Moon, conjuctions, oppositions etc. 

Orbital Motion 

AE Roy, Adam Hi lger, Techno House, Redcliffe Way, Bristol ,  BS1 6NX, 
England, 1 988, 53299, £1 5.00 (Paperback). 

This is the third edition of a comprehensive textbook which deals with 
the analytical methods of classical celestial mechanics, the recent 
numerical experiments into the orbital evolution of gravitating masses and 
the astrodynamics of artificial satel l ites and interplanetary probes. lt 
requires little or no prior fami l iarity with astronomy or space science but. 
does require a knowledge of calculus and elementary vector analysis. 
Problems, with answers, are i ncluded as are appendices of relevant 
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astronomical and mathematical �ata. This text is intended pnmarily for 
postgraduate and advanced u ndergraduate students but its discussion of 
orbital computation wi l l  be of interest to serious amateur astronomers. 

This edition i ncludes new data about various bodies i n  the solar 
system, particularly relating to the systems of Jupiter and Saturn . New 
results from recent work on the stability of the solar system and its sub­
systems have also been i ncluded, thereby enabling the text to be updated 
throughout. • 

The Wonderful Apparition :  The Story of Halley's Comet 

R.B.  Peterson, U nivelt I ncorporated, PO Box 281 30, San Diego, California 
921 28, USA, 1 985, 1 95pp, $1 8.95 

. This book tr�ce� the history of one of the most i nteresting celestial 
ObJ�S f�m antiquity to the present. it details the fascinating story of the 
contnbut1ons made by generations of scientists who contributed towards 
understanding the nature of comets generally and to identifying the 
special place held by Halley's Comet particularly. 

Bioastronomy - The Next Steps 

G. Marx, Kluwer Academic Publishers Group, PO Box 989, 3300 AZ 
Dordrecht, The Netherlands, 1 988, 434pp £69.00 

· 

Even though the potential rewards, or potential hazards, arising from 
a successful search for extraterrestrial intelligence may be-great we are , 
at present, sti l l  groping in the dark for ideas on how best to conduct such 
a search. 

This volume presents an abundance of stimulating, if not provocative, 
ideas about how such a search might be prosecuted, as wel l  as providing 
a summary of the progress made over the past few years in  the search for 
extra-solar planets and radio signals from outer space. 

The most remarkable development in recent times has probably been 
the number of projects aimed at-detecting the existence of planets around 
other stars. Significant improvements in  instrumentation have brought 
tbls possibi l i ity well withi n  reach and, if proved successful for some of the 
nearer stars, will u ndoubtedly show that planetary systems must be 
abundantthroughoutthe galaxy. Atthe same time, sophisticated equipment 
and techniques u nder development wil l  greatly enhance the search for 
radio signals and result in  an effort which will dwarf previous work. 

The present volume is divided i nto a number of major sect10ns which 
cover such things as clues to the habitabi l ity of other worlds available 
within  the solar system ,  and the search for extraterrestrial civ i lizations on 

· .. the one hand the primitive l ife on the other. The question of alternate 
biologies also arises, i .e .  will we recognise different life forms when we 
see them? There is the further question on whether intelligence arises 
inevitably in the evolutionary scale and, if it does, what are the prospects 
then for detecting other technological civilizations? 

The book concludes with a short section o n  attitudes to be adopted if 
other civi l izations are detected. In that event, it will u ndoubtedly give rise 
to wide-ranging responses. For example, who will respond - and on behalf 
of whom? Should it be a political ,scientific or philosophical response - to 
indicate just some of the possibi l ities - or wi l l  it actually be made off-the­
cuff by someone who represents nobody but h imself? 

We sti l l  have a long way to go in re13olving such questions. 

The Motion of the Moon 

A. Cook, Adam Hi lger, Techno House, Redcliffe Way, Bristo l ,  881 6NX, 
England, 1 988, 222pp, £35.00 

The passage of the Moon across the night sky has long been a fami liar, 
but mysterious, sight. Newton,  with his Laws of Motion and I nverse 
Square law of Gravity, was able to predict all the planetary orbits - at least 

" i n  principle, but the theory of the lunar orbit was one which, he says, gave 
h im a headache. In the event, an exact solution of the Moon's motion in  
the gravitational fields otthe Sun and Earth defeated both Newton and h is  
successors, even though complex analytical methods have since been 
evolved which g ive very good approximations. More recently, the advent 
of modern computers has allowed even more accurate numerical 
calculations to be performed. Radar observations of the distance of the 
Moon followed by lunar laser ranging and very long base-l ine interferometric 
observations made possible by the Apollo landings have outdistanced 
theory and set a further challenge . Even the predictions of 
general relativity can now be tested with greater precision. 

This book provides a comprehensive account of al l  these theoretical 
developments over the past three centuries and up to the present time 
Although there is much good reading matter, fair knowledge of mathematics 
is also required. 

101  



----- SOVIITS In SMCI-----­

Above the Planet 
--Salyut EVA . Operations --

Regular Spaceflight correspondent 
Nevil le Kidger continues his 
review of spacewalks made from 
the Soviet Union's Salyut series of 
space statio·ns. 

First unscheduled EVA : 
August 1 5, 1 979 

The th i rd EVA from Salyut 6 came at 
the very end of a six-month-long m is­
sion that wou l d  have seemed to have 
had its share of problems a l ready. 

Vladi m i r  Lyakhov and Valeri Ryum i n  
h a d  al ready isolated a leaki11g fue l  
tan k  when the Soyuz 33 spacecraft, 
carrying N i kola i  Rukavishn i kov and 
Bulgar ian Georg i lvanov, experienced 
an engine problem d u ring the fina l  
approach to the stat ion.  The two men 
narrowly escaped being marooned in  
o rbit and returned to  Earth after a 
fl ight of j ust two days. 

This forced cance l lation of a Soviet I 
H u'ngar ian visit to Lyakhov and 
Ryumin .  The Soyuz 34 spacecraft, 
which wou ld  have carried the visit ors 
a rrived at Salyut u n ma n ned. 

The fina l  month of the m issio n  wit­
nessed a major fi rst for the Soviet 
space prog ramme with the deploy-· 

ment of a ten metre d iameter radio 
telescope dish - the KRT- 1 0. 
• There a re suggestions that the tele­
scope dish did n ot open ful ly when it 
was deployed after the separation of 
the Progress 7 cargo sh ip which del i ­
vered it. 

After a month-long series of jo int 
observations with a Soviet Earth­
based radio telescope the time came 
to jettison tl •e assem bly. On August 9 
the com mand was g iven .  Ryum i n  
described how he had activated the 
separation mechanism and watched 
on TV expecting to see the d ish 
pushed away by pyro-bolts and · 

.springs. The dish,  however, d id  not 
separate. 

Ryu m i n  later wrote that exa m ina­
tion through a porthole and by TV 
showed that the wire dish had become 
entangled i n  a beam of the docki ng 
target. " If it were left there, the station 
would not be able to fly unman ned, as 
its orientation system wou l d  not work. 
We tried rocking the station, but to no 
avai l .  We cou l d  only spi l l  out our  
emotion i n  the most impressive words 
we cou ld  find to address the bloody 
th i n g . "  

Ryum i n  outl ined t h e  stark choice : 
leaving the dish as it was, then thus 
abandoning the station ( "for what had 
we kept it so spick and span, done a l l  
the n ecessary repai r  work and 
replaced the worked-out instruments 
with n ew ones? " )  or going outside to 
try and free the reca lc itrant dish.  

1 02 

By Neville Kidger 

·The protective suits . were two 
years o ld  and had twice been used, " 
Ryumin wrote. " Besides, worlt in open 
space was a g reat strain, and we were 

just out of p ractice, what with o u r  
half-a-yea r in  weightlessness.· 

Nevertheless, the decision was 
taken to go outside. Aleksei Yel iseyev 
spoke to the two men. The veteran 
cosmonaut, who made his EVA i n  
1 969, told the men they h a d  done their  
duty and said they might refuse the 
task. But Ryumin  wrote that they 
·would not l isten, and began discus­
sing the job in  deta i l . "  

Ryumin  confi rmed that the  men 
transferred i nto Soyuz 34 the equ ip­
ment that they were to bring back:  
fi l ms, tapes, p lants in  a m poules and 

push me i nto my su it. " 
Once sealed in Salyut's forward 

transfer compartment the air was 
vented. When the time came to o pen 
the hatch Ryu m i n  radioed worrying 
news : the hatch was stuck. Both men 
appl ied pressu re and fi nal ly, a minute 
l ate, Ryum i n  was able to open the 
hatch. lt was 1 41 6  G MT. 

Ryumin  "saw the sun l it Mediterra­
nean far below, and felt some force -
not wind - suck me out. · Viktor Bla­
gov, a deputy fl ight controller, radioed 
up to tel l  the men to be calm. "Quiet, · 
Ryumin  adm itted saying to h imself, 
" meaning it fi rst of a l l  for my wife. I 
knew she wou ld  be beside herself with 
fear. " H is  heart rate was reportedly 
1 34 beats per minute. 

Ryu m i n  step ped out and stood on · 
the skip-plating ho lding a handrai l .  He 
vyatched the g randeur of an orbital 
sunset. With the EVA already behind 

Th is.Sovlet stamp i l lustrates the dari ng spacewa'k b y  c:osmonauts Lyakhov and Ryu min to 
remove the KTR d ish jammed in� Salyut 6 rear docking 1»"1-

sam ples of a l loys obtained i n  the 
fu rnaces i n  case they were .unable to 
return to the stat ion.  James Oberg has 
said that both men wrote last letters to 
their  fam i l ies. 

On August 15 both men ate dinner 
and bega n  to don their  u ndergar­
ments and the main  spacesuits. 
Ryu m i n  described his donning : " lt  
wasn't a picnic ·for me, with my si x  
foot two height, and Vlad i m i r  h a d  to 

schedule and the station in orbital 
1 dartness the two men were instructed 

to wait for the sun rise. Ryum i n  said 
that he saw flood l it cit ies i n  Japan and 
•rt I had ever visited Tokyo, I might 
have recogn ised its main streets. " 

The station passed over the Pacific 
Ocean. The n ight was moonless. 
Ryumin said the wa it. ho ld ing onto the 
handrai l ,  made him feel l i ke a man on 
the footboard of a crammed bus. 
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The men were struck by the beauty 
of the sta rs. "They look l i ke huge 
d iamond pins on the b lack velvet," 
Ryu m i n  said. He felt he cou ld stretch 
out and hold one in h is  g love. 

" I n  about h a lf an hour, a b lu ish­
g reen streak of l ight appeared on the 
l ine divid ing Earth and its atmosphere. 
lt g rew broader and broader, and soon 
shone with a l l  the co lou rs of the 
spectru m .  The Sun  was about to rise, " 
wrote Ryu m i n .  " lt was t ime to beg i n . "  

Ryu m i n ,  attached t o  t h e  hatch with 
a safety l i ne, began movi ng down the 
length of the stat ion.  Lya khov ca me 
outside the station to i nform Ryu m i n  
a bout t h e  behaviou r  o f  t h e  d i s h  a n d ,  i f  
needed, d rag h is  com rade back i n  
with t h e  tether " if t h e  wo rst came to 
the worst . "  

" I  reached the stat ion 's ta i l  and saw 
that the antenna was caught  in several  
p laces instead of one, as we had 
thought," Ryu m i n  wrote. " Its meta l 
spikes had torn the soft ski n p lati ng .  
Qu ite a bit of  work for me."  At  that 
moment the station was out of contact 
with Earth. Consult ing Lyakhov, 
Ryu m i n  decided to cut the fou r  steel 
cables by which the d ish was he ld .  
Ryu m i n  had to be ca refu l - the. d ish 
might wel l  cover h im l i ke a net. 

Oberg described how Ryu m i n  tried 
to shield h is  eyes from the Sun l ight by 
lowering h is  visor but had to ra ise it 
agai n  when condensation from h is  
rapid breath ing caused the i n ner part 
of h is  faceplate to c loud over. He had 
to work with "sweat-soaked eyes. " 

" Fu l l  of apprehension, I a pproached 
the fi rst cable, taut and as stiff as a 
poker, chose the necessary tool­
. . .  took aim . . .  cl ick! and it was cut in 
two, "  said Ryu min .  There was no 
sound but the dish shook and moved 
towards the fl ight engineer prompting 
a cal l  from Lykahov : " Look out'! To the 
right, qu ick. " 

" I  had a narrow escape this t ime, " 
Ryu m i n  reflected. When the dish stop­
ped vibrating Ryum i n  cut another 
cable and the dish moved again, but in 
a nother d i rection. He then cut two 
other cables qu ickly " I  was now a dab 
hand at  it. " 

Ryu m i n  then rested for a whi le  
before us ing  a long  forked stick to 
push the dish away from the station 
towards Earth. 

Ryum i n  looked back at the statio n ;  
he reflected that t h e  job h a d  seemed 
too easy "so I must be i n  for trou ble.  I 
made up my m i nd to exa mine the 
entire station from the outside. lt 
looked wel l -worn, with the ski n­
p lati ng faded and ragged i n  some 
spots. " 

He wi ped a porthole with a piece of 
c loth and put it in h is  pocket. He knew 
experts o n  Earth wou l d  welcome sa m­
ples of the dust. Ryum i n  a lso took 
samples of the plat ing added to the 
station by Kova lenok and lvanchenkov 
for return to Earth.  

At that point com m u n ications were 
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Kovalenok is photographecfj ust outside the Salyut 6 hatch by fel low cosmonaut lvanchenkov. 
Note the reflection of l vanchenkov in Kovalenok's visor. 

restored with the control centre. " Of 
course, they had been on ten­
derhooks. We reported that the 
antenna was gone; no reply. They 
could not bel ieve tlvlir ears; we were 
so far ahead of schedule,"  Ryum i n  
said .  "We said once more that the 
a ntenna was removed and we were on 
our  way back, and had a lmost reached 
the entrance to the station. The control 
centre reacted with thunderous 
a pplause."  

O bservations from southern Eng­
land some hours after the o peration 
confi rmed a wide separation of station 
and KRT- 1 0  dish.  

The next day was Ryumin's bi rhtday 
and he received cong ratu lations a l l  
day from t h e  control centre. He was 
congratu lated on the "fine piece of 
work" he had done the previous day 
which ensu red the contin u ity of work 
on the Sa lyut 6 space stat ion.  

The world's fi rst unschedu led EVA 
had lasted for 1 hour  23 m i nutes. 

Salyut 6 : Two More Crews 
Valeri Ryum i n  found h imself back 

on Salyut 6 in 1 980, replacing the 
pri m e  fl ight engi neer of Soyuz 35, 
Valentin Legedev, who had i njured 
h imself. There were no fu rther EVAs 
d u ring this busy 1 85-day fl ight. 

In 1 981  Salyut 6 was again m a nned. 
Vlad im i r  Kova lenok and Viktor 
Savinykh made a 76-day spacefl ight 
duri ng which they p layed host to two 
i nternational  crews. There were no 
EVAs on this fl ight which saw a n  end 

to Salyut 6's manned operation .  This 
was the last t ime a resident crew 
m a nned a Salyut statio n  without 
bei ng scheduled to conduct an EVA. 

First Outside Salyut 7 : July 30, 1982 
Fou r  years and one day after 

Kovalenok and lvanchenkov had made 
their  EVA to col lect samples from 
Salyut 6's exterior, the first resident 
crew to Salyut 7 made a s imi lar  EVA, 
a lso i nvolving some techn ical tests. 

Anato l i  Berezovoi and Valentin 
Lebedev boarded the new station i n  
May 1 982. Salyut 7 was designed with 
EVA in m i nd.  Essentia l ly a dup licate of 
Sa lyut 6, it did featu re provision for 
spacewal king cosmonauts to attach 
extra solar power panels to the edges 
of the main  array of th ree solar  panels. 

The task for the fi rst crew on their 
EVA was, however, l ess demanding.  
I n  h is  d iary of the fl ight Valentin 
Lebedev gave detai ls  about h is  atti­
tude and activities before a n d  during 
the EVA, which was scheduled for J u ly 
30. 

On J u ly 26 he described talk ing to 
Valeri  Ryu m i n  and aski ng for permis­
sion to traverse the length of the 
station ( Ryu m i n  was the only cosmo­
naut to have done this to date on 
Sa lyut 6.) Ryu m i n  said that it was 
necessa ry to check the improved 
spacesu its as there was no sense i n  
taking chances. The prepa rations for 
the wal k  were taking u p  so m uch t ime 
that there was not even t ime to gaze 
out of the window. 
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On J u ly 27 Lebedev tried out the 
spacesuit. "As I sta rted to wrigg le  
myself i nto the spacesu it, I had the 
i mpression of h avi n g  g rown b road i n  
t h e  shou l ders, and  h aving too b i g  a 
h ead for the he l met. . .  zero g ravity 
was of no h e l p  and I h a d  to assist 
myself i n  with my h ands to s ink  the 
legs i nto the su it. I took much effort, 
much panti ng and m u m b l i n g  to get 
i n , "  h e  wrote. 

The fi na l  i nstruct ions for the EVA 
were rad ioed u p  o n  J u ly 29. The 
t i m i n g  was fixed to the r'l i n ute and the 
d u rat ion was set at " more than a 
circuit" of E a rt h .  Both men d i d  not 
sleep wel l  on th e night before the EVA. 

At 0239 GMT on J u ly 30 the cosmo­
nauts opened the h atch o n  Salyut 7's 
side for the fi rst t ime.  

ears, no pressu re on you, " wrote 
Lebedev, "the panorama was very 
serene and m ajestic. ft 

The cosmonaut insta l l ed TV 
ca meras and a floodl ight. He made h is  
way to the Yakor (Anchor) po int  near  
the hatch and bega n  to co l lect a series 
of cassettes and i nstru ments incl u d i ng 
the Medusa experi ment, a pane l  with 
a m poules of the si mplest org a n i c  
com pounds to study h ow l ife m ay 
h ave beg u n .  Lebedev rep laced the 
u nits with a n a logous ones after he 
had retrieved them.  Other externa l  
experiments i nvolved a cassette with 
20 sa m ples of meta l s  u nder va r ious 
loads of com p ression or  tension and 
sam p l es of ru bber and  heat- i nsulat ion 
m ateria ls .  A micro-meteor ite d etecto r 
was a lso retr ieved. 

Lebedev conducted the lstok experi· 

Bt:rezovoi at the Salyut 7 EVA hatch , during his  July 1 982 space wal k .  

Lebedev said that once the hatch 
was opened sun l ight burst i n ;  "dust 
from the station flew i n  l i ke l ittle  
sparklets, looking l i ke t iny snowflakes 
on a frosty day. S pace, l i ke a vacuu m  
cleaner, bega n  to suck everything out. 
Flying together with the dust were 
some l ittle washers and nuts that had 
got stuck somewhere ;  a penci l flew 
by. " Lebedev recal led fee l i ng neither 
fear  nor excitement. The huge Earth 
gave h i m  a fee l ing of "unreal ity. · 

"Space is very beautiful .  There was 
the d�rk vdvet of the sky, the blue 
halo of the Earth and fast running 
lakes, rivers, fie lds and c loud clusters. 
lt was dead s i lence a l l  a round, nothing 
whatsoever to indicate-the velocity of 
the fl ight . . .  No wind whistl ing  in  you r  
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ment involving using a special span· 
ner on a board with nuts and bolts. 
The spanner featu red a central rod 
with smal l  spheres on the sides. lt was 
designed to undo bolts much easier 
than before and a lso avoid the resul­
tant metal s l ive rs from bei ng  shaved 
off. 

Several operations were conducted 
by the cosmonaut to evaluate the 
effective use of thermomechanical 
and threaded connections from diffe­
rent m etal pairs. An assembly of pipes 
connected by a " memory metal • 
which shrinks to a pre-determined 
form at room tem perature to form a 
hermetic seal was tested. The pipes 
joined i n  this manner were tested to 
a n  i nternal pressure of 1 50  atmos-

pheres to check on their properties. 
Berezovoi spent m ost of the EVA i n  

Sa lyut's hatch passing out too ls and 
taking TV and sti l l  p ictu res. At  one 
poi nt Lebedev compla i ned that h is 
feet were cold .  Aleksei Leonov said 

·th is  was the result  of the new powerfu l 
heat extract ion u n it. The su it  was said 
to be flexib le and the cosmonauts 
were not heard to be b reath i n g  
h eavily. 

The fi rst EVA from Sa lyut 7 i asted 2 
h o u rs and  33 rr. i n utes. 

In 1 988 James Oberg reported that 
new accou nts about Salyui 7 sa id  that 
the Berezovoi I Lebedev EVA a lso saw 
the deployment of a synthetic a pertu re 
radar  on Salyut's exterior. The 1 0  m 
long antenna was su pposed to be 
dismantled by Kizi m and Solovyov, 
Oberg says. However, pictures of the 
Sa lyut 7 stat ion taken i n  l ate 1 985 do 
not reveal any such antenna.  

Soyuz T-8 : A False Start for 1 983  
T h e  next res ident crew t o  Salyut 7 
were sched uled to perform at least 
one EVA to erect the fi rst two sets of 
additiona l  so lar  panels.  However, after 
their l a u nch on Soyuz T -8, Vladim i r  
Titov, Gennadi  Strekal ov a nd  Alek­
sa ndr  Serebrov found themselves 
without a usable rendezvous antenna 
on their sh ip. 

Despite an heroic attempt by Titov to 
conduct a manua l  approach and ren­
dezvous to Sa lyut 7, docked with the 
l a rge Kosmos 1443 module which 
contai ned the extra panels, the three 
men retu rned back to Earth after a 
two-day fl ig ht. 

lt is  assu med that the EVA (s} wou ld  
have been conducted by Titov and  
Strekalov. 

New Solar Panels : 
November 1 and 3 1983 

Titov and Strekalov we re  scheduled 
to be lau nched to 5alyut 7 again  on 
September 26, 1983 to take over the 
stat ion from Vladimir Lyakhov and 
Aleksandr Aleksandrov who had 
boarded i n  l ate June to work with the 
heavy Kosmos. 

But fate was to intervene again.  
Titov and Strekalov we re  to perform 
the solar panel addition EVA. an activ­
ity that Lyakhov and Aleksandrov had 
not trained extensively for. 

Just 90 seconds before the launch of 
Soyuz T-1 0, with Trtov and Strekalov 
aboard, a fi re broke out at the base of 
the rocket. Thanks to the quick reac­
tions of two g round controllers the 
cosmonauts became the first live pas­
sengers to test the Soyuz Launch 
Escape System. The cosmonauts, in  
the descent cabin of their Soyuz 
landed 4 km from the blazing launch 
pad.  They were shaken but uninjured. 

For Lyakhov and Aleksandrov the 
news of the fai lure came after their 
own problems with Salyut which 
made world h eadl ines. An oxidiser 
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leak o n  September 9 h a d  a l m ost led to 
the men's recal l .  But contro l lers 
dec ided that the p ro b l em cou l d  be 
l i ved with a n d  l eft the crew aboard 
await i n g  the new team .  

lt  became clear that the team already 
on Salyut should go outside to erect the 
new set of solar panels.  Two separate 
EVAs were scheduled - the first time that 
the Soviets were to conduct two EVAs 
during a single mission and also making 
Lyakhov the first Soviet to conduct two 
sessions of EVA.  

The new panels (Soviet acronym DSB} 
were 5m long and 1 .5m wide . They 
provided 50 per cent of the power of the 
main array when b<.th were attached . 
Engineer 0 Tsyganokov said that up to 48 
different operations were needed to winch 
the DSB onto the sides of the existing 
panel.  But with contingency operations 
there m ight be as many as 1 89 operations. 
To guard against these, engineers had 
developed various sets of rules and 
procedures. 

The first EVA began at 0447 G MT on 
November 1 .  Aleksandrov was first out, 
attaching himself to an anchor point. He 
later recalled that there was an interesting 
reversal of roles for the EV A- when Ryumin 
made his 1 979 EVA Aleksandrov was the 
shift chief at the control centre, now Ryumin 
was in  that role.  

" lt is so very hard to describe one's 
emotional state on the first space walk," 
Aleksandrov later said. "Aboard the station 
the spacesuit looks l ike an impressive. 
even cumbersome device. You don't put it 
on ,  you enter it. But outside the station you 
feel l ike you're in a tiny crib suspended at 
a dizzy altitude." 

Aleksandrov was "stun ned" by the 
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colour scheme of space. "Through the 
porthole you see a l imited sector, but 
outside the station you see al l  the many 
colours of the dawn fading here and 
gathering intensity there. The colours 
merge into one another sharply and 
contrast each other i ntensely. ! don't know 
why but I suddenly want to carry out a 
small experiment - to let loose some small 
object and see what would happen to it. I 
found such an object and it floated away, 
shining l ike a small  star," he said . 

"We were immediateiy told off by the 
control centre for our antics,"  recalled 
Lyakhov. "These small 'stars' can upset 
tne posit ioning system's work."  

lt  was reported that the men took with 
them portable hand holds and a 
mult1pupose hand-held manipulator which 
made it possible to reach out the whole 
ien!Jtn of the main solar array. 

Lyakhov passed a TV camera to his 
comrade tu s?.t up so that control lers could 
view the working area. The camera was 
mpuntec en a movab!e hinge. The two 
men car� .eo a metal container to the area 
of the station's centrdl solar panel .  The 
folded DSB was removed from the 
container. 

A ful l  scale replica of a main and 
auxil iary solar panel was positioned in 
front of the desks in  the control room at 
FRC. 

By the time the men had reached the 
site of the work the EV A was already 40 
minutes old. 

There fol lowed a �eries of exchanges 
between the men : " . . .  no, this big one!" ; 
"Oh ! OK." A Soviet correspondent cal led 
t h e  exchanges t> u s i n e s s l i k e .  The 
cosmonauts were stil l  engaged in  their 
preparations as radio comm u nications 
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Salyut. 7's  solar panel befo re the add ition of 
extra panels. 

were lost as the station drifted out of the 
range of the Soviet g round tracking 
stations. 

Almost 50 minutes passed before 
contact was reestabl ished with FCC. Much 
of that time was spend in darkness. As 
Salyut began its passage through the 
dayl ight portion of the orbit, Aleksandrov 
began to winch the DSB up. 

The cable to connect the DSB to the 
main panel was then attached, establishing 
the electrical connection. The work was 
described as being "compl icated and 
laborious." 

With the successfu l completion of the 
work the two men returned i nto the station 
after an EVA lasting 2 hours 49 m i nutes 
and 1 2  seconds. 

I n  a post-EVA medical debriefing with 
Or AD Yegorov, Alexandrov said .that his 
only sensation was "of having done 
something wel l . "  

The second E V A  began at 0347 GMT 
on November 3 and proceeded in  a simi lar 
manner to the first. Aleksandrov reached 
the panel after 46 minutes. The Soviets 
said that two cosmonauts were dupl icating 
the work in  the tank at Star Town, a 
western source identified them as Leonid 
Kizim and Vladimir  Solovyov. 

The solar panel's second DSB was 
erected successfu l ly and the cosmonauts 
returned to the station after 2 hours and 55 
minutes. The Soviet coverage of the 
second EVA was very low-key. The work 
was l inked to future large-scale assembly 
work which is to be performed during 
future missions. 

This 11111jor feature on Soviet EVA operat­
lo!W continues ill the next edition of 
Spaceflight. 
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---------------- Into Space----------------

'Into Space' articles highl ight the work and activities of individuals in 
Space Education, Space Technology and al l  areas of i nvolvement with 
space. In  this article Trevor Sproston a BIS member, recounts three 
memorable days spent at the US Space Camp at Hunstvi l le, Alabama. 

l t  might appear odd at fi rst sight for a -
teacher of French to go off to Space 
Academy. Like most people, ! participated 
with the exploits of the spacemen only at 
a distance and was res igneo to being an 
outsider unt i l  my newsagent got hold of 
the fi rst 'Spaceflight' Supplement, which 
discussed at length the NASA Space 
Camp. Not long before , the QED television 
series had run a programme about fou r  
Engl ish chi ldren winning a trip to  Huntsvi l le 
and what they did when there .  

With the k ind cooperation of  the 
personnel at Space Camp, especial ly Ms 
Dale Pagano, I was g iven a place on their 
3-day 'Teacher's Space Orientat ion 
Course' and was able to f i l l  out the spare 
days on my ticket by taking in Houston as 
wel l .  I flew from Houston to Huntsvil le · 

_and I arrived the day before Space Camp 
was due to start, at the same time as 
George Bush chose to tour the faci l ities . 

I devoted that Thursday to loading 
myself with tourist goodies as I had 
anticipated , quite rightly, that my time 
wou ld later be occupied by the course. A 
purchase I found difficu lt to make was that 
of my f l ightsuit :  I am not exactly s l iml ine 
and it took me unti l  s ize 50 before I fou nd 
one that I could get on and get off. The 
social m ix  of the campers needs to be 
commented on ;  there was an i nvestor, a 
USAF officer ,  u n iversity lectu rers·, 
teachers, . . .  al l  at ease with each other 
and al l  i ntent on enjoying themselves. 

Friday began with breakfast. We then 
adjourned for the group photograph ,  each 
group being assigned an orbiter name -
Pathfinder, Enterprise and, for my own 
team, Discovery . Fol lowing th is happy 
ritual we al l loaded into two buses for the 
fi rst event of our day, which was a tou r  of 
the Marshal! Space Center. The it inerary 
for the tour included a sl ide show and 
presentation on the Center g iven by Bi l l  
Anderson of  Publ ic  Affairs ;  Mr  Anderson 
was to be our courteous gu ide during the 
tour. Next fo l lowed a visit to the External 
Tank warehouse, where we gained an 
idea of the vast scale of the ET and of its 
(Top) The author in the Five 
Degrees of Freedom apparatus. 
(Bottom) A student in the Multi-
Axes trainer. 
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inttrnal complexity . Thence to the neutral 
buoyarcy faci l ity to see tests being carried 
out o n  thb feasibi l ity of converting the ET 
into an o'biting l:Jamma-ray telescope. 
Debate �;;nsued with in  our group as none 
of us knew of a material which reflects 
gamma rays The technicians maintained 
a diplomatic si lence, stating that they just 
did the test ing, leaving the theory to the 
scientists. 

I ndustrial efficiency occupied the next 
stage of our tour, and we were treated to 
an i nteresting exposition on the way some 
of the methods used i n  NASA could be 
applied in industry. This section was most 
i nteresting and included a demonstration 
of problems associated with the Shuttle 
Main Engine turbine blades. We were 
allowed to watch the deposition of cernmic 
materials on the blades and saw the great 
technical difficulty of arrang ing perfect 
deposit ion. 

The Space Station mock-up  was next 
on the l ist, showing how lessons learned 
fr'tlm Skyla� were being put into practice 
for the Stat ion, eg showers which use a 
continuous downflow of air to make 
washing easier, colour -coded wal ls to g ive 
a consistent "up· and down" as the 
astronauts move from room to room ,  and 
the provision of windows - an engineer's 
n ightmare, but a necessity for the 
astronauts. 

On our retu rn to the Camp, we were 
assigned our fl ight positions for the two 
s imulated m issions we were to fly. I n  
m ission A, I was to be the Spacelab 
Principal Investigator in charge of the 
experiments carried on Spacelab. For 
m ission B I was awarded the post of 
Commander. Our positions were sorted 
out by means of a test that we had sat 
before camp started . There then fol lowed 
Shuttle Orientat ion, dur ing which we had 
a tour of the Shuttle system, which proved 
qu ite fascinat ing,  both from.  the point of 
view of the complexity of the hardware, 
and for the insight i nto how many things 
could go wrong. 

After lunch, we enjoyed ourselves on 
various pieces of s imulation equipment. 
The joys to be experienced comprised an 
F86 cockpit s imulator, a GMMMU (Ground 
Mounted Manned Manoeuvering Unit) 

Space Camp students dur ing  pay load bay 
tra i n i ng. 

which responds to control via fou r  air­
cushion feet and g ives a very good 
approximation of the stately, drama-l ike 
progress of the real th ing, and last for that 
day, the FDF ( Five Degrees of Freedom) .  
Th is  is a g imbal led chair, which allows 
rotation through the centre of g ravity of 
the occupant, ably demonstrating the 
problems encountered in zero-g when 
you try to turn a spanner and find it is  you 
who turns. The next two hours were spent 
in  train ing for our first mission. We all 
assiduously studied the very thick folders 
that were ou r  scripts . background 
information and emergency procedures. 

The early evening of this first day 
consisted of a ride on the "Lunar Odyssey" . 
a centrifugal ride that takes you up to 3g. 
Final m ission practice was fol lowed by the 
Omnimax f i lm "Hai l  Columbia": The depth 
and visual impact .of this system l iterally 
has to be seEm to be belieyed. On several 
occasions I i nstinctively closed my eyes 
such was the impression of actual ity. :rhen 
the remain ing two hours of the evening 
(8.30- 1 0.30 pm) were devoted to training 
for m ission B. 

Day 2 began with the 1 /6 gravity chair, 
the manoeuvering pod and the multi-axis 
trainer. The manoeuvring pod is a delightful 
man-carrying ball suspended by an airflow 
with in  a plastic tube. I was strapped into 
the mu lt i-axis trainer, and spun at 
considerable speed through more axes 
than I thought I had . Nausea was not a 
problem however as the stomach always 
remains at the centre of rotat io n .  
A d m itted l y ,  these t h o u g htfu l 
considerations didn't enter my head as I 
was spinning , my main i mpression being 
the pain of the straps digging i nto my 
shoulders. My admi ration for astronauts 
as a breed increased enormously on 
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hearing that they endur-ed this treatment 
for hours at a stretch,  in  the dark, whi le 
m a i n ta i n i ng c o m m u n icat i o n  w i t h  
experimenters. 

Day 2 also saw our al location of 
lecturers. F i rst off the mark was Konrad 
Dannenberg , giving a talk on propulsion 
systems. This was of course only an 
i ntroduction to the principles. A talk on the 
Hubble Space Telescope suffered from 
the sad fact that the subject is sti l l  on the 
ground awaiting a flight. Next was a talk 
on space suit design and so to our first 
mission. 

Feel ing most apprehensive, I entered 
the d imly-l it "Mission Control"  and took my 
place at the console, very aware that the 
smooth running of the experiments i n  the 
Spacelab mock-up  was as much my 
responsibi l ity as it was that of those aboard . 
Fortunately all went wel l ,  the only short­
coming being the non-existent radio l ink 
between myself and the Mission D irector 
eight feet away, leaving us to call across 
to each other to confirm the · progress of 
the experiments. Happi ly,  the m ission 
reached a successful conclusion and we 
emerged into the g lare of the neon l ights, 
congratu lat ing each other on a job wel l  
done. We adjourned for d inner, attended 
a talk by Mr Vick and watched "The Dream 
is  Al ive". Charles Vick's lecture on the 
USSR space effort was fascinating and, 
for me the outstanding lecture of the 
course, contain ing as it d id remarkable 

facts, excel lent presentation and a 
challenge to the West. Mission debriefing 
ended the activities for the day, and many 
of us spent the remaining t ime revising 
our roles for the morrow. 

Day 3 dawned , the day I was to 
command a Shuttle ! Thankful ly the m ission 
started at 09.00, so there wasn't long to 
wait. The most stressful part of the 
s imulations was having to keep to a set 
t imetable of events, marked out for us in 
Miss ion Time (sl ightly behind normal ) .  
This is essential and qu ite d ifficu lt, a s  the 
instructor has carte blanche to throw i nto 
the sequence any fau lt from a screw fal l ing 
out to fu l l  Main Engine Abort. I ncidents on 
our  m ission were : launching a satel l ite 
through half-open payload bay doors, 
serendipitous docking with the Space 
Station ,  a M ission Special ist doing an 
EVA without a suit ,  and our landing minus 
landing gear because our instructor had 
omitted to show us the relevant buttons I 
However, despite gouging a six-foot deep 
furrow in Edwards Air Force Base runway, 
we al l  surfaced , having had a wonderful 
t ime being spacemen . 

Either side of l unch were the two 
remain ing lectures of the course. Space 
Physiology and orbital mechanics. The 
former was very informatil(e, although 
tending to lose itself i n  tables and charts· 
towards the end; but this was compensated 
for by a l ively question t ime. 

The final afternoon was devoted to a 

talk by AI Bean on h is paint ings of space 
themes. lt was refreshing to hear an 
astronaut talking about his personal 
interests , and to see the high standard he 
reaches in  h is paintings. Then fol lowed 
graduation and the f inal goodbyes . 

An impromptu d inner party took place 
at a local hote l ,  and it was here that I real ly 
came to appreciate the sign ificance of the 
Shuttle to the American people. l t  is not 
just a vehicle, but a symbol of al l  that 
Americans bel ieve in - pioneering spirit, 
h i g h  tech n o l o g y ,  o p e n - h e a rted 
enthusiasm and a sense of  vis ion. My 
fel low-students came from a wide variety 
of backgrounds, from the very rich to the 
relatively modest, but the only currency 
around was enthusiasm for the space 
effort. 

As for my thoughts on the Camp itself. 
I have often said since I came back, that 
those three days were among the most 
stimu lating that I have ever spent. The 
friend l iness and courtesy of students and 
staff was remarkable, from the young lady 
who came to the hotel to take me to the 
Camp, through the caterers to the most 
senior admin istrator. I wholeheartedly 
recommend the experience to any who 
have the opportunity to go. 

Readers are i nvited to submit material about their 
work (including its technical aspects) and any space 
related activities in which they have been involved 
for t nclusion in the 'Into Space '  series of articles 

NEW PAL VIDEO TAPE RELEASES 

CHALLENGER ACCIDENT INVESTIGAnON (30 min) and 
one hour PAL Video h ighlight tape for each STS 26, 27 
and 29 missions are now available ' !  AVD Services has 
the largest collection of PAL Format S,ACEFLIGHT 
Videos. Most have TWO MISSIONS on each tape. Only 
$39.00 eac h .  40 more tapes are listed below: 

J B IS 

1 08 

T 1 )  Mon:ury RodotonH 1 . 2 & 3 56 min. T2) Fnendlhlp 7 56 mon, 
T3) Aurora 7 & Sigma 7 56 min, T4) F.,lh 7 & Mer Summary 56 """ · 

TS) Gamtno 4, 7&6 56 min. T6) Gem 8 & 10 38 rnn, T7) Gem 1 1  & 12 44 mon 
TB) World Wu Thtlr• (Mon:ury FNghll) & l.agKy at Gamtno 56 """· 

Tg) Apollo 4, 5 & 7 45 tnlft , T 1 0) Apollo I & g 56 IIWI, 
T1 1 )  Apollo 10 & 1 1  56 mon, T 1 2) Apollo 12 & 13 56 mon, 
T 1 3) Apollo 14 & 15 56 mon, T14) Apallo 18 & 1 7  56 mon, 

T1 5) Skylab 1 & 2 61  min, T 1 6) Skylab Summary & ASTP 56 mon 
T1 7) STS 1 & 2 58 mon, T18) STS 3 & 4 44 mon, T19) STS 5 & 6 58 mon , 

T20) STS 7 & 8 72 min. T2 1 )  STS 8 60 mon, T22) STS 4 1 8  54 mon , 
T23) STS 41 C 56 min , T24) STS 41 D 58 mon , T25) STS 41 G 50 mon , 
T26) STS 51 A 58 min, T27) STS 51 C 58 min, T26) STS 51 D 54 mon, 
T2V) STS 5 1 8  54 mon, T30) STS 5 1 G  42 mon, T31 ) STS S I F  54 mon , 
T32) STS 51 1 58 min. T33) STS SIJ 58 mWI, T34) STS IIA 56 mon, 

T35) STS 8 1 8  58 mon, T36) STS 61 C 42 min . 
T37) STS S I L  M TV �  Ang1eo - 58 mon. 

T38) X· I S  & Flying lolacllinH 58 mon, T311) NASA Ill 25 re-o 56 mon, 
and T40) - Fronllaro (STS 1 -4) & Wa Dalo- (STS S..) 56 rnn 

s- - payable )n US dg!lm Yli US Bank for $ 39 00 
pluo $ 5 00  (Air Poal) par ..... pa,- la AVD. 

Olflaal NASA Shunle PrH• KJI (Preu Into) CO PI H  ora avaolaba tor all 
misaeona (excepl DoD) lor only $1 4  00 each , potl paid All Apol lo  
Preea Kila are available, Wn1e 1 1  S pace  Shutda Fhght Plans for I T S  
5 1  L and STS 2 6  I 2 V  are only $25 0 0  - poll pa. d  All Apollo onc1 
Shulda FNghl Plan capon ara av-a. 

AVD Sorvicllo hao !ha mall Spece ,_ al !ha ball prtcaoll 
Wrho for apeclal llatlng of rare Apollo Program 

and Shuttlo Program m-ralllllall 

A V D  
767 St. Mlchaets Dr. 

Mllchellvllle, MD 2071 6 USA 

ROCKET 

TECHNOLOGY 
The March 1 989 issue of the Journal of the British 
Interplanetary Society is now available and contains the 
following papers: 

The Centaur Vehicle 

Status of the Rita-Experiment on Eureca 

Field MiWoo Electric Propulsion (FEEP): Steady & 
Pulsed Modes of Opera

_
tion 

A Practicable Electromagnetic Lunar Payload 
Launching System 

Copies of this special edition of JBIS, price £ 1 2.00 1 524.00) 
to non-members, £4.00 ($8 .00) to members. post included. 
can be obtamed from the address below. For details of back 
issues and annual subcription please send SAE to: 

The British Interplanetary Society. 
27 (29 South Lambeth Road. 

London SW8 I SZ, 
England. 
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