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INTERNATIONAL SPACE REPORT 

Atlantis Gets Magellan Underway 
The first Interplanetary probe to be 
deployed· by the Space Shuttle has 
begun Its long journey to Venus. At­
lantls blasted off on her second at­
tempt and completed a flight which 
NASA officials described as '100%'. 
The Magellan probe was successfully 
deployed just over six hours Into the 
flight. Onboard Atlantis for her four 
day mission were: Commander David 
Walker, Pilot Ronald Grabe and Mis­
sion Specialists Nonnan Thagard, Mary 
Cleave and Norman Thagard. 

The First Launch Attempt 
At the Right Readiness Review, held on April 

1 3/1 4, the launch l)f ST5-30 was set for April 28 
at 1 9:24 BST. 

Ever cautious NASA officials included more 
than 38 hours of built-In holds In the ST5-30 
countdown to allow time to solve any last minute 
problems. The careful planning almost proved 
unnecessary, as what followed was desaibed 
as the smoothest countdown in Shuttle history· 
until the final hour. 

As the Sun rose on the morning of April 28, 
there was no threat from the weather, as there 
had been to the previous three missions. An Air 
Force Meteorological Officer said ltwas "perfect 
weather to go flying". The crew left their quarters 
about three hours before the planned blast-off 
and entered the orblter 25 minutes later. 

The countdown continued smoothly reach· 
ing the T-9 minute point without incident. During 
the 40 minute built-in hold planned for this point, 
the Mission Management Team, led by ex­
astronaut Robert Crippen, polled the launch 
team seeking their approval for blast-off. But the 
Range Safety Officer refused to give his consent 
because of a maHunctioning range safety com­
puter. 

The fault had not been repaired at the point 
the countdown was scheduled to resume. The 
delay was now eating up the launch window. 
ST5-30 had one of the shortest launch windows 
in the Shuttle's history • just 23 minutes. The 
window was dictated by the lighting conditions at 
the Trans-Atlantic Landing (TAL) site in Ben 
Guerir, Morocco. Launch rules allow a landing 
15 minutes after sunset. Previously the rules 
prohibited a landing ten minutes after sunset, but 
this was extended shortly before STs-30. NASA 
Public Affairs Officer Hugh Harris, who was 
providing the countdown commentary, began to 
countdoWn the minutes left in the lauhch win­
dow. Launch Director, Robert Sleek. proposed 
the countdown should continue until the T-5 
minute point, where it would hold until the prob­
lem was resolved or the launch window expired. 
But before this plan could be carried out a cheer 
went up in the Launch Control Center. The 
Range Safety Officer had given his 'go' for 
launch - the computer had been repaired. Bob 
Sleek radioed Commander Dave Walker in At­
lantis' cockpit with the good news. 

The countdown had been delayed five min­
utes and was to resume at 19:20 BST. Work 
began to synchronise the vwious countdown 
clocks on the ground and onboard the Shuttle to 
the new-launch time of 1 9:29 BST. The count­
down restarted and continued in the smooth 
fashion that had become accustomed for this 
mission. 
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The orbiter access ann was retracted, pilot 
Ron Grabe started the orbiter's Auxiliary Power 
Units (APUs), the orbiter switched to its int�al 
power and the External Tank was pressunsed. 
The countdown had entered its final minute, 
when Hugh Harris announced the clock would 
hold at T -31 seconds. A fault had been detected 
in a main engine recirculation pump and the 
countdown was ordered to stop. Lift-off could 
not take place that day - only 18 minutes re­
mained in the launch window and the countdown 
would have to be recycled to the T-20 minute 
point. 

Bob Sleek ordered the vehicle to be 'safed'. 
The orbiter access ann was moved back into 
position and the crew began to shutdown on­
board systems, including the APUs and fuel 
cells. The crew left the orbiter, while engineers 
checked out the problem with the recirculation 
pump. 

Pump Stops Launch 
Prior to ignition the pump injects liquid hydro­

gen into the engine to cool its components be­
fore the bulk of the supercold fuel enters the 
�ngine. 1t was hoped the failure was with the 
pump's electrical supply from the launch pad so 
repairs could be made to allow a launch the next 
day. But engineers discovered the problem was 
a mechanical failure wiflin the pump. A delay of 
three d!l)'S seemed likely -then a second prob­
lem emerged. Replays of video from the launch 
pad cameras showed a vapour cloud in � 
region of the umbilicals that connect the orbiter 
to the external tank. Engineers immediately 
suspected a liquid hydrogen leak. Closer exami­
nation confirmed this. There was a small hole in 
the casing around a hydrogen pipe. The launch 
was at first postponed for at least three days. But 
after assessing the situation NASA delayed the 
launch a further three days. 

The faulty pump and leaking pipe were re­
placed ahead of schedule and NASA officials 
reset the launch date for May 4 at 18:48 BST. 
However weather conditions were expected to 
be poor on the new launch date. Atlantis was 
only given a 60% chance of blasting off that day. 

Launch Day 
Sure enough the weather on launch day was 

the main problem. Showers drifted across the 

Prior to entering Atlantla the threeSTS-30 Mission 
Speclallsla ll8nd on the 195 foot level orblter 
access ann at pad 398. (Left to Right) Mark Lee, 
Mary Cleave and Norman Thagard. The Mission 
Speclatiste were responsible for the deployment 
of MageiiiUI. NASA 

space centre and at the Shuttle Landing Facility 
(SLF) runway, located a short distance from the 
launch pad, strong crosswinds threatened _to 
call-off the launch. Never-the-less NASA contin­
ued with the countdown as planned. The crew 
entered the orbiter and were strapped in their 
seats. . 

The countdown reached the T -9 minute pomt 
where it entered a planned built in hold. As 
expectedv meteorologists refused to give the 
'go' for launch because of cloud near the SLF 
and the strong crosswinds. H Atlantis had to 
make a Return to L.an::h Site abort (RTLS) 
Commander Walker WOI*i have had to land the 
orblter on the runway. NASA !l(es to have the 
best posslllecondtions at the SLFbecause any 
adverse weather WOI*i CIDfl1)licate what is al­
ready a very dfficult rnano&lMe. 

Atlantis' lan:h wntow had extended to 64 
minutes. But 1his was now being 'eaten up' by 
the delay. As the wntow grew shorter, Chi@f 
Astronaut Daniel Blandeuslein flew the shuttle 
training airaall 1hn:JuCtl the clouds above the 
SLF. He reporl8d back to Launch Control that 
the clouds were scalllllred and this part of the 
weather problem was cismissed. However the 
crosswinds cantinued to be unacceptable. 

With the lan:h wW1dDw ctawing to a close, 
Launch Director Bob Sieck decided to continue 
with the COU11down until the T-5 minute point 
where it would hold unlilthe weather cleared. it 
was during this hold and with just ten minutes left 
in 1hewindow1hatwinds ctcpped to a safe level. 
The countdown inmedately resumed and At­
lantis blasted off at 19:47 BST making a flawless 
ascent The SRBs were successfully separated 
and later recovered at sea. (The initial examina­
tion of the boosters showed no problems with 
the joints.) The mU! engines completed their 
work and there followed what Commander 
Walker clescribed as a rather bumpy External 
Tank separation. Two OMS bums� Atlan­
tis into a circular orbit of 1 60  � m1les. Continued p.186 .•• 

Arianespace Signs its 
Largest Contract 

Arlane8pace has signed a deal wfth Interna­
tional Telecommunications Satellite Organl· 
satlon to launch three lntelsat VII satellites. 
The deal, worth approximately $317 million, 
Is the largest contact ever awarded to Arl· 
anespace. 

The lntelsat VII satellites are being devel­
oped and built by Ford Aerospace Corporation. 
The satellites are to be launched by Ariane 4: 
lntelsat VII-F1 in the third quarter of 199 2; ln­
telsat VII-F4 in the fourth quarter of 1993; and 
lntelsat VII-F5 in the second quarter of 1994. 

Ariane V34 is scheduled to launch the ln­
teisat VI-F1 satellite later this year. Ariane 
launch vehicles have successfully launched 

four lnteisat satellites in the past six years. 
With this latest contract, Arianespace has 

now tecorded a total of 71 launch service con­
tracts. The company has 35 satellites to � 
launched worth $2.35 billion. 
• The fi�t Ariane 4 to be equipped with four 
strap-on liquid propellant boosters was due for 
launch on April 28, with the Superbird A and DFS 
Kopernikus-1 satellites aboard. However, the 
flight was postponed until May 25 due to prob­
lems with the cryogenic third stage 

(Right) The Superbird satellite during preparations for 
launch. The DFS satellite is in tt>-, background. 
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A photograph of the Buran/Energia launch pads at the Baikonur Cosmodrome taken during May 1988. 11 i� believed the left-most launch pad is where the first fhght of Buran 
began. The access and emergency escape chutes can be seen leading into an underground bunker. The 100 metre rotating service tower is in the retracted position, located 
right of the Buran launch pad. A second shuttle pad can be seen ir. the centre of the picture. On the nght hand side is the Energia-only launch pad from where the booster's 
maiden flight took place. The photograph will accompany an articfe by Peter Pesavento, which will appear in the Soviet Astronautics edrtion of JBIS. Robert Wmdrem 

Buran - Manned Flight Puzzle 
Docking With Mir Planned 

The Soviet officials are making conflicting 
statements about when the Space Shuttle 
Buran will make Its first manned flight. Two 
Soviet space officials say the manned mis-­
sion will take place next year. But shuttle 
pilot lgor Volk does not expect a manned 
mission until 1 992. 

Vadim Kravitz, who supervised Buran's first 
flight, said in January a manned flight of the 
orbiter would take place "no earlier than in 18 
months time". Kravitz said Buran was equipped 
with a docking unit for Mir and "docking will be 
part of the first manned missions." Nikolay Kar­
dashev, deputy director of the Space Research 

Continued from p.184. 

Magellan Deployed 
Six hours 18 minutes into the flight over the 

-Pacific Ocean Mission Specialist Mark Lee 
operated a switch from Atlantis' flight deck trig­
gering powerful springs to deploy Magellan and 
her IUS booster. An hour later the IUS motor 
fired and Magellan began the 15 month journey 
to Venus. The probe will fire its thrusters on May 
21 to correct its trajectory. 

With the major task of the mission completed 
the five astronauts spent the remaining three 
days of their mission working with the onboard 
experiments and Earth observation photogra­
phy. 

The crew had to contend with only minor 
problems during the first half of their flight. They 
woke on their second day in orbit to high humid­
ity - this was soon corrected and returned to a 
comfortable level A camera used for Earth re­
sources photography was rendered useless 
when its shutter jammed - the crew were unable 
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Institute, has also said Buran will fly manned 
next year. He was speaking at a press ccinfer­
ence in San Francisco, where he was attending 
the annual conference of the American Associa­
tion for the Advancement of Science. 

But Buran test pilot lgor Volk has said there 
are problems with Buran that will have to be re­
solved before it can fly again. He says the short 
comings lie in the automatic control system. 
Buran made some unexpected violent turns 
before its landing last November, says Volk. 

Meanwhile Glavkosmos chief, Aleksandr 
Dunayev, has said the Soviet Union is not plan­
nig a shuttle flight this year. Analysis of the first 

to solve this problem. The crew's water dis­
penser would not give an accurate measure of 
how much water was' being injected into dehy­
drated food so the crew had to use their own 
judgement 

A commercially available home video cam­
era was tested by Mary Cleave and proved 
suitable for future use onboard the Shuttle. The 
crew were able to photograph lightning over 
Africa as part of the Mesoscale Lightning Experi­
ment. 

The crew were confronted by a major prob­
lem late in the flight when one of the five General 
Purpose Computers (GPC) maHunctioned. The 
five computers have overall control of the 
Shuttle vehicle and are vital for monitoring the 
Shuttle's many systems. Although the faulty 
computer was a back-up it was decided the crew 
should attempt the first on-orbit replacement of a 
GPC. The crew successfully carried out the 
complicated procedure of removing the mal­
functioning computer and replacing it with a 
spare carried onboard the orbiter. 

Buran flight is still underway he added. 
The Soviets have revealed the mysterious 

payload carried by Energia on its maiden flight in 
1987was a mockup of the Buran fuselage minus 
wings and tailplane. The mockup failed to reach 
orbit when its third stage fired in the wrong 
direction. The designers of Energia have said 
the booster Is to become reusable: "Strap-on 
rockets on the booster's body will be used to 
help at reentry and permit a soft landing. A para­
chute system is also provided and cushion 
supports will be used for landing. The second 
stage will be fitted with a deha wing to enable it to 
land as an aircraft." 

A Flawless Landing 
The crew spent their final day in orbit prepar­

ing for the return to Earth. Adantis touched down 
on concrete runway 23 at Edwards Air Force 
Base at 20:43:33 BST on May 8. Winds proved 
favourable for a test of the Shuttle's ability to land 
In a strong crosswind. Atlantis passed the test 
with flying colours - boding well for the resump­
tion of Shuttle landings at the Kennedy Space 
Center. 

There was very little tile damage and NASA 
Administrator-designate Richard Truly said At­
lantis was one of the cleanest spacecraft he had 
seen at the end of a mission. Minor tile damage 
was caused by rubber breaking loose from the 
left main landing gear. Overall about 12 tiles 
require replacement and there are about 1 00 
small repairs which will require attention. 

Atlantis was scheduled to be returned to the 
Kennedy Space Center on May 13 where prepa­
rations will begin for her next mission, STS-34, 
when she will launch the second interplanetary 
mission of the year: the Galileo probe to Jupiter. 
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Shuttle Risk High 
NASA Admits 

1-in-78 Chance of Another Disaster 
NASA has revealed that each Shuttle fiJght 
feces a 1-ln-78 chance of 'catastrophic fail­
ure'. Such an accident would Involve loss of 
the orblter and possibly the astronauts as 
well. NASA Is continuing Its work to Improve 
Shuttle safety and plans to transfer IMf1Y 
payloads to unmanned launchers. 

NASA's grim assessment of Shuttle safety Is 
in contrast to the agency's optimistic beliefs 
before the Challenger accident when NASA 
quoted the chances of disaster as 1 in every 
100,000 flights. At the same time the US Air 
Force was offering a more realistic evaluation of 
Shuttle safety. 1t believed a failure of a Solid 
Rocket Booster was most likely, with a possibil­
ity of 1 -in-35. 

A more safety conscientious NASA is now 
willing to accept the possibility of another disas­
ter. James Thornpson, the head of NASA's 
Marshal! Space Flight Center, said the agency 
needed to avoid complacency after its recent 

Ariane2 
Goes Out 

in Style 
The final Arlane 2 blasted off from launch 
pad ELA-1 on April2 carrying the Tele-X tele­
communications satellite. The satellite was 
placed almost precisely In the designated 
orbit about 17 minutes after launch. 

Tele-X is of the same design as the French 
TDF-1, but in addition to direct broadcasting it 
features commercial communications for video 
conferencing, video data transmission, and 
computer links. Tele-X was built for the SWedish 
Space Corporation by the Eurosatelllte team 
(Aerospatiale, Alcatei-Espace, MBB, ANT, AEG 
and ETCA) and with the contribution of the 
Swedish firms, Saab and Ericcson. Tele-X is 
designed to serve Sweden, Norway and Fin­
land. 

The satellite, launched at 0228 GMT on April 
2, was placed in the following initial geostation­
ary transfer orbit: 

Apogee: 35,979km (± 1 OOkrn) for 35,992km 
intended 

Perigee: 250km (± 1 km) for 249.7km intended 
Inclination: 3.96 (± 0.005) degrees for 4.0 

degrees intended 

Tele-X reached its assigned position in geo­
stationary orbit of 5 degrees East on April 14. 

(Right) The final Arial'e 2 blasts off from launch pad 
ELA·1 at 0228 GMT on April2. Arianespaoe 
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successes and should continue to find ways to 
reduce risk. 

"We shouldn't rest on any laurels after three 
launches,• Mr Thompson said. "There are going 
to be failures in the future, and we should try to 
minimize that" by further improvements to the 
Shuttle. he said. "But NASA has to avoid the trap 
of saying all flights are going to be successful. 
That's just not on the cards." 

Benjamin Buchbinder, manager of safety 
risk assessment at NASA Headquarters, said 
the 1 -in-78 estimate was statistically the most 
probable, with the estimate's range of reliability 
extending as high as 1 flight in 168 and as low as 
1 -in-36. 

1t should be noted that although the Shuttle 
orbiter would be lost in the above scenarios, the 
crew might survive. For example a multiple main 
engine failure during the first few minutes of flight 
would result in a ditching at sea, but the crew 
could bailout before the fatal crash. 

DoDCuts 
NASP Funding 

After pressure from the White House, US 
Defense Secretary Richard Cheney has 
reversed his earlier decision to stop De­
partment of Defense funding for the Na­
tional Aerospace Plane (NASP). However, 
the DoD contribution to ihe project of $300 
million has been slashed to $100 miUion. 
NASA intends to provide an additional 
$127 mUiion for NASP. MeanwhHe the US 
National Space Council has begun a re­
view of the project and until it presents its 
findings NASA will have overall control of 
NASP. 

Radars in Space 
Marconi Space Systems has been 
awarded a contract by the UK Ministry of 
Defence to study space based surveil­
lance radars. The aim of the study Is to 
evaluate candidate radar solutions and to 
specify a space system capable of meeting 
any future UK operational requirements. 
Radars installed in satellites are uniquely 
able to provide 24 hour, all weather surveil­
lance of immensely larger areas of the 
Earth's surface than are possible from 
ground or airborne systems, and can thus 
provide the earliest possible warning of 
potentially hostile situations. They also 
offer advantages in some civil applications, 
particularly in air traffic control, in areas 
which cannot be covered by ground based 
radars. 
• Marconi Space Systems are providing 
the prime sensor, the Synthetic Aperture 
Radar, for Europe's first remote sensing 
satellite ERS-1 , which will provide all· 
weather Earth observation of sea, coastal 
and land regions. 

Brazilian Space Chaos 
A dispute in Brazil over the launch of the 
first Brazilian satellite demonstrates the 
ambiguity of the Brazilian space organisa­
tions, writes Theo Pirard. The National 
Space Research Institute ( INPE) supports 
a launch agreement with China for the-use 
of a Long March 2, while the military Insti­
tute for Space Activities (IAE) favours the 
indigenous Satellite Launch Vehicle of 
Brazil (VLS). The VLS programme is suf­
fering some technological delays. Mean­
while, the INPE's M ECB satellites are tak· 
ing shape and will be ready for launch in 
1990 ... 

Hauck Takes Navy Post 
Astronaut Frederick "Rick" Hauck, veteran 
of three shuttle flights, left NASA in April t0 
take up the post of Director of the Navy 
Space Systems Division at the Pentagon. 
"My 1 1  years with NASA have been ex­
tremely ;awarding," Haucksaid. "I am look­
ing forward, however, to continuing my 
career in the Navy and to the new chal· 
lenges it provides. " 
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Space Station Robot Contract 
Martin Marletta Space Systems has won the 
contract to develop and build the Flight Tel­
erobotlc Servlcer (FTS) which will assist in 
the assembly and maintenance of the Free­
dom Space Station. 

Under the $297 million contract the company 
will provide a prototype FTS for testing during 
two shuttle missions and a final operational 
version for the Space Station. 

The FTS will enable astronauts to direct 
routine assembly and maintenance work with­
out leaving the Space Shuttle or Space Station, 
thereby enhancing crew safety. TheFTS will be 
equipped with multiple, highly dexterous robotic 
arms, advanced control systems, and video 
cameras for viewing. When Space Station as­
sembly is complete, the FTS will use artificial 
intelligence, which will enable the computer to 
"think" like a human to perform tasks. 

The FTS will be launched in the mid-1 990s 
aboard an early Shuttle flight ferrying Space 
Station equipment to orbit. For Space Station 
assembly operations, the FTS will be attached 
to either Space Shuttle or Space Station remote 

· manipulator arms, with crew members inside 
the Space Shuttle or Space Station directing 
FTS operations. FTS tasks for Space Station 
include installing and removing truss members, 

An artist's impression of the FTS at wOIII outside the Freedom Space Station. Martin Marietta 

installing fixtures on the truss, changing orbital 
replacement units, mating thermal utility con­
nectors, and performing inspection tasks. 

Eventually, NASA expects the system to 
perform complex tasks with a single command. 
As the Space Station develops the ability to 
service satellites and large space instruments, 

the robot would be used to minimise crew in­
volvement. For example, large space instru­
ments like NASA'S Hubble Space Telescope 
would be brought to the Space Station's servic­
ing facility where the servicer would perform 
autonomous functions like replacing telescope 
components. 

Greens Spike Sunlight Project? 
A five-year-old Soviet plan to light up 
the night sky with giant space mirrors 
has been deferred for some time, 1t 
has been learnt In Moscow. The plan 
has fallen victim to the growing power 
of the "green" movement for environ­
mental protection In the USSR. 

The project was conceived in the early 
1 980s. The intention was that satellite reflectors 
would beam. down light to illuminate parts of 
Siberia during the prolonged periods of winter 
darkness. One idea was to light up oilfields, thus 
making fe,asible the winter working of the oil­
fields. The project opened up prospects for in­
creasing industrial output in a number of areas. 

Energla 
The project is by no means dead, but it has 

now been put off until the "comppeted" Energia 
rocket is ready to launch the large payloads 
required. As a result, experts say, it is now 
"probably a project for the next century" [1 ]. 

Ecologists are increasingly concerned about 
the general brightening of the Earth's atmos­
phere, it has been learnt. Astronomers also fear 
it will impede their access to the heavens. 
"There is also the problem of directing the light at 
selected targets and localising its effect. All this 
is being carefully studied. Wrth the growing 
ecological awareness of the nation, no unsound 
project could receive the go-ahead" [2]. Other 
objections have revolved around the unpredict­
able consequences that might ensue should 
permafrost be melted. 

Advocates of the concept explain that a solar 
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By Brlan Harvey 

power satellite high above the Earth would not 
be eclipsed by the Earth's shadow. Instead, 
using reflectors and mirrors, it could beam down 
light onto towns, streets, and transportation 
centres. Savings on electricity would be consid­
erable and would come from a "clean" source. 

' 
Small Demonstration Satellite 

Work on a small, experimental demonstra­
tion satellite began in early 1 984  at the Moscow 
Aviation lnslitute and Ieach9d an "advanced 
stage• in May of the year. A 200kg satellite was 
to deploy a reflector 11 Qm2 across which would 
iUuminate an area of 9kffi2 to a brightness 50% 
greater than the fuU Moon. The experiment was 
expected to pave the way for an operational 
system by 1 994 [3]. 

The satellite never flew. At the very time that 
it was being prepared for launch the USSR 
Academy of Sciences set up a committee to 
investigate the possible ecological effects of the 
sunlight-by-night scheme [4]. 

The demonstration satellite was to precede 
much more ambitious projects. "it is intended to 
be the forerunner of larger reflectors which could 
light a whole city or construction project at night 
with sunlight seven times brighter than a full 
Moon. Free illumination of five cities the size of 
Moscow would save enough electricity to repay 
the cost of the �e reflector within four or five 
years" [5]. 
Pravda in November 198S revealed that Soviet 
scientists were "already working· on the night-

time lighting of the Arctic Circle region [6]. The 
EVA assembly work just then completed by 
Salyut 7 cosmonauts Vladimir Lyakhov and 
Alexander Alexandrovwas heralded as opening 
the way for the type of assembly tasks that 
would be involved. 

Grandiose Project 
The experimental satellite seems to have 

progressed no further, and the plan now seems 
to have been put well down the line [7]. The 
Ch13mobyl accident, Glasnost, the new-found 
political clout of the Soviet ecological move­
ment, and a healthy distrust of the grandiose 
(and ecologically suspect) schemes of the 
Brezhnev era may well keep it there. 
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Water Power for Space Station 
A team of workers In the Propulsion and 
Power Division at the Johnson Space Center 
(JSC) Is developing a propulsion system • 
fuelled by water • that will prevent the orbit 
Space Station Freedom from decaying. 

A prototype of the propulsion concept, which 
separates water into its tow components, hydro­
gen and oxygen, and then uses them as propel­
lants, is now being tested. Although the test 
system is far different in size, appearance and 
construction from what eventually may fly, the 
processes used are identical. McDonnell 
Douglas will eventually build the flight hardware. 

A system of 24 thrusters will be needed at 
least four times a year to boost Space Station 
Freedom back to its proper, 220 nautical mile­
high orbit Using water as the raw propellant for 
such a system is uncharted ground, but it's an 
idea that makes sense. 

The shuttle uses monomethyl hydrazine and 
nitrogen tetroxide, 1\VO chemicals that ignite on 
contact. to propel it in space. But the space 
station's system wm break down water into 
hydrogen and oxygen by electrolysis. 

If a traditional propulsion system such as the 
Shuttle's were used on the space station, pro-

Olympus 1 
Arrives in Kourou 

The Olympus 1 communications satellite, 
built by a consortium of aerospace compa­
nies led by British Aerospace (Space Sys­
tems) Limited, has arrived In Kourou, French 
Gulana where lt will be prepared for launch 
by Arlane In June 1 989. When In orbit, 
Olympus 1 will be the world's most powerful 
civil communications satellite. 

Prior to shlpment, Olympus 1 successfully 
completed a series of rigorous environmental 
and mechanical tests undertaken at the David 
Aorida Laboratories and at the National Aero­
nautical Establishment in Ottawa, Canada. 

A specially chartered Belfast transport air­
craft carried the satellite from Ottawa to Kourou. 
Test and check out equipment were transported 
by a Boeing 747 freighter- its cargo hold too 
small to accommodate the satellite. The body of 
Olympus 1 measures 2.9 m (9ft 6in) wide and is 
5.5m (1 8ft 2in) high. In orbit its solar arrays 
measure 25.6m (84ft) from tip to tip - half the 
width of a football pitch. 

Olympus 1 carries four separate communi­
cations payloads which will assist in the devel­
opment of new communications services within 
Europe. Payload applications indude high 
power direct broadcast TV, video conferencing , 
data transmission and tela-educational serv­
ices. 

Artist's impression of the Olympus communications 
satellite in orbit BAe 

Olympus 1 was built under contract to the 
European Space Agency as a technology dem­
onstrator for a future dass of large and powerful 
communications satellites. Future Olympus 
satellites could have solar arrays measuring up 
to 56m (184ft), providing up to 7.7kW of electnc 
power-enough to power 40 channels of direct 
broadcasttelevision or up to 250,000 simultane­
ous telephone calls. 

Contract Follows Skylark Success 
British Aerospace has received a contract 
valued at £ 1 .5 million to supply the German 
Company MBB-ERNO with a further six 
Skylark Sounding Rockets, so extending 
one of the world's longest and most suc­
cessful space programmes. 

The six new rockets will be launched from 
Esrange , Sweden over the next three years as 
part of the MBB-ERNO microgravity pro­
gramme. The two stage solid propellant pow­
ered rockets will carry modular payloads up to 
altitudes of 250 kms. At this altitude the payload 
module separates from the rocket and experi­
ences six minutes microgravity time before re­
fuming to Earth by parachute. The payload is 
then recovered hy he!icopter for delivery to an 
on-site laboratory. 
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Typical experiments undertaken in weight­
lessness conditions include the study of crystal 
growth, biotechnology and the melting of metals. 

This latest contract award follows the suc­
cessful launch of the 41 Oth Skylark Sounding 
Rocket on February 1 0, 1989, from the Esrange 
Rocket Range, near Kiruna, northem Sweden. 
This was the fourth Skylark Rocket to be 
launched as part of the German ROSE (Rocket 
Scatterometer Experiment) programme inves­
tigating the relationship between the solar wind 
and the Earth's atmosphere - the phenomenon 
known as the aurora borealis. Since the start of 
1988 there have been nine cor.secutive Skylark 
launches, all of which have achieved mission 
objectives. The first Skylark was launched in 
February 1957. 

pellants would have to arrive by special delivery. 
But with a water-based system, excess water 
that is now dumped as waste during each 
Shuttle mission can be used to refuel the station. 
Water is a byproduct of the Shuttle's power cells 
which combine hydrogen and oxygen to create 

. electricity - the opposite of electrolysis. The 
amount of water created during each flighi is 
much more than is needed by the crew and 
normally is dumped overboard. 

"Every time a Shuttle goes up, the excess 
water can be transferred to the station," Don 
Blevins, assistant for programme management 
in the Propulsion and Power division, said. "Ifs 
basically a free resupply that way." Waste will 
be eliminated. 

'We can save on the amount of propellants 
that have to be brought up to the station," he 
said. "And it can save a significant amount of 
money over the 30-year life of the programme." 

The concept for the water-based thrusting 
system is new territory for several reasons, 
among them its complexity, extended lifetime 
and limits in weight and volume, Blevins said. 

Once the electrolyzer separates the water 
into hydrogen and oxygen, the two gases re­
main saturated with water vapour and must be 
dried before they can be used as propellants, 
said Rex Delventhal, an engineer in the Propul­
sion Branch. First the gases go through phase 
separators. cylindrical tanks that allow the 
heavy water vapour to sink to the bottom. Then 
the gases are channelled into desiccant material 
dryers, that work using water absorbent maten­
als. 

The propellants are stored in tanks at a 
pressure of 3,000 pounds per square inch. The 
hydrogen and oxygen remain in gaseous form 
and bum as gases in the thruster, a major 
difference between other rocket engines that 
use propellants in liquid form, Delventhal added. 

The test system has been working well, and 
tests appear to be proving the feasibility of the 
system, Blevins said. Two thrusters will be 
tested on the system, one built by Bell and 
another by Rocketdyne. The Bell thruster has 
been fired seven times so far in tests, the longest 
of which was a 12-second burn. Next the Rock­
etdyne thruster will be tested. , 

Once the series of tests is completed, work 
will begin on a Phase B system that will more 
closely resemble what may fly. The future test­
ing will involve firing two thrusters simultane­
ously . . 

When it flies, the system must be capable of 
firing thrusters for a one and a half hour bum four 
times each year, each time boosting the space 
station from 1 0 to 15 miles higher. Without it, the 
station's orbit would eventually decay. 

The thrusters need to have a functional life of 
about five years, Blevins said, which means at 
least 20 hours of use But the system also must 
be capable of milliseconds-long bursts to control 
and stabilize the station's al�tude 

-Briton in Space --· 
The signing of the agreement to launch the first 
Briton in space onboard a Soviet Soyuz capsule 
has been postponed. The agreement was due to 
be signed at Moscow Airport on April 14. But at 
the last minute the ceremony was cancelled lt is 
now believed the agreement will signed in June 
when UK Minister Lord Young is visiting 
Moscow. 
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SATELLITE DIGEST ·Ill 
Robert D. Christy ---------

Continued from the May 1989 issue 

A monlhly �of satellte and apaceciBft llux:hea, conlpled from open soun:es. The 
heading to each launch gives the name of the aatellllle, ls lnlemallolllfdeeignallon and 
lis number In the NORAD calalogue.l.aln:h times are glvan In lJnlvwsal The and are 
accurate to about live mhdies except whin marlced wlh an aslerlsk, where the time Is 
to the nearest .nrue as &moiR1C8d by 1he launching agency. 

ASTRA 1A, 1 988-1098,19688 

Launched: 0033". 11 December 1988 from 
Kourou by Ariane 44LP. 
Spacecraft data: Three-axis stabiHsed, box­
shaped body, 3.18 x 2.03 x 1.52 m, with an aerial 
array on one face. Power is provided by a 19.3 
m span solar array. The mass On orbit) is 1045 
kg. 
Mission: Television broadcasting satellite, 
equipped with sixteen operational, and six 
spare, transponders. 
Orbit:Geosynchronous above 19 degrees west 
longilude. 

COSMOS 1984, 1 988-1 10A, 1 9705 

Launched: 1900, 16 December 1988 from 
Plesetsk by A-2. 
Spacecraft data: Possibly based on the Vostok 

manned spacecraft and consisting of a spheri­
cal camera module supported by a conical in­
strument unit containing batteries, control equip­
ment and a rocket motor system. A supplemen­
tary equipment package may be fitted at the 
forward end. Several small, heat shielded con­
tainers may be carried for periodic reb.Jm to 
Earth of film. The overall length is about 6 m, 
maximum dameter 2.4 rn and the mass around 
7000kg. 
Mission: Military photo-reconnaissance over an 
extended period, reentered after 59 days. 
Orbit: 188 x 325 km, 89.64 min. 62. 85 deg, ma­
noeuvrable. 

CHINA 25, 1988-1 1 1 A, 1 9710 

Launched: 1240, 22 December 1988 from . 
Xichang by Long March 3. 
Spacecraft data: Cylindrical, spin-stabilised 

A Molniya communications satenite photographed at a Soviet space exhibition recently held in Budapest. Hungary. 
N.Schuminszky 
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body with de-spun aerial. 
Mission: Communications satellite. 
Orbit: Geosynchronous above 11 0.5 degrees 
east longitude. 

IIOLNIYA-3 (34), 1 988-1 1 2A, 1971 3 

Launched: 1416, 22 December 1988 from 
Plesetsk by A-2-e. 
Spacecraft data: Cytindrtcal body with a conical · 
orbital adjustment motor section at one end. The 
opposite end of the vehide carries communica­
tions aerials and a 'windmill' of six solar panels 
set In a plane at right angles to the main axis of 
the body. Stabillsatlon Is by the use of momen­
tum wheels. The length is about 4 m, the maxi­
mum diameter about 1.6 m, and the mass 
around 1800 kg. 
Mission: Communications satellite providing 
telephone, telegraphic and television links 
through the 'Orbita' system both within the 
USSR and abroad. 
Orbit: Initially 432x 39056 km, 700.27 min, 62.80 
deg, then raised to 444x 39889 km, 717.35 min. 
62.79 deg, to ensure daily repeats of the ground 
track. 

COSMOS 1985, 1988-1 1 3A, 1 9720 

Launched: 1 030, 23 December 1988 from 
Plesetsk, by F-2. 
Spacecraft data: not available. 
Mission: Military satellite, used to test ground­
based missile-tracking radars. 
Orbit: 526 x 534 km, 95.28 min, 73.57 deg. 

PROGRESS 39, 1 988-114A, 19728 

Launched: 0412", 25 December 1988 from 
Tyuratam by A-2. 
Spacecraft data: Soyuz derived design, having 
a near-spherical supplies compartment carrying 
a rendezvous radar tower, a covered liquid tank 
section and cylindrical instrument unit contain­
ing batteries and a combined rocket motor/atti­
tude control system. Length 7.5 m (including the 
docking unit), maximum diameter 2.2 m and 
mass around 7000 kg. 
Mission: Carried equipment and consumable 
supplies to the resident crew of Mir. lt docked 
with Kvant's aft-facing hatch at 0537 on 27 
December. l t  undocked at 0646 on 7 February 
1989 and was de-orbited later the same day. 
Orbit: Initially 187 x 237 km, 88.7 min. 51.63 deg. 
then by way of a 237 x 338 km transfer orbit to a 
docking with Mir in an orbit of 325 x 353 km, 
9126 min. 51.63 deg. 

[ MOLNIYA-1 (74),1 988-1 15A,19730 

Launched: 0529, 28 December 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 vehide carries communica­
tions aerials and a 'windmill' of six solar panels 
set in a plane at right angles to the main axis of 
the body. Stabilisatlon is by the use of momen­
tum wheels. The length is about 4 m, the maxi­
mum diameter about 1.6 m, and the mass 
around 1800 kg. 
Mission: Communications satellite providing 
telephone, telegraphic and television links 
through the 'Orbita' system both within the 
USSR and abroad. 
Orbit:lnitially 637x38859km, 700.45min, 62.82 
deg, then raised to 617 x 39736 km, 717.75 min, 
62.85 deg, to ensure daily repeats of the ground 
track. -
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Cosmonauts Leave Mir Unmanned 
When cosmonauts Volkov and Krikalev blasted off from their launch pad 
at the Balkonur Cosmodrome they were looking forward to an ambitious 
six month mission on board the Mir space station. Togeth'er with Dr. 
Polyakov, who was launched to the station in August 1 988, they were to 
make two space walks and receive the space station's first 20 tonne add­
on modules. Unfortunately things did not go to plan and Jhe cosmonauts 
returned to Earth, without making the space walks, leaving the station 
empty for the first time In over two years and without the new modules 
having docked. Regular Spaceflight correspondent Neville Kidger has the 
details. He begins by bringing us up to date with the work carried out since 
the end of last year. 

Prograss 39 
The unmanned cargo craft Progress 39 

docked with the Mir complex at 0535 (all 
times GMD on December 27, 1 988 after 
being launched from Baikoru two days pre­
viously. lt delivered OYer 1 ,300 kg of cargo for 
the resi:lent ll::rilass aeN - Aleksarrl' Vdmt/, 
Sergei Krikalev and Dr. Valeri Polyakov. 

Surprises for the ttwee men irduded flesh 
fruit and vegetables and New Year � from 
their families. 

The cosmonauts were the latest in the 
succession of resident and visiting crews m 
stay on the Mir/Kvant complex. But for the 
Donbass ClfifN their stay was to be a signifi­
cant one. 

At the p&laJrdl pass oonfeleuce, Vdtol 
IB:I tlld reporters that the afiN were to l8llm 
in late April having received three Progress 
argo � a  new rnodJie and two EVA's by Kr1kalev and himself. The first month of the 
mission had already passed very eventfully 
with six cosrTIOIIIlUis on the OOfll)lex, indud­
ing FreciCtrnan Jean..Loup Chretien. 

There were few reports of the cosmo­
nauts' actMties owrthe New Year period but 
on January 2, 1989 they began a new series 
of Earth observations studying the natural 
resources of Sberia and the ScMet Far East. 

CNerthenextfewdaysthe men also �  
ducl8d SEMnl se ssioi1S of aslronomical ob­
servations usirYJ the BtJigariarH'naj Aozhen 
syslem. An experiment named Polarizalsiya 
involved photometric observations of stars, 
galaxies and nebulae. Using the Bulgarian­
made ParaUax-Zagorka Instrument the men 
observed the vertical dstrbJtion of lumines­
cence in the polar, middle and equatorial 
laliludes of Earth and also the luminescence 
of the CClf1lllex itself which I9SUts from the in-
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teraction with the atmosphere. Similar ex­
periments were �  on the US Shuttle 
to observe the '*"'� out from the spaoe­
aaft as it interacted with molecules of aiDmic 
oxygen in the rarefied atmosphere in orbit. 

Ultraviolet piclures were taken using the 
Glasar telescope located in Kvant Several 
nas of the constelations Auiga, Cassiopia. 
Orion and Vela.as wel as the X-rti!J OOserva­
tion of sources in the Vela conslellation and 
the Small Magellanic Cloud. The X-rti!J tele­
scopes were also localecl on the Kvant in an 
u,.:nssuisecf section. 

Medcai 1B*i  were also being �  
on a regular basis under the supervision of 
Dr. PalyakoY, who had joined the Mir afiN in 
Al9JSt 1988. These 1estS lncU:iecl 8ll1BIISNe 
examinations of the men'scardiovascular 
sysiBms IJSii1J eqUpmert p1Mded by ScMet and Franch sdenlis1s. 

On :J'.u:J, 1 7, amidst the reports of 
rouline . iepB:emert wat<, 1he ScMels 
announced that pepatatioiiS were underway 
for the EVAs. The �day, at a press aner­
ence in Mosoow, Gla\4amos ct1ef Alekslnt 
Dunayev tlld reporters that the launch �the 
new module would now occur wlltin the first 
six months of the year. This was the first 
official i ldication of the pcillems which were 
to �  the pe-annourx:ed piii'IS for the Mr 
c::orT1)Iex. 
ConiiiUed Aoulne 

One of the pieces of equipment being 
used bv Dr. Polyakov in tis work was a rapid 
blood analyses. The dEMoe, caled Relrofton, 

was developed by the West German firm 
Boehiinger Mannheim and was another indi­
cation of the growing commercial coopera­
tion between the Soviets and the rest of the 
work:l. The commercialisation of the Soviet 
programme is bringing about some interest­
ing developments (to be discussed later). 

On Jaruaiy 24 TASS announced that the 
complex's orbit, which had been adjusted by 
Progress 39, was rurrently at a height of 376 
x 340 km ..wh a period of 91 .4 minutes and an 
inclination of 51 .6 degrees. 

The cosmonauts were usirY,;J a hologicVk 
gauge to check the optical properties of the 
portholes. lt had been reported by earlier 
crews that the portholes had begun to collect 
a fine film of dust - some of which was wiped 
off during EVAs by the year-long-stay creN of 
Vladimir Trtov and Musa Manarov. 

Between January 24 and 26 the Soviets 
reporEd that the men were repla:ing a conb'OI 
in the thermoregulatory system with a new 
one delivered by Progress 39. After instalng 
it they checked for leaks in the hydraulic Une. 
Such repairing and replacement work is a 
large part of the cosmonaufs work in orbit. 

As January slipped away, the cosmo-
rwts corD'lJ8CI thei' rouline. The Flttt Cordrol 

. Centre often controls the orientation of the 
0001J1ex to use the Kvant X-rti!J tele s :JOpeS t> 
observe sources. Even as the cosmonauts 
slept the complex was oriented to view the 
southern 001 aelalon of Cit:irus to exanine 
an X-ray souroe 1hought t> be a double liar. 

In one of the first such desaifAions for a 
while, the Soviets desaibed a new tBchno­
loglcal experiment being conducled by the 
OorQiss crfN/. The Yantar equpnem was 
installed in the complex's airlock to obtain 
metal coatings in weightless conditions. A 
ciJal OOiilpOIIelt alloy of siiYer-pallldum and 
� was appliecl to a polymer  
lm. SUch acp91im81 ds were <XlllliJc:l9d 19QU­
Iar1y on the Salyut 6 and 7 stations using a 
device caled lsparatel. 

Beginning F'ebruary 1 ,  the Soviets said, 
the crfNI would begin visual observations of 
Soviet territory on a reguw basis because 
theQX\1llex was beginring overftighls of the 
country during daylight periods. 

Anoia Selback 
In early February Soviet radio revealed 
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�MISSION REPORT 

Forward view of the 're-equlpmenf module at the Slar City training centre. The one metre diameter airlock an d  a 
group of thrustetS are visible. Central News 

the EVA planned for February had been 
sacwect. No reason was gven at1he time fu 
1he canoellation but it was later 10 emerge that 
the launch of the building block modules 
slipping 10 later in 1 989. On being told of 1he 
delay and the fact that his crew would not 
receive the first module, Volkov reportedly 
sai:l '1ectt � is  tec:hi �-· Arlchr � 

said a new crew would be launched in April 
and were 10 be replaced six months later. 

Earth observations, experimenls with 1he 
Yanter installation and medical tests occu­
pied much of the first days of February. The 
Earth observations were supplemented by 
picUJres obtained from an unnamed Cosmos 
satellite. 

At 0646 GMT on February 7 Progress 39 
was undocked from Kvant and was deortliled 
10 deslrudion at an unspecified time later that 
day. 

Another series of UV photography ses­
sions was begun on February 8 with 1he first 
target being the constellation of T  aurus. 

Another Progress 
At 0854 on February 10  1he 40ih Progless 

cargo ship was launched from Baikonur. lt 
docked with the Kvant port two days later at 
1030. Weslem sensors tracked the CJOrl1llex 
in an orbit of 364 x 347 km after the docking. 
The cosmonauts began unloading the vari­
ous cargoes the next day as they continued 
thei' 8rth observation experiments and aslnr 
physics wor1<. 

During February 1 4  Aleksei Leonov told 
reporters in Moscow that the Volkov crew 
was to be replaced by the end of Apri l .  The 
next crew would "most probably" be com­
manded by Aleksandr Viklorenko. 

Viktorenko was the reserve commander 
for Soyuz TM-7, which launched Volkov, 
Krii<a�E!Y and Frenchman Chretien. His flight 
engineer on that occasion was Aleksandr 
Serebrov. 

Serebrov had been training for an EVA 
from the new module using the one metre 
diameter forwald hak:h. He was 1D try out the 
. Soviet version of the manned manoeuvring 
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urit wtich had been shaNn 1D an intemalional 
corps of reporters the previous November at 
Baikonur. The initial flight at least of the new 
urit would see Serebrov anchored by a 1elher 
10 the Mi' COfllllex. The a:rd would be a nylon 
one with a metal core which could be severed 
in an emergencf, Soviet officials told a 
Weslem reporter. 

The Ameri:ans had prcdsecl flying a pt»  
type of their MMU i n  an untethered mode but 
that was within the confines of the Skylab 
space station in 1 973. 

Leonov's sta1ement dkl not mention Sere­
brov and gave rise 10 Western speculation 
that he had been droJ:lled from the crew until 
the neN module was launched. This specula­
tion proved well founded when, after return­
ing from Baikonur from a filming trip, the US 
analyst James Oberg revealed that he had 
met the Soyuz TM-8 flight engineer - a rookie 
called Aleksandr Balandin. 

Leonov also reljealed that the mission 
planners were ul'lSIIe whether or not l:> re1um 
Dr. Polyakov 10 Earth. If he remained on the 
COfllllex through the planned six-month long 
flight beginning in April he would have ex­
ceeded the year-long record of Titov and 
Manarov. 

One Western cmlyst SlJ!P5led PolyakoY 
might wish to remain on the station rather 
than return and face another painful bone 
marrow operation. Prior 10 the TM-6 launch 
both Polyakov and his backup, Dr. German 
Arzamazov, had undergone painful bone 
marrow surgery l:> enable pnrand-post-flight 
comparisons 10 be made . 

T ass announced on February 1 8  that the 
�crewwoUd be launched on Apri 
1 9. . 

Full.n PIMs 
The third anniversary of the launch of the 

Mir base block saw a number of interviews 
relating to the future of the complex. 

Viktor Blagov, the deputy flight supervi­
sor, said that the Mir complex would eventu­
ally have six spaceships or research labora­
tories. Kvant was already at the complex. A 

Scviet drawing released in 1 987 had shown 
two Salyut-class and two Kvant-class mod­
ules docked at Mir's front docking unit A neN 

version reportedly shows four of the Salyut­
class modules. 

Blagov also said that it was planned to 
attach independent pointing platforms to the 
exterior of the complex on which telescopes 
or other sensors could be mounted. Such 
pointing systems would enable great savings 
� fuel on the complex. 

TV pictures were shown of the "re-equip­
menr module at Baikonur and a second 
module, which the Soviets called "Optizont", 
undergoing final tests in the workshop. 

Chief spacecraft designer Yuri Semenov 
10id TV viewers that the first module was 10 be 
launched in the second half of 1 989  and that 
between July and September the module 
would be equipped with the manoeuvring 
units. The second module v.oold be launched 
shortly afterwards (so that symmetry could 
be retained for manoeuvring). 

The second module, a space "factory" 
woold grow ay&1als tor the eleclronics indus­
try and process biotechnological materials. 
The yield d the module 'MlUid be cilout 100 kg 
of produce per year, Semenov said , after it 
had begun work in late 1 990  or early 1 991 . 

The designer said that Mir had already � 
couped 25 per cent of its costs 10 date. The 
new technology module wou ld earn 1 ,000 
mill ion Roubles per year which would be 
"many hundreds of mil lions" of Roubles in 
profits. 

The delay in launching the technology 
module may have been atlribulable 10 the d&­
velopment time of ecological monitoring 
equpnent which it was 10 carry. The violation 
of annoul'lC9:! plans was a "dsease which we 
have in many, many cases . . .  [which] also 
happens in the space branch," A Soviet jour­
nalist said. "Somehow we have never talked 
about this before." 

Meanwhile, in orbit, the three man crew 
had been assigned an increased work loaj of 
experiments. One of these was Diagram in 
which measurements of the physical charac­
teristics of the atmosphere were conducted 
using a magnetic-discharge transducer de­
ployed outside the station's air1ock by a rod. 
The experiment would help evaluate aerody­
namic drag. 

On February 23 the cosmonauts cele­
brated Soviet army and navy day by toasting 
Vdiol, a Colonel in the Soviet M Fon::e. The 
men were allowed an "exotic" choice of foods 
- pickled cucumbers, fresh fruit, sweet-smell­
ing Russian bee honey and others - which 
had been delivered by Progress 40. The 
menu for the Mir cosmonauts now includes 
about 70 dishes but excludes alcohol , the 
Soviets say. 

T ASS reported that Polyakov ta:l reported 
that he had dreamed about his family. The 
agerq said that cosrnonauiS 1ended 10 <team 
about earthly things such as home and family 
and rarely about space. The agency reported 
that studies at the Soviet Health Minisby's In­
stitute of Biomedical Problems had discov­
ered that cosmonauts - and most scientists 
and technocrats - dreamt in black-and-white 
whilst spiritual people tended to have colour 
dreams. 
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MISSION REPORT � 
Progi8SS 40·Departs 

The low key coverage of the OJSITIOrlaUis' 

activities continued to the end of February. 
The men continued Earth observations and 
medical examinations. 

On February 24 the orbit of the complex 
� E4Jsted by Prtvess 40's engine so that 
the height of the complex above the Earth 
varied from 3EI6 x 358 km with a period c:l 91 .7 
minutes. Refuelling of Mir's tanks was con­
duded at the end cl February. On March 2 the 
Soviets said that the cosmonauts were tiDing 
the cargo ship with used equipment - a sure 
sign of the craft's imminent departure. 

Sure enough, at 01 46 on March 3 the 
cargo ship unclocked and slowly separated 
from the complex. The undocking differed 
from the standard procedure when t'M> large­
sized multi-link folded structures on the side 
of Progress 40 unfur1ed one after the other. 

The struclures resembled an orange seg­
ment but more shalply angled than an elfipse. 
The •unique alloy" which was built into the 
structures enabled the structure to -remem­
ber" its original form. The deployment was 
achiewd by healing up wire leads electrically 
to stretch the structure like a muscle. 

Va�s mNi took still and video pictures 
of the experiment which, the Soviets said, 
could find application on future large-scale 
structures in space. One specifically men­
tioned use involved covering sudl struclures 
with reflectors to reflect the Sun's rays to 
Earth. A rroe eartHy use OOl.tj irMllve q:JEIIirg 
and closing shutters on greenhouses as the 
�res fluctuated. 

Prtvess spacecraft have often been used 
for experimental work. In 1 985  the Soviets 
launched Cosmos 1 669  which they desaibecl 
as similar to the Progress ships. The craft 
docked with Salyut 7 and performed a mis­
sion identical to that of a standald Progress 
cargo �· At the end of its flight it unclocked 
from the Salyut 7 station, backed away and 
then re-docked to confirm the reliability of the 

docking system, according to an American 
source. A simUar experiment was conducted 
with Mi' by the Progress 32 ship in 1987. This 
raises the question about the designation of 

Cosmos 1669 (wtidl one conlen'lXJI'CIY Soviet 
report called Progress 25). Perhaps, with the 
onset of openness, the Soviets may reveal 
why cosmos 1669 was so designated. 

At 0108 on March 5, after t'M> days of au­
tonomous flights and tests of the structures, 
Progress 40 was deorbited to a destructive 
reentry. 

More Astrophyslcs 
Over the following week the cosmonauts 

laid eflllhasis on WOI1< with their astrophysics 
instruments. The mission was said to be 
entering a new stage in the UV photography 
with the Glasar telescope. 

Readings of the charged particle environ­
ment in the cofllllex were taken on a regular 
basis with the magnetic spectrometer Ma­
riye. One specific task for the device was to 
register the intensity of high energy particle 
flows to assess if these were related to areas 
of seismic activity on Earth . 

On March 16, the cosmonauls and gound 
controlled began a four -<lay-long cycle of X­
ray observations of the central part of our 
galaxy, 
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Pro.gress 41 In Space 
At 1854 on March 1 6, the third Progress 

cargo ship scheduled to resupply the Don­
bass crew was launched from Baikonur. 
Progress 41 docked with the Kvant port at 
2051 t'M> days later. The CXlfl1)lex � 1ra::ked 
by Western sensors in an orbit of 363 x 349 
km. 

On March 20 the u�ng of the cargoes 
began . A highlight of the work over the next 
few days was the use of the Bulgarian-made 
Speklr-256 spectrometer to scan tha Earth's 
atmosphere in 256 wavelengths and meas­
urements of the radiation levels in the com­
plex with the French made Circe deviCe. 

Sunday Mach 26 � a  hislcric day in the 
USSR with elections being held for the newly 
formed Congress of People's Deputies of the 

USSR. Sucoessful candidates would include 
cosmonauts Valeri Ryumin, Svetlana Sav­
itskaya and Vlktor Savinykh. Many of the can­
didates stressed the curbing of expenditure 
on space ventures in the manifestos. The 
Donbass af!IN registered their votes by radio 
to the FCC who then passed their prefer­
ences on to the cosmonaut's constituencies. 

TASS d1ose the same day to reveal how 
bureaucracy had reached Mir. Sergei Krika­
lev rewaled that he had been served several 
written orders demanding that he report to a 
district army draft centre even though he was 
in space.TASS chided the "dim-wit bureau­
aats" who had followed regulations to serve 

l . 

the order. Krikalev, the youngest Soviet cos­
monaut in a quarter of a century, said that he 

. was not prepared to retum to Earth early. The 
mission was scheduled to end on April 29. 

As March ended, the mNi conducted yet 
more Earth and stellar observations. The 
cycle continued during the first days of April. 
One of the Earth observation ai!ll> was envi­
ronmental monitoring of the northern Cau­
cusus and areas adjoining the Black Sea and 
the Caspian Sea as part of a Soviet-block 
programme. . 

On April 4, TASS, in a regular statement, 
said the cosmonauts wem to replace a num­
ber of power supply instruments, the war­
ranty period of which was expring. These had 
been delivered by Progress 41 . 

A Shock Report 
Special attention was being paid to radia­

tion levels, the Soviets said. This was be­
cause high solar activity was causing radia­
tion levels to increase and cause spectacular 
displays of aurora The Soviets reported that 
the men in space were in no danger because 
the levels were "not hazardous". 

On April 1 0 Progress 41 's engines were 
used to boost the orbit of the complex to 400 
x 372 km with a 92.1 minUte period. This was 

. an unusually high orbit TASS reported that 

the WOI1< of the Donbass m1N was coming to 
an end and that they were to begin rno1tball- · 
ing the complex, words generally associated 
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�MISSION REPORT 

The Mir crew are surrounded by the recovery team and journalists after the retum to Earth on April 27. (Left to right) 
Dr. Valeri Polyakov, Aleksandr Volkov and Sergei Krikalev. Novosti 

with closing down a Salyut station. 
Then T ASS revealed that the cosmonau1s 

were to retum home on April 27 and that Mir 
was to continue its flight in the unmanned 
mode! 

This was a surprise to many wes1em ana­
lysis. M Amerk:an lllpOrt of the So'Jiets stulil'lJ 
Mir down ta:1 emerged from allef"Tl1S by a US 
TV crrM to set up a radio ink-up between Mir 
and Shuttle Mission 29 (ST8-30) which was 
due for launch on April 28. The Soviets had 
been evasive in their acknowledgement of 
the Americans efforts and eventually admit­
ted that Mir would probably be unmanned at 
the time of the American flight 

Deputy flight director Viktor Blagov con­
firiiled the pos1ponernent of the Soyuz TM-8 
fight of Vlklonrto and BaJandn and said that 

the "aqoummenf' was due to the delay in the 
launchil'lJ of the tw:> new modules. New train­
ing was needed, he said. 

An American source, however, claimed 
that there was a different reason for the 
shutdown of Mir - apower supply problem. 

Wrilil'lJ in Avialbn Week and� Tech­
nology, Craig Covault claimed that Western 
analysts eavesdropping on the air-to-ground 
conversations of Mir had heard disrussions 
of elecbical problems. He said that "serious 
elecbical power problems" were afflicting the 
operation of the station. The major user of the 
elecbical power was the life-support system. 

A repair crew would need to be trained, 
Covault wrote, and the same team which ta:1 
worked to salvage the Salyut 7 space station 
after it had suffered a complete loss of elec-

Commercialisation of Mir 
When the Soviet manned programme 
resumes In August 1t will be under the 
terms of a programme that must justify Its 
existence under public scrutiny and tight 
economic conditions In the Soviet Union. 

�ccordingly, the programme is being In­
creasingly commercialised. Two recent deals 
struck by Glavkosmos and foreign partners 
highlight the lengths that the Soviet pro­
gramme Is opening up for commercial gain. 

Advertisement hoardings, already seen 
at Baikonur and the FCC during international 
flights, are to be painted onto the hull of Mir 
Itself. Two panels 2 x 3 metres are being sold 
by the Swiss firm Punto and will be painted 
next August. Under the same agreement, 
firms could send one kilogramme of materials 
to the station and have a three minute video 
advertisement made by the cosmonauts. The 
cost of the package one million Swiss Francs. 

Glavkosmos recently signed a deal to fly 
a Japanese Journalist to Mir in 1991, where 
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he, or she, will spend six days sending TV 
reports. The Tokyo-based TBS station is to 
provide the candidate . The thought of a 
Japanese newsreader sending down reports 
from orbit may be an interesting proposition 
but it had incensed many Soviet journalists 
who see it as a patriotic duty that the first 
journalist in space should be a Soviet. 

A competition is underway to select a 
Soviet candidate for a flight to Mir but the 
question remains as to who will finance the 
deal. Glavkosmos sells opportunities for 
hard foreign currency. h is reported that the 
head of Soviet chemical industry offered 
hard currency to Glavkosmos head 
Aleksandr Dunayev for the flight. This move 
was severely criticised in sections of the 
press. 

More scientific commercial agreements 
have been signed, or are under discussion 
with Austria, Great Britain, France and Ma­
laysia 

trical power was put in charge of the new 
effort. Krikalev had been part of the team 
which ha:l prepared documenlation and train­
ing simulations for Dzhanibekov and Savi­
nykh for their epic 1 985  flight which rescued 
the stricken Salyut 7 station. 

One analyst told this writer that batteries 
on Mir had been recharged from the so�ar 
panels only to discharge during operation. 
New batleries ha:l been flown up on Progess 
41 but the problem had continued. 

Soviet officials denied the report but, ac­
cording to writer Tim Fumiss, Mir flight con­
troller Valeri Ryumin confirmed that there 
was a problem wiltl the batteries as described 
above. 

Relum of the Donbass Crew 
The three-man crrM on Mir spent much of 

their last days in space preparing the com­
plex for a period - the Soviets said three 
months - without a crew. They conducted 
some more Earth observations and used the 
X-ray telescopes. 

An inventory of the items accumulated 
over three years of operation of the station 
was rnade. • 

In preparation for their meeting wiltl Earth's 
gravity, the men began regular sessions wiltl 
the Chibis pressure suit which uses a vac­
uum to simulate the pull of Earth's gravity on 
their legs. 

At 0146 on April 21, Progress 41 was un­
docked from the Kvant port and, after an au­
tonomous flight of over five days, entered the 
atmosphere of Earth to a destructive reentry, 
at 1 202  on April 25. 

The crrM, meanwhile had packed up their 
experimental results in the Soyuz TM-7 de­
scent craft and conducted their final few 
experirnenls. Soyuz TM-7 undocked from the 
front axial port of Mir at 2328 on April 26. 

Retrofire occurred at about 0200 April 27. 
The descent cabin touched down at 0259 in 
windy conditions due south of Tikenekty, 
some 1 40 km north-east of the town of 
Dzhezkazgan. 

Rescue workers carried Krikalev in his 
seat to the medical tent after egress from the 
cabin. lt emerged that he had injured his leg 
after knocking it against a control panel . 
Krikalev later reassured reporters that he 
was fine and that the injury was "nothing out 
of the ordinary". 

Cemny, the ttwee aweared in good spiri1s 
on TV coverage of the post-landing press 
conference. 

Vok:N said that the station had been pr&­
pared for three months of unmanned flight 
and that all spent systems had been re­
placed. Polyakov revealed that the men had 
put their signatures on each new device as 
their personal "guarantee of performance". 

The cosmonauts were later flown to Star 
Town outside Moscow to recover. Thirty-six 
hours after landing the cosmonauts were re­
portedly able to move around quite freely. 

The cosmonauts were given traditional 
awards. Fa Klikalev and Polyakov there was 
the Hero of the Soviet Union 1iUe as well as the 
Order of Lenin and the Gold Star. Volkov, al­
ready a Hero of the Soviet Union, was not 
given the title a second time but he was 
awarded the Order of the October REMllution. 
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Rendezvous with Comet Kopff 0 n August 1 4, 2000, after travel­

ling for five years toward Its 
goal, a sophisticated spacecraft car­
rying a dozen specialised scienti­
fic Instruments orients Itself to a 
precise attitude, makes a final check 
to ensure that all is ready, and then 
Ignites its main rocket engine for a 
four-hour bum. With this ma­
noeuvre, utilising over 1 ,800 kg of 
propellant, the spacecraft Initiates 
a three-year rendezvous with the 
short-period comet Kopff, a meet­
Ing In which the spacecraft will  
study the comet In both its quies­
cent and active phases, will cap­
ture and analyse samples of Its 
gases and dust, and will send a 
penetrator Into its surface for in 
situ measurements. 

The Comet Rendezvous Asteroid Ayby, 
or CRAF, mission is planned by NASA for a 
joint new start in fiscal year 1 990 along with 
Cassini, a NASA/ESA Saturn orbiter with a 
probe to be released into the atmosphere of 
Saturn's large satellite Trtan. These are the 
first two missions of the Mariner Mark 11 pro­
gramme, so named after the new spacecraft 
being designed at the Jet Propulsion Labora­
tory for such challenging primitive-body and 
outer-planet rrissions. Launching in 1995 and 
1 996, respectively, these two mission wil l  
provide new perspectives on our origins: the 
formation and evolution of the solar system 
and the preDolic evolution of moleaJies wtlch 
may have led eventually to the origin of life. 

In September 1 988, NASA included in i1s 
fiscal year 1 990  l9qUest 1D the Office of Man­
agement and Budget a new start proposal for 
theCRAF/Cassini initiative. ln  November 
ESA officially gave i1s support to Cassini !>V 
approving funding for the probe, now called 
Huygens, which wiH be carried by the Ameri-
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The CRAF spacecraft with the penetrator in the foreqround. NASA/JPL 
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can-built Sai!Jm orbiter. Back in Washing1Dn, 
the Office of Management and Budget � 
proved the progamme and, in January of this 
yaar, CRAF!Cassini became a line item in the 
budget submilled 1D Congress. 

Earlier, the Ministry for Research and 
Technology (BMFT) of the Federal Republic 
of Germany agreed 1D supply the propulsion 
module subsystem for the CRAF sp;:K:eaaft, 
an arrangement similar to that of Galileo 
Gassirli�S sister mission 1D the Jovian � 

which is scheduled 1D be launched in October 
1 989. The CRAF science payload was se­
lected in 1 986  and included a West German 
instrument plus German support for a second 
instrument. In October 1989, Anroun::ements 
of Opportunity will be issued simultaneously 
in the Urlted Slales and Europe for the scien­
tific payloads of both the Cassini Olbiter and 
probe. Wrth a fiscal year 1 990 new start, the 
CRAF/Cassini programme will be ready to 
begin the development of the spacecraft and 
detailed mission plans leading to the next 
phase in the study of the primitive bodies and 
the outer solar system. 

Primitive Bodies 
For understanding our origins, comets 

and asteroids provide important records of 
early solar system formation. These small 
bodies have suffered less of the heating and 
other modifications that have affected the 

· inner planets and larger bodies. Comets are 
p;l1iWar1y inBesting because they C¥'9 poba­
bly icy remnants of the time of the outer 
planets' accretion, having been flung out in1D 
the Oort cloud halfway 1D the nearest stars or, 
alternatively, been stored in the region of the 
solar system just beyond the orbit of Nep­
tune. Hence, the volatile material preserved 
in comets is probably doserst to that of the 
primordial solar nebula than that of any cur­
rent body in the solar system. 

Asteroids are thought to be similar 1D the 
planetesimals commonly believed to have 
formed the terrestrial planets and cores of the 
giant outer planets. The main belt of aster­
oids, a relatively stable region between the 
orbils of Mars and Jt..Pler, rontains the bound­
ary between the water-condensing region 
and the water-vapour region of the pro1DSOiar 
nebula. This difference is visible in the strata 
of spectral types observed among the aster-
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oicls across the belt The �·clversily of 

the asteroids ranging from c:lfferenlialed, rocky 
objects 1o bodies rich in volatiles and hyd� ' 
carbons, tells us that we can learn much 
about the formation of bodies in the solar 
system by visiting a wide variety of these 
asteroids 

Not OOiy will CRAF prt:Mcle us with the op- . 
portunity 1D analyse primordial materials, but 
we Ml be able 10 observe physical processes 
that may be similar 10 those that occurred in 
the solar nebula. By travelling with a comet 
for half of its orbital cycle. CRAF will observe 
the processes that 1ake place in the comet as 
it transforms from a relatively quiescent dirty 
ice ball at 4 and 5 Astronomical Units (AU) 
from the Sun 10 its active state near perihe­
lion, when it is spewing forth Wst and gas in1D 
its coma and tail. Not only are the processes 
within the comet of interest, but also the 

CRAF 

inter.idions between the comefs coma and 
the supersoric solar wim plasma are intrigu­
ing. 

Comets and asteroids may also provide 
dues 1o prebiotic molecular evolution in the 
solar sys!em. Recent research suggesfs that 
the early atmosphere on Earth may have 
been inhospitable 1D the development of the 
complex molecules necessary for the evolu­
tion of life, that these.molecules may instead 
have been brougl:ltfo Earth from the outer 
solar system by comets and asteroids. 

The primary 1a1get selected for CRAF is P/ 
Kopff. Discovered by August Adalbert Kopff 
in 1 906 at Heidelberg Observatory, Comet 
Koplf le> been cDierved during 1 2  perihelion 
passages. 1t was recovered again in Febru­
ary 1988, almost 4 AU from the-Sun, with the 
next perihelion 1D ocx:ur on January 20, 1990. 
With its apbeliOn dislance at 5.4 AU from the 

Comet Kopff with relevant information. The imege was taken through a 4-metre telescope at Kill Peak Observa­
tory, Arizona, on August 1 3, 1 983. National Optical Astronomy Observatories 
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Sun, its perihelion cislance at 1 .6 AU, and an 
iodination of 5 degrees with respect to the 
ecliptic plane, its orbit is typical of short­
period comets. lt is one of the most active 
short-period comets in the solar system. 
however, and therefore and excellent target 
for the intensive studies planned for this 
rendezvous mission. 

En route b Comet Koplf, the CRAF space­
craft will fly by the asteroid 449 Hamburga. 
Namedforthecity of Hamburg, Germany. 
this main belt asteroid has a semimajor axis 
of 2.6 AU. lt was discovered in 1 899 by M .  
wat and A. Sctr.vassman. also at Heidelberg. 
Hamburga is of spectral type C, that is, its 
surface is thought ID be COf1llOSed of material 
similar to the carbonaceous chondrite mete­
orites. Type C asteroids are among the more 
primitive types of asteroids, with high volatile 
conlents. With a Slbslantial diameter of almost 
90 km, Harrburga will provide a nice co"l)le­
ment to the asteroids of the Galileo and 
Cassini missions. 

Advanlages of a Rendezvous Mission 
The exciting fast flybys of Comets Gi­

acobini Zinner and Halley in 1985 and 1 986, 
respectively. offered tantalising gfimpses and 
data of the first encounters with this dass of 
body. They raised many important questions. 
however. and emphasized tbe need for a 
lengthy stay with a comet. A rendezvous 
mission, wherein the spacecraft matiles ortm 
with the comet, allows the comet to be ob­
served in both its "-'iescent and a::tive phases, 
induding the important transition between 
the l'M:>. The spacecraft can, therefore, make 
measurements as a function of activity level 
and position with respect to the nudeus and 
the Sun. Detailed mapping of the surface is 
possible from close proximity for 1 00% cov­
erage with a variety of lighting conditions. 
Long integration times are possible and a 
pet JetJatcr can be i!TJllanled in the nucleus for 
in situ measurements. Furthermore, low 
relative velocities allow dust particles to be 
captured intact for physical and chemical 
analyses. Finally, a long-<luralion visit means 
that there is time ID adapt the mission plans ID 
new, important information as the mission 
progresses. 
Mission Plan 

CRAF is laJrdled from the Kennectt Sp9:s 
Center in Florida by an expendable Trtan lVI 
Centaur launch vehicle on August 22, 1 995. 
The mass of the spacecraft, propellant, and 
launch-vehicle adapiDr is 5270 kg. The initial 
trajectory takes the spacecraft out past the 
orbit of Mars. There, a sizable manoeuvre is 
performed, lc:Mering the perihelion of the orbit 
and aeating the right geometry for a subse­
quent flyby of Earth. The resulting gravity 
assist from Earth, slightly less than l'M> years 
after launch, increases the helocerrbic speed 
of the spacecraft from 34 to 38 kmls and 
sends it on its way to rendezvous with Comet 
Kopff near the orbit of Jupiter. Using this 
Delta Velocity r:arth Gravity Assist trajectory. 
the spacecraft can reach the outer solar 
sys1em while requiring only a low, inner solar 
system launch energy. 

During this cruise phase, science data 
gathering is limited primarily to the particles 
and fields experiments. Other instruments, 
such � the  remote sensing instruments, are 
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turned on at i ntervals for calibrations and 
occasional use. One 8-hour Slation pass per 
week Mh the Deep Spem NelY.ot< is �  
for communications. 

About six months after the Earth flyby, the 
spacecraft flies past 449 Hamburga with a 
relative speed of 1 7  kmls at closest ap­
proach. By targeting to within 80 radii (3,540 
km), the mass of the asteroid may be deter­
mined with an accuracy of better than 1 0%. 
This mass determination, along with an esti­
mate of the volume from images taken by the 
wide- and narrow-angle cameras, albNs what 
may be the first estimate of the buk density of 
an asteroid, a key parameter for bounding 
asteroid formation theories. All of the remote­
sensing instruments are operating during the 
flyby, imaging the object and making com­
positional and thermal measurements, and 
the dust detector measures the number and 
mass of small particles encountered near the 
asteroid. The gas and plasma instruments 
search for any residual comet-like activity 
and any evidence of an i ntrinsic magnetic 
field. 

In April ,  1 998, three months after the 
asteroid flyby, the spEa�C�aft performs a �  
change manoeuvre for its final targeting to 
Comet Kopff. 

During the la1e 1 990s, observations using 
E.arltH:lased telescopes refine the ephemeris 
of the comet By approaching it from the Sun 
side, the spacecraft is expected to be able to 
find the comet with the onboaJd nam:M'-anQie 
camera about a month before the planned 
rendezvous in August 2000. After acquisition 
is confrmed, the CJRll oach strategy and para­
meters for the critical rendezvous bum are 
finalised. This large bum takes place about 
200,000 km from the comet's orbit, a safe 
distance away from the dust and debris that 
is expected to be orbiting the Sun in that 
vicinity. This debris could be hazardous to the 
spcacratt at the �  approach speed of aver 
2 km/s. The burn, which may actually be 
broken into two parts, leaves the spacecraft 
in an orbit around the Sun nearly matching 
that of the comet, with a residual approach 
speed of only 45 nvs. During this and SlJbse. 
quent phases, the spacecraft uses a mini­
mum of nine station passes per week to 
communicate with Earth. 

During the approach over the next four 
and a half months, remote-sensing instru­
ments send back visual and infrared images 
which provide an initial characterisation of 
the comet nucleus: its shape, size, rotation 
rate, pole orientation, and state of activity. lt 
is expected that the nucleus will by irregularly 
shaped, like the nucleus of Comet Halley, 
with an average diameter of about 8 km. Its 
pole may be nutating and precessing. At a 
distance of 2,500 km, the relative speed is 
reduced to 2.5 mls for the final approach. 
Starling with this phase, the dust counter and 
neutral gas and ion mass speclrometer oper­
ate continuously, broadcasting the instanta­
neous dust flux and gas pressure, respec­
tively, to the rest of the spacecraft Based on 
these data, instruments may choose to �  
matically close their dust covers for protec­
tion .  Dust analysers passively col lect dust 
particles for future analysis. Initial estimates 
of the mass of the nucleus are obtained 
during this phase, particularly during a series 
of successively closer flybys, with a final 
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Penetratorllander mission. 

approach to within 50 or <1 00 km. This phase 
ends with a manoeuvre which inserts the 
spacecraft into orbit around the nucleus for a 
50Q.day near-encounter phase. 

The initial orbits are planned to be circular 
with a period of ten days. In this gravitation­
ally weak environment, a ten-<lay period cor­
responds to a radius of perhaps 60 km; the 
exact distance will depend upon the mass of 

the nucleus. The visual and infrared remote­
sensing instruments send back to Earth de­
tailed infolmation about the surface COfTllOSi­
tion, morphology, and temperature of the 
comet Images from the narrow-angle cam­
era have a resolution of better than one 
meter. Within two orbital periods, radio sci­
ence refines the nucleus mass estimate to an 
accuracy of a fradion of one per cent. As with 

ACRONYM 

CRAF SCI EN C E  I N V ESTI GAT I O N S  
INVESJ!GADON 

PRINCIPAL INVESTIGATOR/ 
TEAM LEADER INSTITUTION 

I S S  lmaglng (Faelltty) Or Josepl'l Veverlla Corneu Universily 

V I M $  VI$U81Jinfrared mapping Or Thomas B Mc:Cord University of Hawaii 
speetrometer (Fec:Uhy) 

TIRE X Thermal lntrared racnometer Or Francisco P J va�ro NASA Ames Resea�h C.nter 
eaperlment 

P E N  Penetra1or Or wunam V Boyn1on University ot Arizona 

C O M A  Cometary m M t  ... antlyzer Or Jochen Kl ... l Ma•·Pianck·tnstnul tllr Kernpl'lyslk 

C I O E X  Comet lee/dust expertment Or Gltnn C carte NASA Ames Research Center 

S E M P A  Scanning . .  .ctron microscope Or Arden l AlbM California lnstltule ot T.chnotogy 
and pentc .. anatynr 

C O D E M  Comet d u SI  envlronmem monttor Or W ..., .. Alexander BayiOr Unlverslly 

NGIM$ Neutral gas and km mass Or Hasao 8 Ntemann NASA Goeldard Space Fllghl Center 
apectrometer 

C R I M S  Comet retarding I o n  mass Or ThOmas E Uoore NASA Marshal! Space FUght Cenrer 
apectrometer 

S P I C E  Suprathef'mlll plaama lnvesUgetlon Or .tames l Bureh Southwest Researeh tnslltute 
of eometary environments 

MAG Magnetometer Or BNee Taurutanl Jet Propulsion Laboralory 

C R E W E  Coon:llnatf'CI radiO, etectrons, and Or J«k 0 Scudder NASA Goddard Space Flight Center 
wa.e experiment 

R S S  RadiO sctence (FKIIHy) Or Oonakl K Yeomans Jet Propulsion Laboratory 
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the asteroid, the mass estimate, together 
with a good estimate of the volume, produce 
the first aa:urate estimate of the bulk density 
of a oomet. These data alow us m aea1e and 
validate theories of the original accretion of 
the nucleus and of the processes that have 
occurred since then. 

One of the results of this phase is the se­
lection of a site for deploying the penelratDr. 
Thought to be conglomelales of frozen gases 
and -less volatile, organic and silicaleous c1Jst, 
oomets may have aus1s of dark, organic ma­
terial. An area on the nucleus is sought where 
this crust is relatively thin (or absent) so that 
the ice below can be rea:hed by the penetra­
tor. A rather smoolh surface is also desirable 
for a high probabilif¥ of suocessful implanta­
tion. calddate 1argets are selected and stud­
ied in more delall. With the site selecled about 
a year after rendezvous, the spacecraft 
manoeuvres into the proper orijt for delivery. 
About 1 2  km above the site the penetrator 
spins up to 1 20 rpm,  is released from the 
spacecraft, and, after a five-minute coast, 
fires two small liquid rocket engines for 50 
seconds. lt impacts the surface about 1 25 
seoonds later at about 40 m's. About 1 .3 m in 
length, the penetrator is expected to implant 
itself about a metre into the surface. lt carries 
accelerometers for measuring the s1rength of 
the surface material, temperature probes for 
measuring thermal characlerislics, a gamma­
ray spectrometerto identify the elemental 
COI'1lJOSilion of the surrounding material, and 
instruments for onboard analysis of a small 
ice sample. The penetrator sends ils data to 
the spacecraft at regular intervals during the 
next nine days for relay to Earth. 

After the penetrator phase, the spacecraft 
continues to sludy the surface of the nucleus 
in detail with orbits of various sizes, inclina­
tions, and orientations. As the comet and 
spacecraft approach the Sun, oriJoard instru­
ments search for signs of increased activity 
on the comet: bursts of gas and dust from 
weak spots in the crust, the formation of the 
coma, and the initial development of an ion 
tail. After the onset of activity, changes are 
expected to be visible on an hourly basis, 
providing an exciting movie-like scenario of 
the wor1cl of Comet Kopff. 

At 2.5 AU from the Sun, about 200 days 
before the comefs perihelion, the activity is 
expected to have increased enough so that 
the spacecraft backs a!Na.Y from the nucleus 
to keep from aroJmulaling too much ciJSt and 
also to explore this interesting region of activ­
ity. No longer in orbit, the spacecraft exe­
cutes about 20 slow flybys of the nucleus, 
approaching as close as perhaps 50 km for 
dust collection, but spending most of the time 
at distances of several hundred to several 
thousand kilomelres. The spacecraft appears 
to trace out petals of a daisy around the 
nucleus in this exploration of the coma While 
some instruments analyse dust particles for 
their elemental, chemical, and microscopic 
properties, others analyse sampled gases for 
their composition, velocif¥, and temperature. 
A set of plasma instruments studes the inter-

Cemre Page: An artist's Impression of the 
CRAF space craft and with its penetrator 
probe hurtling towards Comet Kopff. 

NASAIJPL 
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CRAF 

CRAF spaceaafl configwation, isometric view. 

actions of the gas and dust with the solar 
wind. 

After perihelion, on December 1 2, 2002, 
the spacecraft begins an excursion into the 
comefs now fully developed ion tail. Instru­
ments continue ta.study the interactions of 
the cometwith the solarwind in an effortto 
u nderstand the reasons for the constantly 
changing shapes of comet tails, the accelera­
tion of energetic particles, and other plasma 
phenomena. Taking 90 days for the round 
trip, the spacecraft reaches a distance of 
50,000 km from the nucleus before returning. 

During the last ten days of the mission, as 
the comet's activity wanes, the spacecraft 
again flies by the nucleus for a quick assess­
ment of chang�s that have occurred as a 
result of the perihelion passage. The nominal 
mission ends on Mardl 31 ,  2003. If resources 
are available, an extended mission would be 
desirable, allowing a more thorough post­
perihelion examination and a study of the 
comefscooling-clown processesforcom­
parison to the heating-up processes already 
observed. 

Spaceaaft 
As Slated earlier, the CRAF spacecraft is 

the first of the Mariner Mark 1 1 series. These 
spacecraft are equipped to transmit large 
amounts of data to Earth f1tl8( vast dislances, 
generate electrical power far from the Sun 
and pt:Mde � axuale poinlirg for l'elllC&­
sensing instrument and delivery of �  
tors and probes. By Mariner Mark 1 1  design 
philosophy, the spacecraft are mOdular and 
can easily be adapted to different missions. 
Where requirements of various missions dif­
fer, the design of common spacecraft ele­
ments is driven by the most demanding mis­
sion. The cost of over designing for the mis­
sions 'lt'ith less sbingent requirements is more 
than compensated for by savings in the de­
sign, construction, test, and operation of 
identical COflllOnenls. Use of proven designs 
and even inherited hardware is maximised 
and new technology is used only when it is 

cost effective and a viable backup is avail­
able. Functional and block redundancy in 
engineering subsystems ensures spacecraft 
recovery from single-point failures. Standard 
data i nterfaces and telemetry formats are 
used to simplify the design and minimise the 
impact payload changes. Large design mar­
gins in mass and performance are main­
tained to aid in  cost control. 

Primary CRAF spacecraft elements in­
dude a high-gain antenna, two low-gain an­
tennas, a ten-bay eleclronics bus, two radioi­
sotope thermoeleclric generators (RTG), two 
independenlly artia.JJalje instrument platforms, 
a fixed magnetometerboom, a propulsion 
module, and a launch vehicle adapter. During 
launch, the instrument platforms and the RTG 
boom are folded and latched to the adapter 
and the magnetometer boom is stowed in its 
canister. After launch and prior to separation 
from the Cenlaur upper slage, the instrument 
platform and RTG booms are deployed. The 
spacecraft is then separated from the adaptor 
using pyrotechnic devices and the magne­
tometer boom is extended. 

The structure subsystem i ntegrates all 
spacecraft elemenls into the flight spacecraft 
syslem . Its main element is a ten-bay toroiclal 
bus which houses most of the eleclronics and 
provides structural support for the space­
aafl The high-gain antenna is located on top 
of the bus. Two science booms are placed 
owosite each other to support the two instru­
ment platforms, the high-precision scan plat­
form and the low-precision pointing platform. 
These booms provide vantage points, giving 
the science instruments relatively clear fields 
of view. The magnetometer boom canister 
and the two RTGs are attached to a third 
boom. This boom lowers the RTG radiation at 
the spacecraft and reduces spacecraft mag­
netic interferences at the magnetometer. The 
propulsion module subsystem is mated with 
the bottom of the bus. 

The propulsion module subsystem pro­
vides thrust for the spaceaaft Messerschmilt­
Belkow-Biohm (MBB) has agreed to supply 
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ttis stJlsyslam oodar oonllact 1D 1he German 
Aerospace Research Establishment (DLR) 
of the Federal Republic of Germany. Two 
large, conispherical, bipropellant tanks hold 
up to a total of 3,450 kg of monomethylhy­
drazine fuel and nitrogen tetroxide oxidizer 
for main rocket engine use. The main engine, 
used for large manoeuvres, is based on 1he 
400-newton (90 L..bf) Galileo engine. A pres­
surant1ank is localed in the centre of 1he pro­
pulsion module. Reaction control system 
huslers n 0.2-nawbl, lllOI q:xopelantltrus­
ters and are used in couples. They utilise hy­
drazine (N.,H.J to provide thrust for attitude 
control ana srilall manoeuvres. Four thruster 
dusters are placed around the perimeter of 

1he high-gain antenna and four other dusters 
are placed at the bottom ofthe propulsion 
module. 

The attitude and articulation control sub­
system maintains three-axis control of the 
spacecraft and articulates the instrument 
platforms. The star tracker is a redundant 
Advanced Star and Target R� Optical 
Sensor (ASTROS 11) unit. 1t is an improved 
version of ASTROS I, wtich was to be flown 
on ShutUe flights to observe Comet Halley. 
The inertial reference units (four units in one 
package) are reN fibre.q:Jtic rolalion sensors 
(FORS) which have no moving parts and use 
light travelfing through a long fbe.<lptic cable 
to determine spaceaaft angular rates. Both 
1he FORS and the star tracker are placed on 
the highiJrecision scan platform to provide 
two-axis, � pointing for the remote­
sensing instruments. This platform has a 
poinfil]1 control accuracy in inertial space of 
2.0 millrradians, with 1 .0 milliradian pointing 
knowledge, and a maximum slew rate of 17.5 
milliradians per second. Its motion is �  
tum compensated by a reaction wheel sys­
tem mounted on the propulsion module. The 
reaction wheels are used for nominal attitude 
control Oncluding high-gain antenna pointing) 
ofthe spacecraft after comet rendezvous, 
with the small thrusters being fired periodi­
cally to off-load the accumulated angular 
momentum of the wheels. The low-precision 
pointing platform also provides 1\w-alds point­
ing articulation. Its pointing control accuracy 
and knowledge are both 1 7.5 mil l iradians. 
Both platforms can be articulated through a 
wide range of angles to provide better instru­
ment pointing without rotating the spaceaaft 
bus. A resident microprocessor in the attitude 
control electronics and another microproces­
sor in the star tracker provide the necessary 
computations for the attitude control func­
tions. Two redundantAdcole Sun sensors 
look along the direction of the high-gain an­
tenna and residual Viking Orbiter gimbal 
actuaiDrs provide pointing control for the 40(} 
newton engine during manoeuvres. 

The radio frequency and antenna subsys­
tems provide all the communications to and 
from Earth. Using only X -band frequencies 
(8.4 GHz), this telecommunication system 
irx:k.ldesa 3.7 metre, tlgh-gain antenna (based 
on the Voyager design), two low-gain anten­
nas, a new command detector unit (also 
being used by Mars Observer), a new NASA 
X-band transponder, a telemetry modulation 
unit, and a new 5.6 watt, solid-state power 
amplifier. The high-gain antenna size is de­
termined by the dislance between Satum and 
Earth for the Cassini mission; a smaller an-
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CRAF spacecraft configuration for launch by Titan IV/Centaur. 

tenna would be suflicierw for the CRAF mis­
sion. The downlink data rates vary between 
1 3  and 1 1 5 kilobits per second depending on 
the cfrs1anoe between the spaceaaft and the 
Earth and the particular ground station being 
used. A loiN-gain antenna is used in the event 
of an emergency and during main engine 
burns, during which time the high-gain an­
tenna is notable to point toward Earth. lt is 
also used when the spacecraft is near Earth. 

The power and pyro subsystem regulates 
and distributes all of the power neecled by the 
spacecraft. This 3(}volt DC power is supplied 
by two RTGs capable of providing 557 watts 
at the beginning of the mission. Two batter­
ies, of 1 35 watt-hour capacity each, provide 
energy storage and allow intermittent engi­
neering and scientific loads above the RTG 
capability. They are connected to the power 
bus through bidirectional converters. 

The command and data subsystem re­
ceives commands from Earth through the 
radio frequency subsystem and distributes 
those commands along with certain engi­
neering data to the appropriate subsystems. 
lt also collects telemetry packets from the 
subsystems either for transmission to Earth 
or for temporary storage. System-level fault 
detection and correction algorithms are resi­
dent in the command and data subsystem 
memory to ensure spacecraft integrity. The 
high-level programming language C is used 
to keep software development and mainte­
nance costs low. 

The data siDrage Slbsyslem pnMdes slor­
age mediums for on-board data during times 

which downlink telemetry is not available or 
when the amount of onboard data exceeds 
the downlink capabil ities. This subsystem 
uses a spare Galileo digital tape recorder with 
0.9 gigabits of capacity. Four record rates up 
to 403.2 kbps and four playback rates up to 
1 00.8 kbps are available. In �dition, redun­
dant 35-megabit, solid-state buffer memories 
provide data rate matching between the 
subsystems and the tape recorder, as well as 
between the tape recorder and the downlink. 
The buffers are also used as a backup to the 
tape recorder for critical data such as optical 
navigation frames and the penetrator relay 
data 

In crtition to the a:xJve Slb;ystems, 1hermal 
control of the spacecraft is provided by tradi­
tional methods such as electrical heaters, ra­
dioisotope heater units, multilayer insulated 
blankets, louvres, and radiators. Mechanical 
devices deploy and hold in position the instru­
ment platform booms, the RTG boom, and the 
magnetorneter boom. 

Summaly 
The CRAF mission offers an opportunity 

to explore the mysteries of a comet during an 
extended rendezvous; it is the next logical 
step in the exploration of these remnants 
from the formation of the solar system. CRAF 
will also contribute to the reconnaissance of 
the other major dass of primitive bodies, the 
asteroids. The vehicle to be used will estab­
lish a new, modular design for spacecraft 
which can carry out sophisticated missions in 
the outer solar system. 
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Neptune Encounter Begins 
0 n June 5, at 6 hr42 mln 23 sec UTC 

(In spacecraft event time) at a range 
of somewhat less than 120 million km 
from Neptune, Voyager 2 will enter Its 
"Observatory Phase" signalling the 

. start of the planetary encounter which 
will last until October 2, with closest 
approach to the planet occurring at 
04:00 UTC on August 25. This will be 
the fourth and last planetary encoun­
ter for the spacecraft that was launched 
on August 20, 1 9n and will complete 
the Grand Tour of the giants Jupiter, 
Salum, Uranus and Neptune. 

Already, images of Neptune from Voyager 2 
and from Earth-based telescopes indicate that 
the atmosphere of the planet displays features, 
unlike the bland face of Uranus. Previous flybys 
of Jupiter and Saturn by Voyagers 1 and 2 
(Saturn was the last planetary encounter for 
Voyager 1 ; it is now in cruise toward interstellar 
space) determined that they have internal heat 
sources, which are a factor in their noticeable 
atmospheric dynamics. No Internally generated 
heat was measured at Uranus. Hence, it is 
reasonable to anticipate that Neptune may pos­
sess some interesting internal processes to ac­
company its visual attractions. 

The anatomy of the encounter consists of 
four phases: Observatory (as mentioned 
above), Far Encounter,Near Encounter, and 
Post Encounter. 

The Observatory Phase extends to Augus: 
6. lt features synoptic views of the Neptunian 
system - the imaging system will be used to 
produce movies of atmospheric dynamics and 
the ultraviolet spectrometer w!D be scanned 
across the system - fields and particles meas­
urements, Instrument calibrations, and a trajec­
tory correction manoeuvre. 

Far Encounter begins at approximately 27 
million km from Neptune and lasts from August 
6 to August 24. The increasing apparent size of 
the planet permits atmospheric heat-balance 
studi� and higher-resolution images (including 
views ot the satellites Triton and Nereid and the 
possible system of rings) along with more mov­
ies. Two trajectory correction manoeuvres are 
scheduled for this phase. 

The centrepiece of the flyby is the Near 
Encounter Phase, August 24 to August 29. 
During this time high-resolution remote sensing, 
probing of Neptune's and Triton's atmospheres 
with electromagnetic waves, and sampling of 
the fields-and-particles phenomena Inside the 
magnetosphere will supply the highest-value 
science of the mission. Near Encounter obser­
vations were described In some detail in the 
December 1 988 edition of "Space at JPL". 

The Post Encounter Phase extends until 
October 2, when Voyager 2 will be about 56 
million km beyond f\!3ptune. lt represents a last 
chance to gather data with the complement of 1 1  
scientific experiments before the spacecraft 
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On ...,..25ot tNa y_., Voyager 2 will make a very close approach to Neptune. flying over the region 
oUhe pe.n.t At this distance the Sun shines with a brightnes�; of only about one-tenth of a per cent of its apparent 
......... at E.-11'1. NASNJPL 
sweeps well beyond the most distant planet. (In maining radio receiver and was therefore unable 
the December piece I erred in saying that Nep- to receive commands from Earth. This concern 
tune would retain most�lstant status until early is an old one, the primary radio receiver having 
in the next century. Roy D. North of Colorado failed in 1 978, prior to the encounter with Jupiter. 
Springs, Colorado, Informed me that eccentri- Partial protection against this contingency is 
cally orbiting Pluto will regain its distinction of provided through the means of a "Backup Mis-
being the most distant known planet on Febru- sion Load" (BML): a sequence of commands 
ary 9, 1 999.) carried on board the spacecraft and automati-

Norman R. Haynes Is the project manager cally activated in case of a receiver failure. This 
for Voyager. Prior to this assigrvnent he man- BML would autonomously conduct a reduced 
aged the Systems DMslon at JPL and has held survey of the Neptunian system and send the 
a variety of key positions at the Laboratory, data back to Earth. 
including Mission Analysis and Engineering The second of the two items in the category 
Manager for the Mariner 9 Mars-orbiting mis- of high risk (again, relative to the other items on 
sion, launched in 1 971 . We discussed the plans the list, not "high" in an absolute sense) would 
that the Voyager Project has formulated to occur H one of the two Right Data Subsystem 
maximise the probability of successfully corn- (FDS) Computers were to fail. The Voyager 
plating its survey of the Neptunian system, and spacecraft has two of these solid-state devices 
the results of our conversation are reported and one failed on Voyager 1 several years ago. 
below. Failures of isolated groups of memory cells of 

Last August the project compiled a list of the FDS have been experienced on Voyager 2 
possible events that could pose threats to the over the years. The FDS is used to control the 
mission and ranked them in priority order, as- state of the instruments and to format data prior 
signing a relative risk category to each (high, to transmission to Earth. Protection against this 
medium or low) and identifying the� being type of failure is provided by alternative software 
taken to protect against loss. Nineteen items which could be loaded into the remaining FDS to 
appeared on the list, and although Haynes said accomplish the essential functions of this sub· 
that subsequent knowledge would probably re- system. 
order the risk rankings H a recompilation were Entering the category of medium risk, we 
made, it is instructive to review the evaluation. move from the domain of potential flight-hard· 

The first high-risk potential problem on the ware anomalies to activities conducted by 
list would materialise if Voyager 2 lost its one re- people on Earth. Problems three and four on the 
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list �s on ooncem over the high activity re­
quired by the flight team in the time period 
around closest approach. The primary purpose 
of such activity is to incorporate the latest infor­
mation about the Neptunian system and Ule 
spacecraft's ephemeris into the command loads 
for the spacecraft. Complex tasks, having to be 
done qpickly, can breed errors. The response of 
the project has been to conduct a compr�hen­
sive series of test and training exercises, the 
most intensive in Voyager's history. 

Skipping down the list to problem seven 
(medium risk), we find provisions made to oope 
with an earthquake or other natural disaster if it 
shoulj knock out oommand and control facilities 
at JPL. A copy of the command load covering 
closest approach will be held at <ine of the 
tracking stations of the Deep Space Network 
and would be uplinked to the spacecraft at the 
appropriate time. 

Environmental problems at Neptune, related 
to unexpected ring material, intensive flux of 
high-energy charged particles, or drag from a 
hyper-extended planetary atmosphere appear 
at the twelfth position on the list (low risk) and are 
treated by a variety of prophylactic measures. 
For example, a late tiajectory�ectlon ma­
noeuvre can adjust to a small degree the relation 

Space at JPL -----------
of the spacecraft's trajectory to regions of ob­
served ring - material. Software has been in­
stalled onboardthe spacecraft to protect against 
the most deleterious effect from high-energy 
charged particles: introduction of timing offsets 
between Voyager's various onboard comput­
ers. In case the atmosphere of Neptune is more 
extended than current models predict for this 
north-polar flyby a few thousand km above the 
cloudtops, the control authority of the space­
craft's atlitudiK:ontrol system will be strength­
ened (to deal with torques which would be intro­
duced by atmospheric drag). This strengthening 
will be accomplished by commanclng the 
spacecraft's atlltude-a:mtro thruster!!, which 
periodically emit bursts of hyclrazlne to keep the 
spacecraft in equilibrium about its nominal atti­
tude (orientation), to'fire more than the usual 
amount of hydrazlne propellant through their 
nozzles, per burst. 

The mission has been carefully devised to 
obtain important scientific'information from this 
distant ou1post of the Solar System, and bul­
warks against many of the slaps of chance are In 
place. tiaynes summarised the status of the 
Voyager Projectas the encounter�s: "We're The 'S-7 m fiigh.galn antenna domina:es the visual 
ready". aspect of the 81 5 kg Voyager spacecra1t. NASAIJPL 

Mountain Waves and Polar Ozone 
B ruce Gary was staring out the window of an airliner on the way to Mexico In 

1 977 cnd, seeing some nearby cirrus clouds, speculated how useful H would 
be to know temperature profiles In that region. With knowledge of temperatures 
throughout a region of the atmosphere, Gary reasoned, dynamical behaviour, 
such as cloud formation and the clear air turbulence which shakes up airliners, 
might be more easily understood and predicted. A chain of events leading from 
the 1 977 commercl(ll flight to his recent lnstrumented flights of research over 
polar Ice fields Is Infused with serendlpHy, according to Gary. 

easily in a spear pod on the wing of a NASA ER-
2 research aircraft (derived from the famous u-
2 reoonnaissance airplane employed by the 
military). Gary said that the MTP is the only 
airborne instrument of its kind, although micro­
wave radiometers have been operated from the 
ground and installed in satellites. In fact, the 

· MTP is a spin-off from an Instrument carried 

onboard the Nimbus 6 satellite. 
The original rliredion of Gary's stucies was 

to develop techniques for measuring tempera­
ture profiles that might be employed in the direc­
tion of clear air turbulence, and to this end he 
flew a precursor of the MTP mounted in a Con­
vair 990 aircraft of NASA in 1978, later transfer­
ring his operatiOns to NASA'S Kuiper Airborne 
Observatory, a modified C-141  which has made 
significant disooverles In astronomy. The micro­
wave radometer was alSo able to detect ill-real 
time the location of the ti-opopause, that tempo­
rally and geographically varying boundary be­
tween the troposphere I. the lowest layer of air, in 
which most weather occurs - and the strato­
sphere; the tropopause lJSUally exists some­
where In the region 1 0  to 1 5  km above the 
Earth's surface. 

The Microwave Temperature Profiler (MTP) 
is Gary's answer to the challenge of obtaining 
temperatures at a distribution of altitudes in the 
atnlosphere. The physical principle on which the 
instrument operates is the detection of micro­
wave emission from oxygen molecules, which 
comprise about 21 per cent of the atmosphere 
by volume. Technically, it is a passive micro­
wave radiometer ope!'ating at the frequencies 
57.3 � 58.8 GHz, corresponding to a wave­
length of approximately 6 mm. Thus, like a tele­
scope it sits and waits for data to arrive, unlike 
active instruments (such C!S Magellan's syn­
thetic aperture radar) which send out energy 
and then detect patterns and times of its retum.  

The Microwave Temperature Profiler (MTP), visible as a smaD cyUndrlcal pro� from the spear pod on the wing 
of a NASA ER-2 aircraft, has been used to measure atmospheric �res in support of ozone research over 
oolar regions. NASAIJPL 

The MTP measures the number of photons 
per second at the receiving frequency and direc­
tion and thereby measures a quantity called 
"brightness temperature,· which can be used to 
determine the physical temperature of the air at 
a specified distance along the line of sight of the 
Instrument. When operated from an ER-2 air­
craft at 20 km, the MTP measures air tempera­
tures at about 1 km from the instrument with one 
frequency (58.8 GHz) and about 2 km distant 
with the other frequency. The mode of operation 
is to sweep the instrument's sensing antenna 
along an arc contained in a vertical plane and 
spanning .±. 60 degrees from the horizontal. The 
MTP does not measure temperature continu­
ously along the arc, which it traverSes in 1 4  
seconds. Rather, i t  pauses briefly at each of 1 0  
points to accumulate enough photons to pro­
duce a respectable singal-to-noise ratio. Cali­
bration is performed on every sweep using a 
microwave absorber of known temperature lo­
cated a few centimetres from the antenna. 

The MTP weighs about 25kg · and mounts 
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Space at JPL -----------

Operation of the MTP in the ER-2 aircraft 
commenced with the Stratospheric-Tropo­
spheric Exchange Program (STEP) conducted 
over Australia in early 1 987. This programme, 
which owes much to Ed Danielson of NASA's 
Ames Research Center, was planned for the 
purpose of determining why the stratosphere is 
so dry compared to the moist troposphere. Data 
collection by the STEP team was successful but 
has not yet been anaiyzed because the recenUy 
discovered decrease in ozone over Antarctica 
was designated a high-priority research Item 
and has absorbed the energies of investigators. 
The stratospheric layer of ozone provides pro­
tection against the harmful biological effecls of 
solar ultraviolet rays. 

For 50 days, beginning in August 1987, 1 4  
instruments were QPEII'ated on an ER-2 flying 
over Antarctica in a multldlsciplinary effort to 
investigate why ozone was apparenUy depleted 

from its Sbatospherlc repository du1ng the Ant­
arctic spring. (Another expedtlon to Antarctica 
in September-October 1986, headed by Dr. 
Crofton B. Farmer of JPL and utilising a Mlchel­
son interferometer, is c:Jesal)ed in the Decem­
ber 1 987 edition of this column.) 

Gary's MTP was included In this sUte of 
instruments for the purpose of locating the edge 
of the south polar vortex: the continent-sized 
swirl of air that ciraJiates around the pole and 
which .can be located through characteristic 
temperature and wind signatures at Its bound­
ary. htlms out to be most useful to convert MTP 
measurements to a quantity called "potentiaa 
temperature": the temperature that the parcel of 
air would have if it were transported to the 
Earth's surface without exchange of heat en­
ergy ("adiabatically"). Surfaces of equal poten­
tial temperature are called "isentropes." While 
studying the edge of the vortex Gary con-

The Microwave T 8fl1*8lUre Profiler (MTP) was used to obtain measurements of "potentiaatamperature" at various 
altitudes and geographic locations over Antan:tica. Altitude (km) is plotted on the vertical axis and the time of 
measurement (aboard the ER-2 aircraft) on the horizontal axis. The large lluctualions in potential lef11)erature 
represent "mountain wtNes" genereted by the undeltylng topography and may play a role In ozone depletion in the 
polar stratosphere. 
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structed c1agrams showing the altitudes of sev· 
erai isentropic surfaces versus time. Serendip­
Ity stepped in when he unexpectedyfound large 
wrinkles in the isentroplc diagrams. Normaly 
such surfaces would more-or-less parallel the 
surface of the Earth. Correlating the atmos­
pheric data with the ground track of the airplane 
revealed that the ldosyncrasles in the profiles 
falthfuDy tracked the presence of mountains; 
Gary had detected "mountain waves" in the 
stratosphere. Previously, lt had not been known 
if mountain waves could propagate so far into 
the stratosphere and exhibit such large effects. 

The significance of these waves is that a 
parcel of air, cirallallng with the polar vortex, 
moves along one of the surfaces of constant 
potential temperature and , encountering a 
mountain wave - a wrinkle in the mathematical 
surface - is lifted up about one-half km, then 
down cme km and then back up one-half km to Its 
original altitude, resuming horizontal motion. 
The parcel of air will cool in "real" temperature 
about 5 degrees Kelvin (although Its potential 
temperature remains constant) during its initial 
rise in altitude, promoting the formation of polar 
stratospheric clouds. 

Polar stratospheric clouds (PSC) have as­
sumed an important role in ozone-depletion 
stuc1es since it is believed that they constitute a 
workshop where that ozone killer, chlorine, is 
generated. The original source of much of the 
chlorine is thought to be from man-made chlo­
rofluorocarbons. (See the March 1 988 ec1t1on of 
this column for a review of the pertinent chemis­
try). 

The importance of the role of PSCs assoc::i­
ated with mountain waves in ozone destruction 
has yet to be determined, but in addition to their 
potential for facilitating the production of chlo­
rine, Gary said that they also may play a part in 
denltrifying portions of the stratosphere. Com­
pounds of nitrogen, particularly naturally occur­
ring nitrogen dioxide, neutralise chlorine and 
hence prevent Its destruction of ozone. The 
cooling of an·air parcel as it rises has the poten­
tial to form water-ice particles, wrapped around 
nitrogen-containing cores. if the Ice-coated par­
ticles are sufficiently large, they will fall under the 
force of gravity out of the air parcel before they 
have the chance to evaporate upon being sub­
sequently warmed: denitrification would have 
taken place in that layer of the stratosphere. 

Late last year Gary left for the Arctic in order 
to conduct additional ozone-related studies. 
Mountain waves like those over Antarctica were 
not detected, but conversations with PSC theo­
reticians on the expedition revealed that the 
models they were using for simulating a parcel's 
temperature versus time were not consistent 
with data obtained through his MTP usages over 
the years. They had overlooked a component of 
short-tirnescale temperature fluctuations (which 
are apparent In the MTP data) that must be 
added to the slowly varying temperatures in their 
simulations. Since temperature histories are 
aucial to models of PSC formation, and hence 
ozone balance, Gary's introduction of the so­
called mesoscale domain of temperature fluc­
tuations has begun to influence oor understand­
ing of an important aspect of cloud microphys­
ics. 

The understanding of the extent and mecha­
nisms of ozone depletion is a difficuh scientific 
problem that is slowly yielding to a muitidiscipli­
nary, international effort. There is commitment 
as well as analysis in Gary's work: 'We are just 
one species on this living planet, and we have a 
responsllility, by virtue of our powerful under­
standing and insight, as well as our role in 
creating the environmental threat, to take a car­
ing custody of our planet, and of the other life 
forms with whom we should share in gratitude.• 
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Apollo 1 1  Celebrations 
The 

.
Society is marking the 20th Anniversary of the first lunar 

lan.d1ng on July 21 , 1 969 by holding an Anniversary DinnAr at its 
headquarters. Guests of honour will include Patrick Moore Keith 
Wright of the European Space Agency and David Wilkins

'
of the 

European Space Operations Centre. Details appear in Society 
Meetings Diary overleaf. 

The attention of members is drawn to the special series of four  
evening lectures to be given during the preceding month by well­
known speakers and authorities on space. TV space news 
reporters Reginald Turnill and Frank Miles open the series on 
June 21 . . In the following week, Douglas Arnold recalls the Apollo 
story With a presentation from his extensive collection of spa� 
photography. The next lectur� is by Bob Parkinson, author of the -
Society's book 'High Road to the Moon' which so impressively 
compares early BIS ideas on lunar exploration with its subse­
quent reali�tion in the _A�IIo Program. The final lecture during 
the preceding month highlights some of the scientific achieve­
ments of Apollo and is given by Keith Wright on Instrumentation 
on the Moon who was personally i nvolved in the ALSEP (Apollo 
Lunar Surface Experiment Package) programme. 

These lectures are highly recommended as an opportunity for 
members to recapture the spirit and excitement of Apollo and the 
beginning of lunar exploration. All lectures start at 7.00 p.m. and 
last for approximately 1 hour. Admission is by ticket and mem­
bers should apply to the Society by letter in good time. This is 
particularly important for anyone who must travel some distance 
to attend. Attendance is restricted to Society members but, 
subject to places being available, each member may also apply 
for a ticket for a guest. 

lnmarsat 1Oth Anniversary 
The completion by lnmarsat of its first 1 0 years of operation is 
noted by the Society with particular pleasure as many develop­
ments essential to lnmarsat's role were foreseen and featured in  
Society discussions in earl ier days. 

Basic to high quality and rel iable mobile communications is a 
geostationary communications satel l ite system, the idea of 
which was first proposed in  1 945 by Arthur C. Clarke who, in  the 
following year held office as Chairman (now President) of the 
Society. -

lnmarsat will be holding a conference and exhibition in 
London on July 1 7- 1 9  1 989 to mark its 1 Oth Anniversary and we 
are h

.
appy to record that Arthur C. Clarke will be delivering a �pec1al Message to the conference by video, g iving his personal 

v1ew on the future implications of mobile satel l ite communica­
tions. 

The first conference to be held in  London on maritime 
satell ites was organised by the Society on April 1 8, 1 97 4, with the 
proceedings published in the October 1 97 4 issue of JBIS. 1 976 -
saw

_
the beginning of.mobile satellite communications using the 

�ansat system and 1n 1 979 l nmarsat was created by interna­
tiOnal conference to organise a global service, which subse­
quently came into operation in 1 982. 

Later that year, when the Society held its SPACE '82 confer-
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ence as part of its 50th anniversary celebrations, the Conference 
Banquet (Spscefllght, March 1 983) was addressed by Olof 
Lundberg, the Director-General of lnmarsat, who has continued 
to head the organisation to the present. 

Highlights of lnmarsat's recent history emphasise its rapidly 
expanding role in  aeronautical and mobile land communications: 

1 985: Amendments to the lnmarsat convention to i nclude aero­
nautical services 

1 987: World Administration Radio Conference assigns frequen­
cies in the aeronautical -and maritime bands to land mobile 
services 

1 988: l nmarsat begins land mobile trials 

1 989: Amendments to the lnmarsatconvention include provision 
of land mobile services 

1 989: First public telephone call is made from a commercial 
aircraft via satellite, using the lnmarsat system 

1 989: l nmarsat begins Standard-C service using low-cost l ight­
weight terminals. 

The words of Olof lun<tberg at the 1 987 Satellite Summit 
Conference expressed ln�arsat's potential future: " I  truly be­
l ieve", he said, "that, through satel lite technciogy, we now have 
the capability of providing communications for anyone, any­
where, even while he or she is on the move - in the air, over the 
seas or on land. Making that happen is up to us". 

Our congratulations are extended to lnmarsat on its 1 Oth 
anniversary with all good wishes for a great future. 

Derek Webber Takes Up New Post at lnmarsat 

�ur cong
.
ratulations to Derek Webber, a Fellow of the Society, on 

t. ·s appointment as Procurement and General Services Man­
ager at l nmarsat's headquarters in London. Derek Webber has 
held a number of lnmarsat posts during the last seven years, in­
c14ding responsibilities tor traffic forecasting , charging, financial 
ev�luation and control ,  and most recently as Commercial Man­
ager where he has been contributing to the market development 

Oerek Webber 

of lnmarsafs new services in the aeronautical and land mobile 
areas. His professional involvement i

'
n space activities goes 

back as far as 1 966 when he was an engineer carrying out launch 
vehicle and satellite thermal design work at-Hawker Siddeley Dy­
namics, now part of British Aerospace. 

Marble Floor for HQ Entrance 

For the last year the entrance hall to the Society's premises has 
been a scene of upheav<!-1 as various stages in the renovation of 
the building have been put i n  hand. Accounts of this work have 
already appeared i n  Society News (Spacefflght, January 1 988 
and March 1 989). 

The entrance hall itself is now benefitting from a 'face-l ift' , a 
major u�dertaking being the lowering of the hal lway floor level by 
the eqwvalent of one step in height. This has led ,  in turn,  to 
lowering the doorways to adjoin ing rooms, including that to the 
Conference Room. An important advantage to be gained from 
this is that the hallway, Reception Office and Conference Room 
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are now all on the same level . The removal of the step into the 
Conference Room is welcome from the safety point of view, 
particularly at the time of meetings when members and visitors, 
who may not be familiar with the surroundings, are on the move. 

Another doorway affected by the change of floor level is the 
main entrance to the building. The existing door has been 
replaced by a new on� to the required size in  teak with all brass 
fittings. The outside entrance plinth has also been lowered and 
re-ti led. 

On entering the building, the members' reception room, which 
lies to the right of the hallway, is accessed through an open arch, 
enlarged during the renovation work to allow for easier move­
ment at busy times. The hal lway, which comes in for continual 
use, was in need of a floor covering that would be serviceable 
over the years and match up to all conditions of weather and use. 
Marble was an obvious choice. 

Commenting on the laying of the marble floor, the Executive 
Secretary said , "I see this as a major milestone in our refurbish­
i ng programme. Much of the work undertaken to date has been 
of a structural nature, such as rebuilding and strengthening walls 
and joists, alterations to ceil ing heights and the layout of under­
ground water pipes, electrical ,  hot water, security and telephone 
installations. Only a minimum has so far gone on 'visuals' such 
as ti l ing , l ighting and decor, which add so much to the impression 
of a building. With the marble floor down, we have reached a 
turning point and from now on our improvements wil l  become 
increasingly more apparent''. 

The transformation taking place at HQ is something that al l 
members wil l be happy to see as not only worthwhile and 
necessary but more adequately reflecting the Society's role and 
status. 

------ CLASSIFIED ADs -----­
FOR SALE: 5 Vols of Spscelfight, 19n-1981 (al bound in black). Also boUnd 
issues of JBIS 1971-1973 and 1976-1982. Offers for a1 or indvidual volumes 
to Box 11 c/o British Interplanetary Society, 27-29 South Lambeth Road, 
London, SW8 1SZ. 

206 

20th ANNIVERSARY APOLLO 1 1  1 969 - 1 989 
FIRST FOOTPRINT ON THE MOON! 

A brand new, unique handmade, fully authentic model 
of Neil Armstrong's firstfootprint on the Moon surface. 
Wooden painted frame with altuglas, multi-coloured. 
A historic collectors-piece for your own collection. 
Limited edition ! Price: $99.00 (incl. postage/handling 
fees} . Send bankers-cheque/drafts or money-order 
to: 

ALB-GESCHWSS"fELLE. OANZIGER STRASSE 
4. P-7928 GIENGEN/BRENZ WEST-GERMANY 

ROCKET AND SPACECRAfT MODELS 

Heavy-weight, handmade, fully authentic and multi­
coloured models from Eastern and Western coun­
tries. All models are available in .1.;33 and 1.;5Q scale. 
Only the finest materials l ike wood, fibreglass are 
used to produce these prototype models. We now 
have available the fol lowing models: Energja . .Enmgja 
& Buran , Proton 01 . SJ...1.§.J.. Space Shuttle Mercury­
Redstone Ariane 44LP, Arjane with Hermes . . . . . .  am 
.lll2lltl 

To get our free price/delivery-information please write 
toALB-GESCHAfiSSTELLE. Attn. Mr. Stefan Bohle, 
Panziger Strasse 4. D-7928 Giengen!Brenz. West­
Germany. 

Joint International 
Conferences 

The following conferences are being cosponsored by the Society: 

INTERNA TIONAL CONFERENCE ON 
SPACE POWER 
June 5-7, 1 989 

Organised under the auspices of the IAF Space Power Committee and 
hosted by the Lewis Research Center in Cleveland, Ohio, USA. 

TOWARDS THE INTERNA TIONAL SPA CE 
STA nON AND COL,UMBUS 
October 4-6, 1989 

Hosted by the DGLR Hamburg, W. Germany. 

40TH IAF CONGRESS 
October 7-1 3, 1989 

The 40th Congress of the International Astronautical Federation will be 
held at Beijing, China The theme will be 'The Next Forty Years in Space'. 

Members of the Society wishing to present papers may obtain procedural 
details for the submission of abstracts from: The International Astronauti­
cal Federation, 3-5 Rue Mario-Nikis, 75015 Paris, France. 

Further details of the above meetings can be obtained from the Executive 
Secretary. Please enclose a SAE. 

A NOTE FOR YOUR DIARY 

Members may l ike to note the fotlowing forthcoming major 
events: 

1 .  SPACE '90 to be held on September 28-30, 1 990 at the 
White Rock Theatre, Hastings. The meeting has the theme 
"Steps to Space" and will include a Reception and Dinner. 

2. For the International Space Year ( ISY} ,  the Society plans to 
hold its SPACE '92 meeting on October 2-4, 1 992. The venue 
wil l  again be Hastings.and the theme wil l  be "Space: Spring­
boards to Success·. 

3. An extensive range of European activities for the ISY is to be 
expected. The European ISY Association, (EUR-ISY 1 992} has 
been set up for this purpose. A general theme to be highlighted 
is 'Mission Earth' which will embrace work on surveillance and 
monitoring of the environment, extending the use of satellite 
remote sensing and improving weather forecasting. 

4. In 1 993, the Society's Diamond Jubilee year, a special 
SPACE '93 will be held in London. 

LIBRAR Y OPENING 
The Society Library Is open to members on the first 
Wednesday of each month (except August} between 
5.30pm and 7pm. Membership cards must be pro­
duced. 
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Special Event 5 July 7.D0-8.30pm 

GOING TO THE MOON 

Dr. R.C. Parkinson considers the BIS contribution to manned lunar con­
cepts. Beginning with its design for a Moonship in 1 939, the BIS contin­
ued thinking about ways of reaching the Moon throughout the 1 950s. 
This talk illustrates some of the concepts, which culminated in the US 
Apollo programme. 

19 July 7.D0-8.30pm 

INSTRUMENTA TION ON THE MOON 

To commemorate the 20th Anniversary of the historic Apollo 11 
lunar landing the BrHish Interplanetary Society has organised a 
series of lectures to celebrate Man's first steps on the Moon, 
concluding with a dinner at the Society's Headquarters. 

A lecture by Keith Wright. Each of the Apollo Lunar landing missions 
carried an "Apollo Lunar Surface Experiment Package" (ALSEP) 
which would be set up by the astronauts in order to transmit data about 
the lunar environment after the astronauts return to Earth. The talk will 
provide an overview of the Package design, the experiments carried 
and deployed, the experimental results obtained, and will include some 
personal recollections of the Apollo pre-launch activities at Kennedy 
Space Center. Details of the meetings follow: 

21 June 7.D0-8.30pm 
21 July 6.30 for 7.00pm 

�I WAS THERE' APOLLO 1 1  ANNIVERSARY DINNER 
Reg Tu mill and Frank Miles recall the atmosphere and events of twenty 
years ago. Reg Tumill was reporting from the US during Apollo 1 1 ,  while 
Frank Miles was a member of ITN's 'Space Unit' covering the mission 
from London. 

The Society will conclude its Apollo 1 1  celebrations with a four course 
meal on the anniversary of Man's first steps on the Moon. Guests of 
honour will include Patrick Moore, Keith Wright of the European Space 
Agency and David Wilkins of the European Space Operations Centre. 

28 June 7.D0-8.30pm 

LEGACY OF APOLLO 

A personal selection by Douglas Arnold of  striking photographs - some 
well known, others little seen - recording Man's first steps on the Moon. 

Admission to lectures Is free . Apollo 1 1  Anniversary Dinner 
tickets are £28. All events will be held in the Society's Conference 
Room, 27/29 South Lambeth Road, London, SW8 1 SZ. Meetings 
are restricted to Society members. Subject to space being avail­
able members may also apply for a ticket for one guest. Please 
apply to the Executive Secretary, enclosing a SAE. 

Symposia 
3 June 1989 1 oam-4.30pm 

SOWET ASTRONAUTICS 

The programme will include the following 
topics: New Developments in Soviet Cos­
monautics, Cosmonaut Teams, Earlier Soviet 
Programmes in Historic perspective. 

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

Offers of Papers 
Authors wishing to present papers should con­
tact the Executive Secretary. 

Registration 
Forms are available from the Executive Secre­
tary. Please enclose a SAE. 

13 September 1989 1 0.00am-4.30pm 

SPACE STA TIONS 
AND BEYOND 
The Second BIS Space Infrastructure 
Symposium 

Following the success of the first infrastructure 
symposium in November 1 988, the British Inter­
planetary Society is organising a second with 
the theme of "Space Stations and Beyond". 
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This series of symposia is the only current forum 
for discussion of major iAfrastructure topics 
such as: 

Launch Systems Aerospace Planes 
Space Stations Inter Orbit Transportation 
Lunar Bases Manned Planetary Exploration 

The theme has been chosen because of the 
studies underway both in America and Europe 
to plan the next major programmes to be under­
taken after the Freedom!Columbus space sta-. 
tion is established. Options under study include 
lunar bases, manned Mars missions and an 
autonomous European space station. 

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

Offers of Papers 
Authors wishing to present papers should con­
tact the Exectutive Secretary. 

Registration 
Forms are available from the Executive Secre­
tary. Please enclose a SAE. 

27 September 1 989  1 o.ooam-4.30pm 

BRITISH SOLID 
PROPELLANT ROCKETRY 

The emphasis will be on British post-war solid 
propellants and the development of associated 
rocket motor and launch vehicles. 

Venue: Conference Room, British Interplane­
tary Society, 27/29 South Lambeth Road, Lon­
don, SW8 1 SZ. 

Offers of Papers 
Authors wishing to present papers should con­
tact the Executive Secretary. 

Registration 
Forms are available from the Executive Secre­
tary. Please enclose a SAE. 

Lectures 

4 October 1 989 7.00-8.30pm 

BEHIND THE SCENES WITH 
MAGELLAN, VOYA GER AND 
GALILEO 

Interplanetary exploration is showing a strong 
resurgence in 1 989 with three major events 
leading the way: The Magellan launch to Venus, 
Voyager 2's flyby of Neptune and the Galileo 
launch to Jupiter. Bill McLaughlin, who is in­
volved with all three projects at the Jet Propul­
sion Laboratory, will outline the missions and 
provide insights into the actual progress and 
results to date of these three endeavours. 

Venue: The Conference Room, British Inter­
planetary Society, 27/29 South Lambeth Road, 
London, SW8 1 SZ. 
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C O R RESPON D E N C E  

Soviet Space Secrecy 

Sir, As one deeply interested in the Soviet space program, I am 
thril led to see the new glasnost making its presence felt as more 
and more details of thei r mammoth undertakings are slowly 
revealed to the world. 

However, let us not become too enraptured by these welcome 
benefits of their new-found confidence. Soviet paranoia runs 
deep, along with their obsession with secrecy, and much has yet 
to come before true openness becomes a real ity. 

How long until we are finally treated to comprehensive 
documentation, fi lm ,  and more importantly, quality colour stills 
(to match those released by NASA over the past 25 years) of 
such things as : the Sputnik launches; the Vostok and Voskhod 
programmes; the truth about Soyuz 1 ; details concerning the 
Zond series; the G-1 superbooster; Cosmos 434; the early 
Proton launches; the Soyuz 4/5 crew transfer; the truth about 
Soyuz 1 0 ; much more about Salyuts 1 -7 (particularly exterior 
and interior shots of the first five stations) ; the KRT- 1 0  radio­
telescope experiment; Cosmos 1 267, 1 443, and 1 686; many 
more EVA sti l ls; and footage of the doubtless spectacular Soyuz 
T- 1 0  launch abort; to name but a few. 

There are many other mysteries which the Soviets sti l l  
stubbornly refuse to resolve - far too many to even begin  to l ist 
individually here. Much has happened since Gorbachev came to 
power, but let us not forget that this has merely been a teaser of 
greater things yet to come. 

J BIS  joumal of t� 

GUY PAf1RY 
Melbourne, Australia 

britisll il'lt�rpla.,�tar�:� soci�t':l 

· The June 1989 issue of the Journal of the British Interplanetary 
Society is now avaUable and contains the following papers. 

10 YEARS OF INMARSAT 
The World of Mobile Satellite Communications 

Mobile Satellite Communications: An Overview 

The Links in the Chain 

Satellite Communications in Action 

• A New Satellite for Shipping 
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The Art of Pinpointing: The Role of Satellites, and lnmarsat in 
Navigation 

COSPAS-SARSAT a Beacon for Those in Distress 

The Inmarsat Mobile Satellite System - An Economic Perspective 

Copies of JBIS, are priced at £12.00 ($24.00) to non-members, 
£4.00 ($8.00) to members, post included, can be obtained from the 
address below. Back issues are also avaUable from the address 
below. 

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

Challenger Accident 

Sir, I would l ike to augment the recent article(s) by Ali Abu Taha 
shedding new light on the Challenger disaster by pointing out 
that the team investigating the black smoke puffs at launch 
calculated what the value of i nternal pressure would be for 
certain vibration rates of the casing [1 ). The (different) team who 
graphed the 58-63 second period 'fl icker' found a very dominant 
30 per second fluctuation [2]. 

As 30Hz corresponds to at least 1 200 psi [1 ) {double what it 
should have been) , the obvious conclusion is that the SRB 
events, the 'jets' etc. were from overpressure transients inside 
the fuel . 

The pattern is that of i nternal explosions, not melting. 
A clear flame path well to one side of the famous joint hole 

runs down the SRB side at 274 degrees, implying a hole about 
1 0  feet above the joint. This evidence is from the recovered 
pieces but there is further corroboration from cracks in the ET 
which ran into ET seam "2060" opposite the joint from an 
origination point near ET seam 1 861 (the next seam above) [3] . 
Again ,  juxtapositiol) of facts previously considered in isolation, 
leads to a major conclusion : ET breakup was precipitated by 
ejecta from the 274 degrees hole. 

We note also that the origination point of the 'fl icker' [4) has 
the horizontal coordinate: Z - 45 (inches) = 324.8 degrees +1- 3 
degrees. Though close enough to vertical bounds set by 
photographic detail to be on the joint, a 322-328 degrees location 
is too far off horizontallyto i nvolve the upper piece at all and must 
penetrate the side be/owthe joint (the upper piece hole runs 294 
degrees to 31 6 degrees) . 

Typical airline accident probes last 1 -2 years, but the Rogers 
Commission had a 90 day l imit, precluding the interrelation of all 
facts. This work must be continued and the lessons appl ied ,  or 
the accident rate wil l  remain 4 per cent. 

CHARLES WILSON 
Ohio, USA 

Reference 
Appendices (voi. II-V) of the Presidentia/(Rogers) Commission Report on the Space 
Shuttle ACCJi1ent(note 1 :  vol. V, p.1 350, 2: vol. I l l ,  p. N-35, 3: vol. l l l ,  p. 0-405, 4: vol. 
I l l ,  p. N-85: but of the typos on p. N-84). 

Ed. NASA has recently reassessed the risk. See p. 187 . 

Apollo Videotape 

Sir, in spite of the surprising revelation that NASA has apparently 
not preserved direct video recordings of Apollo television 
transmissions (Spacenlght, November 1 988, p.437) , these 
historic transmissions fortunately sti l l  exist in their orig inal form 
on videotape. 

I am aware that the CBS television network in the United 
States has preserved videotapes, because in 1 981 , it put on sale 
an SO-minute video cassette on the Apollo 1 1  flight which 
includes videotaped highl ights of the launch, the EVA, and the 
splashdown. Also included in the cassette are brief videotaped 
highl ights from the Apollo 8 fl ight, and moonwalks from Apollo 
1 4, 1 5  and 1 7. A short videotaped clip of a Gemin i  launch is also 
included, while previous flights are covered in  the cassette with 
filmed newsclips transferred to video. The cassette, called "Man 
on the Moon,"  was produced by MGM/CBS Home Video for its 
"CBS News Collectors" series. 

With the existence of this video cassette, it is  safe to assume 
that at least CBS has preserved videotapes of its coverage of 
early US space flights. Perhaps other television networks have 
done l ikewise. lt is certainly unfortunate that NASA has chosen 
to preserve these transmissions only on fi lm ,  given the h istoric 
significance of these broadcasts and the generally poor quality 
of video transferred to film .  

CHRISTOPHER GAINER 
Montreal , Canada 
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The Teledyne Brown Engineering Spaceplane is a conceplfor an unmanned space launch vehicle that could be built  
with current technology. Complete reusability and engine-out capability allow n to reliably carry several tons to low 
Earth orbit and back at low cost. Teledyne Brown Engineering 

Air Launch Into Orbit 

Sir, I wou ld l ike to reply to comments about air-launched 
spaceplanes made by Mr. Hassan in the April issue of Spacefllght. 
The Teledyne Brown Engineering (TBE) spaceplane was sized 
to take advantage of the maximum l ift capability of the Boeing 
747-200F with some features of the -400 model added . The 
gross spaceplane weight of 1 82,000 kg was well in excess of the 
rated l ift capability of the airplane, even with reduced airplane 
fuel load.  9,000 kg of additional wing spar structure was addec! 
to accommodate the extra mass, and it was assumed that the 
orbiter's incidence angle cou ld be controlled in flight to allow use 
of the spaceplane wings to shorten the takeoff roll .  At least half 
of the spaceplane's l iquid oxygen would have been carried in a 
dewar located low in the 7 47 until flight velocity was great enough 
for the orbiter wings to carry some of the load. (A more important 
reason was to keep the 747 from rol l ing upside down just after 

Lunar Arches 

Sir, I have seen Arthur J. Sturt's letter about the Martian face 
formation (Spacefllght, December 1 988, p.469). On the Moon 
there is an arch about 3,00 feet across and 600 feet high with 
three rib l ike structures connected to it. The lunar arch is near the 
crater Autolycus at co-ordinat� 31 ° North by 3° East. I found it 
on an Apollo 1 5  mapping camera photograph [1 ) .  I have seen 
other bridges or arches on Lunar Orbiter Photographs but not as 
clearly. 

Much of the Moon has only been photographed at a resolution 
three or tour  times smaller than with Earth-based telescopes so 
possibly a new lunar orbiting probe could solve this mystery an 
find more unusual lunar features. 

Reference 

1 .  Astronomy, December 1 985, p.1 6. 
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M ICHAEL ROE 
Cleaveland, UK 

takeoff) . Engine thrust did not determine the orbiter gross 
weight; optimum we ight for the avai lable thrust is h igher.  

If the HOTOL design were to be changed to allow air launching, 
the wings cou ld be made smaller and much l ighter. This is 
because they would not need to l ift the gross vehicle weight i f  the 
carrier aircraft provides some in itial upward trajectory. Maximum 
TBE spaceplane wing l ift was less than half the  _gross weight. 
Airplane thrust augmentation is  needed to al low a c l imbing 
trajectory. I n  the case of the TBE spaceplane, the tour  smal l  RL-
1'0 rocket eng i nes were to be started and run at reduced thrust 
to provide this. 
Teledyne Brown displayed a model of the spaceplane at the 
1 987 Paris Air Show. and the Soviet delegation d id i ndeed show 
considerable i nterest. 

Buran Shuttle Crewmen 

DAN DeLONG 
Alabama, USA 

Sir, I was surprised to see the report by Victor Golovachev that 
all ten shuttle cosmonauts were selected in 1 978 ( Spacefllght, 
May 1 989, p . 1 52) , particularly as it has already been report� 
that Schukin was selected in 1 982. Previously I supposed that 
the Shuttle Group 1 (selected in 1 978) consisted of Oleg Kononenko, 
Anatoli Levchenko, Rimantas Stankyavichyus and lgor Volk; 
and that the Shuttle Group 2 (selected in  1 983) consisted of Yuri 
Scheffer, Alexander Schukin,  Ural Sultanov, Maghomed Tolboyev, 
Sergei Tresvyatsky and Viktor Zabolotsky. 

I assume that Alexei Borodai and lvan Bachurin who are 
mentioned in the artical are two of the three reported non­
cosmonaut test pilots (1 ) .  Is there really a third? 

Reference 

1 .  Right International 1 8  February 1 989. 

MARK S. BURRELL 
Tyne and Wear, UK 
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A Name 
for O V- 105 

NASA Is shortly expected to announce the 
name of the replacement orblter for Chal­
lenger, OV-105. The orblter currenUy under 
construction by Rockwell lnternaUonal. 

US school children were invited to suggest 
names for the new Shuttle. The name had to be 
that of a sea vessel used in research or explora­
tion. This follows in the tradition of the four space 
worthy orbiters (John Bird writes about the pre­
vious orbiter names below). 

More than 7 1 ,650 US students formed some 
6,200 teams and submitted educational re­
search projects to justify their names. The 
competition has now closed and finalists have 
been selected. The most frequently suggested 
name was Endeavour. Some of the other sug­
gestions included Eagle, Resolution, Calypso, 
Nautilus, Rising Star and Victoria. 

Meanwhile construction of the new orbiter at 
Rockwell International's Downey and Palmdale 
facilities continues to run smoothly. The orbiter 
is expectec;l to be complete in Apri1 1 991 and is 
scheduled to make its first space flight in  March 
1 992 on Shuttle mission ST5-53. 

Shuttle Update--------

Naming the Orbiters 
Each of the US Space Shuttles are 
named after vessels of another era. 
This article examines these vessels 
and their fascinating history. Each of 
the Space Shuttles also has a number 
designation. 

Enterprise OV-101 
The Enterprise was named after the United 

Star Ship Enterprise which appeared in the tele­
vision classic Star Trek. As one of the thirteen 
Constellation class vessels, it was one of the 
largest in Star Fleet. Of the 430 CffNI members, 
one third were women. Horizontal and vertical 
turbolifts connected the decks. The highest level 
was the bridge, and there were eleven decks in 
the "saucer section". Below these decks was the 
engineering section. lt contained a hanger deck 
and was attached to the anti-matter engines. 
The rooms included CffNI's quarters, sick bay, a 
transporter room , recreation halls, labs, storage 
areas, and computer banks. The otherSpace 
Shuttles were named after vessels not quite as 
advanced as the Star Ship Enterprise. 

Columbia OV-102 
The Columbia was a famous American ship 

that Clra.lmnavigated the globe starting from 
Boston in September 1 787 . ltwas also known as 
Columbia Rediviva. RedMva means 'bought 
backto life" in latin and some hisforianssuggest 
this means it was built in 1 773  and rebult in 
1 787. Her epic voyage began Nith seal hunting 
on the west coast of the USA. The crf!Nt traded 
with the Indians in Oregon tor furs, then salad ID 
China and traded the furs for tea. returning to 
Boston in 1 790. Financially it was a loss, but 
Columbia set sail again in 1 790. Columbia's 
length wag 99 feet and it weighed 21 2 tons. 

The Apollo 1 1  Command Module which took 
Neil Armstrong and his crew to the Moon, was 
also· called Columbia. 
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By John Bird 

Challenger OV-G99 
The Challenger was named after the HMS 

Challenger, an English research ship that oper­
ated from December 1 872 to June 1 876. 1t ex­
plored the AUantic and Pacific Oceans. One of 
its main discoveries was the Mid-Atlantic ridge 
with its hills and valleys. 

The Challenger was originally a Navy ves­
sel, but for its research mission the weapons 
were removed except for two 64 lb. guns. 

1t had cabins for the Captain, Commander, 
and Director of Scientific Staff, spacious com­
partments for surveying operations, a chemical 
laboratory, and a photo studio. 

The mission of the Challenger was to per­
form: 

- sounding 
- drqng 
- water tempera1Ure observations 
- chemical examination of sea-water 
- magnetic observations 

The operations were carried out continu­
ously to further understanding of: physical and 
biological conditions, the great ocean basins, 
the direction and Yelocity of great drifts and 
currents, the fauna of the deep water, the zool­
ogy and botany of the regions of the globe that 
are comparatively unknown. 

The ApoDo 1 7  Lunar Module was also caled 
Challenger. 

Discovery OV-103 
The Discovery was named after two ships. 

One is Henry Hudson's ship. He was looking for 
a northeast passage between the AUantic and 
Padfic Oceans from 1 61 0  ID 1 61 1 .  They instead 
found Hudson's Bay, and the expedition ended 
with a mutiny. 

The Discovery was also named for one of 

Captain Cook's ships that explored the pacific. 
On his third tour of the world, he took two ships, 
the HMS Discovery and the HMS Resolution. 
This expedition went from 1 776 to 1 780. 

Discovery weighed 298 + 85194 tons which 
is approximately triple the weight of the 1 06 ton 
space shuttle and payload. This included: 

- 1 3,051 lbs. of flour 
- 1 2, 1 92 lbs. of bread 
- 3,249 gallons of brandy 
- 436 gallons of wine 
- 25 tons of water 

Plenty of oranges and lemoos were also 
taken. Some articles on board were not quite as 
modem as the equipment you would find on a 
space shuttle. The earlier Discovery carried 
axes, nails, saws, one dozen hammers, knives, 
scissors, files of sorts, chisels, old shirts, and 
kettles. 

Atlantia OV-104 
The Atlantls was named after a two masted 

ketch operated by Woods Hole Oceanographic 
lnsliMe from 1931 to 1 966. lt travelled more 
than haH a million miles, performing scientific 
research. Atlantis was replaced by Atlantis 11, 
and the original Atlantis was then used as a 
summer school ship. 

Dimensionsoftheshipwere: 143.5feetlong, 
a beam of 29 feet, and rigged with a malnmast of 
1 12 feet. Power was also available from a 400 
horsepower Diesel engine. Cruising speed was 
nine knots and it could carry 1 9 people. 

Regions of study were: the Gull Stream, the 
western half of the North Atlantic, the Caribbean 
Sea, the Gull of Mexico, and other locations 
lhroughout the world. An example of the experi­
ments was the measurements of underwater 
currents. This was accomplished with undersea 
"Weather balloons", which were neutrally buoy­
ant noats that operated thousands of feet under­
water. They were tracked from the surface by 
raclo. 
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Shuttle Update-------­

Military Shuttle Mission Postponed 
NASA haS postponed the STS-33 military 
Shuttle mission untll r..ter the launch of the 
Galileo Jupiter probe In October. The delay has been caused by slow progress bringing 
the orblter Columbia back to flight status. 

ment has become increasingly concerned that 
the work in preparing the orbiter Columbia for its 
first flight in over three years is taking long enough that it might endanger the option to 
launch Galileo at the opening of its launch win­
dow. Our over-riding objectives in this situation 
are to protect the Galileo window and to fly 
Columbia as early as we can.· 

The Columbia delays have put further pres­
sure on the already tight shuttle launch sched-

ule. The Long Duration Exposure Facility, de­
ployed on Shuttle mission STS 41 -C in April 
1 984, is due to be retrieved by STS-32 in No­
vember. 1t was originally intended to retrieved 
LDEF after one year in orbit. Then in December 
the much awaited launch of the Hubble Space 
Telescope is due. A further nine Shuttle mis­
sions are scheduled for 1 990. Truly says the 
agency is "CurrenUy assessing manifest options 
downstream of Galileo." 

Columbia was originally scheduled for 
launch on July 1 carrying a classified Depart­
ment of Defense (DoD) payload. A second mili­
tary flight, STS-33 was scheduled for launch on 
August 1 0. But work to prepare Columbia for her 
first flight in more than three years has fallen 
behind schedule. Shuttle Commander McBride Leaves NASA 

NASA's second planetary mission of the 
year must begin within its launch window which 
opens on October 12. With columbia delayed by 
over a month the space agency feared the Gali­
leo launch would be endangered. To protect this 
important shuttle mission STS-33 has been 
poslponed to an unspecified date after the 
launch of Galileo. 

Astronaut Jon McBrlde, a Navy captain, left 
NASA on May 12, less than a year before he was due to command a Shuttle mission. He 
also announced his intention to retire from 
the Navy In the near future. 

as NASA Headquarters as the acting assistant 
administrator for congressional relations, a post 
he held since September 1 987. 

Richard Truly. Associate Administrator for 
Space Aight and NASA Administrator-desig­
nate, explained the situation. "NASA manage-

McBride was named last year to command 
the ST$-35 ASTRQ-1 mission, scheduled for 
launch in March 1 99<r.  Vance D. Brand will 
succeed McBride as ST$-35 commander. 

McBride recenUy completed an assignment 

"I've spent an extremely rewarding 25 years 
with NASA and the Navy." he said. "This move 
has been a very difficult decision for me. But in 
the final analysis, I felt it was time to make a 
career change. I'll continue to follow develop­
ments in the space programme with keen inter­
est." 

STS-28 Columbia 
LAUNCH DATE: Early August 1989 
PAYLOAD: OoD 
SECONDARY PAYLOAD$: -
A TL TITUDE: -
INCLINATION: -
DURATION: -
COMMANDER: Brewster Shaw 
PILOT: Richard Richards 
MISSION SPECIALISTS: 
David Leestma 
James Adamson a I }  !1. G.') 
Mark Brown r .,, 1'1. 7J_,J 

STS-33 Discovery 
LAUNCH DATE: Postponed until after 

STS-34 
PAYLOAD: DoO 
SECONDARY PAYLOADS: ­
ATLTITUDE: ­
INCLINATION: ­
DURATION: · 
COMMANDER: Frederick Gregory 
PI.!-OT: S. Oavld Griggs 
MISSION SPECIAUSTS: 
F. Story Musgrave 
Kathryn Thorton 
Manley Carter 2 � �!sJl, 9,4� 

STS-34 Atlantis 
LAUNCH DATE: October 1 2, 1 989 
PAYLOAD: GalileollUS 
SECONDARY PAYLOADS: ­
ATLTITUDE: 1 60 n.m. 
INCLINATION: 28.5 degrees 
DURATION: 4 days 
COMMANDER: Oonald E. Williams 
PILOT: Michael McCulley 
MISSION SPECIAUSTS: 
Shannon Lucid 

�· ..11 •• � .... '-EIIen Baker 1 ! ;. ').I(.; , �  
Franklin Chang-Diaz 

STS-32 Columbia 
LAUNCH DATE: November 1 3, 1 989 
PAYLOAD: Syncom IV·05. Long Du-

ration Exposure Facility retneval 
SECONDARY PAYLOAD$: IMAX-02 
ATLTITUDE: 1 90 n m 
INCLINATION: 28.5 degrees l l  DURATION : 5 days (plans to extended ! to 1 0  days) 

Note: All dates are subject to change. 

COMMANDER: Daniel Brandenstein 
PILOT: James Wethert:lee 
MISSION SPECIALISTS: 
Bonnie Ounbar 

�=��;��ns J V:'i4 t  .1() 

STS-31 Discovery 
LAUNCH DATE: December 1 1 ,  1989 
PAYLOAD: Hubble Space Telescope 
SECONDARY PAYLOADS: !MAX 

Cargo Bay Camera ( ICBC) 
ATLTITUDE: 3 1 0  x 330 n.m. • 
INCLINATION: 28.5 degrees • .  t .;_ J, 
DURATION: 5 days 1.. 1 ( 
COMMANDER: Loren J. Shnver ., 

PILOT: Charles F. Bolden 
MiSSION SPECIALISTS: 
Steven Hawley 
Bruce McCandless 
Kathryn Sullivan 

STS-36 Atlantis e.,.g,z.: 
LAUNCH DATE: February 1 ,  1 990  
PAYLOAD: DoD 
SECONDARY PAYLOADS: -
ATLTITUDE: -
INCLINATION: -
DURATION: -
COMMANDER: John Creighton 
PILOT: John Casper 
MISSION SPECIALISTS: 
Oavid Hilmers 
Michael Mullane 
Pierre Thuot 

STS-35 ·Columbia 
LAUNCH DII.TE: March 1 ,  1 990 
PAYLOAD: ASTR0-1 ,  Broad Band X-

Ray Telescope-1 
SECONDARY PAYLOADS: -
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ATLTITUDE: 190 n.m. 
INCLINATION: 28.5 degrees 
DURATION: 9 days (plans to extend to 

1 0  days) 
COMMANDER: Vance Brand 
PILOT: Guy Gardner 
MISSION SPECIALISTS: 
John Lounge 
Jetfrey Hotfman 
Robert Parker 
PAYLOAP SPECIALISTS: 
Ronald Panse 
Samuel Durrance 

STS-37 Discovery 
LAUNCH DATE: April 5, 1 990  
PAYLOAD: Gamma Ray Observatory 
SECONDARY PAYLOADS: 

SSBUV-01 
ALTITUDE: 243 N.M. 
INCLINATION: 28.5 degrees 
DURATION: 5  
COMMANDER: Steven Nagel 
PILOT: Kenneth Cameron 
MISSION SPECIALISTS: 
Jerry Ross 
Jay Apt 
Linda Godwin 

STS-38 Atlantis 
LAUNCH DATE: May 1 0, 1 990 
PAYLOAD: OoO 
Crew and other data not available. 

STS-40 Columbia 
LAUNCH DATE: June 7, 1 990  
PAYLOAD: SLS-1 
SECONDARY PAYLOAD: GAS 

Bridge 
ALTITUDE: 1 60 n.m. 
INCLINATION: 39.0 degrees 
DURATION: 8 days 
COMMANDER: Bryan O'Connor 
PILOT: John Blaha 
MISSION SPECIALISTS: 
Tamara Jernigan 
M Rehea Seddon 
James Bagian 
PAYLOAD SPECIALISTS: 
F Drew Gatfney 
Robert Philips 
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. Over 35,000 Earth photographs were 
taken during the Shuttle's first 24 
missions. With an additional 65,000 
photographs taken prior to the 
Shuttle - from Mercury to Apollo -
they form a unique record. Recent 
Shuttle m issions, ST5-26 and STs­
�. have provided some of the clear­
est pictures of the Earth's surface. 
These pictures graphically reveal 
the damage Man has Inflicted upon 
his .planet. 

At the Johnson Space Center the men 
and women of the Space Shuttle Obser­
vations Office (SSEOO) have seen the 
whole world without ever leaving their 
desks. They train Shuttle crews in photo­
graphing the world and then catalogue, 
analyze and conduct scientific investiga­
tions of the result. 

Prior to each Shuttle mission ,  a spe­
cial computer program, the Automated 
Mission Planning System (AMPS) , takes 
the planned inclination and altitude and 
prints out a map detailing the orbits that 
wil l  occur. Nighttime orbits and orbits that 
fall during high activity times for the crew 
are deleted, leaving a map of possible 
Earth observation opportunities. 

Normally, about 25-30 specific target 
areas are outlined for a Shuttle mission.  
But those targeted areas are only part of 
the hoped-for results from each mission. 
The rest depends on the eyes and brains 
of the crew. 

After a crew is assigned to a specific 
mission, one of the crew members is 
given responsibil ity for Earth observa­
tions during the mission. One of the SSEOO 
staff is given chief responsibi l ity for each 
mission. The SSEOO produces a ful l­
colour Earth Observations Preflight Manual 
for each mission, a book that details each 
target, complete with maps, histories and 
past satellite or Shuttle photos . A manual 
is g iven to each crew member. 

Crews receive about 1 2  hours of brief­
i ngs from SSEOO personnel prior to the 
flight. During the mission ,  the SSEOO 
monitors images from five satel lites 1 6  
hour::.s a day, searching for opportune 
events for Earth photography . Updates 
on conditions at selected sites, plus any 
new photography requests are passed 
on to the crew by M ission Control 

(Top)The western edge of a smoke cloud that ob· 
scured about a third of South America in the 
Amazon baaln confronts the rising elevations of 
the Andes Mountains in this ST5-26 photograph. 

(Bottom) ST5-26 Commander, Rick Hauck. uses a 
70mm camera on Discovery's flight deck to record 
some new Images of the Earth. NASA 
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EARTH PHOTOGRAPHY �W)o�aJ � 
Following a mission the Earth obser­

vations fi lm is developed overnight and is 
available for study the day after landing. 

ST$-26 
Earth photographs taken by Discov­

ery's crew during STS-26 last year were 
amongst the clearest in more than 20 
years. Due to an unexpected rise in at­
mospheric clarity. visibil ity from STS-26 
over the Northern Hemisphere was the 
best since the flights of the Gemini pro­
gramme in the 1 960s. The Discovery 
crew could see more than 700 miles away 
from the Shuttle, much farther than has 
been possible on previous Shuttle flights. 

But the crew's most amazing and 
thought provoking sight passed directly 
below them: more than one mill ion square 
miles of smoke shrouding South Amer­
ica's Amazon River Basin, the smoke 
cloud was more than three times the size 
of Texas. The cloud was the resu lt of 
tropical forest, pasture and cropland being 
cleared and burned: 

"All of us on the crf?W were fairly amazed 
at the size of the smoke pall over South 
America," Discovery's pilot Dick Covey 
sa1d. "There was total . . .  smoke from the 
Andes east, obscuring almost the entire 
continent." 

Covey had chief responsibility for Earth 
observations on STS-26. During the four­
day mission· the crew took 1 ,505 photo­
graphs of the Earth. Discovery was 
launched into an orbit that kept it above 
only the tropical and subtropical regions, 
as are the majority of Shuttle flights. But 
that orbit took Discovery over about half 
of the world's surface, covering parts of 
1 22 countries. 
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The Amazon smoke cloud seen by 
Discovery's astronauts was much larger 
than the previous largest smoke croup 
over South America, seen during a 1 984 
Shuttle mission according to SSEOO 
specialist Mike Helfert. Erosion in cleared 
tropical areas was evident in photogra­
phy from STS-26, as it has been in photos 
from previous flights. lt is fil l ing rivers, 
lakes and bays with silt. Such erosion was 
"most marked in East Africa," he added.-

Across the giobe from South America, 
photography from Discovery also cap­
tured effects that Chuck Wood, manager 
of the SSEOO, calls "the greening of 
Africa." Africa, an area stricken by a 20 
year drought, appeared to have had a 
season of heavy rains, judging from Dis­
covery's photographs. , 

I n  some photographs, standing water 
was seen in the Sahara Desert. In fact the 
"green l ine" generally marking somewhat 
of a southern edge to the Sahara has 
moved farther north than it has been 
seen by astronauts since Gemini photog­
raphy from 1 966. 

Africa's Niger River was in  ful l  flood 
during the mission, and photographs of 
Blue and White Nile Rivers also showed 
evidence of recent flooding. Along the 
East African coast, many rivers showed 
strong silty plumes dissipating into the 
sea. • 

But two important gauges that have _ 
long been studied with space photogra­
phy - Africa's Lake Chad and Lake Nas­
ser - are sti l l  becoming smaller. 

Since 1 965, the surface area of Lake 
Chad has dropped by almost 95 per cent, 
and STS-26 photograp!'ly showed it to be 
at its smallest extent e�r photOgraphed 

by astronauts - despite the obvious heavy 
rains Africa has received, Wood said. 
Lake Nasser was also at a record low for 
astronaut photography. 

The clarity of the atmosphere dur ing 
Discovery's mission allowed objects not 
u·sually seen in Shuttle handheld photo­
graphs to be apparent: for the first t ime, 
an aircraft was photographed as well as 
its contrail; individual bui ldings could be 
seen in the Canary Islands; a l ine of 
electrical pylons was seen i n  Southern 
Sudan; and oil platform flares were visible 
in the Gulf of Campeche. 

The extreme Northem Hemisphere· 
clarity may have been due to a lessening 
of volcanic dust in  the upper atmosphere 
and the decrease of normally severe African 
dust and sandstorms, Wood said. "On . 
some past flights, dust storms had ex­
tended from Africa halfway across the 
Atlantic. Astronauts couldn't see the water 
for dust," he added. 

Th_e crf?W, all veteran astronauts, quickly 
became aware of the increased visibil ity. 

"We were able to see great distances 
north of our track," Covey said. "During 
one pass, I looked north to try and find 
Edwards Air Force Base, probably some 
400 miles off our track. I round it and 
could make out the bui ld ings, the ramp 
areas and detai ls." 

But the most striking photography to 
come out of the mission must be those 
which revealed the Earth's deteriorating 
environment. 

"Circling the world every 90 minutes. 
you start to feel that the Earth just isn't as 
large as it seems on the ground," Covey 
said. "And you see that these things are 
really going to effect our environment . "  
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--------------- Into Space----------------

Receiving Okean 's Pictures 
Lawrence Harris was most Interested to read Brlan Harvey's article on the 
Soviet Union's Okean oceanographic satellites (Spaceflight February 
1 989, p.62} because for several years he has been able to receive pictures 
from Soviet satellites including the Okean series. Mr Harris writes about 
his satellite tracking station he has constructed at his home in Plymouth, 
Devon. 

My career began at the Appleton Labo­
ratories, where I became i nvolved in vari­
ous space projects including the UK Ariel 
series of satellites and then IRAS (the 
I nfra-Red Astronomical Satell ite) . When 
that project finished I returned to Ply­
mouth with my family to start a new ca­
reer. Realising just how much I missed 
working in space research, I decided to 
set up my own satell ite tracking and data 
processing facility at home. 

The equ ipment used for receiving and 
decoding the satell ite signals includes 
two scanners, a fixed frequency receiver, 
a framestore and a computer fitted with a 
satellite signal interface. One rece1ver 
records data from the University of Sur­
rey satell ites, UoSATs 1 and 2. The main 
receiver is a Dartcom scanner dedicated 
to satellite use, fed by a roof-mounted 
crossed dipole aerial . A multi-band scan­
ner is used for navigation, scientific and 
other satell ites and is fed from a disco ne. ' 

To receive data from a geostationary 
satellite I built a dish and bought a down­
converter (a device that converts micro­
wave frequencies down to the 1 37 MHz 
weather satellite band). A new dish from 
Dartcom was mounted separately to re­
ceive NOAA GOES-E satellite data -
opening my horizon to world wide data 
acquisition. 

· 

Other facilities include a stereo tape 
recorder, to record Russian satellite sig­
nals with a time track for synchronisation 
and an Amstrad CPC6 1 28 computer to 
process UoSAT data and produce satel­
lite pass times in chronological order. 

Last year I installed a new computer 
system fitted with a satellite signal inter­
face, rather l ike a programmable frame­
store. This allows me to produce ani­
mated sequences which show the move­
ment of weather systems and hold prom­
ise for scientific analysis, �uch as the 
plotting of thermal profiles of tropical 
waters and much more. My main objec­
tive was to analyse, to the limit, the sig­
nals transmitted by the various satellites 
and allow qualitative photography. 

The equipment enables me to receive 
pictures from a variety of Soviet, Ameri-

(Top} Lawnmce Harris with hi• satellite receMng 
equipment at hie home In Plymouth, Devon. 
(Bottom Left) llr Harrle poses with one of hie 881-
elllte receMng dlsM8. 
(Bottom Right) An Image from the Soviet Okeen 
satellite showing tbe GuH of Bothnla with aclclecl 
artfficlal colour. The dart band acrosa the picture 
le merely the effect of photographing a television 
screen. LBrrrence Hlln1s 
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can, European and Chinese spacecraft. I 
picked up one of the first transmissions 
from Feng Yun 1 , the Chinese weather 
satellite and monitored the problems with 
it as they happened, months before I saw 
official releases. In fact I often receive 
signals from new Soviet spacecraft be­
fore the official announcements. Recently 
I picked up early transmissions from Meteor 
2/1 8 and within  a day or so was able to 
produce "dummy" Kepler elements ena­
bling me to predict its future orbital track. 

On one occasion I heard a "new" sound, 
later identified as Meteor 2/3, apparently 
switched on by accident during the com­
manding of a different satel l ite. If true, it 
may reveal details of the Soviet satellite 
command systems. 

The Russians operate 2 distinct types 
of meteorological satell ite - the Meteors 
and the Cosmos oceanographics. The 
Meteors include series 2 - the basic weather 
satellites operating mostly in Sunlight 
(though currently Meteor 2/1 7 is running 
night time infrared transmissions) . Series 
3 are higher orbiting craft carrying i nfra­
red sensors for night time pictures·similar 
to the NOAA weather satell ites, although 
their operations are rather irregular. 

The Okean (oceanographic) series of 
satell ites apparently dates from Cosmos 
1 076 in 1 979. I first picked up Okean 1 
signals on July 1 4, 1 988 at about 2030UT 
(Universal Time) while carrying out rou­
tine scan for satellites. That transmission 
included "piano-key" telemetry, a radar 
image, and a visible-light image. The time 
of acquisition was inconsistent with other 
Cosmos satellites in this series, namely 
Cosmos 1 766 and 1 869, and so I con­
cluded this was a new launch. 

With other satellites that constantly 
transmit data orbital elements can be 
quickly constructed and hence predict 
future pass times, but the oceanographic 
satellites are only active for short periods, 
so I have to rely on official Kepler ele­
ments for future predictions. These may 
not appear in magazines for many weeks. 
Fel low R IG (Remote lmaging Group) 
member Des Watson has kindly provided 
my with such elements on various occa­
sions. I then use my software to predict 
the potential passes. 

The predictions enable me to be pres­
ent when Okean is l ikely to transmit and 
therefore positively identification of the 
satellite. They consistently use 1 37.40 

MHz and so I often leave a receiver on 
this frequency to find pictures recorded 
when I next check the equ ipment. 

Unfortunately this frequency is also 
used by one or two of the Meteor satel­
lites. These other transmissions can cause 
the tape recorder to run out so I use a 
electronic timer to switch off the units 
during known, unwanted transmissions. 

Following the in itial Okean picture in 
July 1 988, Okean was seen to be capable 
of various transmission formats - some­
times transmitting a number sequence 
which I was able to understand with help 
from RIG articles. The most common 
format is one quarter microwave sounder 
image, one quarter radar image and the 
remaining half - a visible picture, though 
this is blank during night transmissions 
such as those received during winter. 

Other picture formats may include 
numbers (edge codes) and can be most 
helpful. One parameter includes /moscow 
time in minutes and a simple programme 
can calculate the GMT time of transmis­
sion. This can then be used to apply a 
correction to the orbital elements ! Some­
times stored pictures are seen.  

Okean transmissions are often received 
while passing south-bound over Norway 
and Sweden. The radar image, if present, 
is devoid of cloud but detail is apparent in 
the coastal waters and the gulfs. Such 
detail is considerable and I had wondered 
to what depth the sensors probe. Recent 
articles suggest it to be about 50 metres. 

The radar images are not transmitted 
continuously probably because radar is a 
heavy consumer of power. During a pic­
ture the radar section may end, probably 
u nder onboard control ,  and this portion 
reverts to visible format, ie the picture 
then contains one quarter microwave 
sounder and three-quarters visible im­
age. 

Previous oceanographic satellites that 
I have monitored seemed to only operate 
within range of the USSR but Okean has 
operated on passes that have come 
towards the UK, although so far it has 
always switched off while over Scotland. 
I expect that the Russians have ships in 
the Atlantic that can receive the data. 

On December 1 3, at 0051 UT I heard 
the starting carrier tone switch on.  The 
picture included piano key telemetry and 
two images - microwave and radar each 
taking up a half width. I then received 
what I believe to be a previously stored 
picture possibly of the North Pole but I 
could not identify the area. I read that 
Okean was used to probe the polar ice 
during efforts to rescue the whales trapped 
off Alaska, so this was probably one of 
those transmissions. 

Some superb images have been re­
ceived - one radar image included a long 
track from Norway down through Lenin-
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grad almost to the Black Sea. Thls_was in  
early January and shows what I presu m e  
is underwater d etail in  t h e  lakes. 

When the signal stren gth is  s ufficient I 
can process the data In the computer. 
One microwave/radar picture of the Baltic 
taken in December Included Gotland and 
the coast so I expanded the i mage to 
reveal its maxi m u m  resolution at pixel 
level, adding artificial colour. Details of 
the system published i n  the February 
1 989 edition of Spacefllght i ndicate the 

resolution to be about 1 .5 km at 3 cm 
frequency. 

The microwave sou nder and radar on 
Okean cover overlapping areas and one 
picture received i n  December included 
the Gulf of Finland, a favourite target in 
winter, probably to survey the Ice flows 
that normally accu m ulate h ere, although 
there was no ice at the time.  Such data 
woul d  be useful to guide shipping.  

A complete analysis of Okean's pic­
tures requires much time and I have 
spent many hours reprocessing recorded 

January 1 988 Aprll 1988 

data. I also log every satel l ite transmis­
sion received - a habit from earl ier days! 
All the monitoring has to fit i n  with domes­
tic l i fe as well  and my chi ldren are wel l­
used to calling me when a particular sound 
is h eard ! 

My only regret Is the difficulty In swop­
ping notes with fellow e nth u siasts . How­
ever, I i ntend to contin u e  monitoring the 
various satel l ites and analyse data as 
time perm its . I h ave a steady flow of 
visitors to see my set-up and occasionat 
i nterest from the local m edia.  

June 1988 
A Speaal Issue celebrating the anniver­
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unique insight and record of Man·s first 
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