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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 Norman Thagard, Mary
Cleave and Norman Thagard.

The First Launch Attempt

Atthe Flight Readiness Review, held on April
13/14, the launch of STS-30 was set for April 28
at 19:24 BST.

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

As the Sun rose on the moming 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 it was “perfect
weather to go flying”. The crew left their quarters
about three hours before the planned blast-off
and entered the orbiter 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 refusedto give his consent
because of a malfunctioning 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.
STS-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 alanding 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 launch win-
dow. Launch Director, Robert Sieck, 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
Sieck 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 various countdown
clocks on the ground and onboard the Shuttle to
the new-launch time of 19:29 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 arm was retracted, pilot
Ron Grabe started the orbiter’s Auxiliary Power
Units (APUs), the orbiter switched to its internal
power and the Extemal Tank was pressurised.
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-
mainedin thelaunch window and the countdown
would have to be recycled to the T-20 minute
point.

Bob Sieck ordered the vehicle to be ‘safed'.
The orbiter access arm 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 toignition the pumpinjects liquid hydro-
gen into the engine to cool its components be-
fore the bulk of the supercold fuel enters the
angine. It was hoped the failure was with the
pump’s electrical supply from the launch pad so
repairs could be made to allow alaunch the next
day. But engineers discovered the problem was
amechanical failure within the pump. A delay of
three days seemed likely - then a second prob-
lem emerged. Replays of video from the launch
pad cameras showed a vapour cloud in the
region of the umbilicals that connect the orbiter
to the external tank. Engineers immediately
suspected aliquid hydrogen leak. Closer exami-
nation confirmed this. There was a small hole in
the casing around a hydrogen pipe. The launch
was atfirst postponed for atleast 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 Atlantis the three STS-30 Mission \
Specialists stand on the 195 foot level orbiter
access arm at pad 39B. (Left to Right) Mark Lee,
Mary Cleave and Norman Thagard. The Mission
Specialists were responsible for the deployment
of Magellan. NAsA /

space centre and at the Shuttle Landing Facility
(SLF) runway, located a short distance from the
launch pad, strong crosswinds threatened to
call-offthe 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 point
where it entered a planned built in hold. As
expectedv meteorologists refused to give the
‘go’ for launch because of doud near the SLF
and the strong crosswinds. if Atlantis had to
make a Retum to Lasch Site abort (RTLS)
Commander Watker would have had to land the
orbiter on the runway. NASA fikes to have the
best possible conditions at the SLF because any
adverse weather would cosmplicate what is al-
ready a very difiaft manoeuvre.

Atlantis’ lanch window had extended to 64
minutes. But this was now being ‘eaten up’ by
the delay. As the window grew shorter, Chief
Astonaut Daniel Brandenstein flew the shuttle
training ascraft twough the douds above the
SLF. He reparted back 1o Launch Control that
the douds were scatkeserd and this part of the
weather problem was dismissed. However the
crosswinds continued to be unacceptable.

With the kaunch window drawing to a close,
Launch Director Bob Sieck decided to continue
with the countdown untd the T-5 minute point
where it woudd hold until the weather cleared. It
was during this hold and with just ten minutes left
in the window that winds dropped to a safe level.
The countdown & 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 main engines completed their
work and there followed what Commander
Walker described as a rather bumpy Extemal
Tank separation. Two OMS burmns placed Atlan-
tis into a circular orbit of 160 nautical miles.

Cantinued p.186...

Arianespace Signs its
Largest Contract

Arlanespace has signed a deal with interna-
tional Telecommunications Satellite Organi-
sation to launch three Intelsat Vil satellites.
The deal, worth approximately $317 million,
is the largest contact ever awarded to Ari-
anespace.

The Intelsat VIl satellites are being devel-
oped and built by Ford Aerospace Corporation.
The satellites are to be launched by Ariane 4:
Intelsat VII-F1 in the third quarter of 1892; In-
telsat VII-F4 in the fourth quarter of 1993; and
Intelsat VII-F5 in the second quarter of 1994.

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

four Intelsat 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 be
launched, worth $2.35 billion.
« The first Ariane 4 to be equipped with four
strap-on liquid propellant boosters was due for
launch on April 28, with the Superbird Aand DFS
Kopemikus-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 the background.
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A photograph of the Buran/Energia launch pads at the Baikonur Cosmodrome taken during May 1988. It is believed the left-most launch pad is where the first fight 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 article by Peter Pesavento, which will appear in the Soviet Astronautics edition of JBIS.

Robert Windrem

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 Igor Volk does not expect a manned
mission until 1992.

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 wil! 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 retumed 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 fy manned
next year. He was speaking at a press confer-
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 Igor 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 tums
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
Africaas partof 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 Gomputers (GPC) malfunctioned. The
five computers have overall control of the
Shuttie vehicle and are vital for monitoring the
Shuttie's many systems. Although the faulty
computerwas aback-up itwas decided the crew
should attempt the first on-orbitreplacementofa
GPC. The crew successfully camiéd out the
compiicated 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 flightin
1987 was 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 atreentry 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 delta wing to enable it to
land as an aircraft.”

A Flawless Landing

The crew spenttheirfinal day in orbit prepar-
ing for the return to Earth. Atlantis 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 ofthe 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 spacecrafthe 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 100
small repairs which will require attention.

Atlantis was scheduled to be retumed 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 flight
faces a 1-In-78 chance of ‘catastrophic fall-
ure’. Such an accident would involve loss of
the orbiter and possibly the astronauts as
well. NASA is continuing its work to improve
Shuttle safety and plans to transfer many
payloads to unmanned launchers.

NASA’'sgrim 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. It 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 Thompson, the head of NASA's
Marshall Space Flight Center, said the agency
needed to avoid complacency after its recent

Ariane 2
Goes Out
in Style

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

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 Eurosatellite team
(Aerospatiale, Alcatel-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 (+ 100km) for 35,992km
intended

Perigee: 250km (+ 1km) 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 f 5 degrees East on April 14.

(Right) The final Ariare 2 blasts off from launch pad
ELA-1 at 0228 GMT on April 2. Arianespace
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successes and should continue to find ways to
reduce risk.

“We shouldn’t reston 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
Shuttie, he said. “ButNASA 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 flightin 168 and as low as
1-in-36.

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

DoD Cuts
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 the project of $300
million has been slashed to $100 million.
NASA intends to provide an additional
$127 million for NASP. Meanwhile 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 systemcapable 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 airbome systems, and can thus
provide the earliest possible waming of
potentially hostile situations. They aiso
offer advantagesin 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 MECB 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, teft NASA in April to
take up the post of Director of the Navy
Space Systems Division at the Pentagon.
“My 11 years with NASA have been ex-
tremely rewarding,” Hauck said. “l 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-
erobotic Servicer (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 feaving the Space Shuttle or Space Station,
thereby enhancing crew safety. The FTS 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-1990s
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 anms, 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 work outside the Freedom Space Station.

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,

Martin Marietta

the robot would be used to minimise crew in-
volvement. For example, large space instru-
ments like NASA’s Hubble Space Telescope
would be braught 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, it
has been leamt 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
1980s. The intention was that satellite reflectors
would beam down light to illuminate parts of
Siberia during the prolonged periods of winter
darkness. One ideawas to light up oilfields, thus
making feasible 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 “completed™ 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 areincreasingly concemed about
the general brightening of the Earth’s atmos-
phere, it has been leamt. 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. With 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 thata solar
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By Brian 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 1984 at the Moscow
Aviation Institute and seached an “advanced
stage” in May of the year. A 200kg satellite was
to deploy areflector 110m? across which would
illuminate an area of 9km? to a brightness 50%
greater than the full Moon. The experiment was
expected to pave the way for an operational
system by 1994 [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 space reflector within four or five
years” [5].

Pravdain November 1983 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 satelite seems to have
progressed no further, and the plan now seems
to have been put well down the line [7]. The
Chemobyl 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, two chemicals that ignite on
contact, to propel it in space. But the space
station’s system will 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 it will be prepared for launch
by Ariane in June 1989. When in orbit,
Olympus 1 will be the world’s most powerful
civil communications satellite.

Prior to shipment, Olympus 1 successfully
completed a series of rigorous environmental
and mechanical tests undertaken at the David
Florida 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.
Testand check out equipmentwere transported
by a Boeing 747 freighter - its cargo hold too
small to accommodate the satellite. The body of
Olympus 1 measures 2.9 m (91t 6in) wide and is
5.5m (18ft 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 include high
power direct broadcast TV, video conferencing,
data transmission and tele-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 class of large and powerful
communications satellites. Future Olympus
satellites could have solararrays measuring up
to 56m (184#t), providing up to 7.7kW of electnc
power-enough to power 40 channels of direct
broadcast television or up to 250,000 simultane-
ous telephone calls.

Contract Follows Skylark Success

British Aerospace has received a contract
valued at £1.5 miillion 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-
tuming to Earth by parachute. The payload is
then recovered by helicopter 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 410th Skylark Sounding
Rocket on February 10, 1989, from the Esrange
Rocket Range, near Kiruna, northern 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 corisecutive 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 flight 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. “It's
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 arechannelledinto desiccantmaterial
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 burn as gases in the thruster, a major
difference between other rocket engines that
use propellantsin 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 farin 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 burn four
times each year, each time boosting the space
station from 10 to 15 miles higher. Withoutiit, 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 contro!
and stabilize the station’s altitude

ssmmm Briton in Space e

The signing of the agreement to launch the first
Briton in space onboard a Soviet Soyuz capsule
has been postponed. The agreementwas due to
be signed at Moscow Airport on April 14. But at
the last minute the ceremony was cancelled tis
now believed the agreement will signed in June
when UK Minister Lord Young is visiting
Moscow.
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Robert D. Christy
Continued from the May 1989 issue
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| ASTRA1A,1968-100B,19668 |

Launched: 0033°, 11 December 1988 from
Kourou by Ariane 44LP.

Spacecraft data: Three-axis stabilised, box-
shapedbody, 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 airay. The mass (in orbit) is 1045

kg.

Mission: Television broadcasting satellite,
equipped with sixteen operational, and six
spare, transponders.

Orbit: Geosynchronous above 19 degrees west
longitude.

COSMOS 1984, 1988-110A, 19705

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

manned spacecraft and consisting of a spheri-
ca! camera module supported by a conical in-
strumentunit 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 retum to
Earth of film. The overall length is about 6 m,
maximum diameter 2.4 m and the mass around
7000 kg.

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, 1988-111A, 19710

. Launched: 1240, 22 December 1988 from

Xichang by Long March 3.
Spacecraft data: Cylindrical, spin-stabilised

A Molniyacommunications satellite photographed at a Soviet space exhibition recently heldin Budapest, Hungary.
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body with de-spun aerial.

Mission: Communications satellite.

Orbit: Geosynchronous above 110.5 degrees
east longitude.

| MOLNIYA-3(34), 1988-1124, 19713 |

Launched: 1416, 22 December 1988 from
Plesetsk by A-2-e.

Spacecraft data: Cylindrical body with a conical -
orbital adjustment motor section atone end. The
opposite end of the vehicle carries communica-
tions aerials and a ‘windmill' of six solar panels
setin 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 sateliite providing
telephone, telegraphic and television links
through the ‘Orbita’ system both within the
USSR and abroad.

Orbit: Initially 432 x 39056 km, 700.27 min, 62.80
deg, then raised to 444 x 39889 km, 717 .35 min,
62.79 deg, to ensure daily repeats of the ground
track.

COSMOS 1985, 1988-113A, 19720

Launched: 1030, 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, 7357 deg.

|  PROGRESS39,1988-114A, 19728 |

Launched: 0412*, 25 December 1988 from
Tyuratam by A-2.

Spacecraft dasa: Soyuz derived design, having
anear-spherical supplies compartment carrying
arendezvous 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. It docked
with Kvant's aft-facing hatch at 0537 on 27
December. It 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 orbitto a
docking with Mir in an orbit of 325 x 353 km,
91.26 min, 51.63 deg.

MOLNIYA-1 (74), 1988-115A, 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 vehicle carries communica-
tions aerials and a ‘windmill’ of six solar panels
setin a plane at right angles to the main axis of
the body. Stabilisation 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 satellte providing
telephone, telegraphic and television links
through the ‘Orbita’ system both within the
USSR and abroad.

Orbit: Initially 637 x 38859 km, 700.45 min, 62.82
deg, then raised to 617 x 39736 km, 717.75 min,
62285 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 Baikonur Cosmodrome they were looking forward to an ambitious
six month mission on board the Mir space station. Together with Dr.
Polyakov, who was launched to the station in August 1988, they were to
maketwo space walks and receive the space station's first 20 tonne add-
on modules. Unfortunately things did not go to plan and the 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 Spacefiight correspondent Neville Kidger has the
details. He begins by bringing us up to date withtheworkcarried out since

the end of last year.

Progress 39

The unmanned cargo craft Progress 39
docked with the Mir complex at 0535 (all
times GMT) on December 27, 1988 after
being launched from Baikonur two days pre-
viously. It delivered over 1,300 kg of cargo for
the resident Donbass gew - Aleksandr Vollov,
Sergei Krikalev and Dr. Valeri Potyakov.

Surprises for the three men inciuded fresh
fruit and vegetables and New Year gifts from
their families. =

The cosmonauts were the latest in the
succassion of resident and visiting crews to
stay on the Mir/Kvant complex. But forthe
Donbass crew their stay was to be a signifi-

cant one.

Atthe press corfererce, Volkov
had foid that the crew were to retum
in late having received three Progréss
cargo a new module and two EVA's by
Krikalev and himselif. The first month of the
mission had already passed very eventhuly

Chretien.

There were few reports of the cosmo-
nauts’ activites overthe New Y ear period but
on January 2, 1989 they began a new series
of Earth observations studying the natural
resaurcas of Sberia and the Soviet Far East

Over the next few days the men also con-
ducted several of astronomvaa) ob-
servations using the Buigarian-made Razhen
system. An experiment named Polarizatsiya
involved abservations of stars,
galaxies and nebulae. Using the Bulgarian-

cence in the polar, middle and equatorial
latitudes of Earth and also the luminescence
of the complex itself which results from the in-

SPACEFLIGHT, Vol. 31, June 1989

By Nevllle Kidger

teraction with the atmosphere. Similar ex-
periments were conducted on the US Shuttle
1o observe the glow given out from the space-
craft as it interacted with molecules of atomic
oxygen in the rarefied atmosphere in orbit.

Ultraviolet pictures were taken using the
Glasar telescope located in Kvant. Several
areas of the constedlations Auriga, Cassiopia,
Orion and Velaaswell as the abserva-
tion of sources in the Vela and
the Small Magellanic Cloud. The X-ray tele-
scopeswerealsokmbdonmeKmlnan

section.

Medical tasks were also being urdertaken
on a regular basis under the supervision of
Dr. Palyakov, who had joined the Mir crew in

1988. These tests ncuded extensive
examinationsofthe men’s wdio;yascular
and French sdentists.

On 17, amidst the repoﬂs of
routine ) work, the
announced that o wereuuhway
for the EVAs. The nextday, at a press corder-
mwmmm":‘mdm
new module would now occur within the first
six months of the year. This was the first
ofical of the prableses which were
fo disupt the pre~arvraunced plans for the Mir
complex

Contireed Routine
One of the pieces of equipment being
used by Dr. Polyalov in his work was a rapid

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

On January 24 TASS announced that the
complex’s orbit, which had been adjusted by
Progress 39, was currently at a height of 376
x 340 km with a period of 91.4 minutes and an
inclination of 51.6 degrees.

The cosmonauts were using a holographic
gauge to check the optical properties of the
portholes. It had been reported by earlief
crews thatthe had begun to collect
a fine film of dust - some of which was wiped
off during EVAs by the year4ong-stay crew of
Viadimir Titov and Musa Manarov.

Between January 24 and 26 the Soviets
reported that the men were replacing a control
in the thermoregulatory system with a new
one delivered by 39. After instafing

it they checked for leaks in the hydraufic line.
Such repairing and replacementwork is a
large part of the cosmonaut’s work in orbit.

As January slipped away, the cosmo-
nauts cordinued their routine. The Fight Contral

. Centre often controls the orientation of the

complex to use the Kvant X-ray o
observe sources. Even as the cosmonauts
sleptthecomplexwasonentedtoviewthe
southem of Circinus to eamine
an X-ray source thought to be a doubie star.

In one of the first such desaiptions for a
while, the Soviets described a new techno-
logical experiment being conducted by the
Dontass crew. The Yantar equipment was
installed in the complex’s airlock to obtain
metal coatings inweightless conditions. A
dual component alloy of sitverafadium and
M@vdmmmsqﬁed o a polymer
fim. Such

were corcuctad requ-
IariyontheSalyutGand?statbnsusmga
device calied

Beginning 1, the Soviets said,
theawwouldbeginvmdobservanomof
Soviet tertitory on a regular basis because
the complex was beginning overfights of the
country during dayfight penods.

Another Setback
In early February Soviet radio revealed
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'REPORT

Forward view of the ‘re-equipment’ module at the Star City training centre. The one metre diameter aiock and a

group of thrusters are visible.

the EVA planned for February had been
saapped. No reason was given atthe time for
the cancellation but it was later to emerge that
the launch of the building block modules
slipping to later in 1989. On being told of the
delay and the factthat his crew would not
receive the first module, Volkov reportedly
said a new crew would be launched in April
and were to be replaced six months later.

Earth observatiors, experiments with the
Yanter installation and medical tests occu-
pied much of the first days of February. The
Earth observations were supplemented by
pictures obtained from an unnamed Cosmos
satellite.

At 0646 GMT on February 7 Progress 39
was undocked from Kvant and was deorbited
to destruction at an unspedified time later that

Another series of UV photography ses-
sions was begun on February 8 with the first
target being the constellation of Taurus.

Ancther

At 0854 on Fi 10 the 40th
cargo shipwas launched from Baikonur. It
docked with the Kvant port two days later at
1030. Western sensors tracked the complex
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
their Earth abrservation experiments and astro-
physics work.

During February 14 Aleksei Leonov told
reporters in Moscow that the Volkov crew
wasto be replaced by the end of April. The
next crew would “most probably” be com-
manded by Aleksandr Viktorenko

Viktorenko was the reserve commander
for Soyuz TM-7, which launched Volkov,
Krikalev and Frenchman Chretien. His fiight
engineer on that occasionwas Aleksandr
Serebrov.

Serebrovhadbeentraining foranEVA
from the new module using the one metre
diameter forward hatch. He was to try out the
‘Soviet version of the manned manoeuvring
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unit which had been shown to an intermational
coips of reporters the previous November at
Baikonur. The initial flight at least of the new
unit would see Seretrov anchored by a tether
1o the Mir complex. The cord would be a nylon
one with a metal core which could be severed
in an emergency, Soviet officials told a
Westem reporter.

The Amercars had practised flying a proto-
type of their MMU in an untethered mode but
that was within the confines of the Skylab
space station in 1973.

Leonov’s statement did not mention Sere-
brov andgave rise to Westem speculation
that he had been from the crew until
the new module was launched. This specula-
tion proved well founded when, after retum-
ing from Baikonur from a filming trip, the US
analyst James Oberg revealed that he had
met the Soyuz TM-8 fiight engineer - a rookie
called Aleksandr Balandin.

Leonov also revealed that the mission

were unsure whether or not to retum
Dr. Polyakov to Earth. If he remained on the
complex through the planned six-month long
flight beginning in April he would have ex-
ceeded the year-long record of Titov and
Manarov.

One Westem analyst
might wish to remain on the station rather
than return and face another painful bone
marrow operation. Prior to the TM-6 launch
both Polyakov and his backup, Dr. German
Arzamazov, had undergone painful bone
masrow surgery 1o enable pre-andnst-flight
comparisons to be made .

Tass announced on February 18 that the
replacement crew would be launched on April
19.

Futwre Plans

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 fiight 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 1987 had shown
two Salyut-class and two Kvant-class mod-
ules docked at Mir's front docking unit. A new
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
of fuel on the complex.

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

Chief designer Yuri Semenov
told TV viewers that the first module was to be
launched in the second half of 1989 and that
between July and September the module
would be equipped with the manoeuvring
units. The second module would be launched
shortly afterwards (so that symmetry could
be retained for manoeuvring).

The second module, a space “factory
would grow crystals for the electronics indus-
try and process biotechnological materials.
The yield of the module would be about 100 kg
of produce per year, Semenov said, after it
had begun work in late 1990 or early 1991.

The designer said that Mir had already re-
couped 25 per cent of its costs to date. The
new technology module would earn 1,000
million Roubles per year which would be
“many hundreds of millions” of Roubles in

The delay in launching the technology
module may have been atiributable to the
velopment time of ecological monltonng
equipment which it was to carry. The violation
of announced plans was a “disease 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 inaeased work load of
experiments. One of these was Diagram in
which measurements of the ical charac-
teristics of the atmosphere were conducted
using a magnetic-discharge transducer de-
ployed outside the station’s airlock 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
Volkov, a Colonel in the Soviet Air Force. 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.

TASS reported that Polyakov had reported
that he had dreamed about his family. The
agency said that cosmonauts tended to dream
about earthly things such as home and family
and rarely about space. The agency reported
that studies at the Soviet Health Ministry’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

Progress 40 Departs

The low key coverage of the casmonauts’
activities continued to the end of February.
The men continued Earth observations and
medical examinations.

On February 24 the orbit of the complex

was adjusted by Progress 40's engine so that
the height of the complex above the Earth
varied from 386 x 358 km with a period of 91.7
minutes. Refuelling of Mir's tanks was con-
ducted at the end of Febnuary. On March 2 the
Soviets said that the cosmonauts were filling
the cargo ship with used equipment - a sure
sign of the craft's imminent departure.

Sure enough, at 0146 on March 3 the
cargo ship undocked and slomly separated
from the complex. The undocking differed
from the standard procedure when two large~
sized multiink folded structures on the side
of Progress 40 unfurled one after the other.

The structures resembled an orange seg-
ment but more than an ellipse.
The “unique alloy” which was built into the
structures enabled the structure to “remem-
ber”its original form. The deploymentwas
achieved by heating up wire leads
to stretch the structure like a muscle.

Volkov’s crew took still and video pictures
of the experiment which, the Soviets said,
could find appiication on future large-scale
structures in space. One specifically men-
tioned use involved covering such structures
with reflectors to reflect the Sun’s raysto
Earth. A more earthly use could involve apening
and closing shutters on greenhouses as the
temperatures fluctuated.

Progress have often been used
for experimental work. In 1985 the Soviets
launched Cosmas 1669 which they described
as similar to the Progress ships. The craft
docked with Salyut 7 and performed a mis-
sion identical to that of a standard Progress
cargo ship. Atthe end of its fiight it undocked
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 similar experiment was conducted
with Mir by the Progress 32 ship in 1987. This
raises the question about the designation of
Cosmos 1669 (which one Soviet
report called Progress 25). Perhaps, with the
onset of openness, the Soviets may reveal
why cosmos 1669 was so designated.

At0108 on March 5, after two days of au-
tonomous flights and tests of the structures,
Progress 40 was deorbited to a destructive

reentry.

More Astropivysics

Over the following week the cosmonauts
laid emphasis on work with their
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 complex 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 @sTonauts and
controlled began a four-day-long cycle of X-
ray observations of the central part of our

galaxy,
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Progress 41 In Space

At 1854 on March 16, 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 two days later. The complex was tracked
by Western sensors in an orbit of 363 x 349
km

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

Sunday March 26 was a historic day in the
USSR with elections being held for the newly
formed Congress of People’s jes of the
USSR. Successful @andidates would include
cosmonauts Valeri Ryumin, Svetlana Sav-
itskaya and Viktor Savirykh. Many of the can-
didates stressed the curbing of expenditure
on space ventures in the manifestos. The

crew their votes by radio
to the FCC who then passed their prefer-
ences on to the cosmenaut's onstuernces.

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

. an unusually high orbit.

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 crew conducted yet
more Earth and stellar observations. The
cycle continued during the firstdays of April.
One of the Earth observation aims 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 were to replace a num-
ber of power supply instruments, the war-
ranty period of which was expiring. 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 10 Progress 41’s engines were
used to boost the orbit of the complex to 400
X 372km with a 92.1 minute, Thiswas
reported that
the work of the Donbass crew was coming to
an end and that they were to begin mothball--
ing the complex, words generally associated
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REPORT

The Mir crew are surrounded by the recovery team and journalists after the retum to Earth on April 27. (Leftto right)

Dr. Valeri Polyakov, Aleksandr Volkov and Sergei Krikalev.

with closing down a Salyut station.

Then TASS revealed that the cosmonauts
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 westem ana-
lysts. An American report of the Soviets shutting
Mir down had emerged from attermpts by a US
TV crew to set up a radio link-up between Mir
and Shuttle Mission 29 (STS-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 ﬂl?(m.r

flight director Viktor Blagov con-
e
flight of Vildorenko and Balandn and said that

Novosti

the “adjoumment” was due to the delay in the
launching of the two 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 - & power supply problem.

WHiting in Aviation Week and Space Tech-
nology, Craig Covault claimed that Westem
analysts eavesdropping on the air-to-ground
conversations of Mir had heard discussions
of electrical problems. He said that “serious
electrical power problems” were afflicting the
operation of the station. The major user of the
electrical power was the life-support system.

Arepaircrewwould needtobe trained,
Covauit wrote, and the same team which had
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 it will be under the
terms of a programme that must justify its
existence under public scrutiny and tight
economic conditions in the Soviet Union.
Accordingly, the programme is being in-
creasingly commercialised. Tworecentdeals
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 intemational
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
costof 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, ar 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
joumalist 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. It 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 had documentation and train-
ing simulations for Dzhanibekov and Savi-
nykh for their epic 1985 fiight which rescued
the stricken Salyut 7 station.

One analyst told this writer that batteries
on Mir had been recharged from the solar
panels only to discharge during operation.
New batteries had been flown up on Progress
41 but the problem had continued.

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

Retumn of the Donbass Crew

The three-man crew 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.

Aninventory of the items accumulated
over three years of operation of the station
was made. .

In preparation for their meeting with Earth's
gravity, the men began regular sessions with
the Chibis pressure suitwhich 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
atmasphere of Earth to a destructive reentry,
at 1202 on April 25.

The crew, meanwhile had packed up their
experimental results in the Soyuz TM-7 de-
scent craft and conducted their final few
experiments. 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 140 km north-east of the town of

n.

Rescue workers carried Krikalev in his
seat to the medical tent after egress from the
cabin. It 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”. ) .

Certainly, the three appeared in good spirits
on TV coverage of the post-landing press
corference.

Volkov said that the station had been pre-
pared for three months of unmanned fiight
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 fiown 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. For Krikalev and Polyakov there was
the Hero of the Soviet Union title 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 Revolution.
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Rendezvous with Comet Kopff

n August 14,2000, after travel-
ling for five years toward its
goal, a sophisticated _ car-
rying a dozen speclalised scienti-
fic instruments orients itself to a
ise attitude, makes a final check
toensure that all is ready, and then
ignites its main rocket engine for a
four-hour burn. 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 Flyby,
or CRAF, mission is planned by NASA for a
joint new start in fiscal year 1990 along with
Cassini, a NASA/ESA Saturn orbiter with a
probe to be released into the atmosphere of
Saturn’s large satellite Titan. These are the
first two missions of the Mariner Mark Il pro-
gramme, so named after the new
being designed at the Jet Propulsion Labora-
tory for such challenging primitive-body and
outer-planet missions. Launchingin 1995 and
1996, respectively, these two mission will
new perspectives onour origins: the
formation and evolution of the solar system
and the prebiotic evolution of moleaules which
may have led eventually to the origin of life.
In September 1988, NASA induded in its
fiscal year 1990 request to the Office of Man-
agement and Budget a new start proposal for
the CRAF/Cassiniinitiative. InNovember,
ESA officially gave its support to Cassini by
approvmg funding for the probe, now called
Huygens, which will be carried by the Amen-
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The CRAF spacecraft with the penetrator in the foreground.

By Sylvia Miller and Sima Lisman
Jet Propulsion Laboratory
Califomia Institute of Technology
Pasadena, Califomia

can-buitt Satum orbiter. Back in Washington,
the Office of Management and Budget ap-
proved the programme and, in January of this
year, CRAF/Cassini became a line item in the
budget submitted to Congress.

Earlier, the Ministry for Research and
Technology (BMFT) of the Federal Republic
of Germany agreed to supply the propulsion
module su for the CRAF
an arrangement similar to that of Galileo,
Cassini’s sister mission to the Jovian system

NASA/JPL

which is scheduled to be launched in October
1989. The CRAF science payload was se-
lected in 1986 and included a West German
instrument plus German support for a second
instrument. In October 1989, Announcements
of Opportunity will be issued simultaneously
in the United States and Europe for the scien-
tific payloads of both the Cassini orbiter and
probe. With a fiscal year 1990 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 Bodles

For understanding our origins, comets
and asteroids provide important records of
early solar systemformation. These small
bodies have suffered less of the heating and
other modifications that have affected the

" inner planets and larger bodies. Comets are

;ntnjany interesting because they are proba-
bly icy remnants of the time of the outer
planets' acaretion, having been flung out into
the Oort cloud halfway to 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 ly closerst to that of the
primordial solar nebula than that of any cur-
rent body in the solar system.

Asteroids are thought to be similar to the
planetesimals commonly believed to have
formed the terrestnal planets and cores of the
giant outer planets. The main belt of aster-
oids, a relatively stable region between the
orbits of Mars and Jupiter, cortains the bound-
ary betweenthe water-condensingregion
and the water-vapour region of the
nebula. This difference is visible in the strata
of spectral types observed among the aster-

195



oids across the belt The apparent diversity of
the asteroids ranging from differertiated, rocky
objects to bodies rich in volatiles and hydro-
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 only will CRAF provide us with the op-
portunity to analyse primordial matenals, but
we will be able to observe physical processes
that may be similar to those that occurred in
the solar nebula. By travelling with a comet
for half of its orbital cycle, CRAF will observe
the processes that take place in the comet as
it ransforms from a relatively quiescent dirty
ice ball at4 and 5 Astronomical Units (AU)
from the Sun to its active state near perihe-
lion, when it is spewing forth dust and gas into
its coma and tail. Not only are the
within the comet of interest, but a]so the

CRAF

interactions between the comet's coma and
the supersonic solar wind plasma are intrigu-

ing.

Comets and asteroids may also provide
clues to prebiotic molecular evolution in the
solar system. Recent research suggests that
the eariy atmosphere on Earth may have

been inhospitable to the development of the
complex molecules necessary for the evolu-
tion of life, that thesevnoleaules may instead
have been broughtto Earth from the outer
solar system by comets and asteroids.

The primary target selected for CRAF is P/

Kopff. Discovered by August Adalbert Kopff
in 1906 at Heidelberg Observatory, Comet
Kopff has been abserved during 12 perihelion

. It was recovered again in Febru-
ary 1988, aimost 4 AU from the Sun, with the
next perihelion to occur on January 20, 1990.
With its apbeﬁOn distance at 5.4 AU from the

Comet Kopff with relevantinformation. The image was taken through a 4—metre telescope at Kitt Peak Observa-

tory, Arizona, on August 13, 1983.
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short-period comets

Sun, its perihelion distance at 1.6 AU, and an
inclination of 5 degrees with respect to the
ecliptic plane, its orbit is typical of short-
period comets. Itis 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 to Comet Kopff, the CRAF space-
craft will fly by the asteroid 449 Hamburga.
Named forthe city of Hamburg, Germany,
this main bett asteroid has a semimajor axis
of 2.6 AU. Itwasdiscovered in 1899 by M.
Woif and A. Schwassman, also at Heidelberg.
Hamburgaiis of spectral type C, thatis, its
surface is thought to be cxxrwsed of material
similar to the carbonaceous chondrite mete-
orites. Type C asteroids are among the more
primitive types of asteroids, with high volatile
contents. With a substartial diameter of aimost
90 km, Hamburga will provide a nice
ment to the asteroids of the Galileo and
Cassini missions.

Advartages of a Rerwzvaus Mission

The exciting fast flybys of Comets Gi-
acobini Zinner and Halley in 1985 and 1986,
respectively, offered tamalising glimpses and
data of the first encounters with this class of
body. They raised marny important questions,
however, and emphasized the need for a
lengthy stay with a comet. A rendezvous
mission, wherein the orbits
with the comet, allows the comet to be ob-
served in both its quiescent and active phases,
mciudung the important transition between

the two. The can, therefore, make
measurements as a function of activity level
and position with respect to the nucleus and
the Sun. Detailed mapping of the surface is
possible from close proximity for 100% cov-
erage with a variety of lighting conditions.
Long integration times are possible and a

can be implanted in the nudeus for

in situ measurements. Furthermore, low
relative velocities allow dust particles to be
captured intact for physical and chemical
analyses. Finally, a long-duration visit means
matmereisﬁngtoadaptmemisionplansb
new, importantinformation as the mission
progresses.

Misslon Plan

CRAF is launched from the Kernedy Space
Center in Florida by an expendable Titan IV/
Centavur launch vehicle on August 22, 1995.
The mass of the spacecratt, propellant, and
launch-vehicle adaptor is 5270 kg. The initial
trajectory takes the spacecraft out past the
orbit of Mars. There, a sizable manoeuvre is
perfarmed, lowering the perihelion of the orbit
and creating the right geometry for a subse-
quent flyby of Earth. The resultlng gravity
assist from Earth, slightly less than two years
after launch, increases the hefiocentric speed
of the spacecraft from 34 to 38 km/s and
sends iton its way to rendezvous with Comet
Kopff near the orbit of Jupiter. Using this
Detta Velocity Earth Gravity Assist trajectory,
the spacecraft can reach the outer solar
system 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 as the remote sensing instruments, are
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turned on atintervals for calibrations and
occasional use. One 8-hour station pass per
week with the Deep Space Network is plarned
for communications.

About six months after the Earth fiyby, the
spacecraftflies past449 Hamburga with a
relative speed of 17 km/s 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 10%.
This mass determination, along with an esti-
mate of the volume from images taken by the
wide- and narrow-angle cameras, allows what
may be the first estimate of the bulk density of
an asteroid, a key parameter forbounding
asteroid formation theones. All of the remote-
sensing instruments are operating during the
fiyby, imaging the object and making com-
positional and thermal measurements, and
the dust detector measures the number and
mass of small partides encountered near the
asteroid. The gas and plasma instruments
search for any residual comet-like activity
and any evidence of an intrinsic magnetic

In April, 1998, three months after the
asterod fiyby, the spacecraft performs a plane-
change manoeuvre for its final targeting to
Comet Kopff.

During the late 1990s, observations using
Earth-tased refine the
of the comet. By approaching it from the Sun
side, the spacecraft is expected to be able to
find the comet with the onboard narrow-angle
camera aboutamonth before the planned
rendezvous in August 2000. After acquisition
is confimed, the Strategy and para-
meters for the critical rendezvous burn are
finalised. This large burn 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
spaceaatt at the fast approach speed of over
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 nv's. During this and subse-
quentphases, the spacecraft uses a mini-
mum of nine station passes per week to
communicate with Earth.

During the approach over the next four
anda half months, remote-sensinginstru-
ments send back visual and infrared images
whichprovide aninitial characterisation of
the comet nucleus: its shape, size, rotation
rate, pole orientation, and state of activity. it
is expected that the nudleus will by iregularly
shaped, like the nucleus of Comet Halley,
with an average diameter of about 8 km. Its
pole may be nutating and precessing. Ata
distance of 2,500 km, the relative speed is
reduced to 2.5 m/s for the final approach.
Starting with this phase, the dust counter and
neutral gas and ion mass spectrometer oper-
ate continuously, broadcasting the instanta-
neousdustflux and gas pressure, respec-
tively, to the rest of the spacecraft. Based on
these data, instruments may choose to auto-
matically close their dust covers for protec-
tion. Dustanalysers passively collectdust
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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Penetrator/lander mission.

approach to within 50 or 400 km. This phase
ends with a manoeuvre which inserts the
spacecraftinto orbit around the nucleus for a
500-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-day 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 information about the surface compost-
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 fraction of one per cent. As with

CRAF SCIENCE
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the asteroid, the mass estimate, together
with a good estimate of the volume, produce
the first accurate estimate of the bulk density
of a comet These data allow us to create 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 penetrator.
Thought to be of frozen gases
and less volatile, organic and silicateous dust,
comets may have austs of dark, organic ma-
terial. An area on the nudeus is sought where
this crust is relatively thin (or absent) so that
the ice below can be reached by the penetra-
tor. A rather smooth surface is also desirable
for a high probability of sucessful implanta-

tion. Candidate targets are selected and stud-
|ed in more detail. With the site selected about
a year after rendezvous, the spacecraft
marpeuvres into the proper ortit for
About 12 km above the site the penetrator
spins up to 120 rpm, is released from the
spacecraft, and, aftera five-minute coast,
fires fwo small liquid rocket engines for 50
seconds. Itimpacts the Surface about 125
seconds later at about 40 mys. About 1.3 m in
length, the penetrator is expected to implant
itseif about a metre into the surface. It carmes
accelerometers for measuring the strength of
the surface material, temperature probes for
measuring thermal characteristics, a gamma-
ray spectrometertoidentify the elemental
composition of the surrounding material, and
instruments for onboard analysis of a small
ice sample. The penetrator sends its data to
the spacecraft at regular intervals during the
next nine days for relay to Earth.

After the penetrator phase, the spaceaaft
continues to study the surface of the nucleus
in detail with orbits of various sizes, inclina-
tions, and orientations. As the comet and
spacecraft approach the Sun, onboard instru-
ments search for s ns of increased activity
on the comet: bursts of gas and dust from
weak spois 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 world of Comet Kopff.

At 25 AU from the Sun, about 200 days
before the comet’s perihelion, the activity is
expected to have increased enough so that
the spacecraft backs away from the nucleus
to keep from accumulating too much dust 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
atdistances of several hundred to several
thousand kilometres. The 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, velocity, and temperature.
A set of plasma instruments studies the inter-
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ag:r:ié)ns of the gas and dust with the soiar
wind.

After perihelion, on December 12, 2002,
the spacecraft begins an excursion into the
comet’s now fully developed ion tail. Instru-
ments continue to.study the interactions of
the cometwiththe solarwindin aneffortto
understand 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 nudeus before retuming.

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 changes that have occurred as a
result of the perihelion passage. The nominal
mission ends on March 31, 2003. If resources
are available, an extended mission would be
desirable, allowing a more thorough post-
perihelion examination and a study of the
comet'scooling-downprocesses forcom-

parison to the heating-up processes already
observed.

As stated earlier, the CRAF spacecraft is
the first of the Mariner Mark Il series. These
spacecraftare equipped to transmit large
amounts of data to Earth over vast distances,
generate electrical power far from the Sun
and provide highly a sate pointing for remaote-
sensing instrument and delivery of penetra-
tors and probes. By Mariner Mark |l 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 spacecratftele-
ments is driven by the most demanding mis-
sion. The cost of over designing for the mis-
sions with less stringent requiremernts is more
than compensated for by savings in the de-
sign, construction, test, and operation of
identical components. Use of proven designs
and even inherited hardware is maximised
and new technologyis used only when itis

cost effective and aviablebackupis avail-
able. Functional and block redundancy in
engineering subsystems ensures spacecraft
recovery from single-point failures. Standard
datainterfaces 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-
clude a high-gain antenna, two low-gain an-
tennas, a ten-bay electronics bus, two radioi-
sotope thermoelectric generators (RTG), two

articulable instrument platforms,
aflxed magnetometerboom, a propulsion
module, and a launch vehicle adapter. During
launch, the instrument 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 Centaur upper stage, 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 subsystemintegratesall
spaceaaft elements into the flight spacecraft
system. its main element s a ten-bay toroidal
bus which houses most of the electronics and
provides structural support for the space-
craft The high-gain antenna is located on top
of the bus. Two science booms are placed
oppostte 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 spaceuaft Messerschmitt-
Belkow-Blohm (MBB) has agreed to supply
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this subsystem under contract to the German
Aerospace Research Establishment (DLR)
ofthe Federal Republic of Germany. Two
large, conispherical, bi tanks hold
up to atotal of 3,450 kg of monomethylhy-
drazine fuel and nitrogen tetroxide oxidizer
for main rocket engine use. The main engine,
used for large manoeuvras, is based on the
400-newton (90 Lbf) Galileo engine. A pres-
surant tank is located in the centre of the pro-
pulsion module. Reaction control system
thrusters are 0.2-newton, monopropelant thrus-
tersandareusedincnples.'l'heyuﬁm
drazine (NfH ) to provide thrust for atti
control and small manoeuvres. Four thruster
clusters are placed around the perimeter of
the high-gain antenna and four other clusters
are placed at the bottom of the propulsion
module.

The attitude and articulation control sub-
system maintains three-axis controlofthe
spacecraft and articulates the instrument
platforms. The startracker is a redundant
Advanced Star and T arget Reference Optical
Sensor (ASTROS II) unit. It is an improved
version of ASTROS |, which was to be flown
on Shuttle flights to observe Comet Halley.
The inertial reference units (four units in one
package) are new fbre-optic rotation sensors
(FORS) which have no moving parts and use
light travelling through a long fire-optic cable
to determine spacecraft angular rates. Both
the FORS and the star tracker are placed on
the high-precision scan platform to provide
wo-axis, hi pointing for the remote-
sensing instruments. This platform has a
pointing control accuracy in inertial space of
2.0 milliradians, with 1.0 milliradian pointing
knowledge, and a maximum slew rate of 17.5
milfiradians per second. lts motion is momen-
tum compensated by a reaction wheel sys-
tem mounted on the propulsion module. The
reaction wheels are used for nominal attitude
comtrol (including high-gain antenna pointing)
ofthe spacecratft aftercometrendezvous,
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 two-axis point-
ing articulation. Its pointing control accuracy
and knowledge are both 17.5 milliradians.
Both platforms can be articulated through a
widerangeofamlestoprovidebetterinstm-
ment pointing wi rotating the spacecraft
bus. A resident microproressor in the atfitude
control electronics and another mi
sorin the star tracker provide the
computationsfor the attitude control func-
tions. TworedundantAdcole Sun sensors
look along the direction of the high-gain an-
tenna and residual Viking Orbiter gimbal
actuators provide pointing control for the 400-
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
indudes a 3.7 metre, high-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 , atel modulation
unit, and anew 5.6 watt, solid-state power
ampilifier. The high-gain antenna size is de-
termined by the distance between Satum and
Earth for the Cassini mission; a smaller an-
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tenna would be sufficient for the CRAF mis-
sion. The downlink data rates vary between
13 and 115 kilobits per second depending on
the distance between the spacecraft and the
Earth and the particular ground station being
used. A low-gain antenna is used in the event
of an emergency and during main engine
burns, during whichtime the high-gainan-
tennaisnotabletopointtoward Earth. Itis
also used when the spaceraft is near Earth,

The power and pyro subsystem regulates
and distributes all of the power needed by the

This 30-voit DC power is supplied
by two RTGs capable of providing 557 watts
at the beginning of the mission. Two batter-
ies, of 135 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 subsystemre-
ceives commands from Earth through the
radio frequency subsystem and distributes
those commands along with certain engi-
neering data to the appropnate subsystems.
Italso collects telemetrypackets from the
subsystems either for transmission to Earth
or for temporary storage. System-level fault
detection and cofrection algorithms are resi-
dentinthe command and data subsystem
memory to ensure spaceuaft integrity. The
high4evel programming language C is used
to keep software development and mainte-
nance costs low.

The data storage subsystem provides stor-
age mediums for on-board data during times

which downlink telemetry is not available or
when the amount of onboard data exceeds
the downlink capabilities. 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 playbackrates up to
100.8 kbps are available. In addition, 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 addition fo the above , thenmal
control of the spacecraftis 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
magnetometer boom.

The CRAF mission offers an opportunity
to explore the mysteries of a comet during an
extended rendezvous; itis the next logical
stepin the exploration of these remnants
from the formation of the solar system. CRAF
will also contribute to the reconnaissance of
the other major class 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

nJune5,at6hr42min23 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 that was launched
on August 20, 1977 and will complete
the Grand Tour of the giants Jupiter,
Sajumn, 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 Satum by Voyagers 1 and 2
(Satum was the last planetary encounter for
Voyager 1; itis now in cruise toward interstellar
space) determined that they have interal heat
sources, which are a factor in their noticeable
atmospheric dynamics. No interally 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. It features synoptic views of the Neptunian
system - the imaging system will be used to
produce movies of atmospheric dynamics and
the ultraviolet spectrometer will 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 e and lasts from August
6 to August 24. The increasing apparent size of
the planet permits atmospheric heat-balance
studies and higher-resolution images (including
views of 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 1988 edition of “Space at JPL".

The Post Encounter Phase extends until
October 2, when Voyager 2 will be about 56
million km beyond Naptune. It represents a last
chanceto gather data with the complementof 11
scientific experiments before the spacecraft
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On August 25 of this yeer, Voyager 2 will make a very close approach to Neptune, flying over the

region

of the ptanet. At this distance the Sun shines with a brightness of only about one-tenth of a per cent of its apparent

radierce at Earth.

sweeps well beyond the most distant planet. (In
the December piece | erred in saying that Nep-
tune would retain most-distant status until early
in the next century. Roy D. North of Colorado
Springs, Colorado, informed me that eccentri-
cally orbiting Pluto will regain its distinction of
being the most distant known pjanet on Febru-
ary 9, 1999.)

Nomman R. Haynes is the project manager
for Voyager. Prior to this assignment he man-
aged the Systems Division at JPL and has held
a variety of key positions at the Laboratory,
including Mission Analysis and Engineering
Manager for the Mariner 9 Mars-orbiting mis-
sion, launched in 1971. We discussed the plans
that the Voyager Project has formulated to
maximise the probability of successfully com-
pleting its survey of the Neptunian system, and
the results of our conversation are reported
below.

Last August the project compiled a list of
possible events that could pose threats to the
mission and ranked them in priority order, as-
signing a relative risk category to each (high,
medium or low) and identifying the actions being
taken to protect against loss. Nineteen items
appeared on the list, and although Haynes said
that subsequent knowliedge would probably re-
order the risk rankings if a recompilation were
made, it is instructive to review the evaluation.

The first high-risk potential problem on the
list would materialise if Voyager 2 lostits one re-

NASA/JPL

mainingradio receiver andwas therefore unable
to receive commands from Earth. This concen
is an old one, the primary radio receiver having
failedin 1978, prior to the encounter with Jupiter.
Partial protection against this contingency is
provided through the means of a “Backup Mis-
sion Load” (BML): a sequence of commands
casmied on board the spacecraft and automati-
cally activated in case of a receiver failure. This
BML would autonomously conduct a reduced
survey of the Neptunian system and send the
data back to Earth.

The second of the two items in the category
of high risk (again, relative to the other items on
the list, not “high” in an absolute sense) would
occur if one of the two Flight Data Subsystem
(FDS) Computers were to fail. The Voyager
spacecraft has two of these solid-state devices
and one failed on Voyager 1 several years ago.
Failures of isolated groups of memory cells of
the FDS have been experienced on Voyager 2
over the years. The FDS is used to control the
state of the instruments and to format data prior
to transmission to Earth. Protection against this
type offailure is provided by altemative software
which could be loaded into the remaining FDS to
accomplish the essential functions of this sub-
system.

Entering the category of medium risk, we
move from the domain of potential flight-hard-
ware anomalies to activities conducted by
people on Earth. Problems three and four on the
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list fdcus on concem over the high activity re-
quired by the flight teamn 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 the
spacecraft’s ephemeris into the command loads
for the spacecraft. Complex tasks, having to be
done quickly, can breed errors. The response of
the project has been to conduct a comprehen-
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 cope
with an earthquake or cther natural disaster if it
should knock out command and control facilities
at JPL. A copy of the command load covering
closest approach will be held at one of the
tracking stations of the Deep Space Network
and would be uplinked to the spacecratft at the
appropriate time.

Environmental problems atNeptune, related
to unexpected ring material, intensive flux of
high-energy charged particles, or drag from a
hyper-extended planetary atmosphere appear
atthe twelfth position on the list (low risk) and are
treated by a variety of prophylactic measures.
For example, a late trajectory-correction ma-
noeuvre can adjustto 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 onboard the spacecraft to protect against
the most deleterious effect from high-energy
charged pasticles: introduction of timing offsets
between Voyager's various onboasd 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 attitude-control system will be strength-
ened (to deal with torques which would be intro-
duced by atmospheric drag). This strengthening
will be accomplished by commanding the
spacecraft's attitude-control thrusters, which
periodically emit bursts of hydrazine to keep the
spacecraftin equilibrium about its nominal atti-
tude (orientation), to'fire more than the usual
amount of hydrazine propeliant through their
nozzles, per burst.

The mission has been carefully devised to
obtain important sdentific’information from this
distant outpost of the Solar System, and bul-
warks against many of the slaps of chance arein
place. Haynes summarised the status of the
Voyager Project as the encounter begins: ‘we're
ready”. y

The 3.7 m high-gain antenna domingtes the visual
aspect of the 815 kg Voyager spacecraft NASA/JPL

Mountain Waves and Polar Ozone

ruce Gary was staring out the window of an airliner on the way to Mexico in
1977 and, seeing some nearby cirrus clouds, speculated how useful it 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 1977 commercial flight to his recent Instrumented flights of research over

polar Ice fields Is Infused with serendipity, according to Gary.

The Microwave Temperature Profiler (MTP)
is Gary's answer to the challenge of obtaining
temperatures at a distribution of altitudes in the
atrfiosphere. 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 operating at the frequencies
57.3 and 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 as Magellan’s syn-
thetic aperture radar) which send out energy
and then detect patterns and times of its retum.

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 14
seconds. Rather, it pauses briefly at each of 10
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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easily in a spear pod on the wingof a NASA ER-
2 research aircraft (derived from the famous U-
2 reconnaissance airplgne 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 sateliites. In fact, the

* MTP is a spin-off from an instrument carmied

The Microwave Temperature Profiler (MTP), visible as a small cylindrical
of a NASA ER-2 aircraft, has been used to measure atmospheric :

oolar regions.

onboard the Nimbus 6 satellite.

The original clirection of Gary’s studies 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 Aitbome
Observatory, amodified C-141 which has made
significant discoveries in astronomy. The micro-
wave radiometer was aiSo able to detect in real
time the location of the tropopause, that tempo-
rally and geographically varying boundary be-
tween the troposphere* the lowestlayerof air, in
which most weather occurs - and the strato-
sphere; the tropopause usually exists some-
where in the region 10 to 15 km above the
Earth's surface.

from the spear pod on the wing
Jin of ozone research over
NASA/JPL
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Operation of the MTP in the ER-2 aircraft
commenced with the Strat ic-Tropo-
spheric Exchange Program (STEP) conducted
over Australia in early 1987. 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 teamwas successful but
has notyetbeen anaiyzed because the recently
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 effects of
solar ultraviolet rays.

For 50 days, beginning in August 1987, 14
instruments were operated on an ER-2 flying
over Antarctica in a multidisciplinary effort to
investigate why ozone was apparently depleted

Space at JPL

from its stratpspheric rapository during the Ant-
arctic spring. (Anather to Aniarctica
in September-October 1986, headed by Dr.
Crofton B. Farmer of JPL and utilising a Michel-
son interferometer, is descrided in the Decem-
ber 1987 edition of this column.)

Gary’s MTP was incduded in this suite of
instruments for the purpose of locating the edge
of the south polar vortex: the continent-sized
swirl of air that circulates around the pole and
which can be located through characteristic
temperatse and wind signatures at its bound-
ary. It tums out to be mostuseful to convert MTP
measurements to a quantity called “potential
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 (“adiabaticaly”). Surfaces of equal poten-
tial temperature are called “isentropes.” While
studying the edge of the vortex Gary con-

TheMicrowave Temperature Profiler (MTP) was used to obtain measurements of “potential termperature” at various
altitudes and geographic locations over Antarctica. Altitude (km) is plotted on the vertical axis and the time of
measurement (aboard the ER-2 aircraft) on the horizontal axis. The large fluchmtions in potential temperature
represent “mountain waves" generated by the undertying topography and may play a role in ozone depletion in the

polar stratosphere.
NASA/JPL
7.09.22
2
2 68 DA
1600 1610 1620 1630
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structed diagrams showing the altitudes of sev-
eral isertropic surfaces versus time. Serendip-
ity stepped in when he unexpectedly found large
wrinkles in the isentropic diagrams. Normally
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 idiosyncrasies in the profiles
taithfully tracked the presence of mountains;
Gary had detected “mountain waves” in the
stratosphere. Previously, it 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, circulating 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 one km and then back up one-half kmtoits
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
studies since itis 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 chio-
rofluorocarbons. (See the March 1988 edition of
this column for a review of the pertinent chemis-
try).

The importance of the role of PSCs assod-
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 partin
denitrifying 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 Gaty 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-timescale 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
crudal 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 our understand-
ing of an important aspect of cloud microphys-
ics.

The understanding of the extent and mecha-
nisms of ozone depletion is a difficult scientific
problem that is slowly yielding to a multidiscipli-
nary, intemational 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
responsiility, 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 11 Celebrations

The Society is marking the 20th Anniversary of the first lunar
landing on July 21, 1969 by holding an Anniversary Dinner at its
headquarters. Guests of honour willinclude 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 monthby 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 space

photography. The next lecture 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 realisation in the Apollo 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 involved 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 startat 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 importantfor 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.

Inmarsat 10th Anniversary

The completion by Inmarsat of its first 10 years of operation is
noted by the Soclety with particular pleasure as many develop-
ments essential to Inmarsat's role were foreseen and featured in
Society discussions in earlier days.

Basic to high quality and reliable mobile communications is a
geostationary communications satellite system, the idea of
which was first proposed in 1945 by Arthur C. Clarke who, in the
following year held office as Chairman (now President) of the
Society. :

Inmarsat will be holding a conference and exhibition in
London on July 17-19 1989 to mark its 10th Anniversary and we
are happy to record that Arthur C. Clarke will be delivering a
Special Message to the conference by video, giving his personal
view on the future implications of mobile satellite communica-
tions.

The first conference to be held in London on maritime
satellites was organised by the Society on April 18, 1974, with the

proceedings published in the October 1974 issue of JBIS. 1976

saw the beginning of mobile satellite communications using the
Marisat system and in 1979 Inmarsat was created by interna-
tional conference to organise a global service, which subse-
quently came into operation in 1982.

Later that year, when the Society held its SPACE '82 confer-

SPACEFLIGHT, Vol.31 June 1989

News... Society News... Society

ence aspart of its 50th anniversary celebrations, the Conference
Banquet (Spaceflight, March 1983) was addressed by Olof
Lundberg, the Director-General of Inmarsat, who has continued
to head the organisation to the present.

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

1985: Amendments to the Inmarsat convention to include aero-
nautical services

1987: World Administration Radio Conference assigns frequen-
cies in the aeronautical -and maritime bands to land mobile
services

1988: Inmarsat begins land mobile trials

1989: Amendments to the Inmarsatconventioninclude provision
of land mobile services

1989: First public telephone call is made from a commercial
aircraft via satellite, using the Inmarsat system

1989: Inmarsat begins Standard-C service using low-cost light-
weight terminals.

The words of Olof Lundberg at the 1987 Satellite Summit
Conference expressed Inmarsat's potential future: “| truly be-
lieve”, he said, “that, through satellite 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 Inmarsat on its 10th
anniversary with all good wishes for a great future.

Derek Webber Takes Up New Post at Inmarsat

Our congratulations to Derek Webber, a Fellow ofthe Society, on
kis appointment as Procurement and General Services Man-
ager at Inmarsat's headquarters in London. Derek Webber has
held a number of Inmarsat posts during the last seven years, in-
clyding responsibilities for traffic forecasting, charging, financial
evaluation and control, and most recently as Commercial Man-
ager where he has been contributing to the market development

Derek Webber

of Inmarsat's new services in the aeronautical and land mobile
areas. His professional involvement in space activities goes
backasfaras 1966 when he was an engineer carrying out!aunch
vehicle and satellite thermal design work atHawker 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 upheaval as various stages in the renovation of
the building have been put in hand. Accounts of this work have
already appeared in Society News (Spaceflight, January 1988
and March 1989).

The entrance hall itself is now benefitting from a ‘face-lift', a
major undertaking being the lowering of the hallway floor level by
the equivalent of one step in height. This has led, in turn, to
lowering the doorways to adjoining 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 one to the required size in teak with all brass
fittings. The outside entrance plinth has also been lowered and
re-tiled.

Onenteringthebuilding, themembers’ receptionroom, 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 hallway, which comes in for continual
use, was in need of a floor covering that would be serviceable
over the yearsand 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, “l see this as a major milestone in our refurbish-
ing programme. Much of the work undertaken to date has been
ofastructural nature, such as rebuilding and strengthening walls
and joists, alterations to ceiling heights and the layout of under-
ground water pipes, electrical, hotwater, security and telephone
installations. Only a minimum has so far gone on ‘visuals’ such
astiling, lighting and decor, whichadd 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 will become
increasingly more apparent”.

The transformation taking place at HQ is something that all
members will 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 ht, 1977-1981 (all bound in black). Also bound
issues of JBIS 1971-1973 and 1976-1982. Offers for all or individual volumes
to Box 11 c/o British Interplanetary Society, 27-29 South Lambeth Road,
London, SW8 1SZ.

h ANNIVERSARY AP 111 -1
l Fi ! H ]

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-GESCHAFTSSTELLE, DANZIGER STRASSE
4. D-7928 GIENGEN/BRENZ WEST-GERMANY

MODELS

Heavy-weight, handmade, fully authentic and multi-
coloured models from Eastern and Western coun-
tries. All models are available in 1:33 and 1:50 scale.
Only the finest materials like wood, fibreglass are
used to produce these prototype models. We now
have available the following models: Energia, Eneraia
&Buran, Proton D1, SL 16 J, Space Shuttle, Mercury-
Bedstone. Ariane 44LP, Ariane with Hermes...... and
more!

To getour free price/delivery-information please write
TELL r. Stefan Bohl
Germany.

Joint International
Conferences

The following conferences are being cosponsored by the Society:

INTERNATIONAL CONFERENCE ON

SPACE POWER
June 5-7, 1989

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

TOWARDS THE INTERNATIONAL SPACE
STATION AND COLUMBUS

October 4-6, 1989
Hosted by the DGLR Hamburg, W. Germany.

40TH IAF CONGRESS
October 7-13, 1989

The 40th Congress of the Intemational 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 like to note the fotlowing forthcoming major
events:

1. SPACE ‘90 to be held on September 28-30, 1990 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, 1992. The venue
will again be Hastings.and the theme will be “Space: Spring-
boards to Success”.

3. Anextensiverange of European activities for the ISY isto be
expected. The European ISY Association, (EUR-ISY 1992) 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 1993, the Society’s Diamond Jubilee year, a special
SPACE 93 will be held in London.

LIBRARY 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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=== SOCIETY MEETINGS DIARY

Special Event

To commemorate the 20th Anniversary of the historic Apollo 11

concluding with a dinner at the Society’s Headquarters.
Details of the meetings follow:

21 June 7.00—8.30pm

‘l WAS THERE’

from London.

28 June 7.00-8.30pm

LEGACY OF APOLLO

well known, others little seen - recording Man’s firststeps on the Moon.

lunar landing the British Interplanetary Soclety has organised a
series of lectures ta celebrate Man'’s first steps on the Moon,

Reg Tumill and Frank Miles recall the atmosphere and events of twenty
years ago. Reg Tumill was reporting from the US during Apollo 11, while
Frank Miles was a member of ITN’s ‘Space Unit’ covering the mission

A personal selection by Douglas Arnold of striking photographs - some

5 July 7.00-8.30pm

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 1939, the BIS contin-
ued thinking about ways of reaching the Moon throughout the 1950s.
This talk illustrates some of the concepts, which culminated in the US

Apollo programme.

19 July 7.00-8.30pm

INSTRUMENTATION ON THE MOON

A lecture by Keith Wright. Each of the Apollo Lunar landing missions
carmried an “Apollo Lunar Surface Experiment Package” (ALSEP)
whichwouldbe setup by the astronauts in orderto transmit data about
the lunar environmentatfter the astronauts return to Earth. The talk will
provide an overview of the Package design, the experiments carried
anddeployed, the experimental results obtained, and willinclude some
personal recollections of the Apollo pre-launch activities at Kennedy
Space Center.

21 July 6.30 for 7.00pm

APOLLO 11 ANNIVERSARY DINNER

The Society will conclude its Apollo 11 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.

Admission to lectures is free . Apollo 11 Anniversary Dinner
tickets are £28. All events will be held in the Society’s Conference
Room, 27/29 South Lambeth Road, London, SW8 1SZ. 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.

éymposia

3 June 1989 10am-4.30pm
SOVIET 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 1SZ.

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 10.00am-4.30pm
SPACE STATIONS

AND BEYOND

The Second BIS Space Infrastructure
Symposium

Following the success of the first infrastructure
symposium in November 1988, the British Inter-
planetary Society is organising a second with
the theme of “Space Stations and Beyond”.

This series of symposia is the only current forum
for discussion of major infrastructure 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 1SZ.

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 1989 10.00am-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 1SZ.

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 1989 7.00-8.30pm
BEHIND THE SCENES WITH

MAGELLAN, VOYAGER AND
GALILEO

Interplanetary exploration is showing a strong
resurgence in 1989 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 1SZ.
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'CORRESPONDENCE

Soviet Space Secrecy

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

However, let us notbecome 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 reality.

How long until we are finally treated to comprehensive
documentation, film, 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 10; much more about Salyuts 1-7 (particularly exterior
and interior shots of the first five stations); the KRT-10 radio-
telescope experiment; Cosmos 1267, 1443, and 1686; many
more EVA stills; and footage of the doubtless spectacular Soyuz
T-10 launch abort; to name but a few.

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

GUY PARRY
Melbourne, Australia

journal of the
british interplanetary society

JBIS

" The June 1989 issue of the Journal of the British Interplanetary
Society is now available 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

The Art of Pinpointing: The Role of Satellites, and Inmarsat 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 available from the address
below.

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

Challenger Accident

Sir, | would like 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 puifs at launch
calculated what the value of internal pressure would be for
certain vibration rates of the casing [1]. The (different) team who
graphed the 58-63 second period ‘flicker’ found a very dominant
30 per second fluctuation [2].

As 30Hz corresponds to atleast 1200 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 internal 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
10 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 1861 (the next seam above) [3].
Again, juxtaposition of facts previously considered in isolation,
leads to a major conclusion: ET breakup was precipitated by
efecta from the 274 degrees hole. ‘

We note also that the origination point of the ‘flicker’ [4] has
the horizontal coordinate: Z - 45 (inches) = 324.8 degrees +/- 3
degrees. Though close enough to vertical bounds set by
photographic detail to be on the joint, a 322-328 degrees location
is too faroff horizontallyto involve the upper piece at all and must
penetrate the side belowthe joint (the upper piece hole runs 294
degrees to 316 degrees).

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

CHARLES WILSON
Ohio, USA

Reference

Appendices (vol. ll-V) of the Presidential (Rogers) Commission Reporton the Space
Shuttle Accident(note 1:vol. V, p.1350, 2: vol. lll, p. N-35, 3: vol. lll, p. 0-405, 4: vol.
1, 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 (Spaceflight, November 1988, p.437), these
historic transmissions fortunately still exist in their original form
on videotape.

| am aware that the CBS television network in the United
States has preserved videotapes, because in 1981, it put on sale
an 80-minute video cassette on the Apollo 11 flight which
includes videotaped highlights of the launch, the EVA, and the
splashdown. Also included in the cassette are brief videotaped
highlights from the Apollo 8 flight, and moonwalks from Apollo
14,15 and 17. A short videotaped clip of a Gemini 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 likewise. Itis certainly unfortunate that NASA has chosen
to preserve these transmissions only on film, given the historic
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 conceptfor an unmanned space launch vehicle that could be built
with current technology. Complete reusability and engine-out capability allow it to refiably carry several tons to iow

Earth orbit and back at low cost.
Air Launch Into Orbit

Sir, | would like to reply to comments about air-launched
spaceplanes made by Mr. Hassan in the April issue of Spaceflight.
The Teledyne Brown Engineering (TBE) spaceplane was sized
to take advantage of the maximum lift capability of the Boeing
747-200F with some features of the -400 model added. The
gross spaceplane weight of 182,000 kgwaswellin excess of the
rated lift capability of the airplane, even with reduced airplane
fuel load. 9,000 kg of additional wing spar structure was added
to accommodate the extra mass, and it was assumed that the
orbiter’'sincidence angle could be controlled in flight to allow use
of the spaceplane wings to shorten the takeoff roll. At least half
of the spaceplane’s liquid oxygen would have been carried in a
dewar located low in the 747 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 rolling upside down just after

Lunar Arches

Sir, | have seen Arthur J. Sturt's letter about the Martian face
formation (Spacefiight, December 1988, p.469). On the Moon
there is an arch about 3,00 feet across and 600 feet high with
threerib like structures connectedtoit. The lunar archis near the
crater Autolycus at co-ordinates 31° North by 3° East. | found it
on an Apollo 15 mapping camera photograph [1]. | have seen
other bridges or arches on Lunar Orbiter Photographs but not as
clearly.

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

MICHAEL ROE
Cleaveland, UK

Reference
1. Astronomy, December 1985, p.16.
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Teledyne Brown Engineering

takeoff). Engine thrust did not determine the orbiter gross
weight; optimum weight for the available thrust is higher.

If the HOTOL design were to be changed to allow air launching,
the wings could be made smaller and much lighter. This is
because they would not needtolift the gross vehicle weightif the
carrier aircraft provides some initial upward trajectory. Maximum
TBE spaceplane wing lift was less than half the grcss weight.
Airplane thrust augmentation is needed to allow a climbing
trajectory. Inthe case of the TBE spaceplane, the four small RL-
10 rocket engines were to be started and run at reduced thrust
to provide this.

Teledyne Brown displayed a mode! of the spaceplane at the
1987 Paris Air Show, and the Soviet delegation did indeed show
considerable interest.

DAN DeLONG
Alabama, USA

Buran Shuttle Crewmen

Sir, | was surprised to see the report by Victor Golovachev that
all ten shuttle cosmonauts were selected in 1978 (Spaceflight,
May 1989, p.152), particularly as it has already been reported
that Schukin was selected in 1982. Previously | supposed that
the Shuttle Group 1 (selected in 1978) consisted of Oleg Kononenko,
Anatoli Levchenko, Rimantas Stankyavichyus and Igor Volk;
and thatthe Shuttle Group 2 (selected in 1983) consisted of Yuri
Scheffer, Alexander Schukin, Ural Sultanov, Maghomed Tolboyev,
Sergei Tresvyatsky and Viktor Zabolotsky.

| assume that Alexei Borodai and Ilvan Bachurin who are
mentioned in the artical are two of the three reported non-
cosmonaut test pilots [1]. Is there really a third?

MARK S. BURRELL
Tyne and Wear, UK

Reference

1. Flight Intemational 18 February 1989.



A Name
for OV-105

NASA is shortly expected to announce the
name of the replacement orbiter for Chal-
lenger, OV-105. The orbiter currently under
construction by Rockwell International.

US school children were invited to suggest
names for the new Shuttle. The name had tobe
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 71,650 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 Paimdale
facilities continues to run smoothly. The orbiter
is expected to be complete in April 1991 and is
scheduled to makeits first space flight in March

1992 on Shuttle mission STS-53.

Shuttle

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 appearedin the tele-
vision classic Star Trek. As one of the thirteen
Constellation class vessels, it was one of the
largestin Star Fleet. Of the 430 crew members,
one third were women. Horizontal and vertical
turbolifts connected the decks. The highestlevel
was the bridge, and there were eleven decks in
the “saucer section”. Below these decks was the
engineering section. It contained a hanger deck
and was attached to the anti-matter engines.
The rooms included crew’s quarters, sickbay, a
transporter room, recreation halls, labs, storage
areas, and computer banks. The otherSpace
Shuttles were named after vessets not quite as
advanced as the Star Ship Enterprise.

Columbia OV-102

The Columbia was a famous American ship
that circumnavigated the globe starting from
Bostonin September 1787. Itwas also known as
Columbia Rediviva. Rediviva means “brought
backto life” in Latin and some hisforians suggest
this means it was built in 1773 and rebuilt in
1787. Her epic voyage began with seal hunting
on the west coast of the USA. The crew traded
with the Indians in Oregon for furs, then sailed to
China and traded the furs for tea, retuming to
Boston in 1790. Financially it was a loss, but
Columbia set sail again in 1790. Columbia’s
length was 99 feet and it weighed 212 tons.

The Apolio 11 Command Module which took
Neil Amstrong and his crew to the Moon, was
also-called Columbia.
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By John Bird

Challenger OV-099

The Challenger was named after the HMS
Challenger, an English research ship that oper-
ated from December 1872 to June 1876. It ex-
plored the Atlantic 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 Ib. guns.

It 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:

- dredging

- water abservations

- chemical examination of sea-water
- magnetic observations

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

The Apollo 17 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 Atlantic and
Pacific Oceans from 161010 1611. 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 1776 to 1780.
Discovery weighed 298 + 85/94 tons which
is approximately triple the weight of the 106 ton
space shuttle and payload. This included:

- 13,051 Ibs. of flour

- 12,192 Ibs. 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 notquite 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
keftles.

Atiantis OV-104

The Atlantis was named after a two masted
ketch operated by Woods Hole Oceanographic
Institute from 1931 to 1966. it travelled more
than half a million miles, performing scientific
research. Atlantis was replaced by Atlantis I,
and the original Atlantis was then used as a
summer school ship.

Dimensions of the ship were: 143.5 feetlong,
abeam of 29 feet, and rigged with a malnmastof
112 feet. Power was also available from a 400
horsapower Diesel engine. Cruising speed was
nine knots and it could carry 19 people.

Regions of study were: the Gulf Stream, the
western half of the North Atlantic, the Caribbean
Sea, the Gulf of Mexico, and other locations
throughout the world. An example of the expert-
ments was the measurements of underwater
currents. This was accomplished with undersea
“‘weather balloons”, which were neutrally buoy-
ant floats thatoperated thousands of feet under-
water. They were tracked from the surface by
racfio.

SPACEFLIGHT, Vol. 31, June 1989



Shuttle

Military Shuttle Mission Postponed

NASA has postponed the STS-33 military
Shuttie mission until aiter the launch of the
Galileo Jupiter probe in October. The delay
has been caused by slow progress bringing
the orbiter Columbla back to flight status.

Columbia was originally scheduled for
launch on Juyly 1 carrying a classified Depart-
ment of Defense (DoD) payload. A second mili-
tary flight, STS-33 was scheduled forlaunch on
August 10. Butwork to prepare Columbiafor her
first flight in more than three years has fallen
behind schedule.

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
postponed to an unspecified date after the
launch of Galileo.

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

STS-28 Columbia

LAUNCH DATE: Early August 1989
PAYLOAD: DoD

SECONDARY PAYLOADS: -
ATLTITUDE: -

INCLINATION: -

DURATION: -

COMMANDER: Brewster Shaw
PILOT: Richard Richards

MISSION SPECIALISTS:

David Leestma

STS-33 Discovery

LAUNCH DATE: Postponed until after
STS-34

PAYLOAD: DoD

SECONDARY PAYLOADS: -

ATLTITUDE: -

INCLINATION: -

DURATION: -

COMMANDER: Frederick Gregory

PILOT: S. David Griggs

MISSION SPECIALISTS:

F. Story Musgrave

Kathryn Thorton .

Manley Carter Z 328 l, ‘9

STS-34 Atlantis

LAUNCH DATE: October 12, 1989

ment has become increasingly concemed 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 Faciiity, de-
ployed on Shuttle mission STS 41-C in April
1984, is due to be retrieved by STS-32 in No-
vember. It 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 1990. Truly says the
agency is “Currently assessing manifestoptions
downstream of Galileo.”

Shuttle Commander McBride Leaves NASA

Astronaut Jon McBride, a Navy Captain, left
NASA on May 12, less than a year before he
was due to command a Shuttie mission. He
also announced his intention to retire from
the Navy in the near future.

McBride was named last year to command
the STS-35 ASTRO-1 mission, scheduled for
launch in March 1990 Vance D. Brand will
succeed McBride as STS-35 commander.

McBride recently completed an assignment

Note: All dates are subject to change.

as NASA Headquarters as the acting assistant
administrator for congressional relations, a post
he held since September 1987.

“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, | felt it was time to make a
career change. I'l continue to follow develop-
ments in the space programme with keen inter-
est”

ATLTITUDE: 190 n.m.

INCLINATION: 28.5 degrees

DURATION: 9 days (plans to extend to
10 days)

COMMANDER: Vance Brand

PILOT: Guy Gardner

MISSION SPECIALISTS:

John Lounge

Jeffrey Hoffman

Robert Parker

PAYLOAD SPECIALISTS:

Ronald Panse

Samuel Durrance

STS-37 Discovery

LAUNCH DATE: April 5, 1990

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 10, 1990
PAYLOAD: DoD

PAYLOAD: GalileolUS
SECONDARY PAYLOADS: -
ATLTITUDE: 160 n.m.
INCLINATION: 28.5 degrees
DURATION: 4 days
COMMANDER: Donald E. Williams
PILOT: Michael McCulley
MISSION SPECIAUSTS:

Shannon Lucid a o S
Ellen Baker 542
Franklin Chang-Diaz

STS-32 Columbia

LAUNCH DATE: November 13, 1989

PAYLOAD: Syncom IV-05, Long Du-
ration Exposure Facility retneval

SECONDARY PAYLOADS: IMAX-02

ATLTITUDE: 190 nm

INCLINATION: 285 degrees

DURATION: 5 days (plansto extended
to 10 days)

S0

COMMANDER: Daniel Brandenstein
PILOT: James Wetherbee
MISSION SPECIALISTS:

Bonnie Dunbar
1021190

David Low

Marsha Ivins

STS-31 Discovery

LAUNCH DATE: December 11, 1989

PAYLOAD: Hubble Space Telescope

SECONDARY PAYLOADS: MAX
Cargo Bay Camera (ICBC)

ATLTITUDE: 310 x 330 n.m. N

INCLINATION: 285 degrees -1 -'.;,

DURATION: 5 days 4,3

COMMANDER: Loren J. Shniver

PILOT: Charles F. Bolden

MISSION SPECIALISTS:

Steven Hawley

Bruce McCandless

Kathryn Sullivan

iy

STS-36 Atlantis

LAUNCH DATE: February 1, 1990
PAYLOAD: DoD
SECONDARY PAYLOADS: -
ATLTITUDE: -

INCLINATION: -

DURATION: -

COMMANDER: John Creighton
PILOT: John Casper

MISSION SPECIALISTS:
David Hilmers

Michael Mullane

Pierre Thuot

STS-35 Columbia

LAUNCH DATE: March 1, 1990

PAYLOAD: ASTRO-1, Broad Band X-
Ray Telescope-1

SECONDARY PAYLOADS: -

Crew and other data not available.

STS-40 Columbia

LAUNCH DATE: June 7, 1990

PAYLOAD: SLS-1

SECONDARY PAYLOAD:
Bridge

ALTITUDE: 160 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 Gaffney

Robert Philips

GAS
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- Over 35,000 Earth phdatographs 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
Shutflemissions, STS-26 and STS-
29, 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.

Atthe 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
will 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 Shuttie 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 responsibility for Earth observa-
tions during the mission. One of the SSEOO
staff is given chief responsibility for each
mission. The SSEOO produces a full-
colour Earth Observations Preflight Manual
for each mission, a book that details each
target, complete with maps, histories and
past satelite or Shuttle photos. A manual
is given to each crew member.

Crews receive about 12 hours of brief-
ings from SSEOO personnel prior to the
flight. During the mission, the SSEOO
monitors images from five satellites 16
hours 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 Mission Control

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

{Bottom) STS-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 S50

Following a mission the Earth obser-
vations film is developed overnight and is
available for study the day after landing.

STS-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, visibility from STS-26
over the Northern Hemisphere was the
best since the flights of the Gemini pro-
gramme in the 1960s. The Discovery
crewcould 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 million 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 result of
tropical forest, pasture and cropland being
cleared and burned.

“Allof us on the crew were fairly amazed
at the size of the smoke pall over South
America,” Discovery’s pilot Dick Covey
said. “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
122 countries.

SPACEFLIGHT, Vol. 31, June 1989

The Amazon smoke cloud seen by
Discovery’s astronauts was much larger
than the previous largest smoke clougd
over South America, seen during a 1984
Shuttle mission according to SSEOO
specialist Mike Helfert. Erosion in cleared
tropical areas was evident in photogra-
phy from STS-26, asithasbeen in photos
from previous flights. It is filling rivers,
lakes andbays with silt. Such erosionwas
“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..

In some photographs, standing water
was seen in the Sahara Desert. In factthe
“green line” generaily marking somewhat
of a southern edge to the Sahara nhas
moved farther north than it has been
seen by astronauts since Gemini photog-
raphy from 1966.

Africa’s Niger River was in full 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.

long been studied with space photogra-
phy - Africa’s Lake Chad and Lake Nas-
ser - are still becoming smaller.

Since 1965, the surface area of Lake
Chad has dropped by almost 95 per cent,
and STS-26 photography showed it to be
at its smallest extent ever photographed

But two important gauges that have

by astronauts - despite the abvious heavy
rains Africa has received, Wood said.
Lake Nasser was alsoata record low for
astronaut photography.

The clarity of the atmosphere during
Discovery’s mission allowed objects not
usually seen in Shuttle handheld photo-
graphs to be apparent: for the first time,
an aircraft was photographed as well as
its contrail; individual buildings could be
seen in the Canary Islands; a line of
electrical pylons was seen in Southern
Sudan; and oil platformflares were visible
in the Gulf of Campeche.

The extreme Northern 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.

The crew, all veteran astronauts, quickly
became aware of the increased visibility.

“We were able to see great distances
north of our track,” Covey said. “During
one pass, | looked north to try and find
Edwards Air Force Base, probably some
400 miles off our track. | tound it and
could make out the buildings, the ramp
areas and details.” .

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 justisn'tas
large as it seems on the ground,” Covey
said. “And you see that these things are
really going to effect our environmert.”
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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 (Spacefiight February
1989, 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 | became involved in vari-
ous space projects including the UK Ariel
series of satellites and then IRAS (the
Infra-Red Astronomical Satellite). When
that project finished | returned to Ply-
mouth with my family to start a new ca-
reer. Realising just how much ! missed
working in space research, | decided to
set up my own satellite tracking and data
processing facility at home.

The equipmentusedforreceiving and
decoding the satellite signals includes
two scanners, a fixed frequency receiver,
aframestore and a computer fitted with a
satellite signal interface. One receiver
records data from the University of Sur-
rey satellites, 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 satellites and is fed from a discone.

To receive data from a geostationary
satellite | built a dish and bought a down-
converter (a device that converts micro-
wave frequencies down to the 137 MHz
weather satellite band). A new dish from
Dartcom was mounted separately to re-
ceive NOAA GOES-E satelite 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 CPC6128 computer to
process UoSAT data and produce satel-
lite pass times in chronological order.

Last year | installed a new computer
system fitted with a satellite signal inter-
face, rather like 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, such 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) Lawrence Harris with his satellite receiving
equipment at his home in Piymouth, Devon.
(Bottom Left) Mr Harris poses with one of his sat-
ellite recoiving dishes.

(Bottom Right) An image from the Soviet Okean
satellite showing the Gulf of Bothnia with added
artificial colour. The dark band across the picture
s merely the effect of photographing a television
screon. Lawrence Harris

SPACEFLIGHT, Vol. 31, June 1989

By Lawrence Harris

can, European and Chinese spacecraft. |
picked up one of the first transmissions
from Feng Yun 1, the Chinese weather
satellite and monitored the problems with
itas they happened, months before | saw
official releases. In fact | often receive
signals from new Soviet spacecraft be-
forethe officialannouncements. Recently
| picked up early transmissions from Meteor
2/18 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 | heard a “new” sound,
later identified as Meteor 2/3, apparently
switched on by accident during the com-
manding of a different satellite. If true, it
may reveal details of the Soviet satellite
command systems.

The Russians operate 2 distinct types
of meteorological satellite - the Meteors
and the Cosmos oceanographics. The
Meteors include series 2 - the basic weather
satelites operating mostly in Sunlight
(though currently Meteor 2/17 is running
night time infrared transmissions). Series
3 are higher orbiting craft carrying infra-
red sensors for night time pictures'similar
to the NOAA weather satellites, although
their operations are rather irregular.

The Okean (oceanographic) series of
satellites apparently dates from Cosmos
1076 in 1979. | first picked up Okean 1
signals on July 14, 1988 at about2030UT
(Universal Time) while carrying out rou-
tine scan for satellites. That transmission
included “piano-key” telemetry, a radar
image, and avisible-lightimage. The time
of acquisition was inconsistent with other
Cosmos satellites in this series, namely
Cosmos 1766 and 1869, and so | 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 | have to rely on official Kepler ele-
ments for future predictions. These may
notappearin magazinesformany weeks.
Fellow RIG (Remote Imaging Group)
member Des Watson has kindly provided
my with such elements on various occa-
sions. | then use my software to predict
the potential passes.

The predictions enable me to be pres-
ent when Okean is likely to transmit and
therefore positively identification of the
satellite. They consistently use 137.40

MHz and so | ofter leave a receiver on
this frequency to find pictures recorded
when | next check the equipment.

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 | use a
electronic timer to switch off the units
during known, unwanted transmissions.

Following the initial Okean picture in
July 1988, Okeanwas seentobe capable
of various transmission formats - some-
times transmitting a number sequence
which 1 was able to understand with help
from RIG articles. The most common
formatis 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
helpfui. 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. Theradarimage, if present,
is devoid of cloud but detail is apparent in
the coastal waters and the gulfs. Such
detail is considerable and | hadwondered
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
under onboard control, and this portion
reverts to visible format, ie the picture
then contains one quarter microwave
sounder and three-quarters visible im-
age.

Previousoceanographic 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.
| expect that the Russians have ships in
the Atlantic that can receive the data.

On December 13, at 0051UT | 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. | then received
what | believe to be a previously stored
picture possibly of the North Pole but |
could not identify the area. | 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 - oneradarimage included a long
track from Norway down through Lenin-
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grad almostto the Black Sea. This wasin
early January and shows what | presume
is underwater detail in the lakes.

When the signal strength is sufficient |
can process the data in the computer.
One microwave/radar picture of the Baltic
taken in December included Gotland and
the coast so | expanded the image to
reveal its maximum resolution at pixel
level, adding artificial colour. Details of
the system published in the February
1989 edition of Spaceflightindicate the

October 1987

A Special Issue celebrating the anniver-
sary of the launch of Sputnik 1 with a
unique insight and record of Man’'s first
thirty years in space.

January 1988
Space Debns - Soviet Hardware Dis-
played - Ireland in Space

Into Space

resolution to be about 1.5 km at 3 cm
frequency.

The microwave sounder and radar on
Okean cover overlapping areas and one
picture received in December included
the Gulf of Finland, a favourite target in
winter, probably to survey the ice flows
that normally accumulate here, although
there was no ice at the time. Such data
would be useful to guide shipping.

A complete analysis of Okean’s pic-
tures requires much time and | have
spent many hours reprocessing recorded

data. | also log every satellite transmis-
sion received - a habit from earlier days!
Ali the monitoring has to fitin withdomes-
tic life as well and my children are well-
used to calling me when a particular sound
is heard!

My only regret is the difficulty in swop-
ping notes with fellow enthusiasts. How-
ever, | intend to continue monitoring the
various satellites and analyse data as
time permits. | have a steady flow of
visitors to see my set-up and occasional
interest from the local media.

Aprii 1988
Pnvate Sector Space Projects - Space
Commerce '88 - Keeping Track of Mir -

Soviets Launch Phobos Probes

First Man on the Moon
« - the Missing Picture...

July 1888
Special Mars Issue: Man on Mars - Proj-
ect Phobos - First Man on the Moon: The

Missing Picture
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Anane 4 First Flight Success - Space Art
- Cassini Mission to Saturn
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[0  October 1988
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[0  December 1988
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