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Front Cover: A future visitor preparing to land on the icy surface of Uranus' moon Miranda might witness this stunning view 
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COURAGE AND COMMITMENT 
The aftermath of the Shuttle launch disaster on January 28 

now casts a shadow of uncertainty over a major part of the US 
Space Program. The technical reasons for the vehicle's 
structural failure need to be resolved beyond any possible 
doubt and a Board of Enquiry has this task in hand. A large 
amount of photographic and material evidence is available for 
evaluation and the precise sequence of events leading to the 
failure should not be difficult to identify.less certain is the time­
scale for implementing the remedy as this may involve re­
design, manufacture and extensive testing to ensure that no 
repetition can possibly occur. 

With the Shuttle fleet grounded for a lengthy period, a whole 
range of Space endeavours scheduled for 1986 will inevitably 
be hit. The urgent need for of new communications satellites to 
be placed in orbit can probably be partially met by re-allocating 
these payloads to unmanned launch vehicles, but for scientific 
payloads which lack such financial backing the outlook is bleak. 
In the case of the two interplanetary. spacecraft Ulysses and 
Galileo, only a limited launch window is open for 1986 beyond 
which their launch must wait until1987. But the one aspect of 
the US Space Program for which no alternative exists is the 
Manned Space Program. '', 

The Shuttle was designed and introduced in the confident 
belief that man has an essential role to perform in Space- that 
Space wil1 be just as much a part of his domain as land, sea-and 
air. To date, the activities of astronauts on EVA's and in 
returning defective spacecraft to Earth have confirmed this 
belief. The seven or eight crew capacity of the Shuttle has 
enabled Payload Specialists to monitor the performance of the 
various Shuttle payloads- and also to extend the experience of 
space flight to the international community. 

· 

The first UK astronaut was scheduled to have flown in Space 
under this arrangement in June. Ironically, the ill-fated 
Challenger carried the ·first civilian passenger in a 
demonstration of the acce&sibility of Space to the ordinary 
person. The reversal of fortuneS for the Shuttle Program .and for 
NASA could not have been more sudden or more extreme. 

As the initial shock of the disaster with the tragic loss of the 
seven crew members passes, it will be seen that nothing 
fundamental has happened to change the view that man has an 
essential role in spaceflight. The plans for a Space Station in the 
1990's are just as meaningful now as they were before January 
28. The NASA organisation has shown courage and dedication 
over the years and we are confident that these qualities will 
enable it to overcome the body .. blow that it has been dealt by 
the loss of the Challenger and crew and will see it through to 
success again. 

�========================vieMVpoint 
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---------------------------lnllennoriann---------------------------

Francis Scobee (46), the spacecraft 
commander, was on his second 
flight, the first being in 1984 when 
he piloted mission 41C. 

He became an astronaut in 1978 
and prior to that attended the 
Aerospace Research Pilot School 
at Edwards Airforce Base, flying 
such varied aircraft as the Boeing 
747, the X-248, the F-111 and the C-
5. In total he had logged more than 
6,500 hours of flying in 45 types of 
aircraft. 

He was married and had two 
children. 

Michael Smith (40) was 
Challenger's pilot. He flew A-6 
Intruders and completed a 
Vietnam cruise while assigned to 
Attack Squadron aboard the USS 
Kitty Hawk. 

Smith, married with three 
children, became a NASA 
astronaut in 1980. He had flown 28 
types of civilian and military 

aircraft, logging over 4,300 flying 
hours. 

Judith Resnik (36) was one of three 
mission specialists on Challenger. 
She had a degree and PhD in 
electrical engineering. · 

· She became ·an astronaut in 
1978 and had previously flown on 
mission 41D logging 144 hours in 
space. 

Ronald McNair (36) was mission 
specialist and had also joined the 
astronaut group in 1978. He had a 
degree and PhD in physics and 
while at the Massachusetts 
Institute of Technology performed 
some of the earliest developments 
of chemical and high pressure 
lasers. 

Married with two children, he 
flew on mission 418, which saw 
the first flight of the manned 
manoeuvring unit, and had logged 
191 hours in space. 

To the Chief Administrator, NASA 

The British Interplanetary Society extends its 
deep condolences to NASA and the relatives and 
friends of the gallant crew of the Space Shuttle 
Challenger who on 28th January 1986 gave their 
lives in the great endeavour of Space Exploration. 

BIS,London 
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Ellison Onizuka (39), mission 
specialist, became a NASA 
astronaut in 1978. 

He was an aerospace flight test 
engineer for the Sacremento Air 
Logistics Center. 

A mission specialist on Shuttle 
flight 51C, the first dedicated DoD 
mission, Onizuka had spent 74 
hours in sp"'ce. He was also 
married and lJad two children. 

- Gregory Jarvis (41), payload 
specialist, was an electrical 
engineer and worked designing 
circuits on the SAM-D missile. 
Later, as a communications 
payload engineer he worked on 
advanced tactical communications 
satellites before joining Hughes 
where he was a subsystem 
engineer on the Marisat 
programme. 

He was married and had no 
children. 

Christa McAuliffe (37), a high 
school teacher, chosen to be the 
first private citizen to go into space. 
She had taught English and 
American History since 1 970 and 
prior to selection as NASA Teacher 
in Space also taught economics, 
law and a course she developed 
"The American Woman". 

McAuliffe, married with two 
children, was selected as primary 
candidate for the NASA Teacher in 
Space-project in July 1 985. 
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------------Shuttle Insight----------

The Challenger launch tragedy has sent a shock 
wave through the American space programme. In 
this specia/12-page report Spaceflight examines 
the immediate implications and looks in detail at 
important aspects of the Space Shuttle 
programme. Written by Clive Simpson, Keith 
Wilson, Frank Sietzen, Roe/of Shuiling and 
Gordon Harris. 

Mission 51 L 
Challenger rose off the launch pad at 1638 GMT on 

January 28 and was climbing smoothly when it 
suddenly exploded in a huge fireball about 90 seconds 
after lift-off. Debris from the 1 00 ton spacecraft came 
down over the Atlantic Ocean about 29 kilometres 
down range from the Cape Canaveral launch site. 

The explosion occurred at a height of 1 5,000 metres 
while the Shuttle was travelling at three times the 
speed of sound. Ground control had given the order to 
throttle up to full power only seconds before. 

Television cameras covering the launch live showed 
flaming debris trailing with white smoke as it fell into 
the sea. The solid rocket boosters could also be seen 
spiralling out of control. They were destroyed by 
remote control at the order of flight safety officers to 
prevent any possible impact on populated areas. 

No escape capsules or emergency parachutes were 
carried by the Shuttle and in such an accident it is 
doubful whether such devices could have been used 
effectively by the crew. 

The deaths of the seven member crew made this the 
worst disaster in the history of- the American space 
programme and the first ever in-the-air tragedy out of 
56 manned missions. 

A MESSAGE OF HOPE 
President Reagan mourned the loss of seven American astronauts in the explosion of the Space Shuttle on 
January 28 and praised their courage in rem�rlcs to the nation over television and radio. 

Nineteen years ago. almost to the 
day. we lost three astronauts in a 
terrible accident on the ground. But 
we've never lost an astronaut in flight; 
we've never had a tragedy like this. 
And perhaps we've forgotten the 
courage it took for the crew of the 
Shuttle. But they, the Challenger 
Seven, were aware of the dangers, but 
overcame them and did their jobs 
brilliantly. We mourn seven heroes. 

We have grown used to wonders in 
this century. lt's hard to dazzle us. But 
for 25 years the United States space 
program has been doing just that. 
We've grown used to the idea of space, 
and perhaps we forget th:Jt we've only 
just begun. We're still pioneers. They. 
the members of the Challenger crew, 
were pioneers. 

And I want to say something to the 
school children of America who were 
watching the live coverage of the 
Shuttle's take-off. I know it's hard to 
understand, but sometimes painful 

1 00 

things like this happen. lt's all part of 
the process of exploration and 
discovery. lt's all part of taking a 
chance and expanding man's 
horizons. The future doesn't belong to 
the faint-hearted. lt belongs to the 
brave. The Challenger crew were 
pulling us into the future, and we'll 
continue to follow them. 

I've always had great faith in and 
respect for our space program, and 
what happened today does nothing to 
diminish it. We don't hide our space 
program. We don't keep secrets and 
cover things up. We do it all up front 
and in public. That's the way freedom 
is, and we wouldn't change it for a 
minute. 

We'll continue our quest in space. 
There will be more Shuttle flights and 
more Shuttle crews and, yes, more 
volunteers, more civilians, more 
teachers in space. Nothing ends here. 
Our hopes and our journeys continue. 

I want to add that I wish I could talk 
1 to every man and woman who works 

for NASA, or who worked on this 
m1ss1on, and tell them, "Your 
dedication and professionalism have 
moved and impressed us for decades. 
And we know of your anguish - we 
share it." 

There's a coincidence today. On this 
day 390 years ago, the great explorer, 
Sir Francis Drake, died aboard ship off 
the coast of Panama. In his lifetime, 
the great frontiers were the oceans 
and an historian later said, "He lived by 
the sea, died on it, and was buried in 
it." 

Well, today, we can say of the 
Challenger crew their dedication was, 
like Drake's, complete. The crew of the 
Space Shuttle Challenger honoured us 
by the manner in which they lived their 
lives. We will never forget them, nor 
the last time we saw them, this 
morning, as they prepared for their 
journey and waved good-bye, and 
"slipped the surly bonds of Earthn to 
"touch the face of God. n 
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------------ Shuttle Insight 
Launch of Challenger had been postpon�d three PAO: Coffi1ng up on the 6 minute point in our countdown.-

times due to poor weather at the Cape and on the can you pr8start7 

morning of lift-off had been put back some two hours Challenger: (garble) some more. 

because of ice on the launch pad caused by freezing PAO: T minus 6 minutes and Orbiter Test Conductor has 

· h 
given pilot Mike Smith the go to perform the auxiliary power 

overnlg t temperatures. At one point during the night unit prestart. Mike has reported back that it is in work. He will 
long icicles were seen hanging from the Shuttle's giant configure switches in the cockpit to put the auxiliary power 
launch pad structure. units in the ready to start configuration. Mike Smith 

reporting that prestart is complete. 

The following is a transcript of mission control 
communication and commentary: 

Public Address Officer: One m inute away from picking up the 
count for the fina l 9 m i n utes of the countdown in today's 
launch.  The countdown is s imply a series of checks that 
people go through in preparation to insure that everythmg is 
ready for fl ighe The countdown for a launch l i ke the 51L 
mission is  four  volumes and more than two thousand pages. 

Fifteen seconds away from res1:1ming the countdown and 
looking at the launch of 51 l at 11 :38. 

And we are at T-9 m inutes and counting. The ground 
l aunch sequencer program has been initiated. 
Voice: APU voice recorder? 
Challenger: LPS wi l l  do. 
Voice: An LPS place a l l  (garble) printer pointers on one. 
Challenger: Okay, got it. 
Voice: And I sti l l  need your verification when you get m otion 
on the opposite corner. 
Challenger: I n it ial  copy. 
Voice: (garble) this was not performed. 
PAO: T minus 8 m i nutes 30 seconds and counting. All the 
fl ight instrument recorders are turned on. Mission Control 
has tu rned on the auxi l iary data system .  This package of 
fl ight data from the aerodynam i c  information coming back 
as the Orbiter fl ies through the atmosphere. Coming up o n  
t h e  eight m i n ute poi nt. T minus 8 minutes and counting. 
Orbiter Test Conductor, Roberta Wry rick, has requested that 
Houston send the stored prog ram commands which is  the 
fina l  u pdate on a ntenna management based on l ift-off time 
a nd sets the system which makes the Orbiter compatible 
with down range tracking stations. 
Challenger: Okay, that's the poi nt. 
PAO: T mi nus 7 m i nutes, 30 seconds and the ground l aunch 
sequencer has sta rted retracking the Orbiter crew access 
arm. Th is is the walkway used by the astronauts to c l imb i n  
the veh icle. A n d  that a r m  can b e  put back i n  place with ill' 
a bout 1 5  to 20 seconds if a n  emergency should arise. Coming 
u p  on the  7 m i n ute point i n  the  cou ntdown. T m inus 7 
m i nutes and counting .  The next major step wi l l  be when pi lot 
M ike Sm ith is g iven a go to perform the auxi l iary power unit 
prestart. T minus  6 m i n utes and 30 seconds and counting.  
Voice: (garble) voice recorders? 
Challenger: Roger, wilco.  
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T_minus 5 minutes 30 seconds and counting and Mission 
Control has transmitted the signal to start the on-board flight 
recorders. The two recorders will collect measurements of 
Shuttle system performance during flight to be played back 
after the mission. Coming up on the 5 minute point. This is a 
major mileston� where we go for auxiliary power unit start. 
T minus 5 minutes. 
Challenger: Lets go for orbiter APU start. PLP022 performed 
APU start. · 
PAO: And we had the pilot ordered to perform the APU 
restart. Lox replenish has been terminated and liquid 
oxygen drain back has been initiated. Pilot Mike Smith, now 
flipping the 3 switches in the cockpit to start each of the 3 
auxiliary power units. 

T minus 4 minutes 30 seconds and counting. The solid 
rocket booster and external safe and arm devices have been 
armed. We have had a report back from Mike Smith that we 
hiwe three good auxiliary power units. Main fuel valve 
heaters on the Shuttle main engines have been turned on in 
preparation for engine start. 

T minus 4 minutes and counting. The flight crew has been 
reminded to close their air tight visors on their launch and 
entry helmets. And a final purge sequence of· the main 
engines is under way. T minus 3 minutes and 45 seconds and 
counting. The Orbiter aerosurface test is started. The Orbiter 
flight control surfaces are now being moved through a 
preprogrammed pattern to verify that they are ready for 
launch. T minus 3 minutes and 30 seconds and counting. 
Orbiter ground support equipment power bus has been 
turned off and the vehicle is now on internal power. T minus 
3 minutes 15 seconds. Aerosurface checks are complete and 
aerosurfaces in launch configuration. Gimbal checks of the 

. Orbiters main engines are now under way. 
� T minus 3 minutes and counting. Gimbal checks now 
complete. External tank liquid oxygen pressurisation has 
started and purging o f  the Shuttle's main engines is 
terminated. T minus 2 minutes and 44 seconds and counting. 
Retraction has started of the Gaseous Oxygen Vent hood and 
the g round launch sequencer will make a final check to make 
sure that that arm is fully retracted at T minu, 37 seconds. T 
m inus 2 minutes and 20 s�conds. And we have had the pilot, 
M i ke Smith has cleared the caution and memory system. No 
u nexpected error is reported. Liquid oxygen; all its pressure 
checks are under way. And the liquid oxygen tank approaching 
fl ight pressure. 

T minus 2 min utes and counting. The liquid hydrogen 
replenish has been terminated and liquid hydrogen 
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-----------Shuttle lnsight,---------

pressurisation to f l ight level is under way. The vehicle is now FLIGHT R ECORD '------. 
iso lated from a l l  ground propel lant and fluid load ing  
equ ipment. T m i nus one m i nute and 44 seconds and 
cou nti ng. 

Comi ng up on the 90 seconds poi nt i n  our countdown.  90 
seco nds a n d  cou nti ng. The 51L m ission ready to go.  The 
l i qu i d  hyd rogen tank now at f l ight pressure and a l l  three 
engines ready to go. Comi n g  up on the one m inute point i n  
our cou ntdown. Sounds suppression water system now 
armed. Hydrogen burn i g n itors have been armed. These 
ign itors wi l l  be fi red at T m inus 10 seconds to burn off any 
residual hydrogen gas. T m i nus 45 seconds and counting .  
The so l i d  rocket booster fl ight instrumentation recorders 
have gone i nto the record mode. Com i n g  up on the 30 
second point in our countdown .  T m i nus 30 seconds and we 
h ave h a d  a go for auto sequence start. The SRB hydraul ic  
power u n its have started. T minus 21 seconds.  And the sol id  
rocket booster eng ine g i m bal now under way. T mi nus 15 
seconds.  T m i nus 10,  9, 8,  7 ,  6, we have mai n eng ine start, 4, 
3, 2, 1 and l ift off, l ift off of the 25th S pace Shuttle  mission and 
i t  has cleared the tower. 
Mission Control Center: Watch your rol l ,  Chal lenger. 
PAD: Rol l  program confirmed.  Chal lenger now head ing  
down range. Engi nes beg i n n i n g  thrott l ing  down now at  94 
percent. Normal thrott le for most·of the fl i g ht is 104 percent. 
Wi l l  thrott le down to 65 percent shortly. Engines are at 65 
percent. Th ree eng ines runn i n g  normally. Three good fuel 
ce l l s .  Three good APU's. Velocity 22 hundred 57 feet per 
second. Altitude 4.3 nautical m i l es, down range distance 3 
nautical m i l es. Engines thrott l ing  up, three eng ines now at 
104 percent. 

·MCC: Cha l lenger, go with thrott le up. Roger, go with throttle 
up. 
PAD: One m i nute, 15 seconds, velocity 29 hundred feet per 
second,  altitude 9 nautical m i l es, down range distance 7 
nautical mi les. 

F l ight control l ers here looking very careful ly �t the 
situation. Obviously a major malfunction.  We have no 
down l i nk .  We have a report from the fl i g ht dynam ics's officer 
that the vehic le has exploded. The fl ight d irector-confirms 
that. We are looking at checki ng  with the recovery forces to 
see what can be done at this po int. Conti ngency procedures 
are in effect. We wi l l  report more as we have i nformation 
ava i l a b le. Agai n,  a repeat, we have a report re layed throug h 
the f l ight dynamics officer that the veh ic le has exploded. We 
are now look ing at a l l  the conti ngency operations- wait ing 
for WO_!:d of any recovery forces i n  the down range f ie ld .  

Wreckage from Cha l lenger  retrieved from the Atlantic Ocean a n d  
retu rned_ to Cape Can_averal a board t h e  USCC Cutter �aUas. _ 
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Gordon L. Harris reports from the Cape 

The US space programme came to dead halt 
following launch of Challenger on its 1Oth mission 
January 28 at 11 :38 am Eastern Standard Time. The 
orbiter and its crew of seven vanished in a giant 
fireball approximately 7 2  seconds after liftoff. Three 
Shuttles remain idle at Kennedy Space Center while 
the agency seeks an explanation for the tragedy. 

Adult members of astronaut families and some 
children stood in horror watching meandering 
vapour trails in a blue, cloudless sky. Debris rained 
down into the Atlantic Ocean for more than 30 
minutes after the giant flareup. 

NASA placed the cost of Challenger at $1.2 billion. 
With it was cons..,med a $ 100 million satellite, part of 
the worldwide tracking and data relay system, and a 
smaller device intended to photograph Halley's 
comet. 

Challenger, second of the fleet to roll out of the 
Rockwell production plant in Palmdale, California, 
made its debut as STS-6 in April1983. Later that year 
the orbiter carried the first US female astronaut, 
Sally Ride on STS•7 and Guion Bluford, first black 
astronaut, on STS-8. The ship completed Mission 
410 in February 1984, first to land on the KSC runway 
after a successful mission. Two more flights followed 
in April and October when Mission 41G carried 
seven, the largest crew to be launched at the time. 

In May, 1985 Challenger carried Spacelab for its 
first-mission and in July it became the first orbiter to 
"abort to orbit" when No. 1-main engine failed 
prematurely.ln October, 1985 the orbiter carried the 
first mission for another country, the West German 
sponsored Spacelab. And its final launch was the first 
from remodeled Complex 398, last used for Apollo­
Soyuz in 1975. 

The mishap could not have occurred a_t a worse 
time for NASA. Its administrator is on leave to defend 
himself against government charges related t9 his 
employment at General Dynamics before joining the 
agency. Jesse Moore, nominal chief of the Shuttle 
programme, who gave the "go" signal for 
Challenger's launch, has been chosen to head 
Johnson Space Center and is now in the midst of the 
official inquiry. What's more, NASA had begun to 
justify its new budget request to Congress. 

There were strong indications from Washington 
that despite brave talk of "we won't quit" by Mr. 
Reagan and others, Congress will insist upon a 
thorough, time consuming inquiry that may question 
the continuation of Shuttle flights. 

Will NASA try to replace Challenger with· a fifth 
St.uttle? Jesse Moore said the Rockwell plant is still 
turning out Shuttle spares and could be turned into 
production but no one was ready to step forward and 
commit more than $1 billion. 

Two satellites built for Shuttle launch are too 
heavy for Delta vehicles and would require Atlas 
Centaur. General Dynamics, the builder, has three 
vehicles that will carry Navy navigation satellites. No 
one has yet bought such a vehicle for commercial 
launch. Two more satellites supposed to be launched 
in 1986 can only be handled within Shuttles. 

Air Force Under Secretary Edward Aldridge told 
Congress in July, 1985 that a four Shuttle fleet would 
satisfy defence needs. Ten missions per year, he said, 
will be required for these missions- any other flights 
essential to the Strategic Defence Initiative would be 
additional Shuttle missions. When he testified 
Aldridge said a fifth Shuttle could be justified only by 
commercial usage. Rockwell international estimated 
four years would be needed to construct another 
orbiter. 
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PLANNING /FOR 
AN EMIEIRGIENCY 
By Keith T. Wilson 

One of the most dangerous phases of a Space 
Shuttle mission is the launch when a serious 
malfunction is most likely to occur. Crews are 
well trained in four available abort options, which 
can be initiated after booster separation to 
enable both Orbiter and crew -to return safely to 
Earth. Should an emergency occur before normal. 
booster separation, no abort procedure is 
immediately available. Unfortunately the 
explosive nature of the malfunction with mission 
51L offered no hope of survival for the crew. 

Introduction 
Dur ing early Shutt le fl ights Orbiter Columbia  was 

fitted with eject ion seats for emergency use by the two­
man crews during the launch phase. However from 
STS-5, the fi rst operat ional  mission,  eject ion seats 
were no longer viable due to the en larged number of 
crewmem bers. 

Fou r lau nch abort modes a re currently ava i lab le and 
selection depends on  the a ltitude that the S huttle has 
reached when the emergency occu rs. They a re (from 
the ear l iest possib le abort to the last) : Return to launch 
site (RTLS),  Trans-At lantic or  Trans-Pacific land ing 
(TAL, TPL) ,  Abort once a round (AOA) and Abort to orbit 
(ATO) .  

Abort 1 
Retu rn to lau nch site is put i nto operation  if there is  

loss of th rust on a ma in  eng ine or some other serious 
systems fa i l u re during  the fi rst fou r  m inutes of fl i ght 
which m ight requ i re an  immediate retu rn .  Although an  
abort m ight be indicated as soon as the  Shutt le c lears 
the tower it is not i n itiated u nt i l  the Sol id Rocket 
Boosters separate and the Orbiter and External  Tank 
reach a n  a ltitude of 1 07 km at which poi nt a 
pitcharound manoeuvre is possib le .  Pitcharound 
br ings the Orbiter from the i nverted posit ion i t  adopts 
during  ascent to a n  u pright one i n  which it is poi nti ng 
back towards the launch site. Those main  eng ines 
remain ing operat ional  wou ld assist i n  the retu rn fl ight, 
as wou ld  the two Orbita l Manoeuver ing System 
eng ines and a number of thrusters. Fo l l owing 
dep let ion of fue l  the Orbiter wou ld  pitch down, release 
the Externa l  Tank and g l ide back to the land ing site, 

,.------------- ·Mission 51F --------------. 

Challenger Aborts to. Orbit 
by Roelof L. Shuiling 

Cha l lenger's n i nth fl ight (51 F), 
the n ineteenth Shutt le m ission 
and the fiftieth US manned 
spacefl ig ht, came about as c lose 
to a lau nch without actua l ly 
l au nch ing as is possi ble .  On  J u ly 
1 2, 1 985 the Shutt le aborted' its 
l aunch three seconds before 
l iftoff after a sensor i nd icted a 
ma lfu nct ion i n  a coo lant valve on 
main eng ine n u m ber two. 

Al l  th ree ma in  l i qu id  fue led 
eng ines had begu n  operation at 
that poi nt but the Sol id  Rocket · 
Boosters had not ign ited. 
Su bseq uent ana lysis i nd icated 
that the eng ine  d id  not actua l ly 
ma lfu nction  but the se·nsor itself 
d id .  
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The mission fi na l ly l ifted off on 
J u ly 29, 1985. 

Even after l iftoff, however, the 
Orbiter was not free of problems.  
At five m inutes and 45 seconds 
i nto the fl i ght the centre main 
eng ine suddenly shut down . 
Cha l lenger was forced to abort its 
p lanned fl i ght parameters and 
enter a n  "abort to  orbit" mode. 

I n  abort to orbit the Shuttle has 
enough energy to reach an  orbit 
but not the p lanned orbit. An 
abort to orbit leaves open the 
possi b i l ity of completi ng much of 
the m ission and then land ing at a 
p l anned land ing site. 

Gordon Fu l lerton ,  Cha l lenger's 
commander, switched the on­
board computers to abort to orbit  
mode and p replanned abort 

procedu res were begun ,  which 
inc luded ign it ing the Orbita l 
Manoeuver ing System eng ines to 
burn off 4,400 pounds of fue l .  The 
two rema in ing ma in .  eng i nes fi red 
for about one m inute longer than 
had been p lanned for the normal  
fl ight. Aga in ,  a sensor rather than 
the eng ine was l ater determ ined 
to be the prob lem.  

Fol l owing a burn of  the 
manoeuvri ng eng ines, 
Cha l l enger eventua l ly reached an  
orbital a ltitude of  1 70 nautica l 
m i les. The p lanned a ltitude had 
been 206 nautica l m i les but th is 
lower a ltitude a l l owed the fl i ght 
to be completed with some effect 
to the sensors on some of the 
Space lab 2 experiments. 
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touchdown occurring between 20 and 30 minutes after 
lift-off. 

Abort2 
The second launch abort option available, a Trans­

Atlantic or Trans-Pacific landing, would be used if main 
engine failure occurred after the four minute mark and 
before enough energy had been built up to achieve the 
third abort mode. Once this abort mode had been 
initiated the Orbiter would turn itself upright, release 
the External Tank and glide to a contingency landing 
site. For launches from the Kennedy Space Center a 
number of Trans-Atlantic abort landing sites exist, 
selection depending on the inclination to the equator 
flown by the Shuttle. For 28 degree launches Dakar 
International airport in Senegal, West Africa would be 
used, 

-
40 degree launches, as in the case of STS-1, 

would use Rota in Southern Spain and for 57 degree 
launches as flown by most Spacelab missions the 
landing site would be in Northern Spain at Zaragoza. 
When the Shuttle is launched from Vandenberg Air 
Force base in 1986 a Trans-Pacific abort landing site 
will become ·available at Mataveri airfield on lsla de 
Pascua, better known as Easter Island, where the 
runway is at present being modified for emergency 
Shuttle landings. 

Abort3 
The Abort· once around phase could also begin at 

four minutes into the launch provided enough energy 
was available to allow the Space Shuttle to gain 
sufficient altitude to reach the US mainland following 
one orbit. A semi-ballistic trajectory, just short of 
orbital insertion, would be flown taking the Or!)!ter 
around the planet before routine re-entry and landing 
some 90 minutes after launch. Such an abort would 
require extra firings of the Orbital Manoeuvering 
System and attitude control thrusters before and after 
main engine shutdown to maintain altitude for the 
circuit. 

Abort4 
The final launch abort, Abort to orbit, would be used 

following a main engine failure late in the ascent phase 
where enough energy existed for the Orb iter to reach a 
minimal 194 km orbit using remaining engines and 
Orbital Manoeuvering System engines. This abort 
mode might also be used if a systems failure occurred 
during ascent but was not serious enough to require 
immediate return to Earth. This option allows the 
Orbiter to reach orbit and remain in space until the 
future of the mission is decided. This could lead to an 
immediate landing or to an adapted full-length 
mission as happened on mission 51 F. On that mission 
one maio engine was shut down nearly six minutes 
into the launch following a faulty engine temperature 
sensor reading. As all other systems were functioning 
normally and enough energy existed to reach orbit, 
ground controllers decided correctly to proceed to 
orbit. This, the first Shuttle launch abort, resulted in a 
slightly modified, but successful, mission be

.
ing flown. 

The term Abort to orbit tends to be misleading as such 
an option might not be an abort at all. Following the 
51 F incident NASA referred to this particular abort as a 
'positive two-engine to �rbit'. 

Launch Emergency 
The Challenger accident has focussed attention on 

the consequences of other kiods_ot emergency during 
ascent which might not be immediately catastrophic. tf 
the emergency could be contained until after the Solid 
Rocket BOosters had burnt out and been jettisoned, 
one of the above abort procedures may be entered. On 
the other hand, if the emergency could not be 
contained, the survivability of the crews becomes 
conditional on actual circumstances. Resort might be 
made to separating the Orb iter from the External· Tank 
and SRB's by explosive charges. Circumstances might 
then permit the Orbiter to ditch in the ocean, where 
surviving crew members would be recovered by air­
sea rescue. 

150 
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KENNEDY SPACE 
CENTER LANDINGS 
By Keith T. Wilson 

Before the era of the Space Shuttle all US 
manned spacecraft returned to Earth by 
splashing down in the Atlantic or Pacific Oceans. 
Recovery was a very costly operation. For the 
Shuttle, the 'space-plane' returns to dry land. 
And what better than landing at the launch site, 
the Kennedy Space Center in Florida. 

Introduction 
The land ing  speed of a retu rn ing Orbiter u nder 

normal cond it ions is 354 km/h r, compared with 209 
km/hr for a com merc ia l  a i rcraft such as the DC-9. Th is 
h igh  speed necessitates a lengthy ru nway. The Orbiter 
a l so retu rns u npowered, l i ke a g iant g l ider - the 
Shutt le p i lots have to get it rig ht fi rst t ime. lt was with 
these two ma in  points in m ind  that construct ion of the 
Shutt le Land ing Faci l ity at KSC began i n  1 974, ten 
yea rs before the fi rst Orbiter retu rned from space to 
the Flor ida site. 

The Landing Facility 
The Shutt le Land ing  Fac i l ity, bu i lt at a cost of more 

than $27 m i l l ion ,  is located some 3 km to the northwest 
of the Vehic le Assem bly Bu i ld ing  and l ies on a 
northwest-southwest a l i gnment. The ru nway is on ly 
part of the faci l ity, which was bu i lt i n  th ree stages. The 
runway, towway, parking  apron and associated 
fac i l ities were started in 1 974 and work was comp leted 
by l ate 1 976. The second construct ion phase, which 
centred on the land ing  a ids control bu i ld ing ,  naviga­
t ion and i nstru mentation shelters, commun ications 
cJb l i ng  and mate-demate device foundations, was · 
started i n  Apri l 1 975 and a lso comp leted i n  1 976. The 
fi na l  stage was the insta l l at ion of navigation,  i nstru­
mentat ion and comm u nications systems and g round 
support eq u ipment; th is  was comp leted d u ring  1 978. 

The Runway 
The ma in  featu re of the Shutt le Land ing  Fac i l ity is 

the runway, one of the most impressive i n  the wor ld .  At 
4,572 m long and 91 .4 m wide, it is twice the length and 
width of  commercia l  a i rport ru nways. lt req u i red over 
500 hecta res of l and  to bu i ld ,  l and that was at one t ime 
used for ag ricu ltu re before bei ng taken over by NASA 
in the early 1 960's. lt is not flat but has a camber of 61  
cm from the centre l i ne  to the edge .  A series of  g rooves 
each 0.63 cm wide and deep have been cut i nto the 
concrete every 2.85 cm across the ru nway (a  tota l 
length of 1 3,600 km of g rooves!) .  Together With the 
cam ber they provide rap id d ra i n-off of ra i n  as wel l  as a 
more skid-resistant surface. A l a rge d itch borders the 
ru nway to help cope with water ru n-off d u ri ng heavy 
rains. The 'sandpaper-l i ke roughness' of the g rooves, it 
is thought, cou l d  be a factor contri buti ng to excesssive 
tyre-wear dur ing  land i ngs.  The concrete used to pave 
the ru nway needed 1 ,000 truckloads of cement and 
1 0,006 of crushed l imestone and sand agg regate. 
1 93,000 m3 of concrete were used in pavi ng  the ru nway 
and at its centre it is more than 40 cm th ick. 

Land ings can be made from either d i rection .  From 
the northwest it is des ignated as Ru nway 1 5; from the 
southeast i t  is  Ru nway 33. Approach l i ghts point to the 
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centre l i ne, and  the thresho ld and edge l i ghts outl i ne  
the  fie ld as on  a com mercia l  ru nway. Safety overru ns 
of 305 m a re provided at each end. One serious hazard 
common at many com merc ia l  a i rports is  the presence 
of b i rds. At KSC the hazard came from a l l igators -
they enjoyed wal lowing i n  the d ra i nage d itch ,  fo l l owed 
by basking  on the warm concrete. lt was not u n usua l  
for KSC employees to have to chase them off before a 
l and ing.  Recently, however, a low fence has been 
erected to d iscou rage such i ntrusions. 

Shuttle landings 
Orbite rs a re g u ided down by the M icrowave 

Scann ing  Beam Land ing System ( M SBLS 
pronounced 'M iss B l iss') which is accu rate to with i n  99 
per cent in b ri ng ing  an Orbiter to the designated point 
on the runway. Land ing  system equ ipment is 
dup l i cated to permit approaches from either d i rection .  
The MSBLS azim uth ( left-right) measur ing equ ipment 

NOSE WHEEL STEERING 
Nose Wheel Steering box and actuator (pictu red 

below) were successful ly  instal led and tested on the 
Chal lenger spacecraft d uring the mission 61A landing at 
Edwa rds Airforce Base in early November 1 985. 

As Chal lenger touched down and began to slow 
mission commander Henry Hartsfield put the orbiter 
th rough a series of steering manoeuvres to test the 
steering system. 

Success of the test was a key factor i n  the decision to 
resume landings at the Kennedy Space Center which 
were halted fol lowing mission 510 when Discovery's 
brakes locked near the end of its 10,500 foot rol l  at 
Kennedy causing a tyre blow out. Prior to the Chal lenger 
test all steering during the landing rol l  had been 
accompl ished by d ifferential braking, particu larly 
demanding in strong crass winds. 

Hartsfield, who steered the orbiter 30 feet from the 
centrel ine and then back again, reported that the system 
" performed wel ln 
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�'\./ KSC Shutt le  land ing faci l ity. 
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KSC Shuttle landing Faci l ity. Key: a .  Access Road A ;  b.  Access Road B ;  c .  Crash, Fi re, Rescue ;  d .  Kennedy Parkway; e .  landing Aids Control 
Bui ld ing ; f. Ground Support Equipment Power Panel g .  Parking Apro n ;  h .  Meteorological Equipment Pad (2); i .  MSBlS - Elevation Station 
Runway 1 5; j .  MSBlS - E levatio n  Station R unway 33; k. MSBlS - Azi muth/Distance Measuring Equipment Station Ru nway 1 5; I .  MSBlS ­
Azimuth/Distance Measuring Equipment Station R unway 33; m .  Orbiter Target Aim Point (2); n .  Television Tower and Equipment ( 2 ) ;  o .  Tow­
way to Vehicle Assembly Bui ld ing 

is conta ined in two shelters, one at each end. They 
send out s igna ls  that sweep 1 5  degrees on each side of 
the landing path with d i rect ional  data. Distance data 
a re a lso p rovided. MSBLS e levation stations a re 
located at the side of the runway c lose to the 
touchdown point: A vertica l beam sweeps the land ing 
path to provide e levation data u p  to 30 degrees. The 
MSBLS systems a board the Orbiter receive these data 
and the craft adjusts to the correct g l ide path. In a n  
emergency t h e  Orbiter cou ld  be l anded safely without 
i ntervention by the fl i ght crew. The MSBLS cou ld, i n  
theory, gu ide the Orbiter's nose-wheel down within 
the width of the pai nt stripe on  the centre l i ne .  

As of October 1 985, KSC had seen five land ings :  
m issions 41 8, 41 G, 51 A, 51 C and 51 D. Fol lowing 

brakin g  problems dur ing the cross-wind land ing of 
51 D i n  Apri l 1 985, a l l  future KSC l a n d i ngs were 
postponed and Edwards Air Fo rce Base i n  Cal ifornia 
was used i nstead .  The i ntent ion was th at  KSC land ings 
wou ld  be resumed i n  1 986, d e p e :� d i n g  on the 
i ntroduction  of nose-wheel steer : ,... � .  tested for the fi rst 
t ime on mission 6 1 A  at Ed·:. a ·: s .  Th i s  e l im iates 
d ifferentia l  braking ,  which c a ;.; s e ::  ::- e problems on  
51 0. The 51 D crosswind l a r :: : - ;  a:  �SC emphasised a 
problem that had bee n m e ;- : · : - : :: · --:  a 1 983 report to 
the US Cong ress by a c : - - '::: :  of the National  
Research Cou nci l .  7:... e,_ - : : e  the fo l lowing 
recommendation : UTr: e : · : s s·:. · - :  : m itations of the 
Shutt le Orbiter - sugg es� : - :: ;- : d d it ional runway 
shou ld be considered a: �S : : :  : . : · d diversions" .  lt is 
an u n l ikely prospect b e �= - = = : " : - : - : g h cost i nvolved. 

Weather Hampers Mission ScffDe�a.oDing 
Shuttle Columbia's night landing at Edwards 
Airforce Base on January 1 8  again highlighted 
the susceptibility of Shuttle missions to poor 
weather conditions 

The fi rst n ight landing of the Shuttle programme for Chal lenger at 
Edw� rds.Airforce Base in September 1 983. 

====�=-�----------� 
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M ission 6 1 C  astro - : _ : s  = : : : -:  :: ' b son a nd Charles 
Bolden p i loted th e o;-s : : ·  : : =: : ·:-: awn touchdown ­
only the second n i g r. : : :- :  - ;  : " : -: :  : ·ogramme - after 
a fi na l  opportu n ity to · a - : :: : - = < : - - edy Space Center 
was reluctantly rejec:e : .  

Attempts to l a - c  - - . _ :<e 'lnedy ru nway 
previously, on Jan u a -1 · :  :. - : - :. : u l d  have ended 
the m ission a d ay e a ·  . :: - :  : ::: ·eserve arbiter 
process ing t ime)  a n a  t: e ": : :. - ;; :::v a lso had to be 
ca l led  off because of ::: a : ·:. : : : · :; -

Col u m bia  - the  fi rst s - -:: : : : : , - - a d  not flowo for 
a lmost two years a n d  c ;.; �  - ;; : ·  s :  - e  :-: a d  undergone 
extensive modern i sat i o - .  _ ":- : �  : ;  m ; ss i o n  61 C, 
which fina l ly occu rred c; ...: : - - = -- • 2 . .  .-, a s  the seventh 
fl i ght for Col u mbia .  

Once aga in  the wea:<-: e ·  : - : -:-: : r o r tech n ica l 
problems had de layed t h : s  · a _ - : - se : e :-- t i m es - it was 
orig i na l ly scheduled fo r : :n-e;; : - ::: a : 5 m b e r  1 9 - and 
the fl i ght was dubbed b y  t i-: a  ":- ::: :: · a  a: ; a r g e  " m iss ion 
i mpossib le" .  

G ibson and Bo lden  p i loteo C c  ;.. :-r: o i a  t h ro u g h  an  
ascent profi l e  that p l aced g rea:e · stresses o n  the 
veh ic le than a ny previous l a u r. c h  : ., o rd e r  to p rovide 
additiona l  data on the actua l  l o a d s e r: c o u ntered du ring  
launch compared with project ions a n d  ea r l i e r  fl i g hts.  

Data from previous Shuttle fl i g hts has revea l e d  
g reater stresses on the veh ic le than  p red i cted by wi n d  
tunne l  a n d  other  experiments. 

SPACEFLIGHT, Vol .  28. March 1 986  



------------------------ Shuttle Insight·------------------------

SOLID-ROCKET 
BOOSTERS 
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Close-up pictures of the Challenger 5 1 L  launch 
sequence showed a small flash around the lower third 
of the external tank and left Solid Rocket Booster 
(SRB). This appeared to be the trigger for the 
devastating explosion and NASA investigators are 
now looking closely at the potential for failure within 
a joint between segments of the Morton Thiokoll 
United Space Booster-built SRB's. 

A large crane i s  used to lower the second booster section onto the aft 
section in the Veh icle Assembly Bui ld ing.  lt is  at the ju nction 
between the two segments where the leak i n  Cha l lenger's right SRB 
is thought  to h ave occu rred. 

The two SRB's provide the ma in  thrust to l ift the 
Space Shutt le  off the pad and u p  to an  a ltitude of about 
45,720 metres ( 1 50,000 feet) ,  24 nautical m i les (28 
statute m i les) .  I n  addit ion,  the two SRB's carry the 
enti re weight of the Externa l  Tank  and Orbiter and 
transmit the weight load through thei r structu re to the 
mobi le lau nch p latform. 

Each booster has a th rust (sea l evel ) of 2.9 mi l l ion  
pounds at  l au nch .  They a re ign ited after the th ree 
Shutt le ma in  eng ine thrust level is verified.  The two 
SRB's provide 7 1 .4 per cent of the thrust at l ift-off and 
d u ring  fi rst stage ascent. 

The SRB's are the la rgest so l id-prope l l ant motors 
ever flown and the fi rst desig ned for reuse.  Each is 
45.46 metres long and 3.70 metres i n  d iameter. At 
l aunch each weighs 586,506 k i lograms, of which 85 per 
cent, 503,627 k i log rams, is  prope l l ant. 

Pri m a ry e lements of each booster a re the motor 
( i ncl ud ing case, prope l l ant, i gn iter, and nozz le ) ,  
structu re, separat ion systems, operat iona l  fl i ght 
i nstru mentation,  recovery avion ics, pyrotechn ics, 
dece leration system,  th rust vector control system and 
range safety destruct system .  

T h e  i nterchangeable SRB's a re used as matched 
pa i rs and each is made up of fou r  sol id  rocket motor 
segments. The pa i rs a re matched by load ing each of 
the four m otor segments i n  pa i rs from the same 
batches of prope l l ant i ng redients to m in im ise any 
th rust imba lance. The segmented cas ing design  g ives 
maxi m u m  flexib i l ity in fabr icat ion and  ease of trans­
portat ion and hand l i ng.  

So l id  rocket m otor ign it ion com mands a re sent by 
the Orbiter com puters th rough the M EC's (Master 
Event Contro l lers) to the safe and arm device · NS I 's 
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(NASA Standard I n itiators) i n  each SRB .  

Three s igna ls  must be present s imu ltaneously for 
the PlC to generate the pyro fi r ing  output. These 
s igna ls  - Arm, F ire 1 ,  and Fire 2 - or ig inate in the 
orbiter com puters and a re transmitted to the MEC's. 

The "a rm "  s igna l  causes a barrier rotor to move i nto 
a position  from which redundant NS I 's fi re th rough a 
th in  barrier seal down a flame tunne l .  Th is igl'lites a 
pyro booster charge, which i s  reta i ned i n  the safe a rm 
device beh ind  a perforated p late. The booster charge 
i g n ites the prope l lant in the ign iter i n itiator, and 
combustion p roducts of th is prope l l ant i gn ite the sol id  
rocket motor i n itiator, which fires down the length of 
the sol id rocket motor i gn itin g  the sol id  rocket motor 
prope l lant. 

The computer launch sequence a lso controls certai n  
critica l m a i n  propuls ion system valves and monitors 
the eng ine-ready indications from the ma in  eng ines. 
The MPS start commands a re issued by the onboard 
computers at T minus  6.6 seconds (staggered start -
eng ine th ree, eng ine  two, engine one - a l l  
approximately with i n  one-fourth of  a second)  and the 
sequ ence monitors the thrust bu i ldup of each eng ine .  

Norma l  thrust bu i ld-up to the requ i red 90 per cent 
thrust level wi l l  resu lt in the eng ines being 
commanded to the l iftoff position at T minus  3 seconds 
as wel l  as the F i re 1 command being  issued to arm the 
SRB's. 

At T-0, the two SRB's a re ignited, under command of 
the fou r  onboard computers, separat ion of the fou r  
explosive bolts on  each S R B  is  in itiated (each bolt is 

7 1 1 m i l l imeters - 28 inches - long and 88 m i l l i meters -
3.5 i nches - in  d iameter); the two T-0 umb i l ica l s  (one 
on  each side of the spacecraft) a re retracted; the 
onboard master ti m ing  un it, event t imer, and  m ission 
event t imers a re sta rted; the th ree ma in  eng ines are at  
1 00 per cent and the grou nd l au nch sequence is 
terminated .  

The  sol id  rocket motor thrust profi le  is ta i lored to 
reduce thrust d u ring  the maximum dynamic pressu re 
(max q) reg ion .  

The NASA accident review board i nvestigati ng the 
cause of the Cha l lenger explosion bel ieves i t  most 
l ikely to have been triggered by a ruptu re i n  the right 
SRB at one of the segment joints. 

An exhaust p lume and flame seen emitti ng  from the 
side of the booster are thoug ht to have caused the 
bottom part of the SRB to separate from the externa l  
tank, push ing i t  away from the c l imbing orbiter. 

In response, the top ha lf is  be l ieved to have pivoted 
i nto the external  tank, ruptu ring the oxygen and 
hydrogen section which resu lted i n  the massive 
explosion .  

However, fi nd ing  a reason for the ruptu re may be 
less easy. Tests on the structura l  design  of  the booster 
joints together with the sea ls and l u bricants a re being 
performed to estab l ish if the u n usua l ly  cold pre- launch 
weather had any adverse effect. 

Although the sea ls a re designed to prevent the kind 
of leak that resu lted i n  the exp losion, NASA eng ineers 
have recorded on some previous fl ights s l ight leakage 
on the fi rst sea l .  

One ofthe two SRBs used during the launch of Columbia o n  its third fl ight i n  1 982. The booster i s  at the d isassem bly facility after being picked 
u o  from the ocean al:iout 164 miles north east of the launch .site. After being " sated" it is  disassem bled and sh ipped out for reprocessi ng. 
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------------------------ Shuttle Insight------------------------

EXTERNAL TANK 

by Fra n k  S ietzen 

The Space Shuttle External Tan k  is a vital element of 
the reuseable space transportation system .  lt not only 
holds the super-cold liquid propellants for the 
Orbiter's three main engines but also acts as the 
backbone of the vehicle in flight. The recent Shuttle 
explosion in flight has focussed attention on the 
design and role of the External Tank. The author 
d escril>es this element of the Shuttle system and how 
it i nvolves a new technology - that of the very large. 

Introduction 
The 3500 acre cypress swamp east of New Orleans 

was made into a permanent plantation home as a result 
of the labours of Baron Antoine Michoud, the son of a 
French Cabinet Minister and the third Frenchman to own 
a tract once infested with al l igators and dotted with 
hunting camps for the Choctaw Indians. M ichoud purch­
ased the estate and buildings from a bankrupt civil 
engineer and sought to make it an appropriate reflection 
of his lifestyle. Alas, Michoud's personal eccentricities 
al ienated him from the crescent city's business community 
and he eventually retreated to the confines of the planta­
tion, which he converted to sugar growing and · refining. 
Two smokestacks from those days stil l  stand in  front of 
the assembly plant that bears his name, a silent testimony 
to the past. Most of Michoud's estate was gradually 
d ivided into parcels, with the US government buying a 
1 ,000 acre tract in 1 940 to build Liberty ships. Just two 
years later. when the huge 43 acre plant was finished, it 
was decided to switch to the manufacture of wooden 
cargo aircraft. Only two 'planes of an estimated 200 were 
actually built before that plan, too. was abandoned. Years 
of inactivity fol lowed. 

The coming of the Saturn rocket programme in 1 96 1  
finally brought it back to life. lt was at M ichoud, now a 
part of the Marshal !  Space Fl ight Center, that the Apollo 
astronauts' journeys to the Moon truly began. The first 
stages of the Saturn family (Saturn 1 ,  1 B. and the massive 
5) were built there from 1 96 1  to 1 968, when the assembly 
l ines were sti lled ancf the excess vehicles stored. A 
Saturn 5 first stage sti l l  sits on the lawn at the entrance 
today, a silent reminder of America's retreat from the 
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ORB ITE R 
FORWARD 
ATTACHMENT 

Three External Tanks complete with their liiyers of insulation - only 
the first two carried the white finish. Martin Marretta 

Moon of the 1 970's. The year after the assembly l ines 
were closed, Congress approved the Space Shuttle 
programme and in 1 973 Martin Mai'ietta was chosen to 
build the only major expendable Shuttle component, the 
External (propel lant) Tank, at the M ichoud site .. A prime 
reason for the decision, as was the case with the Saturn 
decision a decade before, was the site's access to canals 
for water transport of the aerospace products that were 
too large for a ir  travel to their launching sites. 

ET Basics 
The largest of the several Shuttle elements, the External  

Tank is 8.4 m in d iameter and 47 m long. lt is designed 
to hold more than two mi l l ion litres of propellants for the 
Orbit er's three main engines and to be jettisoned from 
the speeding Shuttle just before orbital insertion. In its 
pointed, ogive-shaped nose is a l iquid oxygen tank that 
holds 540,000 l itres of the oxidizer, with waffle-shaped 
structures, called baffles, on the inner surface to keep the 
super-cold liquid from sloshing about during the trek to 
space. Below that is perhaps the most important part of 
the overal l  ET: an intertank connection l inking the upper 
liquid oxygen tank with the l iquid hydrogen tank below. 
Its most important function is to- absorb the heavy loads 
imposed during launch - the ET is the strong backbone 
of the Space Shuttle. 

ORB J TE R  
A FT 
P. Ti ACHME NT 
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------------ Shuttle Insight------------

The l iquid hydrogen tank, at 29.5 m long, is the largest 
part of the ET. Like the oxygen portion, it is made of 
aluminium segments fusion welded together in the 'TIG' 
or Tungston Inert Gas welding process. The hydrogen 
fuel ,  more than 1 "1-2 mil l ion l itres of it, is kept at -253 ° C, 
a supercold but high energy fuel .  

The exterior of the E T  contains propellant feed l ines, 
mounting struts to hold the Orbit er, vents for the use of 
gaseous hydrogen as an attitude control device during 
separation, antennae for transmission of destruct com­
mands should things go awry and a Thermal Protection 
System that covers the entire external  surface. Now 
omitted is the final coat of white paint - at 270 kg and 
costing $ 1 5,000, it was decided that the weight could 
better be used in the payload bay as cargo. Thus a l l  tanks 
since the third launch in March 1 982 have the natural 
colour of the thermal insulation. This spray-on protection 
is an important element: the polyurethane-like foam keeps 
the l iquids at their proper temperature, while preventing 
ice and frost from forming on the outside. Such material 
fal l ing off during launch and striking the delicate ti les on 
the Orbiter is a problem for ttie reusable ship. Averaging 
about 2 cm 'thick, the composition varies at d ifferent 
places. A CPR 488 foam is sprayed over the entire tank, 
except for the nose and other areas that are subjected to 
high aerodynamic heating during launch - those are treated 
with a superlight ablator, sealed with a fire-resistant latex 
coating that prevents moisture from being absorbed. The 
insulation is a beige or amber when first sprayed on (the 
entire tank rotates on a · huge turntable whi le nozzles 
·spray the material in even strokes) but as it is exposed 
to the ultraviolet rays of the Sun, it cures to a brown­
maroon colour. Now that ETs are stored several missions 
ahead at the Kennedy Space Center in Florida, they will .. 
have cured by the time the Shuttle stack rol ls  out to the 
pad. For the first use of the l ighter, unpainted tank on 
the third mission the tank cured while on the pad, which 
aroused the interest of observers who saw a beige tank 
leave the Vehicle Assembly Building and a brown one on 
the launch pad!  

How the ET Works 
The tanks are shipped to Cape· Canaveral via barge, on 

The STS- 1 tank separates from Columbia, captured by cameras in the 
umbilical bays underneath the Orbiter. Note the scorching. NASA 
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a water journey that takes about five days in the Gulf of 
Mexico. When the Shuttle begins polar ascents from 
California's Vandenberg Air Force Base in 1 986, the water 
trip for the ET wil l  cross the Panama Canal and take two 
weeks. 

Once at the launch site, the tank is raised to the launch 
platform and stacked with the pair of Solid Rocket Motors. 
Then the Orbiter itself is  attached to the ET and the entire 
stack readied for the trip to the pad (at Vandenberg, the 
system wil l  be assembled on the pad itself) . Once there, 
electrical and liquid or gas connections are made and the 
interior tanks purged of cor:�taminants. Several hours 
before launch, fuel and oxidizer are loaded simultaneously, 
at various rates of flow as the tanks are fi l led. With 
computers watching careful ly, the tanks are topped off 
and any col lected gas vapours vented through the nose 
cap. At 6 .6  seconds before lift-off, the propel lants are 
fed to the Orbiter engine cluster at a combined 400 
l itres/sec through 43 cm wide l ines. The ground support 
umbilica l  l inking the intertank with the launch tower fa lls 
away at sol id motor ignition and the Shutt le  begins an 
81h minute ascent through the atmosphere. At main 
engine shut-down, pyrotechnic devices separate the ET 
from the belly of the Orbiter and res: d ual gases in the 
nose are vented through a valve. beg : n n : ng a slow pitch­
over as a result. This action ensu res that it will tumble 
as it moves below and away from the sub-orbita l Shuttle, 
which then cl imbs to orbit using th e r.vo orbital Maneu­
vering Engines. The ET p l u n g es baci< into the atmosphere 
and breaks up about 55 km a::c ·. e me I ndian Ocean. The 
imparted tumble a lso h e : ;: s  :: a s s u re a smal l ·  area of 
impact for surviving fra g :o;: a :- : s .  Tne Orbiter's General 
Purpose Computers a�e = - :: -:�c l  through the short 
powered flight, red ucing ::-. e a - : ..::-t of hardware the tank 
itself requires. 

Diets for the ET 
The External  Tan .< : s  - : : : s::: . : d esign but is evolving 

as the Shutt le prog:-a-. - e - : :·_ ·as . A programme, started · 
in 1 979, continu es tc :. : --. :: :  - a :<:ng the ET cheaper and 
more efficient. Th e  . ' ; - : :. : ; - : :a'lk programme set up 
by NASA ca l !ed fc� ·: : . :  - ;  : -: e  weight of the ET by 
2720 kg - Martin r/ : -. ::: :  :. ::.s ::. ::: e to del iver a 4500 kg 
saving, beg inn i n g ·:.-:: - : - = :: - � ; e r  Challenger's maiden 
flight in Apri l 1 9 8 3 .  

Future ETs may : :  - =. : :  - : -e effic ient b y  removing 
- cable trays and ba=. :s a :- : : .: :: : ..::ing composite mate­

rial for h eavi e r rr.e:a · s  -- = : · ::;  : - ;; e  is complicated by 
the slowly increa s . - ;;  : : - : - : ;: · :=-s : the production rate 
is presently 1 4  :a:- .�s - . :. - : _ :  : :a ;; ::s of construction at 
a:l tim es.  In the r. : :-s.:-: : : a - : .:._ : _  ·e ."Jhen a ful l  fleet of 
Shutt ! e  O r b : t e rs .s - s :; - . ·  : :  :.-: -. : - ·ee l aunch pads on 
two co a sts . ::-- e ·a:e : ; : : :  = - :  - . s :  gear u p  to match 
the ra:e :< ; � :  ::: - .  = ::. - s : _ ·· = - :  :.a •or an increase of 
the cu�e - :  ·a:: : : ::. .:. : =. - ·. s : :; ·  : =. ·  : ·. 1 988. To support 
this g o a l  t -: :  ' . '  : -. : _ : : =. - :  : s :: ' - . s :  t: e  nearly remade 
from the ;;-;s s : : . : - - s : · : :. : s s  - . :  . :s the substitution 
of new, mo�e := : : - :  - :: - _-= :;. : : _  · - ;; : : :: .· :-1 : q ues, such as 
welding two c; u : -: : ·  s : : : · : - s  : "' : - ::  : .  : ":Vdrogen dome 
together on a s ::: a . : · - =. : - - : :: - : : - : - :. := ::: · n g  the ha lves 
on the original  l a rg e ·  - a : - - =  - - = : : - :  s un dergoing a 
facelift of sorts, w;tn :: - � : = : ::  - ;  :. : :  sd : h a t  runs the 
length from east to :. :=s: � : :. - ;;  " : ·  a m o re efficient 
flow of constructed p a �s - . : - s: - a:1 a u tomobi le  
assembly plant. Martin r.� a - s::z · : : ·e : s - :at rves t n  New 
Orleans refer to th is as t h e  · �: :  - - . s  25 ::: a n , '  m ean ing 
that the changes wi l l  a l low t h e ;: : - :  - : :; ;; sa r i n g  u p for  
24 tanks per year, to grow to s ..; ;:; ;:; : -:  �J t a ,., ks i f  the 
rate of Shuttle flights ever requ i re s u : :- : ·::: : _ :: ; o n  l eve ls .  
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NEW SAL YUT 
SPACE STA TION 
by Nevil le Kidger 

lt is now increasingly likely that the next Soviet 
cosmonauts to spend a lengthy period in space 
will do so aboard a ·new Salyut space station. 
Meanwhile, further details have also emerged on 
the sudden return to Earth of the Salyut 7 crew in 
late November 1 985. 

Specu lation about the l au nch of Sa lyut 8, a 
replacement space station  for Sa lyut 7, has a risen from 
reve lations of Soviet offic ia ls at the IAF conference i n  
Sweden last October. l t  was reported that the m a i n  -
com ponent of the station wou ld  be a centra l core with 
m u l tip le  docking  ports to a l low fou r  to six modules to 
be docked to the station .  

A pictu re, from the US Defence Department 
pub l icat ion "Soviet M i l itary Power" shows an  
en larged Salyut with two Cosmos Modules docked 
rad ia l ly at the rear of the complex. The publ ication says 
this is the des ign of the en larged Sa lyut. lt has a l ready 
been noted that the Cosmos modules bear a strong 
resemble'nce to the 1 960s McDonne l  Doug las " Big  Gn 
study for a space stat ion but a p ictu re which was 
pub l ished in 1 969 (AW&ST 22 September 1 969, pp  
1 03) shows " Big  G "  modu les docking  l atera l ly with the 
l a rge  cyl i nd rica l station .  If the DoD drawing is 
representative of the Salyut 8 desig n  then com parison 
with the McDonne l  Doug las study is  u navoi_dable.  The 
1 969 US study featu red an a rch itectu re s imi lar  to that 
employed in Sky lab (ie with severa l cyl indrical  ' rooms' 
a long the length of the station) .  lt wi l l  be i nteresting  to 
see if the Soviets have bu i l t  the i r  l a rge  stat ion i nterior 
sim i l a r  to the US design .  

Salyut Mission Report - Working I n  Orbit 
October began for the 'Chegets' - cosmonauts 

Vasyuti n ,  Savinykh and Vol kov - with a series of 
medical tests. These showed that the men remained i n  
good health,  the Soviets said. 

The men were a lso heavi ly i nvolved i n  photography 
and other  data gatheri ng  over the USSR.  Areas studied 

Salyut 7 docked with Soyuz T1 4 
and Cosmos 1 686. 

=======! � ,------l t 
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Vasyutin ( left) and Volkov. 

i nc luded the B lack and Caspian  seas and a reas of the 
Centra l Asian  Republ ics. 

The cosmonauts monitored the performance of the 
COMET exper iment, a French-Soviet experi ment 
which had been mounted on the exterior of Salyut by 
Dzhan ibekov and  Savinykh during  their  EVA on August 
2. The experiment used deployable 'arms' to trap dust 
particles in the vicin i ty of the complex and the fi rst 
col l ections were timed to coincide with the near 
passage of Comet G iacobin i -Z inner. Studies wou ld  
a l low scientists to  determ ine  the  chemica l 
composition of the dust particles and by October 1 0, 
the Soviets c la imed that the fi rst stages of work with 
the detector had been accompl ished. 

·._ Another  astrophysical experiment conducted 
eXtensively by the Chegets i nvolved an improved 
gamma spectrometer, ca l led 'Mariya', which was 
p laced at var ious l ocations in the station  to study the 
mechan ism of the generation of currents of h igh­
energy particles such -as  electrons and posi trons in  
near-Earth space. Work a lso continued with the  'Pion' 
technologica l  i nsta l l ation  to study the behaviour  of 
mater ia ls i n  weight lessness and the cosmonauts 
regu lar ly moni tored the progress of p lants, such_ as 
cotton and flax, which they had p lanted in biological  
i nsta l l at ions. 

By October 1 2  i t  was reported that the Cosmos 
modu le  was sti l l  not fu l ly  u n loaded and that the men 

P. Mills 
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SOVIET SCENE 
were h avi ng  to u n load it i n  the i r  spare t ime .  Two days 
later the cosmonauts took part i n  a TV sess ion with US 
astrona uts S l ayton and Stafford as  part of a goodwi l l  
exchange .  l t  a l so i nvolved Cong ressman B i l l  N elson 
(who flew on Shutt le  miss ion 61C) .  Ne lson was told 
that the th ree cosmonauts wou ld sti l l  be in orbit  d u ri ng  
h i s  fl i g ht, which was then  schedu led for a Decem ber 1 8  
l a u nch. 

As October passed the men conti n u ed the i r  cycle  of 
work of Earth  observations, materia l s  stud ies and 
astrophysica l observat ions.  Specia l  attent ion was a lso 
pa id to the cosmonauts health .  I n  a n  i nteresti ng 
experiment the cosmonauts were used as gu i nea p igs 
to study how an  i ncrease i n  the i ntensity of physical 
exercise cou l d  be used to. decrease the length of time 
the men had to spend on it (typical  time per day spent 
on physica l exercises was between two and two-and­
a-half hou rs ) .  

By October 20 the men had beg u n  another series of 
dust col lections with the COMET experiment and had 
spent ti me studying the phenomena of nocti l ucent 
clouds at an a ltitude of 80 km over the Pacific. During  
the stud ies, u nder the codename 'Aerosol '  the  attitude 
of t he complex was contro l led by the Cosmos satel l ite. 

T ASS reported on October 25 that the complex was 
orbiti ng at a he ight of 375 x 357 km at an i nc l inat ion of 
5 1 .6 deg ress and a period of 91 .6 m i nutes. 

During  the fi rst ten days of Novem ber  the 
cosmonauts continued the cycles of work with TASS 
reports being issued every fou r  to five days 
summaris ing the work. Specia l  photographs Were 
taken of a reas a round Taj i kistan which had recen lty 
been the epicentre of a severe earthquake. On 
N ovember 13  the cosmonauts completed more Earth 
stud ies but l ater at 1 9. 1 1 G MT the same day it was 
reported by observers ' that the cosmonauts had 
sudden ly beg u n  to scramble rad io  tran-smissions to 
Earth . However, routine reports of normal  working on  
the  stat ion continued. 

Subsequent ana lysis of TASS reports revealed that 
the l ast report t�at the crew were " i n  good health and 
fee l i ng wel l "  - a fai rly standard phrase i n  TASS 
announcements - was issued October 25. Four days 
later, the agency said that the systems of the com plex 
were fu nction ing  norma l ly and the cosmonauts were 
imp lementing the fl ight p rogramme. 

T ASS stated on Novem ber  1 5  that the men were 
continu ing  work aboard the complex and were 
engaged in astrophysica l ,  b io logica l ,  geophysica l and 
medica l  activities. The 'Ch ib is' su it was used i n  "an 
exa m ination of  the state of  thei r cardiovascu lar  
systems both at  rest and u nder hydrostatic pressure . "  
l t  was  the  last offica l report from the  agency before the 
d ramatic events of November  2 1 ,  a lthough .Soviet 
.rad io reports on  the fl ight, describ ing the work 
p rog ramme, conti nued up to 0900 G MT November 1 8. 
Once aga in ,  the omissio n  of a ny reference to the men's 
hea lth was s ign ificant. 

Emergency Return to Earth 
At 1 1 36 G MT on November 21 TASS made a short 

announcement which sa id that, at 1 03 1  G MT that day, 
the crew of Soyuz T-1 4  had l anded some 1 80 km 
southeast of the city of Dzhezkazga n  in Kazakhstan .  
T h e  agency stated that the m e n  h a d  conducted studies 
of the Earth's su rface, atmosphere and a lso 
astrophysica l ,  technolog ical  and techn ica l 
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experi ments a s  we l l  a s  b io log ica l and  medica l  stud ies. 
Only in the fi n a l  paragraph did TASS g ive the  

reasons for the term inat ion of  the fl i gh t :  "Th e 
cosmonauts' long fl i ght  . . .  was term inated due to 
V lad i m i r  Vasyuti n 's s ickness and the need for hospita l 
treatment for h i m . "  

Subsequent ly,  TASS reported that t h e  commander  
was " satisfactory"  but that he was being flown to 
Moscow for u rgent treatment.  Western observers 
confi rmed that the return  had occu rred after fou r  days 
of scrambled rad io  transmissions.  No fu rther deta i l s  
were released a bout Vasyut in 's i l l ness immediately 
a lthough a later report spoke of "some inner  
i nf lamation"  wh ich  led  some western ana lysts to 
suspect an attack of append icitis . 

Vasyut in 's i l l ness had caused the Soviets to gather 
another, certa i n ly u nwanted, "fi rst" in space - the fi rst 
t ime that a manned fl i ght had been term i nated early 
due to the sickness of a crew member. 

The next day, at the Ba ikonu r  cosmodrome, Maj. 
Gen. Aleksei Leonov i ntroduced Savinykh and Volkov 
to the press. The two men p ra ised Vasyutin for h i s  
conduct duri ng  the  descent to  Earth . The  Soviets 
p layed up the achievements of the fl ight saying that 
the Earth photography h ad covered some 1 6  m i l l ion  sq 
km of the USSR and over 400 sessions of scientific 
research had been accompl ished. 

· 

There were no new reports of the conditon of 
Vasyutin released i n  the fol lowing days and one 
western source c la imed that the i l l ness had been so 
sudden that the cosmonauts had been u nab le to 
" moth ba l l "  the complex. There was some expectation 
that another  fl i ght wou ld  fol l ow q u ickly to man the 
operationa l  complex. But there was a lso expectation 
that lhe Soviets wou l d  l aunch a new, l a rger Salyut 
(number 8) which wou ld  have modu les docked to it. 

Revelations About The Il lness 
I n  'Pravda' on December 29 the Soviets pub l ished 

an abridged vers ion of the d iary Savinykh had kept 
during the fl i ght which revealed the ' i l lness' suffered 
by Vasyutin .  The pub l icat ion contin ued the series of 
startl ing ly frank  Soviet accounts of their problems 
which had begu n  with the Soyuz T-8 fa i l u re in 1 983. 

The Soviets acknowledged that the crew should 
have been i n  space over the N ew Year  period at least 
and  said that the cosmonauts had beg u n  to observe " a  
s l ight uneasiness" i n  Vasyutin's behaviour  a t  some 
point. He  was not s leep ing and suffered loss of 
appetite. Savinykh said that he  put that down to h i s  
mood and they attem pted to  he lp  h im  by cracking  
jokes and offeri ng advice but Vayuti n " became i l l "  and 
a lthough the commander wished to r ide the i l l ness out  
the s ituation became worse. 

Savinykh said, g raph ica l ly, that Vasyuti n became " a  
bund le  o f  nerves" .  After consu ltat ions with FCC i t  was 
decided to retu rn to Ea rth to t reat Vasyut iri and the 
decis ion to return  was taken on  November 1 7 . Dur ing 
preparations for the return Savi nykh wrote : " it seemed 
. . .  that he was i mprovi ng .  But sti l l  we made the r ight 
decisio n . "  

Savinykh said that t h e  m e n  were a b l e  t o  screw a n d  
unscrew " dozens o f  bolts" i n  t h e  comp lex and  cover 
the portho les. The crew left a note for those who wou ld  
fol low them and Savi nykh sa id  that he had a lso left 
some th i ngs beh ind  "so if I com e  back aga in  (to Salyut 
7)  I ' l l  have someth ing to cl imb  i nto " .  
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PHOBOS LAN D ER 
MARS PR-OJ ECT 
by Bri a n  Ha rvey 

A 460 day u n m a n ned m ission to Mars and its 
moon Phobos during 1 988/9 is now in the fi n a l  
stages o f  desi g n .  landers w i l l  be deployed on t h e  
Phobos su rface and scientists i n  the Soviet U n i o n  
h ope t o  receive s i g n a l s  fro m these and spacecraft 
l eft in orbit for up to 1 2  months. 

Phobos i s  the pr i m e  target fo r two probes to be 
l a u nched by D ie  Proton boosters i n  J u ly 1 988. F i rst 
spotted by Asap h  H a l l  i n  1 877, Phobos measu res a n  
i rreg u l a r  2 7  x 2 1  x 1 9  km . l t  h a s  a c ratered, s h a pe l ess 
su rface and a lways keeps the same aspect tu rned 
towa rds the m other  p l a n et M a rs .  

Deta i led photog rap h s  of the moon were obta i ned by 
the  America n Vik ing orb iters in  1 976-7 confi r m i n g  
e a r l i e r  pred i ct ions  that it  cou ld  poss ib ly  be a captu red 
a stero i d .  Phobos' terra i n  i s  d o m i n ated by a l a rge  8 km 
crater, St ickney. 

l t  i s  n ot c l e a r  from Soviet sou rces as  to whethe r  the 
second of the  two p ro bes to be l a u nched in 1 988 wi l l  
a l so ren dezvous  with Phobos, o r  i ntercept M a rs' other  
moon Dei mos.  Th i s  sma l le r  moon,  measu ri n g  1 5  x 1 2  
x 1 1  km is  i n  a much  h i g h e r  orb it  of 20,000 km,  per iod 
30.3 h rs .  In  contrast to Phobos, t ida l  forces a re push i n g  
Deimos away from M a rs .  

M a rs-Phobos - mission t imeta ble.  

Date Event 

J u l y  1 5, 1 988 La u nch of M a rs-Phobos 1 .  * 

Feb 2,  1 989_ M a rs orb it  i nsert io n .  O rb i t 4200 
by 60,000 km. Period 72 h rs .  

Feb 27 Tran sfer to orb i t of 9700 by 
60,000 km, period 7070 h rs .  

M a r 29 Rendezvou s  o rbit .  9700 km 
ci rcu l a r. Period 8 h rs .  
P ro p u l s i o n  u n it jett ison .  

May 3 E ncou nter p hase ( 1 25 m i n ) -
dep loyment of l a n ders; c lose 
to 50 m at 2 - 5  m/sec; su rface 
rem ote a n a lys is .  

M ay 3 Post-en cou nter p h a se :  ret u r n  
to 9700 km ci rcu l a r  o rbit .  

Sep 20 Fin a �  M a rs o rbit  of 9400 km by 
9700 km.  Per iod 7 .6  h rs .  

Oct 20 Conclus ion  of miss ion .  

*This wi l l  depend a t  what exact moment the launching takes advantage o f  the 
1 0-day wi ndow. Su bseq uent dates wil l  a lter accordingly as the launch goes 
before or after this date 
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Spacepraft coast to M a rs wi l l  l ast 200 days.  M a rs 
O rb it I n sert i on  wi l l  p l ace the  spacecraft i n  a h i g h ly 
e l l i pt ica l  orb it  of 4200 by 60,000 k m .  A bu rn of 25 days 
wi l l  ra ise the per i a ps is  to 9700 km , c loser  to Phobos' 
own a lt itu de.  A second b u r n  wi l l  then "l ower t h e  
a poaps is .  A t h i rd s h o rt bu rn wi l l  p l ace the spacecraft 
o n  a n  i nterceptio n  cou rse to Pho bos. At t h i s  stage,  its 
work done,  the propu ls ion  u n it wi l l  be d ropped.  

The main spacecreaft wi l l  a p p roach Phobos to a 
d i stance of 50 m .  D u ri n g  the a p p roach,  there a re two 
m a i n  events. F i rst, the two su rface l a n d ers a re 
dep loyed a n d  seco nd,  the ma i n  s pacecraft wi l l  ca r ry 
out  laser a n d  ion  a n a lysis of the .su fface.  Th is  p h ase of 
the  m i ss ion wi l l  be fu l ly te levise d .  

After i ntercept ion ,  the m a i n  spacecraft wi l l  rema i n  
i n  c lose p roxi m ity t o  Phobos for 1 40 days before 
tra n sferr ing  to a fi n a l  7.6 h rs orb it  for 30 days. 

Each m a i n  spacecraft wi l l  ca rry two l a nders, n ot o n e  
a s  or ig i na l ly envisaged.  T h e  l a rg e r  of the two wi l l  
wei g h  3 5  kg a n d  transmit  for a year .  The l a nders wi l l  
ca r ry s ix  experi me nts, i nc l u d i n g  te l ev is ion ,  seismic  
detectors, spectrom eters, penetrator, a n d  te lephoto­
m eter.  By the end of the year- long  experi m ent, Soviet 
sc ient ists h o pe to have p recise m easu rem e nts of 
Phobos' orbit  a n d  t ida l  effects.  They h o pe to d i scover 
the  chemica l ,  therma l ,  p hysica l  a n d  mag net ic 
com posit ion of the rocks.  N o  l a nder  desig n s  h ave yet 
been re leased.  

Experiments at interception 
Two pr i nc ipa l  experi m e nts wi l l  operate at 

i ntercept ion : the remote laser  mass spectro m eter ;  
and the  remote mass a n a lyser of seco n d a ry ions .  The 
l aser  wi l t  eva porate and i o n ise s u rface m ateri a l  at 50 m 
ran g e  a n d  a n a l yse the free scattered i o n s  i n  a 
reflectron .  The experi m e nt i s  be ing  bu i lt by scient ists 
from the USSR,  B u l g a ria ,  West Germany, the G D R  a n d  
Czechos lova k ia .  Afterwa rds, i t  s h o u l d  b e  poss i b l e  to 
know in deta i l  the chemica l ,  e lementa l and isotop ic  
com posit ion  of the  su rface. 

The remote m ass a n a lyser of seco n d a ry ions wi l l  
identify t h e  deg ree a n d  m a n n e r  i n  wh ich Phobos' 
su rface has a bsorbed the s o l a r  w i n d .  An ion beam wi l l  
b e  fi red for one secon d  from a d i stance of 1 00 m ,  a n d  
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SOVIET SCENE 
a foi l  reflectron wi l l  ana lyse the outcome. This is a j o i nt 
Fra nco-Soviet exper iment. 

A n u m ber of major exper iments a re to be d i rected 
towards both Phobos and  M a rs.  In one,  a rad a r  wi l l  be 
used to scan the su rface, structure and re l i ef of Phobos 
down to a resol ution of 35 cm.  The sam e  i n stru ment 
wi l l  be used for rad io-sound ing  of the Martian  
atmosphere .  lt i s  hoped to identify t he  bou ndari es of 
the Mart ian ionosphere and ionopause .  a n d  the  natu re 
of the Mart ian magnetic fie ld .  Th is experiment is 
operated at a n  a lt itude of 6300 km and is  Soviet-bu i lt . 

A com plete video set wi l l  be ca rr ied by Mars­
Phobos, inc lud ing three stereo TV cameras and a 
memory u n it ab le  to store 1 1 00 complete frames. The  
video u n it wi l l  be used fi rst i n  Mars o rbit, where its 
reso lut ion wi l l  be 7 km, each frame cover ing 3000 by 
2300 km. lt wi l l  a lso be used du ring the encou nter with 
Phobos where its resol ut ion wi l l  be 6 cm. lt wi l l  be used 
to compi le a deta i led su rface and geological  map  of the 
moon.  

An i nfrared spectrometer, made by France and  the 
USSR, wi l l  compi le therma l  maps of M a rs and Phobos, 
identifying the m ineral  composit ion of the two bodies. 
lt wi l l  be specifica l ly designed to locate heat sou rces 
and permafrost. 

The gamma spectrometer wi l l  study the nature and  
extent of  ga lactic cosmic rays and  related matte'r on  the 
su rface of both Mars and Phobos. lt wi l l  help identify 
the chemical  composition  of the rocks and the ir  
rad ioactivity .  This is  a Soviet-only experiment. 

Mars-only experiments 
Two instruments wi l l  be carried wh ich wi l l  be tu rned 

only towards Mars and wi l l  not be used in connection 

with Phobos. These a re a neutron moistu re meter 
which wi l l  search for water or moisture on the Mart ian 
su rface and  an atmosphere spectrometer. The latter  
wi l l  ca rry out a deta i l ed ana lysis of  the Mars 
atmosphere - its ozone, water vapou r, oxygen,  dust, 
carbon d ioxide - over a sufficient period of t ime to 
identify any seasona l  changes. 

In-flight and solar experiments 
E i ght i nf1 i ght i nstru ments wi l l  be carried .  These 

inc lude a sca n n i ng ana lyser to study the 
magnetosphere of Mars and the solar wi nd ; a low 
energy e lectron and ion  spectrom eter; a so l a r  wind 
spectrometer (s im i l a r  to that schedu led to fly a board 
the ESA spacecraft " U iysses" i n  May) ; a p roton/so lar  
wind spectrometer; a low energy so la r  X-ray 
spectrometer; two m-agnetometers; and a p lasma­
wave ana lyser. 

As Mars-Phobos moves away from the  Earth and 
towards the far s ide of the Sun ,  exper i menta l packages 
wi l l  a l so study the Sun  and its rad i at ion .  N i ne  
instruments are being carried - a n  X-ray photometer; 
a solar u ltravio let rad iomete r ;  a gamma-ray 
spectrometer; a sola r  cosmic ray d etector;  and th ree 
solar photometers. M a rs-Phobos wi l l  a lso carry an X­
ray telescope. 

The Mars-Phobos m issions represent a quantum 
jump  forward in .terms of M a rs exp lo ration,  jus� as 
Vik ing did in the 1 970s and M a r i n e r  in the 1 960s. A tota l 
of 31 experiments a re p l anned ,  a record, and they 
should lay the fi rm basis fo r su rface exp loration  by 
robots i n  the 1990s, and the p rec is ion requ i red for 
Mars orbit rendezvous with Phobos wi l l  be s im i l a r  to 
that u lt imately needed on  the fi rst manned expedition .  

SPECULA TIONS ON A MANNED nRDSSION 
The relatively close approach 

to Earth of Mars in August 2003, 
when the two planets wil l  be 
within 56 million km of each 
other, provides: the opportunity 
for a comparatively short 
duration manned mission to 
Mars. 

Mohammed 0. Hassan, of the 
Scientific Research Foundation i n  
Baghdad, eva l uates the possibi­
l ity of a Soviet manned land ing 
d u ring the ear ly  part of the 2 1 st 
Centu ry. 

He writes : According  to Soviet · 
Scientist Rukavisnikov, .speaking 
i n  a workshop on  " Ma rs Land ing 
M issions" i n  1 973, the shortest 
path to Mars g ives a tota l trip t ime 
of 456 days. 

Such a m ission wou ld  a l low 
2 1 0  days for the outward tr ip, a 
three week land ing period, and 
the remainder for the retu rn 
journey. Spaceships for such 
m issions cou ld weig h  between 
900 and 3000 tons. 
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Why not then make use of the 
per iod between the years 2000 
and  2006? Note that in August 
2003 the d istance between Earth 
and Mars wi l l ·  be on ly 56 m i l l i on  
km .  

Nuclear propu ls ion cou ld  a lso 
be considered. For examp le  
Soviet. expert Prof. Sternfe ld 
stated ( 1 978) that a retu rn t r ip  
cou ld  be made i n  less than a year 
with a stay at the vic in ity of Mars 
of more tha n  a week. This wou ld  
req u i re a starti ng velocity of 1 6  
km/s obta ined us ing nuclear  pro­
pu ls ion .  

lt seems l i ke ly that the Soviets 
wou ld  send a Manned Mars 
Exploration  M issio n  us ing the 
shortest poss ib le  t ime for such a 
M ission  even if it req u i red much 
h i gher  delta velocity ( DV) in  order 
to reduce the problems of long 
term weightlessness without 
a rtific ia l  g ravity. 

l t  wi l l  take the Russians no less 
than 'five years to reach a one year 

endu rance stay i n  space, if we 
base our  ca lcu lat ions on extra­
polation  from t h e  previous long 
durat ion m issions .  (An increm ent 
of one month fo r each new 
successfu l end u ra nce m ission ) .  
- I n  terms o f  p ropu ls ion one 

cou ld conclude that  there is  an  
active nuclear power propu ls ion 
programme go ing  on .  

The H LLV cou ld p l ace i n  orbit a 
1 50-200 ton n uclea r powered 
th i rd stage either  of the l i qu id  

' core or  a c losed cycle gas  reactor 
type. At least five H LLV lau nches 
wou ld  be req u i red to assemble  
the b ig  parts together i n  Ea rth's 
o rbit .  

One or  more Landers cou ld  be 
i ncorporated and perhaps a sma l l  
shutt le wpe spaceplane for 
ski m ming i n  Mars' atmosphere 
with refue l l i ng  capab i l ity. 
Experience with the p l anned 1 00 
ton space station wou ld  provide 
the basis for the k ind of hab itable 
space for a Mars m ission .  
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EUROIPIEAN 
RIENDIEZ'VOUS 

BNSC Cash Boost for Hotol 
The British National Space Centre is to provide cash 

support for proof-of-concept studies o n  Hotol, the 
horizontal take-off and landing space plane by British 
Aerospace and Rolls-Royce. 

Stud ies on Hoto l ,  and its revol ut ionary p ropu ls ion 
system,  Swa l low, wi l l  last for up to two years and cost 
£3 m i l l i on .  The contracts p laced with the two 
com pan ies conta i n  a break poi nt after the fi rst six 
months when the position  wi l l  be reviewed. The cost of 
the stud ies up to that point wi l l  be a bout £750,000 
which wi l l  be shared equa l ly by the B N SC and industry. 

Geoffrey Pattie, M in i ster of State for Industry and 
I nformation Techno logy, said : "These stud ies wi l l  
bu i l d  on work a l ready fu nded by the two fi rms a n d  i n  
particu l a r  estab l ish i f  there a re any insuperab le  
difficu lt ies with the concept and to provide credib le  
design ,  performance and  cost data on which to explore 
the techno logy with ou r  partners i n  the E u ropean 
Space Agency. 

" Many of the uses we m ight make of space a re ru led 
out at present by ou r  not having routine and cheap 
access to space. Even with the vigorous competit ion 
between E u rope's Ariane l au ncher and the Space 
Shutt le,  wh ich I hope wi l l  soon overcome last week's 
sad event, gett ing spacecraft i nto o rbit is sti l l  a very 
expensive busi ness . "  

· 

The stud ies on Hotol and Swa l low wi l l  look at the 
feasib i l ity of a spacep lane able to carry a load d i rect to 
space from a runway, without the need for expensive 
rocket l au nch faci l it ies or major preparation  l asting  
many weeks before l au nches. lt wou ld ,  for example, 
l au nch a sate l l ite i nto an equatoria l  orbit and retu rn 
d i rect to E u rope. As it wi l l  not need booster rockets it 
wi l l  use less fue l  compared with present l aunchers. 

Its goa l  is to ach ieve l au nch costs to low Earth orbit 
fo r, say, a seven tonne  payload at about one-fifth of 
those of cu rrent l au nch systems.  Hc!>tol 's ab i l ity to 

Hotol would carry a payload of 7-1 1 
tonnes into low Earth orbit. lt would use a 
l iquid hydrogen fuel a ir-breathing engine 
during the early stages of fl ight and then 
draw on l iquid oxygen carried on board 
for the remainder of the fl ight to low 
Earth orbit. 

The Swallow propulsion system 
would al low Hotol to take off from a con­
ventional Concorde-length standard run­
way from a re-useable trolley. 

Hotol would cl imb rapidly clearing 
commercia l  airl ines after 4-5 minutes and 
reaching Mach-5 and 26km a ltitude about 
9 minutes after launch. 

At this point the engine would cease to 
air-breath and the vehicle would cl imb on 
a higher, rocket-l ike trajectory. 
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recover sate l l ites and to dock with E u rope's Colu m bus 
and the America n  Space Station wi l l  a lso be 
i nvestigated. 

"The stud ies to be supported a re essentia l ly to 
prove the eng ine and  other technolog ies i nvolved, 
prior to considering whether  to move i nto a tradit ional 
development programme. If Hotol is confi rmed to be a 
techn ica l ly and  economical ly viable project, it wi l l  
need t o  b e  considered alongside other long-term 
E u ropean p lans, and I wi l l  ensure that the opportun ity 
to develop Hotol with E u ropean partners remains 
open,"  sa id M r. Pattie. 

Hotol i s  an advanced concept for a horizonta l take­
off and land ing  launch vehicle for satel l ites based on a 
new power p lant - Swa l low - proposed by Rol ls  Royce. 
The novel propuls ion system reduces the need for 
Hotol to carry la rge quantities of l iqu id  fuel by uti l is ing 
a hybrid eng ine arrangement which com bines a i r­
b reath ing and  rocket propu ls ion.  

In the fi rst instance, Hotol wou ld  be developed as an 
u n manned automatic veh icle but it wou ld  be capab le  
of  being  adapted for manned operat ions at  a l ater date. 
I n it ia l  studies have a l ready shown that it  should have a 
good cross range capab i l ity and be a ble  therefore to 
retu rn d i rect to E u rope after launch ing  sate l l ites i nto 

·,,equator ia l  orbits. On present forecasts of its weight 
and volume Hotol wi l l  not need therma l ly i nsu lati ng 
t i les l i ke the Space Shuttle for its re-entry i nto the 
atmosphere. 

In its cha racter ist ics and t ime-sca le, Hotol is l i kely to 
be com plementary to the p rojects of Ariane 5 a l ready 
being u ndertaken by the E u ropean Space Agency with -
a p lanned in -service date of 1 995 and to Hermes, a 
veh icle designed to be carried i nto space on Ariane 5 
and ab le  to stay i n-orbit for periods of u p  to 30 days. 
With a crew from two to six astronauts, Hermes has 
been proposed by the French nationa l  space agency, 
CN ES, to fo l l ow short ly after Ariane 5. 
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EUROPEAN RENDEZVOUS 

. 

GIOTTO CLOSES I N  
Europe's Giotto spacecraft is expected to meet 

Comet Halley around m idnight on March 1 3  and make 
a close approach to the dust shrouded and never­
before-seen nucleus. 

At encou nter the spacecraft, with its precious 
payload of 10 scientific exper iments (two from the 
U n ited Kingdom), wi l l  have a clos ing speed of a 
fantastic 68 k i lometres per second .  As it nears its 
i ntended 500 k i lometre close approach there is a 
d isti nct possib i l ity that G iotto wi l l  be destroyed or  lost 
th rough co l l is ion with streams of icy dust particles 
being  ejected-from the nucleus.  

Now vis ib le  on ly i n  the Southern Hemisphere, 
recent telescopic observat ions from both Earth and 
space show the comet has developed a br ight  and dust 
laden head and ta i l ,  so coming  u p. to astronomers 
expectations. 

The Comet wi l l  return to Northern skies i n  Apri l and  
wi l l  p robably be  visi b le to  the naked eye for severa l 
weeks before g radua l ly  fad ing  as it heads away from 
the Sun i nto the cold depths of the So lar  System .  

Observat ions o f  t h e  comet's head show the 
p resence of dense jets of dust which G iotto must avoid 
if it is  to su_rvive long enough i n  its br ief fou r  hour  
encou nter to  make worthwhi le  scientific observations 
and take the fi rst-ever pictu res of the centra l nucleus,. 

H EAL THY ORDER BOOK . 

The n u m ber . of l aunch service contracts held by 
Arianespace now stands at 40 ( of wh ich 28 a re sti l l  to 
be fu lfi l led ) fol l owing the l atest contract from l nte lsat 
for the lau nch of an lntelsat V1  F4 sate l l ite in early 1 990. 

The sate l l ite, wh ich wi l l  be the fifth to be lau nched 
by Arianespace for the 1 1 0  member cou ntry l ntelsat, 
wi l l  have the capab i l ity to provide more than 30,000 
s imu ltaneous telephone ca l l s  and th ree televis ion 
chan nels .  

Backlog orders secu red by Arianespace a re now 
worth more than 7 .9 b i l l i on  French Francs. 
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SATELLITES I N  EDUCATION 

An excit ing new i n itiative is bei ng l aunched that wi l l  
i nvolve the use of satel l ites i n  B rit ish schools .  Al ready 
many enth usiasts, schools and col l eges a re receiving 
data d i rectly from rad io amateu r  satel l ites, U n iversity 
of Su rrey sate l l ites and weather sate l l ites. 

The use of th is data wil l have a s ign ificant i mpact i n  
t h e  secondary school cu rricu l um.  l t  wi l l :  

0 Provide the opportun ity for technologica l  
p rojects such as construct ing detect ing 
apparatus and creat ing computer models .  

0 Al low experimentation  which reflects many 
aspects of l a rge-sca le  research ,  that is  
col l ecti ng ,  p rocess ing and i nterpret ing 
considerab le  amounts of l ive data . 

0 Promote cross-curricu l a r  activities l i nk ing 
mathematics, science and tech nology with the 
human ities, particu la rly geography. 

Other educat ion app l icat ions cu rrently u nder way 
i nc lude the use of d i rect broadcast ing  sate l l ites as an  
a id  i n  modern language teach ing .  

A l a rge n u m ber of  i nterested o rgan isations have 
joi ned forces to form the U K  N at iona l  Coord inat ing 
Com mittee for Sate l l ites i n  Education .  The g roup wi l l  
assist a n d  l i a ise with teachers who wish t o  become 
i nvolved i n  · us ing  sate l l ite data �n  -educat ion ; 
ind iv iduals ,  or i nstitutions wno wish to conduct 
research on the educationa l  use  of sate l l ites ; and 
agencies that may fund projects . 

Immed iate tasks to be.tack ied by the g roup  i nc lude 
identify ing the ro les of sate l i i tes and sate l l ite data in 
education ;  ascerta i n i ng \': h at i nformation and 
equJpment teachers need i n  o�der to make the best use 
of the resou rce and ' en s u r i n g its development; 
assess ing what softwa re i s  needed and ensur ing its 
development; and identify ing  how funds can be used 
to.promote the use of sate l l ites in education .  

As  part of  the  i n itiative a 40-page booklet Satellites 
in Education - a guide for teachers is now ava i l able .  lt 
is  d istributed for and on  beha l f  of the Nat iona l  
Coord inat ing Com mittee by AMSAT ( U K) ,  94 
Herongate Road, Wanstead Pa rk, London E 1 2  5EO, 
price £3:50 ( i nc p&p) .  Cheques shou ld  be payable to 
S .E .U .K. 
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REMOTE SENSING AGREEMENT 

NASA and the E u ropean Space Agency (ESA),  have 
signed a memorandum of u nderstand ing on 
cooperat ion in con nection with the fi rst ESA Remote 
Sensing  Sate l l ite ( ERS- 1 ) .  

U nder the memorandum,  ESA has ag reed to permit 
d i rect readout of E RS-1 Synthetic Apertu re Radar 
(SAR) data, for US government research pu rposes, at 
the Fa i rbanks, Alaska station that NASA is developing 
i n  con nection with its Navy Remote Ocean Sensing 
Sate l l ite System Scatterometer ( N ROSS) progra mme. 
In addit ion to the C-band SAR, ERS-1 - wi l l  have a C­
band scatterometer, a radar  a l t imeter, a n  i nfrared 
rad iometer, a m icrowave sou nder and a precise posi­
t ion ing  system .  

ERS-1  i s  p lan ned for lau nch i n  1 989 a n d  wi l l  have a 
th ree year projected l ifetime, with a poss ib i l ity for a _ 
second fl ight u n it to be lau nched i n  1 992/93. 

U nder the agreement, NASA a lso wi l l  exchange 
NASA scatterometer and radar  i magery for other 
ERS-1  data of i nterest. The data received from ERS-1 
should enhance NASA and ESA supported polar ice 
research and complement NASA experimenta l 
activities related to N ROSS, the ocean Topog raphy 
Experi ment (TOPEX) and Shutt le lmag ing  Radar-C, a l l  
of  which a re projected to  operate i n  the  same t ime 
frame as ERS- 1 . 

DELTA LAU NCH DATES 

An u p-dated lau nch schedu le  for the rema in i ng  fou r  
Delta l au nch vehic les has been released by NASA. Al l 
wi l l  l i ft off from the Eastern Space and M issi le  Center i n  
Florida and t h e  dates a re :  Delta 1 78 ( model  391 4) 
carry ing the GOES-G sate l l ite, May 1 ,  1 986; Delta 1 79 
(39 1 4) ca rry ing G OES-H, J u ly 1 7, 1 986; Delta 1 80 (3920) 
DoD payload, August 1 4, 1 986 ; and Delta 1 81 (3920) 
DoD payload, August 1 987 . 

SATELLITE MANOEUVR ES 

l nmarsat has carried out a comp lex series of satel l ite 
manoeuvres to enab le  it to make maxi m u m  use of its 
i n-orbit resou rces in provid ing  com m u n ications 
services for maritime and other  mobi le app l ications.  

The p rocess bega n  on January 14 when the 
l nmarsat Pacific Ocean reg ion traffic was transferred 
from the Marecs B2 sate l l ite to MCS-D, the Maritime  
Com m u n ications Su bsystem aboard the  l ntelsat V ( F8) 
spacecraft. 

This meant that the th ree coast Earth stat ions 
operati ng  i n  the l nmarsat Pacific reg ion - l ba raki ,  
Japa n ;  Santa Pau la ,  USA; and  Singapore - had to 
rea l i gn  the ir  parabol ic  d ish antennas to the new 
sate l l ite's locat ion at 1 80 degrees East i n  geostat ionary 
orbit. 
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Fol l owing its activation,  eng ineers at the European 
Space Agency's sate l l ite operat ions centre in 
Darmstadt, Germany, p laced the Marecs B2 sate l l ite, 
which is leased from ESA, i n  stand by mode. 

On January 1 5  ESOC issued a te lemetry command 
through the telemetry, tracking and command station 
at lbaraki ,  Japan, which caused the fi r ing of hydrazine 
th rusters a board Marecs B2 , nudg ing it i nto a five 
degrees a day drift a round the world in a westerly 
d i rection .  lt was due to a rrive at its new stat ion,  at 26 
degrees west over the Atl antic Ocean,  on Februa ry 25 
when it wi l l  take over as l nmarsat's Atl antic 
operationa l  satel l ite from Marecs A. 

Both Marecs satel l ites a re capable of carrying  the 
equ iva lent of 60 sim u ltaneous telephone ca l ls, but 
Marecs A has suffered a n u m ber of anomal ies in its 
performance. 

" Marecs B2 is  the newest, and most powerfu l ,  of the 
sate l l ites l nmarsat has in orbit, " l nmarsat Di rector 
(Techn ical and Operations)  Ahmad Gha is  said .  "These 
moves should enab le us to use o u r  resou rces to 
maximum advantage and to cope with g rowing 
demand u nt i l  the lau nch of the fi rst l nmarsat-2 
satel l ites in 1 988. 

· 

"The ava i l ab i l ity of M CS-D presented lnmarsat with 
the opportu n ity to deploy Marecs A in a less sensitive, 

'" less heavily loaded, standby ro le over the Pacific 
Ocean,  and it wi l l  be drifted easterly to 1 77.5 degrees 
east. n he added. 

When the manoeuvres a re completed l nmarsat 
system wi l l  be configu red as fo l lows : 

Atlantic 

MARECS B2 
26W 

INTELSAT MCS-8 
18.5W (Spare) 

India 

INTELSAT M CS-A 
63E 

I NTELSAT MCS-C 
66E (Spare) 

Pacific 

I NTE LSAT MCS-D 
1 80E 

MARECS A 
1 77.5E (Spare)  

BAHRAI N JOINS I NMARSAT 

The State of Bahra in has become the 45th member 
country of l nmarsat - the I nternationa l  Mariti me 
Sate l l ite O rgan isation .  

J nmarsat is the i nternationa l  cooperative 
organ isation that operates a sat� l l ite system for the 
provision of sate l l ite comm u n ications services to the 
world's sh ipp ing and offshore industries. lt is a lso 
p lann ing  to offer services for a i rcraft i n  the near futu re 
(see Spaceflight. January 1 986) . Cu rrently more than 
4,000 vessels  and other u n its are equ i pped to operate 
with the l nmarsat sate l l ites. 

Bah ra i n  is  the seventh. country in the Gu lf a rea to 
jo in  l nmarsat. others being  I ran ,  I raq, Kuwait, Oman ,  
Saudi Arab ia  and the U n ited Arab Em i rates. 
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SATELLITE 
DIG EST - 1 90 

A monthly 
·
l isting of satellite and spacecraft launches, 

compiled from open sources. 
The heading to· each launch gives the name of the 

satellite. its international designation and its number in 
the NORAD catalogue. Launch times are given in Universal 
Time and are accurate to about five minutes except where 
marked with an asterisk. where the time is to the nearest 
minute as announced by the launching agency. 

Robert D. Christy 
Continued from the February 1986 issue 

COSMOS 1 702, 1 985·1 06A, 1 6247. 

Launched: 1 225, 1 3  N ovember 1 985 from 
Plesetsk by A-2. 
Spacecraft date: Possibly based on the 
Vostok manned spacecraft, with spherical 
re-entry module, i nstrument u n it and a 
supplementary package of instruments at 
the forward end.  Length about 6 m, 
d iameter (maxi 2.4 m, and mass around 
6000 kg. 
Mission :  Mi l itary photo-reconnaissance, 
recovered after 14 days. 
Orbit: 356 X 4 1 4  km, 92.30 m i n� 72.88 deg. 

RADUGA 17, 1 985-1 07A, 1 6250 

Launched: 1 429, 1 5  N ovember 1 985 from 
Tyu ratam by D·1 ·E .  
Spacecraft data: Cyli nder with a pair  of 
solar panels, and a m u lti-dish aeria l  a rray 
at one end. Length 5 m, diameter 2 m, and 
mass a round 2000 kg.  
Mission :  To provide round the clock radio, 
television and telegraphic com m u nica­
tions withi n  the Soviet Union through the 
'Orbita' system .  
Orbit: Geosynchronous a bove 35 deg east 
longitude. 

COSMOS 1 703, 1 985·1 08A. 1 6262 

Launched: 221 9, 22 N ovember 1 985 from 
Plesetsk by F.  vehicle.  
Spacecraft data: n ot avai lable.  
Mission :  Electronic intel l igence 
gathering.  
Orbit: 635 x 666 km, 97.79 min.  82.51 deg. 

Cargo for mission 6 1 8  is  loaded into the 
payload bay of Atl a ntis. From bottom to 
ton: Au!:sat 2.  Satcom Ku2 and Morelos B. 

1 1 8 

STS-61 8, 1 985- 1 09A. 1 6273. 

Launched: 0029*, 27 N ovember 1 985 from 
the Kennedy Space Center. 
Spacecraft data: Shuttle Orbiter 'Atlantis'. 
Mission:  Carried crew of Shaw, O'Connor, 
Cleave, Ross, Spring, Walker and Neri 
(Mexican a stronaut). Events included the 
launchings of three sate l l ites, station 
keeping experiments with a smal l  visual 
target vehicle, and testing space 
construction techn iques d u ring two space 
eva's by Ross and Spring.  Atlantis landed 
at 21 23, 3 December at Edwards AFB. 
Orbit: In iti a l ly 357 x 366 km, 91 .59 min,  
28.46 deg,  then manoeuvered several 
t imes. 

MORELOS 2, 1 985- 1 0�8, 1 6274 

Launched: 0747*, 27 N ovember 1 985 from 
the payload bay of ' Atla ntis' by PAM·D. 
Spacecraft data: Hughes HS-376 type, 
spin stab i l ised satel l ite, cyl indrical in 
shape and covered with solar  cel ls. 
Diameter 2 . 1 6  m, and length 2.84 m, 
extending to 6.6 m on fu l l  deployment of 
the solar panel .  T-h e  mass (excluding fu e l )  
is  512  kg. 
Mission :  Mexican domestic communica­
t ions sate l l ite placed i n  orbital storage for 
up  to two years. · 
Orbit:Geosynchronous above 1 1 6 deg 
west longitude. 

AUSSAT 2, 1 985·1 09C, 1 6275 

Launched: 0 1 20*, 28 N ovember 1 985 from 
the payload bay of 'Atlantis' by PAM-D. 
Spacecraft data: simi lar  to Morelos 3. 
except that the mass is  655 kg. 
Mission: Austra l i a n  domestic communi ­
cations sate l l ite. 
Orbit: Geosynch ronous above 1 56 deg 
east longitude. 

RCA AMERICOM K2, 1 985·1 09D, 1 6276. 

L-aunched: 2 1 50, 28 N ovemoer 1 985 from 
the payload bay of 'Atlantis' by PAM-D2. 
Spacecraft data: Three axis stabi l ised, box 
shaped body, 1 .7 x 2.1 x 1 .5 m, with a 15 m 
span solar array and mass a round 1 1 00 kg . 
Mission :  Commercia l  communications 
satel l ite. 
Orbit: Geosynchronous a bove 81  deg 
west longitude. 

OEX, 1 985· 1 09E, 1 6277. 

Launched: 0300, 30 N ovember 1 985 from 
the payload bay of 'At lantis'. 
Spacecraft data: 1 m diameter, ci rcu lar  

A:.ostra l ia's Aussat communications 
sa�e l l ite prior to instal l ation in  the Shuttle 
ca rgo bay for lau nch during m ission 61 8. 

cross section assembly, put together by 
the crew from three discs. 
.''.1:ssion: Visua l  target for station-keeping 
p ractice. 
Orbit: 368 x 382 km, 91 .87 m in, 28.48 deg. 

COSMOS 1 704, 1 985·1 1 0A, 1 6291 . 

Launched: 1 3 1 2, 28 N ovember 1 985 from 
P t esetsk by C-1 .  
Spacecraft data: Cyl i ndrical body with 
cc:-ned ends, enclosed in  a drum-shaped 
s c � a r  a rray with length and diameter both 
a !:l o ut 2 m. The mass is around 700 kg. 
t.l.'ssion: Navigation satel l ite. 
Oroit: 965 x 1 009 km, 1 04.91 min, 82.94 
d eg . 

COSMOS 1 705, 1 095-1 1 1  A, 1 6296. 

Launched: 1 2 1 5, 3 December 1 985 from 
P l esetsk by A-2. 
Spacecraft data: as Cosmos 1 702. 
Mission: M i l itary photo-reconnaissance, 
recovered after 14 days. 
Orbit: 356 x 41 5 km, 92.31 m in ,  72.87 deg. 

COSMOS 1 706, 1 985- 1 1 2A, 1 6306. 

Launched: 1 440, 1 1  Dec 1 985 from 
Plesetsk by A-2. 
Spacecraft data: as Cosmos 1 702. 
Mission:  M i l itary photo-reconna issance. 
Orbit: 1 62 x 340 km, 89.55 min ,  67. 1 6  deg. 
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COSMOS 1 707, 1 985- 1 1 3A. 1 6326. 

Launched: 1 552, 1 2 Dec 1 985 from 
Plesetsk by F Veh i cle.  
Spacecraft data : n ot ava i l a ble.  
Mission:  Electronic i ntel l igence gathering. 
Orbit: 634 x 655 km, 97.79 min, 82.54 deg. 

USA 13  & USA 1 4, 1 985-1 1 4A & 1 1 48, 
1 6328 & 1 6329. 

Launched: 0055, 13 Dec 1 985 from Wal lops 
Is land by Scout. 
Spacecraft description: Uninflated bal loon 
i n  cyl indrica l conta iner. 
Mission: Two targets for futu re anti.--­
sate l l ite tests by the USAF. The balloons 
ca n be i nflated to 2 m d iameter. 
Orbit: 3 1 3  x 774 km, 95.38 min,  37.07 deg. 

COSMOS 1 708, 1 985-1 1 5A, 1 6331 

Launched: 0745, 13 Dec 1 985 from 
Plesetsk by A-2. 
Spacecraft data: as  Cosmos 1 703. 
Mission:  Photo-reconnaissance, a l l  or  part 
of the payload was an Earth resou rces 
package, recovered after 14 days. 
Orbit: 257 x 273 km, 89.87 m i n ,  82.28 deg. 

COSMOS 1 709, 1 985-1 1 6A. 1 6368. 

Launched: 0847, 1 9  Dec 1 985 from 
Plesetsk by C- 1 
Spacecraft data: as Cosmos 1 704. 
Mission : N avigatio n  satel l ite. 
Orbit: 963 x 1 0 1 3  km, 1 04.92 min ,  82.95 
deg. 

MOLNIYA-3 (27), 1 985- 1 1 7A. 1 6393. 

Launched: 1 856. 24 Dec 1 985 from 
Plesetsk by A-2-e. 
Spacecraft data: Cylindrical body with 
conical motor section at one end, deriving 
power from a 'windmi l l '  of  six sola r  
panels.  Length 4 m, diameter 1 .6 m and 
mass a roun d  2000 kg.  
Orbit: 487 x 39904 km." 7 1 8.51 m in ,  62.85 
deg . 

COSMOS 1 7 1 0-1712, 1 985- 1 1 8A-C, 1 6396-
1 6398. 

Launched: 21 45, 24 Dec 1 985 from 
Tyu ratam, possib ly by a version of the-D 
vehicle. 
Spacecraft data: n ot avai lab le. 
Mission:  Navigatio n  sate l l ites in the 
GLONASS system. 
Orbit: 1 9 1 33 x 1 9 1 56 km, 676.33 min,  64.84 
de g. 

METEOR 2 (1 3), 1 985-1 1 9A, 1 6408. 

Launched: 01 52, 26 Dec 1 985 from 
Plesetsk. 
Spacecraft data: Cyl indrical body with 
two, sun"seeki ng sol a r  panels, length 5 m, 
d iameter 1 .5 m and mass around 2000 kg. 
Mission :  E nvironmental sate l l ite 
provid ing both cloud cover a n d  Earth 
resources i mages. 
Orbit: 939 x 962km, 1 04. 1 3 m i n , 82 . 54 deg. 
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Lau nch of China 17 o n  
October 2 1 ,  1 985 from 
Shuang Cheng Tse by CZ-
2 ( Long M a rch 2)  o n  a 
photo g raphic m ission. 

ARIANE LAUNCH MANIFEST 
Flight Month Launch Vehicle 

1 986 
V 1 6 Feb AR 1 SPOT 1 + VI KI N G  
V 1 7 Feb AR 3 G-ST AR 2 + BRASILSAT 52 
V 1 8 Mar  AR 2 I NTELSAT V-F14 
V 1 9* May AR 3 ECS 4 + SPACENET -F3' 
V 20 J u l  AR 2 or 3  TV-SAT 1 (or AUSSAT K3 + TC 1 C) 
V 21 Aug AR4 APEX 401 
V 22 Sept AR 3 or 2  AUSSAT K3 + TC 1 C (or TV-SAT 1 )  
V 23 Nov AR 2 TDF 1 

*Priority for AUSSAT K3 in case of unavai labi l ity of ECS 4 or SPACE NET F3' 

1 987 
V 24 Mar  AR 3 SBS 5 + ECS 5 
V 25 Apr AR 2 I NTELSAT V-F1 3  
V 26 May AR 4 SES + F.O. 
V 27 Jun AR 2 or 3  TELE-X (or OlYMPUS) 
V 28 J u l  AR 3 or 2  OlYM PUS (or TELE-X) 
V 29 Sep AR 2 or 4  INTELSAT V-F1 5 (or DFS 1 + MOP 1 )  
V 30 · Nov AR 4 or 2  DFS 1 + MOP 1 (or i NTELSAT V-F1 5) 

1 988 
V 31 J an/Feb AR 4 INTE LSAT V 1 -F3 
V 32 Mar/Apr AR 2 SPOT 2 
V 33 M ay/J u n  AR 4 DFS 2 + HIPPARCOS 
V 34 J u i/Aug AR 4 TDF 2 + F.O. 
V 35 Sep/Oct AR 4 F.O. 
V 36 Oct/Nov AR 4 MOP.2 + F.O. 
V 37 Nov/Dec AR 4 I NMARSAT 2-F2 + SKYNET 4C 

F 0 = Flight Opportunity 
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A COntinUOUS OIStriOUtion OT smal l  pan1cles thrOU\,hOUt the 
Uranian r ing system is revealed i n  this dra m atic picture. This 
was a ti me exposu re and the streaks are due to trailed sta rs. 

( 1 20)  

I n  th is  h i g h ly 
processed com­
posite pictu re of 
Uranus a c loud 
form ca n be 
seen as a br ight 
streak near the 
planet's l i m b. 

M i ra nda from a d istance ot JUSt 31 ,OOOKrti. This h i g  
o f  fractu res, g rooves and scars. T h e  g reat variet) 
d ifferent densities of i m pact craters u pon them. s i ·  

M i randa at close range (36,000 km ) 01sptaymg two d istinct types of terra in ­
striated terra in .  



h i g �  resolut ion picture revea ls  a bewi ldering va nety 
·iety of d_i r':ctions of fracture and troughs, and  the 
1 ,  sign ify a long, complex geologic evo l ution .  

A mosa ic  of 
fou r  h i g h est reso­
l ut ion images of 
Arie l .  N u merous 
va l l eys and scarps 
criss-cross the 
h i g h ly pitted 
terra i n .  

THE FIRST 
CLOSE-UP PICTURES 

i n - a rugged, h igher-elevatio n  terrain (rightfand a lower - FRO M U RAN US 
( 1 2 1 ) 



UrantLDs Dffscovellffes ThriDD 
N ot since the discovery of U ranus by Wil l iam Herschel i n  1 781  has so m uch n ew 
scientific i nformation been obtained about Uranus and its satel l ite system as with 
the Voyager 2 fly-by. At 1 7 : 58 : 5 1  GMT o n  January 24, 1 986 the Voyager 2 spacecraft 
made its closest approach to U ra nus, a pproxi mately 1 07,000 km from the centre of 
the planet, a n d  our fund of planetary knowledge becam e  further en riched . .  

The highly successful encounter period actually 
began on November 4, 1985 and extended to February 
25,1986 but the most i ntense and most important 
segment of activity occurred i n  the few hours centered 
a bout closest approach (see the Novem ber 1985 issue 
of Spaceflight for a Voyager fl ight plan).  

The relat ive com p ress ion  of the near-encounter 
per iod was due l a rge ly  to the  fact that U ra n u s  l i es o n .fts 
s ide ,  with the south po le  po i nti ng i n  a su nward 
d i rect ion .  H ence the on-ru s h i n g  Voyager  2 p ierced t h e  
T h i s  is  a com posite pict u re o f  Tita n i a ,  la rgest U ra n i a n  sate l l ite with a 
d i a meter of 1 ,600 k m .  The most p ro m i nent featu res a re fa u lt v a l leys 
that stretch across the s u rface. 

1 22 

p lane defi ned by the  p l a n eta ry equator m u c h  as a 
p rojecti l e  g o i n g  th ro u g h  a b u l l seye ta rget ( but s l i g ht ly 
off centre,  where the p l a net l i es ! ) . S i nce the r i ngs  a n d  
sate l l ites a re l ocated i n  t h e  equator ia l  p l a ne, the 
spacecraft was c losest to a l m ost eve ryt h i n g  of i nterest 
at a bout the same t ime .  

A deta i l ed review of the sci e ntific resu lts i s  
schedu l ed for p u b l icat ion  i n  l ate May i n  the jou rna l  
Science. A prel i m i n a ry s u m m a ry of some of the m o re 
i m portant f i n d i n g s  i s  g iven here .  

The p l a n et does possess a s i g n ifi cant mag netic 
fie l d .  The m ost s u rpr is i n g  featu re of the fi e ld  is  t!le fact 
that the mag netic po le  i s  i n c l i ned 55 deg rees to the 
rotatio n a l  po le ,  so that the  fie l d  wob b l es cons idera b ly 
as the p l a net rotates o n  its ax is .  

The d i scovery of new bodies i nc l u d e d  10 sate l l ites 
(five were known ) ,  one or poss ib ly  two ri ngs  (9  were 
known ) ,  a n d  severa l p a rt ia l  r i n g s  or a rcs. The cou nt 
may i ncrease as the d ata a re a n a lysed in g reater deta i l .  

T h e  U ra n i a n  r i n g s  a ppea r to be com posed of 
re lat ively l a rge o bjects, of the o rder  of a m etre or so, 
a n d  h ave been swept c lean  of most s m a l l  r i n g  
part ic les . However, a l o ng-exposu re i mage w i t h  the  
wide-a n g l e  camera ,  wh i l e  the r i n g s  were back l i t  by the 
Sun,  revea led d u st structu res of cons iderab le  
com p l exity, rese m bl i ng i mages taken at Satu rn .  Thus, 
some s m a l l  part ic les a re present, but  not i n  as g reat 
n u m bers as for the J ovi a n  a n d  Satu r n i a n  r ings .  

The sate l l ite M i ra n d a  d isp layed structu res of  g reat 
variety on its s u rface. The c l ose approach to that 
i ntr ig u i n g  sate l l ite a n d  the stead i ness of the spacecraft 
wh i le  i m ages were bei n g  ta ken y ie lded som e  of the 
most i nterest ing  p i ctu res that Voyager  has recorded in  
more than  e ight  yea rs of fl ig ht .  

l m a g i n g  of the other  fou r  p rev iously-known 
sate l l ites a lso revea led geo log ica l  structu res such as 
craters, rays, va l l eys and scarps.  Pre l i m i n a ry est imates 
for these sate l l ites (Obero n ,  Tita n ia ,  U m br ie l  a n d  Ari e l )  
i n d i cate that the i r  dens ity m a y  be i n  the ran g e  o f  1 .5 to 
1 .7 g m/cm3 (water has  a dens ity of 1 .0 g m/cm3) .  Further  
refi nements of  these esti m ates wi l l  come when 
rad i o m etr ic  track i n g  d ata h ave been fo lded i nto the 
a n a lys is .  The fi rst n ew sate l l ite d iscovered by Voyag e r  
2,  1 985U 1 ,  w a s  i maged from a d i stance of a bout 
500,000 km.  Featu res, i nc l u d i n g  craters, were visble on 
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its su rface, and  its d iameter was estimated to be 1 70 ± 
30 km.  

The atmosphere of  U ranus  showed m uch less i n  the 
way of  featu res than d id  those of  J u piter and  Satu rn, 
but some c louds and other structura l  featu res were 
observed. The temperatu re p rofi l e  of the atmosphere 
as a fu nction of a lt itude was successfu l ly measu red, as 
was the p lao.etary rotat ion period (approximately 1 6 .8 
± 0.3 hours - g reater accu racy shou ld  be achieved 
u pon fu rther ana lysis) ,  and au roral  activity was 
detected in the atmosphere. An ear l ier, Earth-based 
est imate of a very h igh  he l i um content was not 
substantiated ; the Uran ian atmosphere conta ins  1 2  ± 
4 per cent he l i um by vo l u me. 

With the p l anned addit ion of Neptune to the 
scientific stab le  i n  1 989, p laneta ry theorists shou l d  
have !:!Ufficient data t o  provide defi n itive models for 
these residents of the outer So lar  System .  

A VOYAGER DIARY 
The fol lowing n otes were synthesised from various 

personal and public records that pertain to the 
encounter of Voyager 2 with Uranus. The treatment of 
the encounter is, perforce, sketchy, and the 
perspective is skewed to my responsibilities as 
manager of the Flight Engineering Office for the 
project. Nevertheless it is hoped that some of the 
flavqur of the event can be conveyed through a diary 
treatment of significant events. . 

Times a re quoted i n  Pacific Standard Time (PST), 
which is e ight hou rs ear l ier  than G MT. The n u m ber 
i nside parentheses after each date measu res the 
d istance of the spacecraft from U ranus at 9 am (PST) in 
m i l l ions of k i lometres. Beh ind  the welter of facts and 
techn ica l it ies look for the reaction of the Voyager fl i ght 
team to the fi rst encounter with U ranus - the th ri l l  of it 
a l l ! 

March 7 1 985 (412. 1 )  
Fi rst meet ing of the Navigational Data Worki ng  G roup. 
Wri n kles in new software and hardware instal led by the Deep 

Space Network ( D S N )  h ave been resulting in less tracki ng  
data with which to  est imate our trajectory. I a m  not 
concerned for now, but formed the g roup to ensure we can 
monitor and  i nfluence the performance at encounter. 
March 30 (382<7) 
Loaded the new dual-processor com puter program on 
Voyager 2 .  lt was briefly tested on board last fa l l  but wi l l  now 
stay throug h encounter. Its function is to package the 
imaging data more efficiently before i ts  transm ission to the 
DSN stations on Earth .  By th is  means we can send back more 
than twice as many pictures than with the o ld  scheme - an 
i m portant consideration with the increas ing communication  
d istance to  Ea rth . 
June 5 (297. 1 )  
The reduced pulse width test ing i s  going wel l  on  Voyager 1 
( most eng i neeri ng i n n ovations are tested on the g round and 
then on th is  spacecraft prior to use o n  Voyager 2). Thi s  
i nvolves maki ng t h e  attitude-control thrusters on the 
spacecraft fi re shorter bursts, by a factor of two, which wi l l  
result i n  more gentle control of the spacecraft's or ientation .  
Th is ,  i n  turn, wi l l  y ie ld  l ess smear (from "rocki n g " )  in the 
images to be taken at U ranus. lt is four t imes darker at U ranus 
than Saturn, necessitat ing longer camera exposure times. 
During the t ime the shutter is  open we are vul nerable to 
i mage smear and consequent loss of resolut ion .  
June 1 3  (286.9) 'Looked at the fi rst Voyager 2 optical navigation i mages we 
have taken of the U ran ian sate l l ites (on June 7). The four 
larger satel l ites are vis ib le,  but smal ler M iranda is sti l l  too 
fai nt. N ow we can start i m p rovi ng the knowledge of the orbit 
of Uranus and the satel l ites. I can smel l  the first wisps of 
m ethane from the planet !  
July 1 6  (244.8) 
Al l�day formal review of the project's test and tra i n i n g  p lan  
for the  e ncounter. Ray Heacock (a  former Voyager project 
manager) chaired the Review Board; which expressed 
concern about DSN readiness. I showed statistics from the 
Navigational  Data Working G roup. 
July 31 (225.7) 
M ost critical point of testi ng reduced pulse width on Voyager 
2 .  Went wel l .  

· .. August 6 (21 8.0) 
Dick Laeser (Voyager project manager) and I are i n  

' Wash ington at NASA Headquarters t o  brief them o n  
Voyager.  He out l ined science h i g h l ights, a n d  I covered 
engi neering .  Visited the Ai r and Space Museum later in the 
day. 

The twi n  pictu res of U ra n u s  were compi led from i m a ges retu rned o n  J a n u a ry 17 from a d i stance of 9.1 m km. The image on the left wou l d  h ave 
a g reen h u e  a n d  is as the h u m a n  eye wou l d  see the planet from a s i m i l a r  d i stance. The fa lse col o u r  pictu re (r ig ht) br ings out subt le  deta i l s  i n  
t h e  polar  reg ions.  
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Space at JPL 
September 9-1 0-1 1 ( 1 74.7-1 73.4-1 72·2) 
Fi rst test of the a l l - importa nt Late Stored U pdates ( LS U )  
procedure. This fl i g ht team activity wi l l  take p lace, for rea l ,  i n  
a 30-hour period just before c losest approach t o  U ra n us.  
Then we wi l l  uti l ise the latest navigationa l  data to ca l cu l ate 
new point ing,  t iming,  and other critica l-para m eter changes 
for cur  observations at closest approach. After ca lcu lation 
the new pa rameters wi l l  h ave·to be u p l i n ked qu ickly to the 
spacecraft. Th is  test was sp l it i nto three parts, one done on 
each day. Fai rly smooth performance. N o  spacecraft 
com manding incl uded. 
October 13  ( 1 3 1 .4) 
Dr. Cha rles Stembridge died today. My col league, who was 
Manager of the F l ight Science Office on Voyager, had fou g ht 
pancreatic cancer with cou rage and determi nation si nce last 
year. H i s  contributions at J u piter a n d  Saturn were g reat, and 
he wi l l  be m i ssed. 
October 24·25 ( 1 1 7.4-1 1 6. 1 )  
Near E ncou nter Test (NET).  Th is  s i m u l ates on t h e  ground 
and o n  Voyager 2 the activity at c losest approach : fi rst the 
LSU by the fl i g ht team (see September entry) ,  then the 
response by the spacecraft. We d id  not do so wel l ,  o n ly 
gett ing the changes up to the spacecraft with 1 0  m i n utes to 
spare, but it performed wel l .  We decided to retest the ground 
activity on November 9. 
November 4 ( 1 03.4) 
The U ranus encou nter offica l ly began th is  morning with 
some u ltravio let o bservations.  
November 5 (1 02. 1 )  _ 
Voyager Readi ness Review a l l  day. Sti l l  concerned a bout.the 
DSN by the Review Board. 
November 8 (98.3) 
Su rpri:;e; the Epsi lon r ing of U ranus  was seen yesterday on 
a long-exposu re ( 1 5  second)  optica l navigation image. Some 
had thought the r ings were too dark to be seen th is  ea rly, but 
I won a dol l a r  bet from Charley Koh l hase (Ma nager of the 
M ission P lanning Office) that they wou l d  be seen th is  month:'. 
November 9 (97.0) 
The retest of the ground portion of the NET went very wel l .  
November 1 3  (91 .9) 
Saw H a l ley's comet for the fi rst t ime - with 7x35 b inocu l a rs.  
Good l uck to G iotto and the others i n  the Ha l ley fleet. 
November 18 (85.6) 
Meeti ng with the navigators to assess o u r  status. I want to 
get them a l l  together every few weeks to trade ideas. 
Navigation at Uranus is  made m ore difficult by the g reat 
d istance (hence less accurate a priori sate l l ite a n d  p lanet 

A high resolution picture of Ariel, a U ran ian  moon with a diameter of 
1 ,300 km. The complexity of Ariel's surface indicates that a variety of 
qeologic p_rocesses have occu rred. 
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orbits ) ,  lack of a preced ing fl i g ht by a Pioneer spacecraft (as 
occu rred at J u piter and Satu rn) ,  and  the unusua l  t ipped-pole 
geometry .  
November 21  (81 .7) 
No em issions from U ranus have been detected by the 
P laneta ry Radio Astronomy experi m ent yet ; one 

- conseq uence is  that we p robably wi l l  not see a strong 
mag netic f ie ld at U ranus. Th is wou l d  a lso i m ply a low­
i ntensity radiation envi ronment. Good ! Spacecraft 
com puters can ma lfunction if the rad i at ion levels get too 
h i g h .  
November 28  (72.8) 
Late i n  the eve n i ng my wife Karen and I went to JPL to watch 
long-exposu re i m ages being returned from Voyager 2 .  We 
saw the Epsi lon r ing clea rly. The l maging Tea m  says that o u r  
reduced pu lse width effo rt has p a i d  off with t h e  a b i l ity to 
produce these i mages. 
December 2 (67.7) 
Meeting on advanced p l a n n i n g  for N eptu ne.  Even though we 
a re near ing U ra n u s, the drum is sta rt ing to beat for the 1 989 
flyby of Neptu ne.  

· 
December 9 (58.8) 
Voyager 2 is beh i n d  the Sun today. Relativity and solar  
corona exper iments a re bei n g  done i n  th is  per iod of t ime 
(few weeks) ,  us ing the X-ban d  a n d  S-ba n d  rad io systems. 
D_ecember 1 3  (53.7) 
I m portant m i l estone as fl i g ht team representatives met to 
d iscuss the changes we want to m a ke to o u r  closest 
approach observations.  We were ab le  to fit a l m ost a l l  desi red 
scientific and engi neering u pdates i nto these modificat ions.  
The observations wi l l  fi l l  the few days a round closest 
approach and wi l l  be opti m ised l ater by the LSU .  The 
changes p roposed today a re conceptual  ones driven by 
thought and Voyager 2 observations over the past few week. 
December 16 (49.9) 
Voyager Fam i ly N i g ht at the Laboratory in the even ing .  
Spouses and ch i ldren saw movies and heard a ta l k  by Ed 
Stone a bout U ranus .  They a lso g ot to  see the fl ight team 
M ission S upport Area.  
December 20 (44.8) 
The Navigation Team th inks that the mass of U ra n us is 0 .3 
per cent g reater than previously expected. Consequently we 
wi l l  move the a i m  point a few h u n d red k i lometres outwa rd 
from U ranus  in order to ach ieve the desi red g ravity assist to 
Neptune.  Some rel ative t iming changes wi l l  resu lt in the 
o bservations of Uranus.  The Science Office has been briefed .  
December 2 3  (41 .0) 
Trajectory correct ion manoeuvre went wel l .  The velocity 
change was 2 . 1  metres per second.  The spacecraft was off 
Earth-poi nt for the m anoeuvre and com m u n ications were 
thus i nterru pted. A d ramatic ·remi nder of its return to E a rth­
point took p lace when al l  the l ine pr inters sta rted their  chorus 
of chatter aga in ,  reco rd i ng the restoration  of  spacecraft 
te lemetry. 
December 25 (38.4) 
Ham for Ch ristmas d i n ner. Took the day off from work. The 
whole fam i ly looked at H a l ley th roug h  o u r  4-i nch reflector. 
Al l  fou r  G a l i lean sate l l ites were a lso visible a bout Jup iter. 
December 31  (30.8) 
The u n offic ia l  word through the project today is that a new 
sate l l ite of U ranus was d iscovered i n  earl ier  i mages. 
Confi rmation awaited.  
January 3, 1 986 (27.0) 
The I R I S  ( i nfrared exper iment) instru ment retu rned 
anomalous data from its recent health check. lt has a h istory 
of problems, but th is  seems to be a new troub le .  
Considerab le  concern exists. 
January 4 (25.7) 
The PPS ( photopolar imeter) decided to m isbehave today. lt 
d id  not go to the proper-sized fie ld  of view u pon command .  
Th is  is a n  o ld  problem with the PPS. We spent most of  the  
day a n a lysi ng the  situation a n d  started corrective act ion .  
January 7 (21 .9) 
More data have been ana lysed concern i n g  the I R I S  problem.  
My i mpression after ta lk ing with the instrument people is 
that the experiment wi l l  execute satisfactor i ly at U ranus .  
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Space at JPL 
Th i rd meeting of the navigation d iscussion group today (see 
September 1 8) .  We a re .  seeing a s l ight d rift in successive 
trajectory est imates which may ind icate a n  u n model led 
force, but genera l ly th ings a re go ing wel l .  We know the 
a rriva l t ime at U ra n u s  to with in  a bout 70 seconds now. The 
del ivery position with regard to the M i randa flyby is now 
known to 500 or 600 km ; by closest a pproach we. have to 
h ave that down to 1 00 km for accurate pointing . 
January 9 ( 19.3) 
The new satel l ite d iscovery has been released to the press; 
th is  is the sixth sate l l ite for U ra n us. A seventh and eighth a re 
i n  the process of bei n g  confi rmed prior to pub l ic  release. A 
composite image of the atmospheric featu res seen to date is  
a lso ready for release. With a dark a rea a ro u n d  the pole i t  
looks l i ke a g iant  eye i n  the sky. The d rift i n  successive 
trajectory est imates conti nued and has become a sou rce of 
worry. 
January 13 ( 14.2) 
Check of the I R I S  instru ment showed that it is  n ow work ing 
wel l !  
January 1 5  ( 1 1 .7) 
Navigationa l  D iscussion Group m et in the morn i n g .  The d rift 
in trajectory est imates has stopped, and we a re just gettin g  
stochastic flu ctuations i n  the est imates as w e  a d d  more 
o ptical and rad iometric date. We he ld  a n  operations strategy 
review a l l  afternoo n .  Went over the p lans for next week's 
near encou nter events. The important I R I S  o bservation of the 
infrared output of U ranus  seems to h ave gone wel l .  This wi l l  

factor i nto a n  -�ventu a l  com p i l ation o f  t h e  heat balance o f  the 
p lanet. 
January 16 ( 1 0.4) 
The � iscovery of six new sate l l ites was a n nounced today. 
U ranus now has 12 of them. Specia l  Nav Work ing G roup 
meeting showed that the last weeks of DSN trackin g  data 
have been exce l lent, a bout 90 per cent of it is  usable.  N ow we 
h ave to ho ld  th is  performance t h rough enco_u nter. Reviewed 
our  last Fa r E ncou nter sequence load before u p l i nk ing it to 
the spacecraft tomorrow. We a re clos ing i n !  
January 17  (9. 1 )  

· 
We cance l led the trajectory correction manoeuvre scheduled 
for Sunday; the fi rst t ime an encou nter manoeuvre h a s  been 
cancel led on Voyager.  The course is so close to where we 
want to g o  that there is  n o  reason to touch it up. The benefits 
from not doing it .up a re fou rfo ld : ( 1 )  the tracking - date 
b lackout for a day o r  so after a trajectory correct ion 
m anoeuvre on Voyager 2 wi l l  be avoided (the Voyager 2 
receiver has a reduced bandwidth d u e  to a fa i led capacitor 
and cannot be l ocked onto after certa i n  therm a l  events),  (2 )  
we do not introdu ce a propu lsive ·: b u m p "  i nto the ongoing 
orbit  determi nation process, (3)  the smal l  but a lways-present 
risk of such an event i s  avoided,  (4) the workload for the fl i g ht 
team is reduced considerably. 
January 18 (7.8) 
White and dark l i nes h ave sta rted appearing in m a ny of the 
Voyager 2 i mages. We h ave a n  ana lysis meeting scheduled 
for ear ly tomorrow. 

Th is image of M i randa shows an u n u s u a l  "chevro n "  fig u re and regions of d i st i nctly d iffer ing terra i n .  Taken at a d i sta nce of 42;000 km the 
pictu re spa ns a n  a rea a bout 220 km across. 
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Space at JPL 
January 1 9  (6.6) 
Analysis of the performa nce of the ground system has 
u n covered no problems, ind icati ng that the problem is the 
i m ages may be on boa rd the spacecraft. We spent the day 
generati ng com mands to send the Voyager 2 to read out one 
of its computer memories which,  from the symptoms, is 
suspect. About m idn ight the read out came to Earth {5V2 hour 
rou n d  trip l ight t ime to U ra n us) and  showed that one bit in 
one word in the memory was " 1 "  when it should be "0".  We 
wi l l  fix it tomorrow. At 3 am my Deputy Manager (Donna 
Wolff) and I watched the last d iagnostic test of  the scan 
platform gear mechanism• on Voyager 2 .  That gear 
mechanism m alfunctioned just after the closest approach at 
Saturn, and we have been using it carefu l ly and monitori ng 
it c losely ever si nce. If the d iagnostic test fai l ed,  we wou l d  
use an  a l ready-prepa red a lternative sequence l o a d  a t  Uranus 
c losest approach, one which wou l d  not employ the once­
fau lty gear but use instead motion of the entire spacecraft to 
he lp point the remote-sensing i nstruments. Fortunately, the 
mechanism worked perfectly and we endorsed the normal  
use of the scan p latform for the next few days of crucia l  
observations.  
JanuaFY 20 (5.3) 
Decided to modify the on board computer program to avoid ·
the bad bit a nd, at the same time, to see if we cou l d  change 
it back from " 1 "  to "0" .  By midn ight the resu lts were back; 
the correction has been made but the bit d id not fl ip,  so it is 
a hardware fai l u re - no big problem for o n ly one word of 
memory. The pictu res should be cleared up tomorrow. Six of 
the·  nine known rings are now easi ly vis ib le on the TV 
mon itor on my desk. 

· 
Januarty 21 (4.0) 
I held an Engineering  Office staff meeti ng today to check our  
status before the critica l activities of  the next few days. The 
spacecraft is hea lthy and producing good i mages after 
yesterday's repa ir.  Navigation looks sol i d ;  the relative 
u ncertainty between the spacecraft and M i randa is down to 
about 200 km. For poi nting the ca meras, we need to achieve 
1 00 km or less and appear to be on the way to accompl ish ing 
this fig u re. The Sequence Team has got our  computer load 
for c losest-approach observations a lmost done.  Kel ly. Beatty 
of Sky and Telescope magazine d ropped in to discuss the 

The southern hemisphere of U mbriel displays heavy cratering i n  the 
image taken from a distance of 557,000 km. U mbriel is  the darkest of 
U ranus' la rger moons and appears to have experienced the lowest 
level of geological activity. The strangest feature on this image is a 
curious bright r ing. lts nature is not known, a lthough it may be a frost 
dep_Esit, perhaps ass_�Lated with _a la rge impact crater. 
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encou nter. Press interviews are increa!!ing.  
January 22 (2.7) 
The U ran ian  sate l l ites are g rowi ng i n  size on my TV mon itor 
and starting to show featu res. How often does one get to 
observe the approach of a new world? In the even ing  we 
started the a l l - im portant Late Stored U pdate (LSU)  (see 
September 9 ) .  The Navigation Tea m  wi l l  process optical  and 
radiometric t rack ing data a l l  n i g ht. Donna has the watch 
overn ight. 
January 23 ( 1 .4) 
I have the watch today. We had a wel l-attended meeting at 5 
am to eva l uate the navigatio�al  results. They look great ! Our  
knowledge of  the trajectory is  turn ing  out  to be better than 
expected . The Spacecraft and  Sequence Teams started to 
work process ing the navigational  resu lts to modify the 
ti ming and poi nti ng param eters in the prog ra m onboard 
Voyager 2. The Navigation Tea m  continues to process 
tracking data for fu rther refinements. By midn ight we were 
done with the LSU and the modifications to Voyager 2 at 1 : 1 5  
am.  The Navigation Team rea l ly nai led the trajectory, with an 
u ncerta i nty between the spacecraft and M i randa with i n  50 
km. Lack of eng ineering excitement has never been so 
welcome. Got to bed at 2 a m .  
January 2 4  (as close a s  1 07,000 km today) 
This is it - the big day. I a rrived at J PL early, and, general ly, 
a l l  was progressing as expected. H owever, Howard 
Marderness (Spacecraft Team ,Ch ief) reported that we had 
seen one cyc le error i n  the attitude control computer. Th is 
wi l l  not have an effect but cou ld  be serious if it persists. lt 
means the computer is overly busy. The phenomenon did 
not occu r at the Near Encounter Test (October 24) but we 
have made s l ight changes to the observing program since 
then. Just before I was ready to g ive a TV i nterview at 4 pm, 
the " beeper" on my belt sou nded. But after. a qu ick check 
with the Spacecraft Team the news was good; the cycle 
errors (there had·  been fou r  more) were ben ign  and we 
shou ld  be OK. The i nterview was, consequently, quite a n ice 
event for me. Voyager 2 s l id  beh ind  U ranus, and  conti nued 
its experiments. We cou ld  detect its e�istelice through radio 
waves that it was bea m i ng through the U ran ian  atmosphere 
to probe the structure" o·f that entity. The DSN was performing 
magnificently. The spacecraft emerged from occu lation 
about 4 : 30 pm.  The telemetry was not tu rned on for a n other 
two hours (to fac i l itate a radio science experiment · 
measuring r ing structure) .  When it did come back on a l l  
systems were i n  excel lent condition .  We did it ! Tomorrow 
the pictu res wi l l  be rep layed from the tape recorder and we 
wi l l  beg i n  to see what the rings, sate l l ites, and surface of the 
p lanet rea l ly  look l i ke.  In the early evening,  severa l of us sat 
i n  the project office, l istening to the mission and looking at 
data, but mostly we had beg u n  to relax from t�e tension of 
the last few weeks. 
January 25 
Today, in effect, we went through the U ran ian system for a 
second t ime as the pictu res were replayed. What a feast ! 
M i randa is provi ng  to be the rea l star of the show. Karen and 
th ree of our  fou r  ch i ldren joined me as other visitors and 
g uests from around the world converged on J PL. 
January 26 
At today's press conference, the scientists commented on 
how crisp and clea r the images were and expressed their 
approva l of the smear reduction measu res we had taken to 
steady the spacecraft as an observing platform. O u r  pointing 
a lso tu rned out to be nea r perfect, and we captu red the most 
d ifficult  ta rg et of a l l : nea rby (29,000 km ) M i randa.  lt was 
certa i n ly worth the effort, for geologist Dr. La rry Soderblom 
descri bed the sate l l ite .as a " biza rre hybrid"  of geological 
forms and one of the most i nteresti ng objects i n  the Solar 
System .  
January 27 
I had not been able to get with Len Carter yesterday; he was 
here as a guest of the Laboratory to observe the encou nter. 
But this morn ing we met and went to visit Dr. Lew Alien, 
Laboratory Director. The sky is blue i n  Southern Cal ifornia 
today and the temperatu re is about 80 deg rees, but I think the 
warm g low from the encou n�er is  what I feel most. 
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COM ET FLY-BY 
FI RST RES U LTS 
by L .  J .  Carter 

The I nternational  Cometary Explorer ( ICE) 
crossed the ta i l  of Comet G iacobin i-Zi n n er o n  
Septem ber 1 1 , 1 985 beco m i n g  t h e  first ever 
spacecraft to i ntercept a comet.  The encou nter 
prod uced a rich harvest of i nformation about the 
i nteraction between the com et's atmosphere 
and the solar  wind.  

Scientific fi n d i ngs  from the fly-by of G i acobi n i -. 
Z i nne r  by the American ICE  spacecraft confi rmed the 
trad iti ona l  portrait of  a comet and y ie lded m uch new 
i nformation .  

Among u nexpected measu rements were the spatia l  
extent a n d  i ntensit ies o f  t h e  energetic cometa ry ions  
fou n d  by the Energetic Part ic le I nstru ment. S igns  of 
these were detected m uch fu rther  out than  expected at . 
a d i stance of more than  one  m i l l i o n  km before c losest 
a pproach .  

The spacecraft payload had or ig i na l ly been 
designed to measu re the sol a r  wi nd ,  so la r  X-rays, 
energetic charged particles and the composition  of 
ga lactic cosmic rays. 

So, of the 1 3  i nstru ments onboard, seven were 
selected on the basis of retu rn i ng  the m ost usefu l data 
d u ri ng  the cometary encounter and these were : 
E l ectron p lasma,  Magnetometer, P lasma waves, Rad io 
waves, P lasma composition ,  Low-energy cosmic rays, 
and Energetic partic les. 

Pr ior to encou nter it had to be decided on the exact 
trajecto ry through the comet's p lasma ta i l .  

The recovery of Giacobini-Zinner,on 3 April 1 984, from the Kitt Peak 
National Observatory by S.  Ojovgovski and H.  Spinrad (University of 
Cal ifornia,  Berkeley). and G. Will and M.J.S.  Belton (Kitt Peak National 
Observatory) .  The elongated images are stars smeared out as the 
telescope tracks the predicted motion of the comet. 

National · Astronomy Observatories 
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Comet Giacobini-Zinner, with i t s  i o n  tail ,  is  shown in this 26 October 
1 959 photograph by Elizabeth Roemer. US Naval Observatory 

An a i m i ng po int far down the ta i l  carried the r isk of 
m issi ng it a ltogether due to the 'wagging '  effect i n  
response t o  var iations i n  t h e  velocity of t he so l a r  wind .  

. And a iming too close to the nuc leus wou ld  have 
• created a potent ia l ly serious dust hazard . As a 

compromise· i nterception of the ta i l  was p l anned at 
1 0;000 km from the n uc leus but a m i nor orbita l tr im 
manoeuvre on  September 8 to take accou nt of the 
l atest i nformation on the comet's position  reduced the 
actua l  f lyby d istance to a round 8,900 km. 

The cometa ry presence was fi rst noticed i n  the 
energetic ion  data a bout 24 hours pr ior  to closest 
approach a n d  some ki nd  of 'bow shock' wave was 
detected ear ly on September  1 1 .  However, the 
cha racte ristics were q u ite d ifferent from the bow shock 
observed i n  front of p l anets l i ke the Earth and Ven us. 

Sudden changes in the magnetg ic fie ld were not 
c lear ly detected and  n o  d isti nct point was found  where 
the p l asma density rose to h igher  va l ues i ns ide than 
outs ide .  The h igh mass density of  cometary heavy ions 
may cause th is  u n expected structu re but the t rue 
n atu re of  the cometa ry 'bow shock' rema ins  open .  

As the t ime of  c losest approach d rew c loser  the ICE 
spacecraft traversed a reg ion  of turbu lence (known as 
the " i nteract ion  reg i o n " )  where assim i l at ion between 
cometa ry ions  and  so lar  wind p l asma takes p lace. 

The tu rbu lence decreased before ICE entered the 
co l d  p l asma ta i l  where cometa ry p lasma of h i gh  
density and  l ow energy dominated .  

The  outward pass revea led s im ilar  cha racteristics to 
the i nward one ,  i nc lud ing  the 'bow shock' structu re. 
Tota l width of the cometa,.Y i nteraction  reg ion 
between the shock bou ndaries was fou nd  to be 
250,000 km, 1 40,000 km on the i nward pass and  
1 00,000 km o n  the outward . 

A major predict ion confi rmed by the ICE data was 
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E N E RGETIC IONS 

BOW SHOCK 

SOLAR W I N D  

�- --

ICE G-Z Encounter 

that th'e magnetic structu re of the comet's p lasma ta i l  
consisted of two para l le l  lobes, each th readed b y  a 
magnetic field of opposite polarity - a structu re 
suggested by Dr. Hannes Alfven i n  1 957. 

One of the most u nexpected resu Its was that neither 
the spacecraft nor  its i nstru ment payload suffered 
damage as a resu lt of impact with cometary dust. 

ICE d id  not-ca rr-Y a specific dust experi ment bl!t it 
was possib le to deduce i nformation  on dust i mpacts 
from t_he p lasma wave detector data. M icron-sized 
pa'rticles were recorded during  the crossing of the 
p lasma ta i l ,  with a peak in the impact ·rate near the 
point of closest approach .  

Comet Giacobin i -Zi nner, with a short period of 6 .5 
years, is a member of the Jupiter fam i ly of comets. lt 
was d iscovered by M. G iacob in i  at N ice, France, i n  
1 900 a n d  rediscovered b y  E .  Z inner  at Bamberg, 
Germany, 13 years later. 

By 1 985 it was at its 1 1 th observed apparition ,  
reach ing  eighth magn itude at  its br ightest. The comet 
_has a fa i rly stab le orbit inc l i ned at about 30 degress to 
the ·ec l iptic, though disconti nu ities i n  -it� o rbital 
motion, p robably caused by outgassing (jets) ,  qua l ify it 
as an " erratic"  comet. 

Stud ies suggest that it has a h igh ly flattened 
n ucleus with an  equatoria ld iameter of 2 .5 km, which is 
some eight t imes l a rger than its pola r  d iameter. 

This flattened nucleus seems to be spinn i ng  rapid ly, 
making a complete rotation every 1 .66 hou rs - close to 
the critica l rate at which an odd ly-shaped iceba l l  cou ld,  
l itera l ly, b reak into p ieces. . 

The success of ICE's encounter with Comet 
G iacobin i -Zin ner has g iven officia ls  at NASA cause for 
optimism that the spacecraft wi l l  be ab le to col lect 
useful scientific data about Ha l ley's comet. 

Scientists say there is now a good chance that the 
spacecraft wi l l  be able to measu re particles from 
Ha l ley's comet at the end of March and during  the fi rst 
week of Apri l .  
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N E UTRAL SHEET 

______ M .W.W. 

Su n Explorer 
Tu rns to ICE 

W h e n  t h e  I nternationa l  Su n-Earth Explorer 3 
( I S E E-3 J was l au nched i r:t  August 1 978 there were no 
p lans  fo r cometa ry encou nters - its m ission  was to 
co l l ect sc ient if ic data a bout the so la r  wind and study 
the Ea rth's magnetosphere. 

However, the spacecraft remained in good 
o p e rati o n a l  condit ion on  completion of its th ree 
year  m issi o n  and in J u ne 1 982 was d iverted by 
NASA contro l lers to study the Earth's magnetota i l .  

T h e n ,  i n  March 1 983, began a series of spectacu la r  
orb ita l manoeuvres for ISEE-3 com puted by  Dr. 
Robert Furq u har  and h is  team of eng ineers at 
NASA's Goddard F l ight Center. 

The spacecraft traced a series of complex cu rves, 
d iv i n g  from deep outer space to with i n• a mere 1 20 
km of t h e  Moon's su rface on the fi na l  occasion 
before being catapu lted out towards Comet 
G iacob in i-Z inner. lt was at th is point the probe's 
name was formal ly changed to I nternationa l  
Cometary Explorer  ( ICE ) .  

But the h istoric 'fi rst' may not be the end for th is  
remarkab le  spacecraft. After pass ing with in  32 
m i l l i on  m i les of  Comet Ha!ley at  the end of  March it 

, wi l l  conti nue  out on an  e l l i ptica l orbit. 
That orbit wi l l  retu rn ICE to the vic in ity of the Earth 

i n  the year 201 2  and Furquhar  predicts, with some 
excitement, that a g ravity assist manoeuvre us ing  
the  Moon cou l d  p lace i t  i nto an  Earth orbit. 

From here, the Space Station complex and a n  
Orbita l Transfer Veh icle m ight then b e  ab le to 
retrieve it and  return it to the Earth for examination 
and disp lay!  
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Compi led by L. J. Carter 

COMET STAMP COLLECTION GROWS 
Stam ps commemorating the return of Hal ley's 

comet are currently being released by more than 20 
d ifferent countries from around the world. 

The Briti sh  Post Office set were re leased on 
Februa �y 18  and  the fou r stam ps featu re pa i nti ngs  of 
the comet at var ious stages of its retu rn to the vici n ity 
of the Sun  (see Spaceflight, February 1 986) .  

Other cou ntries which have a l ready released 
commemorative stam ps i nc lude Ascens ion I s land ,  
Bermuda,  B rit ish Anta rctic Territory, Hong Kong ,  
Jersey, Ma lawi ,  Mau riti us, Seychel les and  Swazi l and .  

Those cou ntries sti l l  to  pub l i sh  the i r  specia l  stam ps 
i nc lude Austra l i a  (Apri l 9) ,  Botswana (Ma rch 28), Fi j i  
(Ju ly) ,  M icrones ia  (March ) ,  Norfo lk  I s land (March 1 1  ) ,  
Papua New G u inea ( M ay) Samoa (Apri l ) ,  St  He lena 
(May),  Sr i  Lan ka (March ) ,  Tristan da Cunha (March ) ,  
and So lomon Is lands,  Tri n idad and  Tobago, Vanuatu 
and Za m bia (dates to be an nou nced ) .  

Books Galore 
The number of books on comets {many specifically on Halley's 

comet) which have appeared over the past year is now approaching 
50. 

lt is impossible to keep pace with all these but a further batch of 
reviews of some of the more important works appears below. 

Mankind's Comet 

G .  Ottewel l  a n d  F. Schaaf, Astronomica l  Workshop,  Furman 
U n iversity G reenvi l le ,  S .C.  296 1 3, U SA, 1 5  x 1 1  i n .  1 985, 
1 93pp $22.00. 

This is  a good addit ion to any co l lection  on  H a l l ey's comet 
for it conta i n s  several  u n u s u a l  featu res both i n  p resentat ion 
a n d  content. 

Su b-tit led " Ha l l ey's Comet, in the past, the futu re a n d  
especia l ly the prese nt " ,  t h i s  is  probably t h e  la rgest-sized 
book devoted solely to the comet which has yet a ppeared. 
Altho u g h  di rected to the layman,  it conta i n s  m u ch h i storica l 
m ater ia l  not covered e lsewhere, e . g .  referen ces to events 
conte m porary to the non-observed a ppeara nces of the 
comet betwee n  315 BC a n d  140 BC.  A l l  the  subseq uent 
recorded a p pe a ra nces a re dea lt  with in turn,  a n d  most 
i nteresti n g  they a re .  Th i s  d i g est is fo l l owed by descri ptive 
text of comets in .genera l ,  d rawi n g  attent ion to m a ny 
cha racte r ist ics both of comets a n d  m eteors. 

Considera b l e  i nfo rmat ion is  g iven about the 1 9 1 0  return 
a n d  the a u t h o rs a lso descr ibe the cu rrent " space f leet"  of 
com etary probes.  

P a rt i c u l a r ly  i nterest i n g  is  o n e  of the a p p e n d i ces which is  
a n  Atl a s  of the 48 vi sits com p uted for  the com et from 1 40 BC 
to AD 2 133.  C h a rts show the movements of the comet at each 
retu rn a g a i nst the ste l l a r  backg rou n d ,  as seen from E a rth,  
thoug h o n l y  the c h a rts for 1 404 BC a n d  1 986 a re fu l ly 
l a be l led .  
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Comet 

G. Walz-Chojnacki ,  AstroMedia,  a d iv is ion of Ka l m bach 
P u b l i s h i n g  Co. ,  625 East St.  Pa u l  Ave, P .O. Box 92788, 
M i lwau kee, Wl 53202, 64pp. $9.75. 

Su b-tit led "The Story beh i n d  H a l l ey's Comet"  t h i s  book 
sets out to provide, for the you n g e r  reader, a s i m p l e  
expla nation o f  comets and the i r  effects on  m a n k i n d ,  e n d i n g  
with a series o f  sta r m aps, t i p s  on  observation a n d  severa l 
projects on comets a n d  m eteors. 

The book, beautifu l l y  i l l u strated and very easy to read, 
s h o u l d  meet the needs of its potent ia l  readers a d m i ra bly.  

Comet Watch : The Return of Halley's Comet 

Frank H .  Wi nter, Lerner  P u b l ications Compa ny, 241 Fi rst 
Avenue N o rth,  M i n neapol is ,  M i n nesota 55401 U SA, 1 985, 
64pp, U . S.$9.95. 

This is  a book on  H a l ley's comet which a you ng reader wi l l  
not fa i l  t o  fi nd i nterest ing .  l t  explores the fasc i n ati n g  
cha racteristics o f  t h e  fa mous fiery, mysterious o bject that 
h a s  p layed such a n  i m po rtant ro le  i n  h u m a n  h i story 
beg i n n i n g  with an accou nt of ear ly be l iefs that com ets were 
wa rnings of i m pend i n g  disasters a n d  g o i n g  on to exp l a i n  
h o w  the work o f  H a l l ey m arked a t u rn i n g  point i n  comet 
h i story. The a uthor a l so descri bes preparat ions bei n g  made 
a rou n d  the world for the 1 985-6 retu rn .  

The book is  we l l  i l l u strated, easy to read a n d ,  as  o n e  might  
expect from such a n  a uthor, very wel l  researched.  

S o m e  o f  the recently i ntroduced sta m ps com m emorati ng the return 
of Comet H a l l ey. 

'SWAlll)o.ND c _ __ _ __ El·� 
BRITISH 

ANTARCTJ[ TERRITDRY 
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Halley's Comet 

M . E .  B a i l ey, Depa rtment of Astronomy, The U n iversity, 
M a nchester, M 1 3  9PL, 1 985, 90pp, £ 1 . 50.  

The author set h i m self the task of fi n d i n g  a re l i a b l e  yet 
non-wordy g u ide to H a l ley's comet. F i n d i n g  none su ita ble,  
h e  prepa red th is  short i ntroduct ion to comets genera l ly and 
to the 1 985-6 s ight ing of H a l l ey's comet i n  particu l a r, 
i n c l u d i n g  fi n d i n g  c h a rts a n d  h i nts on how best to observe the 
comet. 

Oberserver's Guide to Halley's Comet 
J .  Muirden, George Phi l l ip,  1 2- 1 4  Long Acre, London WC2E 
9LP, 73pp, 1 98 5 ,  £2 .95 ._ 

This handy paperback is an easy guide for anyone interested 
in observing Hal ley"s comet. lt  includes advice on finding the 
Comet with the naked eye, bionoculars or telescopes. l t  is 
i l lustrated with month-by-month star maps whi le tables for 
each month give detai ls  of the comet's ris ing and setting times 
and a ltitudes. 

-

Halley's Comet: Memories of 1 9 1 0  

R.  Etter a n d  S .  Schneider, Abbevi l l e  Press I nc. 505 Park 
Avenue,  N ew York,  N .  V. 1 0022, U SA, 1 985, 96pp, $1 9.65. 

The authors spent yea rs accu m u l ati n g  what they ca l l  a 
whimsica l  col l ecti o n  of H a l ley's comet memora b i l i a ,  a l l  
dati ng  back t o  1 9 1 0  a n d  a col lection  which h a s  n ow g rown to 
the point that it is acknowledged to be thl;l l a rgest in the 
wor ld .  

- Th is  is  a m ply borne out by the present vol u me, conta i n i n g  
200 i l l u strat ions i n  col o u r  a n d  w h i c h  a m o u nts t o  a fa b u l o u s  
potpou rri o f  a rtefacts t o  do with the comet from bracelets, 
buttons,  teleg ram s  and compacts to ca rtoons, newspaper 
c l i p p i n gs, advertis ing,  souve n i rs, song sheets a n d  a 
m a rve l l ou s  co l lectio n  of over a h u n d red post-cards.  lt even 
i n c l u des c h i l d rens'  g a m es, s i lver p ieces a n d  the fi rst Delft 
commemorative p late ! 

Comets, Meteors and Asteroids : How they affect Earth 

S. G i b i l i sco, J o h n  Wi ley & Sons,  Sh r ipney, Bog n o r  Regis,  
West Sussex, P022 9SA, 1 985, 208pp, £1 1 .45. 

I mpact craters o n  m a ny worlds show that m eteors, a n d  
possi bly comets, m u st have a l so affected the Earth i n  bygone 
years. From th is  it is on ly  a short step to consider  h ow such 
events cou l d  h ave a ltered the Ea rth's c l i mate a n d  even the 
evo l ut ion of l ife. 

The author pays particu l a r  attention  to the l atter a n d  
considers whether such i m pa cts cou l d  h ave caused the 
demise of the d i n osau rs o r  changed the geogra p h ica l  
or ientation  of the E a rth's axis .  

H e  traces events from the big bang theory of the o ri g i n  of 
the U n iverse to the leftovers from the formation of the S o l a r  
System .  Considera b l e  space i s  g iven t o  the treatment of 
comets, such as the ir  possib le  or ig i ns, l ifeti mes a n d  
probab l e  ends.  

_ A fu rther chapter d i scusses H a l l ey's comet, wh i l e  a nothe r  
i ntroduces the topic o f  comet- h u nt ing  for a m ateu rs. Th is  is  
fol l owed by a s i m i l a r  c h a pter o n  m eteors/meteorites before 
e n d i n g  on such specu l ata ive m atters as whether a n d  how 
comets contributed to the orig i n  of l ife on E a rth .  

KEEP UP TO ·DATE 
The Halley Comet •Hotline "  is concentrating on the 
progress of Giotto. Regular reports can be obtained 
from dialing the following numbers: 
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Belfast 
Bristol 
Glasgow 
Liverpool 
Manchester 

0232-23D-505 Birmingham 021 -355-6144 
0272-279494 Cardiff 0222-399855 
041-552-6300 Leeds 0532-8013 
051 -236-8474 London 01 -790-3400 
061 -246-8061 

TELESCOPE D ETECTS ICE 

So l i d  ice part ic les have been detected i n  Ha l l ey's 
comet, confi rm i n g  fo r the fi rst time the theory that 
comets cons ist l a rgely of ice. 

The idea  that comets a re "d i rty snowba l l s "  was fi rst 
presented i n  t he  1 950's but d i rect evidence for the 
existence of ice has a lways been m issing .  

Observations made at  the  Lick Observatory a l l owed 
astro nomers to penetrate the gas c loud su rrou nd ing 
Ha l l ey's comet to a reg ion where ice  g ra ins  exist i ntact. 
The re they detected a characterist ic i nfrared signatu re 
from the ice g ra i ns .  

The observations were made with the 
Observatory's 3-meter Shane Telescope on the n ights 
of November  5 and  6, 1 985. Discovery proved possib le 
because of good tim ing  and  the use of a specia l  
spectrom ete r recently developed at Ames Research 
Center .  A spectrum was made by pass ing sun l ight 
reflected by the comet th rough th is spectrometer - ice 
g ra i ns  i n  the comet absorbed some of the Sun 's 
i nfrared energy, l eaving  a tel l -ta le  featu re i n  the 
spectru m .  

"We were ab le  t o  see down to where snowflakes 
were com i n g  off the comet, " said David Rank, Lick 
Observato ry astronomer and UC Santa Cruz p rofessor 
of astro nomy. 

Ti m i ng of the observation was critical .  Had the 
comet been too fa r from the Sun  there wou ld not have 
been enough reflected sunl ight to g ive a strong s igna l : 
had it been too nea r, its own i nfrared emission wou ld 
have com pletely masked the absorption featu re of the 
ice g ra ins  in the spectru m.  

Astronomers had long supposed that ice was 
present in comets because they observed gaseous 
hydrogen and oxygen com pou nds - presumed to be 
by-products from the breakdown of the ice i n  the 
c loud, or  coma, sur:rounding and h id i ng the comet's 
n ucleus.  

In 1 983, o bservations of Comet Cernis by Martha 
Hanner of  JPL ind icated the presence of  ice  g ra i ns but 
her work i nvolved measu ri ng  the br ightness of the 
comet in three reg ions around the ice g ra i n  a bsorpt ion 
featu re and d iscovering  decreased brightness i n  one of 
the reg ions .  The Lick-Ames g roup  is the fi rst to reveal  
a spectru m that c lear ly shows the a bsorption featu re at 
the wavelength at which ice g ra ins  a re known to 
absorb i nfra red l i ght. 

Attem pts wi l l  be made to observe this a bsorpt ion 
featu re, ca l l ed an " ice bandH i n  other comets as  wel l so 
that its exact shape can be p inned down and 
deductions made on  the exact com position of  the ice. 
S i nce comets are thought to be pri mord ia l  materia l  left 
over from the So lar  System's formation period, the ir­
exact composition  is of g reat i nterest. 

N EW TASK FOR GIOTTO 

G i otto,  with on ly 1 2  per cent of its on board stock of 
hyd razine used and now l i kely to survive the Ha l ley's 
comet encou n�er undamaged, seems in good shape to 
accomp l ish a second m ission.  

N o  stud ies have yet been made for a second m ission 
but  there is p lenty of  time  for these to be done. A 
su itab le  candidate cou ld be Comet Schwassman­
Wachman 3, a very fa i nt object d iscovered 
photograph ica l ly in 1 930 and with a period of six years. 
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HALLEV'S COM ET 

STARTS A TAI L  

Halley's comet photographed 
on December 9, 1 985 with the 
Anglo-Austral ian Telescope at 
Coonabarabran, New South 
Wales, Austral ia .  The telescope 
fol lowed the comet's motion 
d u ring the exposu re, so that a l l  
stars appear as l ines.  

As the comet approached the 
Sun,  gas and dust were freed 
from the icy nucleus to form the 
bright head and tail  which now 
appear to an observer on Earth. 

The pressure of radiation from 
the Sun on the tenuous head 
sweeps some of the material,  
away to form the tai l ,  which is 
seen stretching to the right. 

Individual streamers in  the tail  
a re believed to originate fr.om 
different spots on the nucleus. 

PIO N E ER OBSERVATIONS 

NASA's Pioneer spacecraft, sti l l  orbiti ng the  p lanet 
Venus, began six weeks of observations of Ha l l ey's 
comet d u ri ng  the comet's most active period c losest to 
the Sun  (perihe l ion ) .  

Observations i n  the u ltravio let spectru m began on 
December 26, 1 985 the fi rst phase end ing on January 4 
when both Venus and Pioneer  passed beh ind  the Sun 
for a lmost a m®th,  cutt ing off effective 
commun ict ions between the spacecraft and ground 
contro l lers at  NASA's Ames Research Center, 
Mou nta i n  View, Ca l iforn ia .  Observations resu med on 
Februa ry 3, six days before perihe l ion ,  and cont inues 
u nt i l  March 6. 

Near the time of perihe l ion ,  the comet, Venus  and 
P ioneer  were a l l  located on the opposite s ide  of the 
Sun ,  some 1 60 m i l l ion  m i les away f rom E a rt h .  P ioneer  
was the on ly spacecraft close to Ha l l ey's comet at  th is  
t ime.  

lt i s  h o ped t h at P i o n eer's observations wi l l  reveal 
the rate of c h a n g e  of com et outbu rsts and evaporation 
with ti me, the composition of the com a  (gas  and  d u st 
c loud a r o u n d  the  com et n uc leus ) .  a n d  the extent of the  
hydrogen c loud .  Other d atn m ay show the s h a pe of  the 
com a  and i ts  gas/dust rat io .  

Th is  was P ioneer's t h i rd look  at a comet.  l t  v iewed 
- Comet E ncke in m i d - 1 984 a n d  Comet G iaco b i n i -Zi n ner  

i n  Septem ber 1 985. Somewhat surpr i s ing  d ata 
showed that Comet E n cke was los i n g  water at a rate of 
th ree t i m es g reater t h a n  expected fo r its d i stance from 
the S u n .  

P ioneer  sp i n s  o n  its ax is  five t i mes a m i n ute as  i t  
journeys i n  o rbit  a round Venus .  B y  choosi n g t h e  
n u m ber,  l ength a n d  d i rect ion o f  t h ruster pu lses, 
eng ineers can t i lt  t h i s  axis to any desi red posit i o n .  For 
the Ha l l ey's com et observati o n ,  the spin ax is  was 
m oved in  s m a l l  i ncrements by fi r i ng  some 1 ,000 
pu lses, each of h a lf-secon d  in d u rati o n .  The ent i re 
m a n oeuvre consu med near ly  h a lf of the spacecraft 's 
usab le  fue l  reserve. 

Because the spectrometer has a s m a l l  fie l d  of v iew 
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and is a lways rotat ing,  it "saw" on ly a str ip  of Ha l l ey's 
comet du ri ng each sp in .  However, by t ipp ing Pioneer 
so the spectrometer cou ld  v iew another a rea, a two­
d imensiona l  image of the enti re comet was deve loped, 
str ip by str ip .  

U LTRAVIOLET INVESTIGATIONS 

The fi rst observat ions from space of  Comet Ha l ley 
were made with the I nternationa l  U ltravio let Explorer 
spacecraft ( I U E )  back i n  Apri l 1 985 and i n  December a 
fu rther, more i ntensive cycle  of observations started 
which  wi l l  l a st u nt i l  the comet has retu rned to the outer 
reg ions of the S o l a r  System .  

I n  tota l more t h a n  1 50 hours of observi ng t ime wi l l  
b e  dedicated t c  observati o n s  o f  Comet Ha l l ey with 
the I U E  Observato ry sate l l it-e. 

Spectra taken with I U E  i n  the U ltrav io let o n  
December  1 5, 1 985 w h e n  t h e  comet was a t  a d i stance 
of 1 1 5 m i l l i o n  km from the E a rth  s howed c lea r 
evidence of a cons idera b l e  i ncrease i n  act ivity i n  the 
com et cau sed by the,e n h a nced so la r  radiat ion .  

The resu lts o bta i ned showed that i n  t h i s  re l at ive ly 
you n g  per iod ic  com et the gas  composit ion i s  s i m i l a r  to 
that fou n d  in other o lder  com ets observed earl i e r  with 
the I U E  spacecraft .  The cha racter ist ic  e m i ss ion  of the 
e lements hydrogen,  carbo n ,  oxyge n  and su l p h u r  as 
wel l  as the em iss ion  of m o l ecu l es such as carbon­
s u l p h ide and the poss i b l e  deco m posit ion  prod uct of  
wate r, hydroxy l ,  were i dent ified .  

The p roduct ion  of gaseous mater ia l  i ncreased 
su bsta nt i a l ly as  H a l l ey a p p roached the Sun - i n  
Dece m ber  the gas prod u ct ion  rate was m o re than  five 
t i m es h i g h e r  t h a n  that o bserved in Septem ber .  

The com et has  a s ign if icant dust c loud (dust Com a )  
with it. T h e  d u st com a  i s  rather  com pact ( 2 0  000 k m ;  
t h i s  i s  o n l y  o n e  tenth o f  its g a s  com a )  a n d  a ppea rs q u ite 
dense .  Th i s  cou l d  be of i m po rta nce to the success of 
E SA's G i otto m iss ion which is com i ng very c lose to the  
com etary nuc leus  a n d  wi l l  pass  t h roug h  th is dust c l o u d  
to  o bta i n  p i ctu res of the com eta ry nucleus .  
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THE GEOSPACE 
SCI E N CE M I SSION 
By John Birrl 

Over the next few decades. scientists studying the 
near-Earth space environment wil l  be attempting 
to develop a comprehensive u n dersta nding of its 
i nteractive regions. including the magnetosphere and 
the ionosphere. These regions around the Earth are 
known collectively a s  'geospace' .  

Introduction 
The a mbitious goal of understanding geospace i n  deta i l  

can be rea l ised only by u s i n g  a la rge network o f  observa­
tion stations on the ground and i n  space. By taking 
s imultaneous complementary observations i n  many loca­
tions. it wil l  be possib le  to piece together the puzzle of 
this complex system .  The I nternation a l  Solar Terrestrial  
Physics programme is being developed by NASA. the 
European Space Agency. a n d  the I nstitute of Space and 
Astronautical  Science ( I SAS) of Japan to commence in  
1 989. A comprehensive study of geospace as  a whole 
has not been previously attempted . 

A key element is the Global  Geospace Science (GGS) 
mission. involving four  complementary sate l l ites . They • 
wil l  be in different orbits and wi l l  be capable of making 
la rge changes to move to new paths .  The scientific 
objectives include tracking of particle and energy flows 
from the sola r  wind to our atmosphere, determination of 
the influence of plasma processes and investigation of 
the origi n  a n d  loss of p lasma near the E a rth.  P lasma is a 
gas i n  which the atoms a re electrica l ly  charged, or ionized . 
I n  addition, theoretica l work w i l l  i nvolve the synthesis of 
mathematical  models to s imulate geospace. 

The Satellites 
Four sate l l ites a re required i n  order to monitor the 

The I nternationa l  Solar Terrestrial Physics programme w i l l  study the 
Earth ' s  environment in  unprecedented detai l .  NASA 

plasma source and storage regions s imultaneously. The 
primary sources of p lasma i n  geospace a re the sola r  wind 
(a  continua l  flow of materia l  from the Sun) and the 
IOnosphere (a  region i n  the u pper atmosphere) .  Pr imary 
storage regions a re the ta i l  of the m a gnetosphere (the 
region of magnetic fields surrounding the Earth)  and the 
electric currents that surround our p l anet. To cover these 
fou r  regions the four satel l ites a re :  

Wind w i l l  monitor t h e  sol a r  wind u pstream from E a rth at 
a distance of 6-250 Earth radi i .  

Polar wi l l  measure p lasma flows from the ionosphere and 
flows into h igh l atitude regions from space. l t  w i l l  be i n  
a p o l a r  orbit o f  6 by 250 Earth r a d i i  t o  provide good views 

Scientists can now direct charged particles i nto the Earth's  magnetic field l ines to study their behaviour. NASA 
���������=== 
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Geospace regions. 

of the aurorae. I mages of the aurorae from the X-ray to 
visible bands wi l l  be recorded every minute, so the data 
transmission rate for this spacecraft (42 kbps) wi l l  be 
much h igher than for the others. 

Equator will monitor the ring current that surrounds the 
Earth and acts as an energy and particle storage region. ·  
'Equator' wi l l  be in  an  equatorial  orbit of 2 by 1 2  Earth 
radi i .  

Geotail wil l  orbit from a l unar flyby back to a distance of 
a few Earth radi i  to monitor energy and particle storage 
mechanisms in the geomagnetic ta i l .  This craft wi l l  be 
bui lt by ISAS whereas the others wi l l  be constructed by 
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NASA with some European instruments. 

All of these satel l ites will be launched from the Shuttle 
using Payload Assist Modules to move them into their 
required orbits. Basica l ly, the satel l ites wi l l  be simi lar, 
weighing between 600 and 900 kg and using spin stabi l is­
at ion at 1 0  to 20 rpm . Some 1 00 to 300 W of power 
from solar arrays will be consumed; data wi l l  be stored 
on tape recorders and p layed back through the telemetry 
system. I nstruments wi l l  monitor magnetic fields, electric 
fields, plasma waves, plasma composition and energetic 
particle velocities. 

A tentative schedule has a l ready been put forward. 
Wind wil l  be launched in 1 989 to supplement measure­
ments made by ESA's Ulysses solar polar m ission. Polar 
wi l l  be launched in 1 990, followed by Equator and Geotai l  
in  1 99 1 .  

I n  addition to these satel l ite observations at key points 
in geospace, complementary ground-based observations 
wi l l  be made, concentrating on the mechanisms of upper 
atmospheric heating by electric currents. Radar, magnet­
ometer and photometer sites wi l l  be used around the 
world. ' Darn' wi l l  use a network of radar faci l ities in  the 
northern latitudes to detect back-scattered radio waves 
from the ionosphere to reveal detai ls  on the structure. 
'Mainstep' will study the ionosphere from Hal ley Station 
in Antarctica . 'Canopus' will study the aurorae and iono­
sphere from sites throughout northern Canada. 

Numerous orbita l geometry configurations · wil l  be 
employed. For example, the Wind satel l ite will fly in  two 
d ifferent types of orbits. One involves a double lunar 
swingby where the spacecraft passes by the Moon on 
the way out to a distance of 200 Earth radi i .  The other 
is the 'L 1 halo'  which it wi l l  orbit the L 1 l ibration point. 
At this position in  space, 240 Earth radii  away, a sate l l ite 
can maintain its position with respect to the Earth with 
negl ig ible fuel consumption.  
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SPACE RADAR FOR 
REMOTE SENSING 
By Dr. Harry Joyce" 

A number of radar remote sensing instruments have 
been flown in low Earth orbit with considerable suc­
cess. With interest in these all-weather high-resol­
ution remote sensing systems increasing withi n  the 
space and remote sensing communities, there are 
plans for a number of future radar remote sensing 
missions. 

Introduction 
Radar instruments observing the Earth from space can 

carry out a n umber of valuable remote sensing measure­
ments over land and sea, including high-resolution a lti­
metry, sea surface wind field and surface wave measure­
ment, and high resolution radar imaging of land,  sea and 
icefield regions. Because of their  abi l ity to make high 
resolution observations under virtual ly a l l  weather condi­
tions, radar systems complement optical ,  infra-red and 
passive microwave sensors to provide a n  'a l l-round' 
remote sensing capabi l ity. 

The history of spacebome radar systems effectively 
began in  1 9 74 when Skylab astronauts first used exper­
imental microwave sensors to gather ocean surface data . 
The instruments included a Microwave Radar Scatter­
ometer for ocean surface observations and a low-resol­
ution Radar Altimeter. ., 

The GE05-3 satel l ite carried a high-resol ution 
microwave radar a lt imeter and demonstrated the potential  
for radar altimetry for sea-state and surface level measure­
ments. 

Fig. 1 .  The Seasat experimental oceanographic research satellite. 
NASA 
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Fig. 2. The ER 5- 1  spacecraft; carrying a Synthetic Aperture Radar 
(SAR), a Microwave Wind Scatterometer and a Rada� Altimeter. 

The successful NASA Seasat of 1 97B carried a ful l  
complement o f  m:crowave sensors dedicated t o  ocean 
remote sensing resea rch . includ i ng a scatterometer for 
ocean wind field m easurements, an a ltimeter and a n  
lmaging Synthetic Aperture R a d a r  (SAR).  The resulting 
data, examples of which are included here as i l lustrations, 
stimulated a g reat deal of interest i n  remote sensing 
circles and has clearly demonstrated the value of radar 
remote sensing instruments on space platforms. 

Particular attention is drawn to two major remote 
sensing missions: the successfu l ,  though short-l ived, 
Seasat experimenta l oceanographic spacecraft ,  shown in  
F ig.  1 ,  and the European Space Agency' s ERS- 1 remote 
sensi'lg satel l ite (F ig .  2), scheduled for la unch in 1 989 
( 1 ,2].  

Spaceborne Radar Instruments 
State-of-the-art radar  i nstru ments for space remote 

sensing appl ications fa l l  into three broad classes viz 
the Radar · Altimeter, Syntheic Aperture Radar and the 
Microwave Wind Scatterometer. 

The Radar Altimeter 
The rad a r  a ltimeter measures its height a bove the 

surface of the Earth by t iming the delay between the 
transmission of a radar  pulse and the reception of the 
reflected echo [3]. This measurement, i n  princip le very 
simple,  can be made with g reat precision and can produce 
a great deal of information about the tcpography of the 
target area : 

Modern radar  a lt imeters enhance their a lt itude resol­
ution by using 'pu lse encod i ng . '  or pu lse chirping.  By 
encoding each portion of the transmitted pu lse with its 
own characteristic signature,  the radar a lt imeter can use 
a long-duration pulse (typica l ly  20 microseconds) to g ive 
a good signa l-to-noise ratio whi le  simultaneously ach­
ieving a very fine t ime resolution and thus a h igh resol ut ion 
i n  a lt itude. 

The high accuracies a llow some very rewarding g lobal  
observations to be made.  As wel l  as the obvious precise 

" Manager, ERS- 1 Systems Group, Marconi Space 
Systems, Portsmouth , England. 
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measurement of the geoid (the Earth's shape), sea surface 
levels can be plotted, showing wave patterns and a l lowjng 
ocean currents to be deduced - matters of great interest 
to oceanographers and meteorologists. As an example, 
Fig.  3 shows the results of a Seasat radar a ltimeter survey 
of the oceanic western hemisphere. By making a number 
of precise sea level measurements over each area and 
combining the resulting data , the on-ground data pro­
cessor has built up a picture that shows not only evidence 
of extensive ocean currents but a lso sea floor topography. 
This latter observation is possible since gravity causes sea 
bed i rregularities to result in  CO'Jesponding i rregularities in 
the sea surface height above them. The sea surface height 
varies by 2-3 m for every ki lometre change in  sea-bed 
depth. 

Altimeter data can a lso be used for plotting ice coverage 
in  polar regions, including the deduction of ice thickness 
from the 'spreading' of the returned echo. 

To achieve very high measurement accuracies, a 
n umber of sources of error must be tackled. The most 
serious a re those associated with uncertainties in the 
precise position of the spacecraft at the time of measure­
ment. However, using a combjnation of orbit model l ing, 
periodic position location and precise a ltitude cal ibration 
(ERS 1 wil l  employ a laser reflector mounted on it) these 
errors can be largely el iminated. There is room for improve­
ment· and efforts are under way to produce enhanced 
performance. 

Synthetic Aperture Radar (SAR} 
The Synthetic Aperture Radar employs sophisticated 

resolution-enhancing techniques to produce high qual ity 
images. SAR is one of the- most fundamenta l performance 
enhancing techn iques developed in  the field of radar [4].­
First conceived during the 1 940's,  it improves the spatial 
resolution of a moving radar system paral le l  to the d irec­
tion of motion.  

The ground resolution is a function of the a ntenna size: 
a space radar with a useful resolution would require an 
impracticably large antenna if SAR were not used.  For 
example, a typical remote sensing mission operating in 
low orbit ( i .e .  at round 750 km) could achieve the 30 m 
resolution required for the ERS- 1 imaging radar with a 
rea l  aperture antenna more than 4 km long. 

Aperture Synthesis takes a number of independent 
' looks' at the same area as the spacecraft moves over it. 
The data are then summed by processing a l gorithms to 
proguce a final  image. In this way the satel l ite's motion 
synthesises a large a ntenna from the much smaller rea l 
one. The a ntenna can be quite modestly-sized but the 
data processor must work much harder - a classicat 
hardware / software tradeoff. The technique a l lows ERS-
1 to achieve a 30 m resolution with an antenna only 1 0  m 
long [5,6] .  

Spaceborne SARs also use the pulse coding technique. 
described earl ier for the radar a lt imeter. to give a fine 
range resolution in the direction paral le l  to the radar beam.  

An example of  a SAR image obtained using these 
techniques is given in Fig.  4, which shows a Seasat image 
of the Chesapeake Bay Bridge area in Maryland,  USA. 
The bridge itself is clearly evident in  this 25 m resolution 
radar picture, as a re long-wavelength surface waves in 
the bay. 

The SAR imaging principle has a wide range of remote 
sensing appl ications including sea wave mapping, icefield 
plotting, pollution monitoring and ship tracking, as wel l 
as a host of land appl ications including geological sur­
veying and crop monitoring.  

The ERS- 1 SAR uses the large 10 m antenna at the 
top of the spacecraft (Fig.  2)  to transmit and receive, at 
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Fig. 3. Seasat radar altimeter image of theAtiiintic area showing sea­
bed topography. 

a carrier frequency of 5 . 3  GHz. The transmit pulse length 
is 3 7 . 1 microseconds and the mean DC power requirement 
i� approximately 1 300 W. 

The Microwave Wind Scatterometer 
The Wind Scatterometer is designed to measure the 

speed and direction of ocean surface winds. This cannot 
be done directly but by measuring the strength of the 
radar signal  reflected from the sea surface from a n umber 
of d ifferent look angles are used the nature of the smal l  
wind-induced waves on the surface c a n  b e  deduced. A 
complex mathematical model within the on-ground data 
processor takes these values of reflected energy and 
derives the wind velocity [1 ,5] . 

A stretch of water subjected to windy conditions shows 
just how dependent the surface roughness is on the wind 
and how this affects the surface reflectivity to visible 
l ight. The same effect pertains at radar frequencies and 
empirical models have been derived relating wind velocity 
to radar reflectivity from measurements with tower­
mounted and airborne radars over the sea . Many useful 
wind field products have been obtained from Seasat 
Scatterometer data . 

An impression of the wind field product required from 
the ERS- 1 Scatterometer is shown in Fig.  5. A single wind 
velocity value is computed for each node on a 50 km grid 
within a 500 km wide swath a long the ocean surface. In 
the fina l  product vector a rrows representing wind direction 
can also be numerica l ly or colour-coded to give wind 
velocity i nformation. 

In order to resolve ambiguities i n  the wind direction 
data satisfactori ly it has been found necessary to take 
independent measurements of the reflectivity at each sea 
surface point from a least three different directions. Hence 
the ERS- 1 scatterometer system will have three indepen-
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dent antennae ( Fig .  2) with d ifferent pointing d i rections .  
E R S  wi l l  b e  oriented s o  that a l l  three scatterometer 
antennae, as wel l as  the much larger SAR antenna ,  point 
Earthwards .  One a ntenna,  known a s  the Mid antenna ,  
wi l l  point d irect ly broadside to the d i rection of  fl ight whi le  
two others wi l l  po int  independently at 45 o to the velocity 
vector. AS ERS moves over the target area, the reflectivity 
at  each point on the sea surface will thus be�easured 
in  turn by the three independent radar  beams.  Each of 
the three scatterometer channels wi l l  use a single antenna 
for both t ransmission of radar pulses and  the reception 
of their echoes from the surface. The three result ing 
reflectivity va l ues from each point within the target wi l l  
be relayed to the on-ground data processor for conversion 
into a wind map �imi lar  to that shQwn in  Fig. 5 .  

Radar Remote Sensing Missions 
As well  a s  the Skylab,  GEOS and Seasat m1ss1ons 

a lready mentioned, two Shuttle fl ights have carried suc­
cessful Synthetic Aperture Radar remote sensing experi­
ments and Japan is  p lanning to use an Earth-resources 
SAR in 1 988.  Europe' s ERS- 1 Ocean Remote Sensing 
Satel l ite should begin operations in  1 989. 

The Canadian Government's Radarsat. currently sched� 
uled for launch in 1 990, wil l  be an E R S- 1 type mission 
including an  a lt imeter, a n  SAR a nd a Wind Scatterometer. 
A major objective wi l l  be the monitoring of ice fie lds off 
northern Canada and elsewhere. 

NASA ' s  Topex satel l ite, due for launch in  1 988.  w1l l  
carry a precision radar a lt imeter for  Earth-surface topog­
raphy surveying .  Also of considera ble interest i s  the US 
Navy' s N-ROSS mission, which wi l l  inc lude a Microwave 
Scatterometer for meteorological and oceanograph ic  
remote sensing .  

The European Space Agency has p lans  for  fol low-on 
missions from ERS- 1 .  ERS-2 wil l  probably h.ave ocean 
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remote sens ing objectives s imi lar  to those of its prede­
cessor.  wh : le  ERS-3 might wel l  be a l a nd-oriented remote 
sens ing m 1ss ion with a strong Synthetic Apeture Radar  
content.  

I n  add 1t 1on .  there a re a number of other possib le appl ica­
t ions of radar remote sensors in  the pipel ine,  inc luding 
NASA ' s  F ree-Flying Radar  Experiment (F i rex) a n d  Space 
Stat ion l mag ing Radar  (Spirex) .  

Future Development 
Remote sensing has produced va luable data,  particu­

larly over ocean a reas, a n d  the potential  for these state­
of-the-art i nstruments is enormous.  Development efforts 
dur ing the coming decade wi l l  centre largely on two 
areas that now present s ignificant ,  though by no means  
insurmountable,  constra ints.  

Owing to system constra ints, ma inly instrument power, 
mass and data output rate, the ERS- 1 Synthetic Aperture 
Radar is usable over on ly  a bout 1 0% of each 1 00 minute 
orbit . Although the Radar Alt imeter a n d  Scatterometer 
are both usable over l a rge port ions of each orbit,  the 
widths of their coverage a reas. or 'swaths . '  wil l  have to 
be g reatly i ncreased to meet the needs of meteorologists 
and others in  the future. In addit ion to the actua l  ground 
coverage, the use of mu l tispectra l i nstruments wi l l  a lso 
increase. A number of i mportant features of the radar 
echoes received, especia l ly  from land targets, vary s ignifi­
cantly with the precise radar frequency used and a l so 
with the polarisation mode.  Future sensors wi l l  use a 
number of d ifferent frequencies a n d  polarisations to max­
imise the i nformat ion content of received data.  

A n u m ber of promis �ng  tech nologica l  developments 
currently receiv�ng attent ion are each expected to make 
contr ibut ions to the a l l ev iat ion of mass ,  power, data rate 
and other constra ints .  

Mass reductions wi l l  be ach ieved by construct ing 
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antennae of carbon fibre materials instead of aluminium 
al loys, using l ighter constructions for improved-efficiency 
amplifier tubes and, u ltimately, by the use of semicon­
ductor high-power amplification devices. The develop­
ment of higher reliabil ity components might, in some 
cases, reduce the requirement to provide ful ly-redundant 
equipment. On-board instrument control lers using micro­
processor technology, as specified for ER5- 1 ,  wil l  become 
universally applied. Improvements in high power amplifier 
efficiency, (typically 3 5-40% in high power systems at 
present), will bring significant mass benefits in conductors, 
power conditioners and ampl ification devices. New, lighter · 
radio frequency devices wil l a lso yield some mass reduc­
tions. 

Contributions to reduced instrument on-board power 
requirements wil l  come mainly from increased high-power 
amplifier efficiency. improvements in component noise 
figures and associated performance improvements, 
al lowing reductions in required transmit power. Another 
important power-saving area is in more selective sensor 
operation. An example would · be a Scatterometer swit­
ching to a reduced performance mode over large expanses 
of ocean for which the wind velocity is fairly constant. 
Transmitters might be blanked out over target areas 
known to be of lesser interest, so conserving power. For 
the SAR there is a lso the possibility of operating at 
reduced transmission power over regions for which ful l  
performance is not required. 

As mentioned earlier, there is the need to improve data 
eommunication with the ground. Since a satel l ite in low 
orbit can remain in contact with each ground station for 
a maximum of only about 1 5  minutes, clearly either a 
large number of. �tatians are required - a very costly 
solution - or some other means of handling the generated 
data must be found. On-board storage of data (currently 
on high-density tape recorders) for oportunistic transmis­
sion to ground, and satellite data relay sytems are possible 
solutions. Present storage techniques cannot accommo­
date the �ery large data sets generated by SAR systems 
but a relay system could allow transmission to the ground 
via a communications satellite in  geostationary orbit. 

Data reduction procedures, similar to those used in 
digital TV broadcast systems, are a lso very promising for 
data handling. On-board data processing a lgorithms act 
to decide on the 'uniqueness' of each piece of data. If a 
significant period of largely unvarying data is detected 
then the total data set required to be transmitted can be 
reduced using some code defining the set length. Other 
criteria for data reduction, including auto-selection of 
image quality requirements, can a lsQ be implemented. 

The second broad area in which significant impro­
vements will be required is in the processing of the 
gathered data to derive the image products requited by 
the user. In Radar Altimeter terms this means a detai led 
spatial map of land or sea surface height above some 
specified datum, such as that in Fig. 3, and other derived 
products. For the Scatterometer, wind field maps of 
required ocean area are necessary and, for the SAR,  
precision images or pictures of chosen target. areas. 

With current technological capabil ities almost all image 
processing is done on the ground. The required complex 
error-correcting and compensating a lgorithms, the image­
derivation algorithms and the sheer volume of data gen­
erated, particularly for SAR systems, dictate processing 
times that l imit the usefulness in applications requiring 
near real-time data . For example, meteorologists would 
l ike a complete wind and wave map of the world's oceans 
renewed every six hours. To achieve this, increases in 
computing power and more efficien� data · processing 
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Fig. 5. A simulated windfield product from the ER5- 1 Wind Scatter­
ometer; derived wind vectors from each node on a 50 km grid. 

algorithms will be required. Such on-ground dat" pro­
cessing capabil ities should be available within a few years. 

There will a lso be a gradual shift of data processing 
. from the ground to the satel lite itself whereby final  
'· or near-final image products will be generated before 

transmission to ground. The benefits here wil l  be pro­
found. The amount of data for transmission wil l  be reduced 
but, more importantly, the complexity (re cost) of the on­
ground processor will be greatly reduced. The received 
data will be suitable for users with l imited financial and 
technical resources. Since developing countries stand to 
benefit considerably from remote sensing, real benefits 
can be foreseen here. 

Spaceborne radar instruments are a powerful tool in  
remote sensing applications. The potential for their applic­
ation for th� benefit of Mankind is enormous and we can 
expect to see many exciting developments within the near 
future. 
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OBERTH AT SHUTTLE LAU NCH 

B I S  Honorary Fel low Professor Hermann Oberth, 
who is considered by many to be the father of modern 
rocketry, was a guest at the Kennedy Spaceflight 
Center to witness the lau nch of the German D-1 
Spacelab aboard the STS 6 1 A  Shuttle m ission on 
October 30, 1 985. The 91 -year-old rocket pioneer 
watched the Shuttle launch from a guest viewing area 
only a few miles from the launch site. He had 
previously been to the Kennedy Spaceflight Center to 
watch the Apollo 1 1  launch with Wernher V on Bra u n  
i n  J u l y  of 1 969. 

Prior to watch ing the lau nch Professor Oberth 
reiterated his l ife long goal "To make ava i lab le  for l ife 
every p lace where l ife is possib le ;  to make i nhabitab le 
a l l  worlds as yet un i nhabitab le and a l l  l ife pu rposefu l . "  
Professor Oberth said that h e  wished the creW'. 
Godsp�ed and a safe jou rney and added that it is not 
i mportant, i n  the end, who became the fi rst to chart 
where mank ind cou ld  f ly  i n  orb i t  a round  the world ;  
what is  vita l is  to  have our  world's peoples and leaders 
pu l l i ng  together i n  peacefu l coexistence, respecti ng 
one another's rig hts, so there wi l l  never be the day in 
h istory when someone becomes the last to f ly beyond 
ou r  p lanet. Fol l owing the l aunch Oberth said that he 
considered it to be perfect and  he �njoyed it very much.  

B IS  writer Roe lof Sch u i l i ng was a lso at the lau nch 
and i nterviewed Herman Oberth about developments 
in space fl i ght (via an i nterpreter ) .  Schu i l i ng writes : " lt 
was a g reat experience for me to actua l ly ta l k  to a man  
who has seen so  much and been i nvolved for so long  i n  
th is  fie ld . "  

Herm a n r.  Obertt\ and his daughter are shown round the astronaut 
tra in�51 centre �Y Bob Crippen. 
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Center. 

When aske::: :o p red ict the futu re of space fl i ght over 
the next 50 ye a rs O b erth i ndicated that technologica l  
prob lems wo L.; · a  h ave l ess of a space fl i ght im pact 
whi le  po l it ica i co n cerns cou l d  become g reater. 
Professor Oberth  spoke a lso of the p robab i l ity of 
m in ing  on the ''vi o o �  a n d  of the use of so lar  energy on 
space stations  by the yea r 2005. He predicted that by 
the year 2030 o rb 'c i r. g  m i rrors cou ld  be used to focus 
energy on the E a rth to mit igate cold  winters and 
ma inta i n  c lea r s h i p p i ng l anes i n  the icebound seasons. 
By add ing  to such  m i rro rs, he predicted the possib i l ity 
of weather mod i7: cat ion so bring ing ra i n  to d roubt­
ravaged a reas of the  wor ld  by creat ing artifici a l  low 
pressure weather  syste ms . 

ORDER NOW 

A brochu re desc� i b i ng  the u n ique natu re of the 
Society's copy of " U ranometri a "  and advertis ing the 
ava i l ab i l ity of facsi m ' 1 e  cop ies has been d istr ibuted to 
al l  mem bers. Pu b l i cat i o n  is schedu led for March 3 1 ,  
1 986. Those who p l a ce a n  o rder for a copy before that 
date wi l l  receive a 1 0  p e r  cent d iscou nt, so th is is worth 
remem beri ng .  Add it i o n a l ly,  on ly a very sma l l  n u m ber 
a re being bou nd i r  ca : f  and hence there is a need to 
-arder ea rly if th is  i s  t h e  b i nd i ng  desi red .  Fu rthermore, 
on ly 500 copies ot" t n e  facsi m i l e  are bei ng pr i nted for 
th is  strictly l i m ited e c :t i o n  . .  

Prices a re £250 1 $375) for the calf bound 
Uranometr ia and £1 60 iS240) for buckram b ind ing .  
Payment can b e  by ster l i n g  or  dol l a r  cheque, G IRO 
(accou nt No .  53 330 4 0 0 8 1  or  by VISA or ACCESS. Send 
you r  order with n a m e. a d d ress and payment to the B IS, 
27/29 South Lam beth Road ,  London, SW8 1 SZ. 

The Society's res e a rc h  i nto Bayer's " U ranometri a "  
has  a l ready b e e n  reported i n  two a rticles pub l ished i n  
Spaceflight i n  1 985 ( p . 1 1 7  a n d  P .275) .  A th i rd a rtic le 
has now been prepared and i s  schedu led to a ppear in 
the Apri l issue of JB/S. We had i ntended to pub l ish th is 
th i rd a rt ic le a l so in Spaceflight, but cu rrent Space 
events wou ld  h ave d e l ayed its appearance. Readers of 
Spaceflight who do n ot reg u l a rly see JBIS may be 
i nterested to know t h at t h e  Apri l  issue is devoted to the 
theme of " Pioneeri ng  S p a ce " .  Sing l�  copies may be 
ordered from tt:le Society at £2.00 ($4.00) post free. 
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A CLOSE ENCOUNTER A T  JPL 
Beautiful weather, playing fountains and flowers in 
ful l  bloom greeted those invited to the Jet Propulsion 
Laboratory at the California Institute of Technology on 
January 24 to witness the arrival of the close 
encounter pictures of the Uranus flyby. BIS Executive 
Secretary, Mr. Len Carter, was among the guests. 

lt was both a privi lege and a p leasu re to attend the 
JPL activities to h igh l ig ht the Voyager U ranus  
Encounter and which reflected so  wel l  u pon both 
NASA and J PL personne l  who not on ly  m ade the 
enterprise poss ib le  but who so ably carried it out .  
Resu lts ach ieved wer� of the h ighest ca l i bre. May good 
fortune go with Voyager on its fu rther- fl i ght to 
Neptu ne, cu lminati ng i n  a flyby of the p lanet - a new 
fi rst - in August 1 989. 

Events at JPL moved at a hectic pace. Not on ly  had 
a n u m ber of V IPs, officia ls  and press representatives to 
be accommodated but teams of scientists, too, moved 
hot-foot between various ports of ca l l  as the tota l  of 
a round 6,000 images flooded back. 

For those not d i rectly i nvolved frequent TV u pdates 
were provided with Donna  Pivi ratto act ing (very a bly) 
as the "anchor man" - not only i n  provid ing comment, 
p l ayback and  u pdate but a l so interviewing  a host of· 
those d i rectly i nvolved. 

News briefings were provided on a regu l a r  basis, 
supplemented by a variety of lectu rettes on  a variety of 
space m issions cu rrently u nder study or of i nterest to 
J PL. 

Dr. Burt Edelson (Associate Adm i n istrator, Space 
Science and Appl ications)  one of those i nterviewed, 
said that, as  a scientific achievement, we had ga ined -� 
new knowledge a bout a very obscu re p lanet. 
Discoveries inc luded ten more moons and a new ri ng ,  
with the probab i l ity of  fu rther ri ngs to  come. 

lt was a supe rb engineeri ng accompl ishment. An 
1 800 pound spacecraft, l aunched e ight and a ha lf years 
ago, had passed U ranus  with i n  one rn inute of a 
schedu led t ime ' fixed five years ago. N avigation had 
been so flawless that the need for one of  the fi na l  
corrections had been avoided, thus  saving fue l .  The 
t ime in bu i ld in:g the spacecraft, with the fl i ght t ime, 
added u p  to about 20 years a ltogether. 

Press Conferences were re layed to other a reas eg to 
the V IPs gathered i n  a d ifferent conference room .  The 
Press corps, representi ng a wel l - i nformed g roup, not 
only pressed home questions of a most search ing 
character but were constantly pressing  for an  evsn 
more vigorous US space programme.  When som e  
regret was expressed over t h e  a bsence o f  a US  Ha l ley 
m ission· it was pointed out i n  reply that science is 
basica l ly i nternationa l  in  character;  the fact that Ha l ley 
probes were not a who l ly-US dominated activity 
represented not on ly a g reat p lus  for America but a l so 
one for the rest of the wor ld .  

Pri nci pal  I nvest igators reported that magnetic 
measurements of U ranus  were ahout the same as 
those for Satu rn, with both just below that of the Earth . 
The conclus ion was that, with in  U ranus, there must be 
an e lectrica l ly-conducti ng reg ion which is being 
mechan ica l ly sti rred continuously.  

I n itia l  i nterest centred on  the sate l l ite, U mbrie l ,  
which appeared so bland as to be someth ing of an 
enigma, i mpact craters on  the other th ree l a rge  
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sate l l ites a ppear ing normal  by com parison .  lt was 
M i randa, however, which stole  the show, looking l i ke a 
wei rd concoction from parts of the Solar  System 
s im ply stuck together in a most i ncog ruous fash ion .  

Although scientists had been looking at  U ranus  
conti nuously si nce November 4 ,  the  p lanet he ld  back 
its u ltravio let s ignatu res u nt i l  Voyager was right on its 
doorstep. lt appears to have an extended hydrogen 
corona,  s im i l a r  to those of J upiter and  Satu rn, 
extended ma in ly because of its lower escape velocity. 
This was on ly 2 .5  e lectron volts, far below those of 
both J u piter and Satu rn.  / 

Not a l l  the new moons were d iscovered 
i m mediately. One new sate l l ite ( 1 986 US)  appeared for 
nearly a week before its natu re was recogn ised. 

The ri ngs were not so bright as expected, doubtless 
because the quantity of fi ne materia l is scanty. This 
suggested that some sweeping-up process is i n  action .  

Al l the  Princ ipa l  I nvestigators gave i ndividua l  
reports and responded to  questions, thou g h  not 
a lways happ i ly. An example of difficu lty i n  reach ing 
the pub l ic occurred when one speaker was asked to  re- . 
phase h is  reply and put it i n  lay terms. He responded 
"There is an  axis of symm etry for a magnetic d ipo le  . .  

The welcome everywhere was friendly and  cord ia l .  
There was on ly one notice wh ich  que l led even the 
stoutest heart. . lt read "No Admission Without 
Cookies ". ·, 

SPACEFLIGHT BY AIR MAIL 

T h e  Society i s  p leased t o  b e  a b l e  t o  offer an  A i r  M a i l  
del ivery of Spacefl ight t o  overseas readers i n  non­
European cou ntries. The advantages are considerab le 
for readers i n  the US, Canada,  the Far  East and 
Austra las ia who experience del ivery t imes of  fou r  to 
six weeks by su rface ma i l .  

The  service sta rts with the  Apri l issue and costs 
US$1 6.00 (£1 0.00 sterl i ng )  for_ the remai n i ng  seven 
issues of 1 986. Requests for th is serice with remittance 
enclosed shou ld reach the Society's office by March 
1 6. After th is date the charge for a i r  ma-i l i ng  l ater 1 986 
issues is US$2.50 (£1 . 50 sterl i ng )  per issue. 

OBITUARY 

lt is with deep reg ret that we record the death at 
G robming,  Germany, at the·  age of 74 years of Hans 
Kar l  Ka iser, a Fel l ow of the Society s ince 1 949 and  a 
prol ific author of books on  space. 

Hans attended the U n iversit ies of Bres lau and Kiel 
and for a n u m ber of years was an assistant astronomer 
before moving  on  to be a physicist with severa l 
German chemica l compan ies. 

In 1 962 he  was awarded the Golden Badge of the 
Herman Oberth-Gese l l schaft and was e lected 
Honorary Member  of the HOG a year l ater. 

CHALLENGER ASTRONAUTS 

Members attend ing the meeting at the Society's HO 
on the even ing of  January 29 observed one m i nute's 
s i lence in memory of the seven astronauts who had 
perished i n  the previous day's lau nch of  the Cha l lenger 
Orb iter. 
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MEETI NGS IO>DARY 
All meetings unless otherwise stated are held irtthe 

Society's Conference Room, 27/29 South Lambeth 
Road, London SW8 1 SZ. 

9 April 1 98&,7-9 pm Lecture 

AN ENCOUNTER WITH COMET 

HALLEY - dust impacts on-board Giotto 
by Professor Tony McDon ne l l  

Exploring a cometary n ucleus a t  t h e  closest distance ever, 
dust i mpact sensors of the DIDSY experiment on Giotto 
recorded the bombardment by the comet's dust grains of the 
meteroid shie ld .  

Admission by ticket on ly. Mem bers shou l d  apply i n  good 
t ime enclosing stamped addressed envelope. 

14 May 1 986, 7-9 pm Lecture 

ARTISTS IN SPACE 
by David A. Hardy 

Chesley Boneste l l  is without doubt the 'Old Master' of astro­
nomica l  art. But there were a rtists painting  the landscapes of 
other worlds many years earl ier  - some very accuratel'(. 
David Hardy shows exa mples of these, and of the man-v 
space artists atwork today, and expla ins how o�r view of the 
u niverse has changed since the turn of the centu ry. 

Admission is by ticket on ly. Mem bers should apply in good 
t ime enclosing a stam ped addressed evelope. 

21 -22 May 1 986 Sym posium 

SPACE STA TION EXPLOITA TION 

A two-day Symposium on the above theme consideri ng the 
scientific and industria l  opportunities offered by the Space 
Station and free-flying p latforms and the problems of 
management and buisiness p lann ing to ensu re both 
techn ica l and economic success. 

Registration detai ls  avai lable on request. 

7 June 1 986, 1 0' am - 5  pm Foru m 

THE SOVIET SPACE PROGRAMME 

Offers of papers are i nvited. Members with a specia l  i nterest 
in the Soviet space programme are i nvited to attend .  A regis­
trat ion fee of £5.00 is payable.  Forms are avai lab le  from the 
Executive Secretary on req uest, enclosing a stamped 
add ressed envelope. 

1 1  June 1986, 7_-9 pm Lecture 

PROSPECTS OF A MANNED MARS 

MISSION BY THE YEAR 2010 

to Mars .  Th 's : ectu re wi l l  examine the why's, how's and 
prospects o:' a !"l  a ctua l  mission by 201 0. 

-

Admissi o!"l  •s by ticket on ly. Members shou l d  apply in good 
. time enc!cs : r g  a stamped addressed envelope. 

26-28 September 1 986 Conference 

SPACE '86 
FUTURE 

PROFILES OF THE 

A weekend conferer:ce at the Brighton Centre includ ing Civic 
Reception and ban q uet. Programme includes: 
Advancing Frontiers -
Space probes 
Deep Space Astronomy 
The Space Statio_n 
Living in Space 
Detai ls  from : The Executive Secretry, British I nterp lanetary 
Society, 27/29 South La mbeth Road, London SW8 1 SZ. 

19 November 1986 Symposium 

SPACE TRANSPORTA TION 

A one-day sym posium on  the above theme. Offers of papers 
i nvited. Potentia l  authors shou ld contact the executive 
Secretary. Registation deta i ls  ava i lable on request. 

LIBRARY 
The Society Libra ry wi l l  be ·open to members from 5.30 
to 7 p.m.  on the fol lowing dates : 

9 April 1986 
1 4 May 1 986 
1 1  June 1 986 

Whilst every effort will be made to adhere to the published 
programme, the Society cannot be held responsible for any changes 
made necessary for reasons outside its control. 

ELECTIONS TO COUNCIL 

The Report of the Scrutineers on the Ba l lot Papers 
cou nted up to and inc luding 3 1  January 1 986 is as fol lows : 

N u m ber of Papers received 902 
N u m ber of spoi lt  Papers 

The votes cast in favou r  of each Candidate are as fol lows : 
Order  of No. of Votes 
Voti ng  Name of Candidate Received 

1 
2 
3 
4 
5 
6 
7 
8 

Lesl ie R . Shepherd 
Cyri l R. H u m e  
G i l l ies W .  Chi lds 
Gera l d  M .  Webb 
Ti mothy J. Grant 
Bede J . Aicock 
Alexander G. Sm ith 
Fra n k  R. Sm ith 

648 
581 
547 
528 
5 1 5  
303 
262 
1 36 

by J .  Dan iels, University of Leicester · The fou r  Candidates who received the h ighest n u m ber of 
votes and who are accord ing ly declared elected a re as 

After completion of the Space Station i n  the mid 1 990's one fol lows : 
possib le goal of the US and its partners is a manned m ission L. R .  Shepherd, C. R .  H ume, G .  W. Chi lds, G .  M. Webb. 
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Interstellar Migration and the Human Experience 

Ed. B. R. Finney and M. Jones, U n iversity of Cal ifornia Press, 
Berkeley, Cal if., 94720, U SA. (or 37 Dover Street, London, 
W. 1 . ) 1 985. 354pp. £21 .25 

Severa l  m i l l ion  years ago ouF:. earl iest h u m a n  ancestors 
took the fi rst "g iant leap" for mankind when they left the 
dwind l ing forests of Africa for a new l ife on the Savannahs.  
Further biological  evolution as wel l  as socia l  and technolo­
gical  innovations led eventual ly to Nei l  Armstrong's fi rst 
"smal l  step" on the Moon and tl)e prospect of h u m a n  
settlements i n  space. How far  wi l l  h u man m i g ration even­
tua l ly reach? Wi l l  our  descendants go to the stars and, if  they 
do, what wi l l  motivate them and how wi l l  they l ive? 

Th is  book weaves together essays by 25 contributors 
from the socia l  and  space sciences to examine the potentia l  
h u ma n  as wel l  technological  sides of man's future beyond 
the Earth.  Questions posed concern the character of our  
species, socia l  institutions, past m i g ration a n d  the resources 
and technologies needed to support h u m a n  com munities i n  
space. 

• · 
Schemes for reach ing distant stars, the dangers facing 

pioneer settlements and the impl ications of potentia l  human 
interstel la r  migration are·a lso considered. 

In general ,  this is  a compi lation of a number of short 
essays on various aspects of the interstel la r  puzzle, a l l  
receiving a rather broad-brush treatment: Technical content 
is rel atively  sma l l .  

Astronomy with a Small Telescope 

J. M u i rden, George Ph i l ip, 1 2 1 4 - Lon g  Acre, London, 
WC2E 9LP, 1985, 224pp £9.95 

This is a handbook for those with absolutely no 
knowledge of astronomy whatsoever, intended to introduce 
the various celestia l  objects which can be seen with the 
naked eye, binoculars or  with a smal l  astronomical 
telescope, together with further text explaining how one can 
select and use a telescope in order to obtain the maxim u m  
satisfaction. 

After a brief introduction to such items of equ ipment, the 
volume examines various  celestia l  objects in turn; the Sun, 
Moon, planets, meteors and comets, fol lowed by a further 
chapter on observing the sta rs themselves. 

The core of the book is chapter six. This g ives informatio n  
o n  the range o f  interesting objects t o  look for on  a m onth by 
month basis throughout the year, a l l  of which can be located 
by using the deta i led star m a ps provided. 

The fina l  chapter i ntroduces the su bject of astronomical  
photography and shows how this can be carried out even 
with modest equ ipment. 

Supernovae as Distance Indicators 
Ed. N.  Bartel, Springer-Verlag, Heidelberger Platz 3, Postfach, 
D- 1 000 Berlin 33, Germany, 226pp, 1 985, OM 30. 

This work, Vol. 224 in  the series entitled "Lecture Notes in 
Physics," reproduces the proceedings of a workshop held at 
the Harvard-Smithsonian Centre for Astrophysics in  1 984. 

Supernovae, apart from the one in 1 572 associated with 
Tycho Brahe, always appear to be events which happen to 
other galaxies, beginning first with that in M3 1 in  1 885 and 
which, to date, now total about 574. 
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The idea to organise a meeting on the topic emerged as 
progress in angularly resolving expanding radio-supernovae with 
VLBI techniques shed l ight on the prospect of determining 
extragalactic distances. The purpose of the workshop was both 
to discuss these new methods and to compare them with 
existing optical methods, · besides looking at the extent of 
uncertainties to see if theoretica l models of supernovae and 
supernova remnants could help reduce them. 

The book begins with a review of traditional methods of 
d�termining the distances of remote galaxies, fol lowed by 

_ __ observational reports of supernovae and supernova remnants. 
This includes an exciting report on 40 discrete radio sources in 
the visually-obscured nucleus of the galaxy M82, sources 
comparable to those of the half-dozen radio supernovae found 
in other nearby galaxies. Presumably their physical characteris­
tics are similar, in  which case it suggest that M82 contains an 
entire population of radio-supernovae! 

The second part of the book discusses radio and optical 
supernovae with a view to determining extragalactic distances. 

Double Stars, Physical Properties and Generic Relations 
Ed. B.  H idayat , Z. Kopal and J.  Rahe. D. Reidel Publishing Co 
P.O. Box lil89, 3300 AZ Dordrecht, The Netherlands, 1 984: 
4 1 0pp, £58.50. 

There ·must be a huge reservoir of binary configurations in 
our galaxy, representing, probably, the major part of the stellar 
population. 

Studies of the evolution of binary and multiple systems began 
to emerge as a central feature of astrophysics in the late 
1 940's, stimulated by the d iscovery of a whole group of close 
binaries (including Algol) where the secondary, less massive 
component, just about fil ls its Roche limit, ieading to the · hypothesis of mass transfer between the components of such 
systems. 

This c
_
ompendium of papers presented to IAU Col loquium no. 

80 held rn 1 983 covers the physical properties of visual as well 
as c!ose . binary (i.e. interacting) systems, and their generic 
relat1�ns 

_
1n the broadest possible sense. There were nearly 40 

cont�1but1ons, a l! relatively short, covering such areas as (a) __ Phys1cal properties of double and multiple systems; (b) Wide 
s�stems; (c) Close binaries; (d) Generic relationship between 
w1de and close systems. 

The Human Role in Space: Technology, Economics and 
Optimization. 

S. B. Ha l l ,  Noyes Publ ications, M i l l  Road at G rand Ave., Park 
R idge, NJ 07656, U SA. 1 985, 386pp. $45. 

The h uman role in space a nd man"mach ine interactions 
a re explored -i n  detai l  in th is book. Systems design, far too 
often,  creates a n  artificia l  d ichotomy which attempts to 
classify systems as m a nned or unmanned. In rea l ity, there is  
no such th ing as an u nmanned space system : everything 
created by the systems designer involves m an i n  one way or 
another, for  everything i n  human existence is  done by,  for, or 
against man. The rea l point is  to establ ish,  i n  every system s  
context, t h e  optimal  role o f  each man-mach ine com ponent. 

The pu rpose of this volu m e  is  to : 
(1 ) i nvestigate the role  and degree of d i rect h u man 
involvement required i n  futu re space m issions;  
(2) establ ish val id criteria for a l l ocating functional  activities 
between h u mans and machines; and 
(3 )  provide a n  ins ight into the technological  req u i rements, 
economics, and benefits, stemming from a h u m a n  presence 
in space. 

Six basic categories of man-mach ine i nteraction are 
considered : manua l ,  supported, au g mented, teleoperated, 
supervised and i ndependent. 

· 
The resu lts detai led are intended to provide i nformation 

and g u idel ines in a form which wi l l  enable prog ra m me 
managers and decision-makers to establ ish,  early i n  the 
design  process, the most cost-effective desig n  approach to 
future space program mes, through the optima l  appl ication 
of un ique human ski l l s  and capabi l ities i n  space. 
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r-------------------------------�:.�� . .  �ilestones-------------------------------, 

December 1 985 

15 An i ntensive series of observations of Comet H a l ley 
by the I nternat ional  U ltraviolet Explorer ( IUE)  began .  
Spectra taken with the comet at  a distance of  1 1 5  
m i l l ion km from Earth showed clear evidence of 
increased activity i n  the comet caused by the 
enhanced solar radiatio n .  

1 8  Space Shuttle Col u m bia's fi rst m ission (61 C)  for 1 8  
months was postponed for 24 hours after checkout 
schedu les fe l l  beh i n d .  

1 9  M ission  61  C ha lted iust 1 4  seconds before l iftoff 
when read ing from hydra u l ic power u n it i n  one of the 
sol id  rocket boosters ind icated excess h eati ng .  

21 Second Centaur  Upper  Stage arrived at  Kennedy 
Space Center a month later than p lanned ready for 
mounti ng  on support structure that holds it i n  the 
Shuttle's payload bay. 

27 l ntelsat sig ned contract with Arianespace for the 
launch of l ntelsat VI F4 to geostationary orbit in 1 990. 
The . order brought Arianespace l a unch service 
contracts to a tota l of 40 sate l l ites, of which 28 rem a i n  
t o  b e  launched. 

January 1986 

6 Colu mbia's launch is again ca l led off, th is  t ime 3 1  
seconds before l iftoff, after 1 ,500 ga l lons o f  l iqu id  
oxygen were accidental ly  dra ined from the external 
tan k. 

8 \(oyager 2 d iscovered a sixth moon i n  orb it around 
U ra nus. lt was spotted i n  long exposure i mages 
taken by the spacecraft's narrow angle  camera at a 
distance of 1 9  mi l l ion  m i les. 

Engineering and Configurations of Space Stations and 
Platforms 

Staff of NASA Lyndon B. Johnson Space Center, N oyes Data 
Corporation, M i l l  Road at G rand Avenue, Park Ridge, New 
Jersey 07656, USA, 1 985, $64.00 pp.773. 

Th is  book serves as a detai led overview of current 
thoughts on Space Station and platform design .  The origina l  
text was prepared by a team of  80 scientists and engineers 
from a n u m ber of establ ishments over a period of fou r  
111onths. The a i m  was t o  provide a focal point for the 
defin ition and assessment of the progra mme, a reference 
configuration i n  fai r  deta i l  and a basis for establ ishing 
a ppropriate costs. 

lt documents the engineering and configurations of both 
manned Space Stations and unmanned space platforms. 

Various configu rations were considered for the purposes 
of this study and, for each of these, m ission functional 
requ irements were converted to desig n  requ irements. A 
functional  eva luation was made of the configuration's ab i l ity 
to handle payloads, support crew and logistics operations, 
accommodate integ rated systems requ i rements and be 
assembled efficiently. Systems and subsystems were sized 
accord ing ly. Deta i led su bsystem descrjptions with options 
were considered and the rat ionales used to select specific 
subsystems are g iven.  Data developed i n  the study a re 
i ntended as possib i l ities for potentia l  space station and 
platform desig n .  

The fina l  assessment is of  a long  thin-shaped Space 
Station, which leads natu ral ly towards a gravity-grad ient 
attitude control system, with g i m ba l led solar  array rings to 
provide power at any relative a l ignment. 

1 44  

1 0  Th e  '\afona l  Oceanic  a n d  Atmospheric 
Ad m · - · s: ra:; o n  ( N OAA) tu rned off its NOAA-8 pol a r  
o re ·:: :-: ; -neteoro logical  sate l l ite fol lowing the 
m a  L - ::· o "  of the  master clock's crysta l osci l l ator 
v;r · c �  :::; ·;:; ·. " des t im ing  for attitude stab i l isation .  

1 1  La � - ::: - ::. •  : !- e  H u bble Space Telescope is s l ipped by  
t\t. c -:- : - : - s  ' r o m  August 1 8, 1 986 t o  October 27 i n  
o ra e · : :  =. :·:. m o r e  t ime for pre- lau nch checki n g .  

1 1  Ar '  a - e ·, � � a .. :" C h  postponed for a further five days 
fo r ::: - e : =. :.: :  ::: � a r{ checks' on tu rbopum p  rol ler  
bea ·· r ; s · - t-e  Vik ing engine .  

1 2  Co ! u :-:- ::: ' =.  .:- - =. . : { g ets off the pad at  Kennedy Space 
Cente · =. - ::: ·:; G i , st in orbit ach ieved all of its 
obj ec: · ·; ;; s  - : · ud i ng  deployment of RCA's 
co m ""  ..: - : =. :  ::: - satel l ite and support of the new 
H itcn '- " ,;s - =. - ::: G etaway Specia l  payloads. 

14 Ari a r. e  \ · c  =. � :- :11 p ostponed u nti l  February 2 1 .  

1 9  Bad w e a : " e ;  a t  t f- e  Cape forced a pre-dawn landing 
of  Co : u r:- ::: a a: E d•va rds Ai rforce Base - the second 
n ight  l a -: ::: · r ;  o7 t t"l e  programme. Ear l ier attem pts to 
land at C a o e  Ks l"' rt edy on January 1 6, 1 7  and 1 8 were 
thwa rted c ._· p o o ;  weather. 

24 Voyager  2 re�u rns spectacu lar  pictures from the 
U ra n i a n  system d u ring  the fi rst-every flyby of the 
g iant outer p l a n et. 

28 Seven Am e ri ca n  astronauts were ki l l ed when Space 
Shuttle C h a l : en g e r  exploded 90 seconds after 
lau nch.  I m m ediate Board of Inqu iry is  set up to 

· d iscover the ca use of the worst ever i n-the-ai r  
tragedy o f  th e Am er ican space progra m me. 

DO YOU REMEMBER ? 

25 Years Ago • . .  
9 March 1 96 1 . The dog Chernushka is  launched aboard 
Sputnik 9 in a Vostok.-type spacecraft test. Capsule and dog 
are recovered safely. 

20 Years Ago . . .  

1 March 1966. The Soviet Venera 3 spacecraft crashes on 
Venus. thus becom:ng the first man-made device to reach the 
surface of another p !anet. lt fai led to return any data. 

1 5  Years Ago . . .  
4 March 19 71 .  NASA devises a plan to rescue Skylab astronauts 
in the event they become stranded because of a failed com­
mand-service modu!e (CSM). A two-man CSM would be laun­
ched to return five men to Earth. 

10 Years Ago • . .  
24 February 1 9 76. Crew members for the Space Shuttle 
Approach and Landing Tests are announded by NASA. The 
two-man crews to fly Enterprise from a modified Boeing 747 
are Haise/Fu l lerton and Engle/Truly. 

5 Years Ago . . .  
12 March 198 1 .  Vik.tor Savinykh becomes the 1 00th person 

to enter space fol lowing the successful launch of Soyuz T-
4 from Tyuratam. Savinykh and Soyuz commander Valdimir 
Kovalyonok dock with the Salyut 6 / Progress 1 2  complex the 
following day. 

K.T. WILSON 
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PROFI LES OF TH E FUTU RE 

A unique opportunity to meet a host 
of space experts and space scientists 
from around the world at Britain's 
premier Space event. 

Space '86 is your chance to learn 
first hand about the space projects of 
today ·and the future from those 
directly involved. 

Individual sessions will cover: 

Advancing Frontiers 

Space Probes 

Deep Space Astronomy 

The Space Station 

Living in Space 

APPL V NOW FOR YOUR PLACE AT SPACE '86 
The Brighton Centre, set in an attractive seaside location, is the venue for this 

two-day, weekend conference which includes � Civic Reception and buffet dance, 
and an evening banquet. For accompanying persons there is the chance to tour 
Brighton Pavilion and sample the delights of the excellent shopping centre. 

To reserve your place at Space '86 write now for a registration form and FREE 
guide to accommodation in Brighton. 

Numbers wil l  be strictly limited to 250 to keep the atmosphere as friendly and 

intimate as possible, so do not delay, apply now !  

Space '86 
British Interplanetary Society, 
27/29 South Lambeth Road, 
London. SWS 1 SZ. 

ORGANISED B Y  THE BRITISH INTERPLANETARY SOCIETY 
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